Tom 22, N 1-2 2018 p.

Buwmn gepxaBHM HaBYanbHUM 3aKnag YKpaiHm
«YKpalHCbKa MeAu4YHa CTOMAaTONOriYHa akagemifa»

YKkpaiHcbKa AKagaeMmisi HaykK HauioHanbHOro nporpecy

IIpoOaemMu eKkoJaorii
TA MCAHUNINNHN Tom 22 N 1-2 2018

HAYKOBO-IIPAKTUYHUM XYPHAJI 3acHoBarmi B 1997 poLji

Buxooumw 1 paz na 2 micayi

IMicT

KJUIHIYHA MEJAUIIUAHA

MATO®IBIONONNM4YHI MEXAHI3MU BIINBY ®EPMEHTIB TKAHUHHOIO AMXAHHA HA ®YHKLIOHYBAHHA
MITOXOHAOPIN Y XBOPUX HA XPOHIYHUI TEMATUT C*

Ba2mym LEO., FPAMAMEOK C.M. ........eeeeeeeeeeeeeettiesssseessnnnesssssssssnnesnnnnmmsssssnnnsnnnnssssssssssrnnnnnnnnnns 3
ENGLISH VERSION: PATHOPHYSIOLOGIC MECHANISMS OF THE INFLUENCE OF TISSUE RESPIRATION
ENZYMES ON THE MITOCHONDRIAL FUNCTION IN PATIENTS WITH CHRONIC HEPATITIS C

Bagmut LY., GramatiUK S.M. ........oueeeeeeeeeiieeeennmssesssssssssnneessssssssssnsnsnnsssssssssnnnsnnnnssssssssssrmnnnnnsnn 7
AHATI3 3B’A3KY MOJIMOP®HNX BAPIAHTIB N'EHIB TLR2 (RS5743708) | TLR4 (RS4986790, RS4986791) 3l
CTAHOM 300POB’A NMPAKTNYHO 300POBUMX OCIB*

1Y L VT Lo =T T O N = 11
ENGLISH VERSION: ANALYSIS OF ASSOCIATION BETWEEN THE POLYMORPHIC VARIANTS OF THE

TLR2 (RS5743708) AND TLR4 (RS4986790, RS4986791) GENES WITH THE HEALTH STATUS OF
APPARENTLY HEALTHY INDIVIDUALS*

L7411 11 (o X 7= T @V /50 17
OCOBNMMBOCTI TEPANEBTUYHOI O 3ABE3INEYEHHA XBOPUX 13 MOJIITPABMOKO*

Mopmonb LA., Bop3ux O.A., KQUOAWIEE L.TT..............eeeeeeeeeeeeeeeeeseesneeesssssssssessssssnnssssssssssnnnnnnn 23
ENGLISH VERSION: FEATURES OF THERAPEUTIC SUPPORT FOR PATIENTS WITH POLYTRAUMA*

Mormol ILA., Borzykh O.A., KQid@SRNEV LP. .............eeeeeeeeeeeeieeeeeennnesssssessnsnsssnnnnmsssssnnssnnnnnsnn 28

FANEKTWH-3 AAK MAPKEP ®YHKLIIT MIOKAPZY Y YOJIOBIKIB 40-60 POKIB BE3 CEPLIEBO-CYOMHHOI
MATONOrI, HOCIIB NOIIMOP®HNX FEHIB AT1P*

PyxaHcbka B.O., Cueak B.I"., JlTosuHcbka M.C., XKe6esib B.M. ...........cceeeeeeeeeeeeeeececeevvnnnsnnnnnns 33
ENGLISH VERSION: GALECTIN-3 AS A MARKER OF MYOCARDIAL FUNCTION IN MEN AGED 40-60 YEARS
WITHOUT CARDIOVASCULAR PATHOLOGY, CARRIERS OF POLYMORPHIC GENES AT1R*

Ruzhanska V.0., Sivak V.G., Lozinska M.S., ZRebel V.M............coeverevererirrirririsresiressressnnnens 38

MATO®IBIONONM4YHI MEXAHI3BMW HECINPOMOXXHOCTI LWBIB AHACTOMOSIB Y XBOPUX HA
OHKOIMATOJION HO*

MoBUYAH O.B., TUMKOBA A.Bh ......cooeerieeieeireisisisssssssssssssesssssisssissssssssnsssssssssssssssssssnsssnsssnnssnnsens 43



Tom 22, N 1-2 2018 p.

ENGLISH VERSION: PATHOPHYSIOLOGICAL MECHANISMS OF DEHISCENCE OF ANASTOMOSE
SUTURES IN PATIENTS WITH ONCOPATHOLOGY*

MOVCRAN O.V., TItKOV@ A.V..ueeeeeeeeiieiisiisesisessesssesssssssssssssssssssssssssssesssnsssnsssnsssnsssnnssnnssnns

THE PATHOPHYSIOLOGICAL MECHANISMS OF ENDOGENOUS INTOXICATION IN PATIENTS WITH
THYROID CANCER*

Bagmut I.Yu., Galmiz O.0., GramatiuK S.M. ..............eeeereeeemmeeeesssseessnnneesssssssssrssssnnnnnsssses

EKCIIEPUMEHTAJIbHA ME/IUIIUHA
THE STRUCTURAL AND METABOLIC DISORDERS OF CELLS' MEMBRANES IN EXPERIMENT*

Kolisnyk I.L., Titkova A.V., RezunenkoYu.K.,* Boiagina O.D.*.........ceeeuueeeeeerrrremnmnnreeenns

CONIAJIBHI ACIHEKTH

BVKOPUCTAHHA CUCTEMW KOMITIOTEPHOI MATEMATUKA MAPLE Y HABYAHHI MEOUYHIN |
BIONOrYHIA ®I3ULYI*

Mopoxoeeub I'. KO., CaeHko M. C., JlucaHeub KO. B., Cinnkoga O. B...........cceuueevvereureerenne

ENGLISH VERSION: THE USE OF MAPLE MATHEMATICAL SOFTWARE IN TEACHING MEDICAL AND
BIOLOGICAL PHYSICS*

Morokhovets H. Yu., Saienko M. S., Lysanets Yu. V., Silkova O. V. .........cccevvrvevmrrrennnnne.
THOOPMALISI OJTIST ABTOPIBL..........eeeeeeeeeeeeeeeeeeeeesssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
INFORMATION FOR AUTHORS . ........ceeeiiitieeeeeesssssssssssseesssssssssssssssssnssssssssssssssssssssssssssens

...... 48

...... 53

...... 57

...... 63



Mpo6aemu ekonorii Ta meguuUNHU

KJIIHIMHA MEAWULIMHA

© BarmyT I.}O., MpamaTiok C.M.
Y[K:616.36-002.-022-008.9:(612.826.33. 015.22+577.112.853+546.172.6)

NATO®I3IONONYHI MEXAHI3MU BMNJINBY ®EPMEHTIB TKAHWHHOIO -
ANXAHHA HA ®YHKLUIOHYBAHHSA MITOXOHAPIN Y XBOPUX HA XPOHIYHUN
FENATUT C*

Baamym I.FO., lpamamiok C.M.
XapkiBcbka Meau4Ha akagemis nicnaaunnoMHOI OCBITU
Kadenpa kniHiyHOI naTodisionorii, TonorpadivyHoi aHaToMii Ta onepatusHOI Xipyprii XapkiB, YkpaiHa

UccnenoBarms, MPOBEAEHHbIE B TEYEHNE HECKOJIbKUX AECATUAETUI, B 06/1aCTU NATOGU3NOIOMMHECKUX MEXaHU3MOB MU -
TOXOHAPWI renaToynToB, 0bbIMHO Obliv HANpPaB/IEHbl Ha (DYHKUNOHATIbHBIE UCC/IEA0BAHMS M30/IMPOBAHHBIX MUTOXOHA-
pwit ipy orcyTcTBim AL®. Bo MHOrvX ClyHasx MCCeAoBaTeIM UCOIb30Ba/M AaHHbIE /151 pacyeTa napameTpos, BKIIO-
4asi KO3QPUUNEHT AbIXaTE/IbHOrO KOHTPOJISI /U KOJTMHECTBO MoTpebrisiemori ALA® Ha Kaxaoe KOSIMYECTBO UCIO/Ib3YeMO-
ro kuciopoaa. OfHaKo A0 HACTOSLUErO BPEMEHN Maslo U3BECTHO O TOM, KaK BUPYC MOXET BbDKUTb B CU/IbHO OKUC/TUTE-
JIbHOVI CPEAE, YHYUTBIBAS TO, YTO OKUCIINTE/IbHBIN CTPECC SIB/ISIETCS BaXKHbIM KITMHWYECKUM MPU3HAKOM, CBS3aHHBIM C UH-
duumposarHnem supycom rernatuta C. [1o Haliemy MHEHUIO, aAanTaumsi K OKUC/INTE/IbHOMY CTPECCY - 3TO aTtogu3smnosio-
rMYeCcKuri MEXaHU3M K BbDKMBAHWUIO BUPYCa. Llesib paboTsl 3aK/IOYaETCSl B UCCIIEA0BaHNM MEXAHU3MOB HapyLLUEHWS] SHED-
rocHabxeHusl, Kak MexaHu3Ma roBPEXAEHNS KETOK, ¥ MNaUNEHTOB C XPOHUHECKUM BUPYCHbIM rernatutom C. B gaHHoe
uccregoBaHne Obl1I0 BK/IIOHEHO 62 naumeHTa ¢ Hasamumem HCV-uH@ekymn - ocHoBHas rpynna, u 24 ycioBHO-340p0BbIX
naymeHTa, He UMEBLLMX B aHaAMHE3E 3a00/1eBaHMI NEYEHU - rpyrna KOHTPOss. [TaumeHToB oToupan Ha OCHOBaHUN MX
CTabU/IbHOIO KIIMHNYECKOIO COCTOSIHUSI B TEHEHME roc/ieqHux 3 mecsueB. Y 6071bHbIX OCHOBHOU rpyrinbl, HCV-uHgekumns
6bl1a ANArHOCTPOBaHa rMosIOKNTE/ILHO aHTU-HCV n HCV-PHK B TedyeHne He MeHee 6 MecsLeB. MUTOXOHApUaTIbHYO Le-
JIOCTHOCTb OL{€HMBAJIN IMYTEM BbICBOOOXKAEHUS LmnToXpoma C C UCIO/Ib30BaHNEM KOMMEPHECKOro Habopa (uutoxpom C
okenpaasHbivi Kit Sigma-Aldrich, USA), KoTopbii yka3blBaeT Ha Ha/mume 96% WHTAKTHBbIX MUTOXOHAPUY. BHYTpEHHSIS
@nyopecuyerumns NADH 6biia oTciexeHa B U30MPOBaHHbIX MUTOXOHAPUSX KaK MapKep MUOXOHAPHUA/IbHOMO OKUC/TUTE-
JIbHO-aKTUBHOro coctosiHns NADH. MuToxoHapuaibHOE Ae/IEHNE SBJISETCS KITIOYEBbLIM 1aTOreHETUHECKUM MEXAHN3MOM
KOHTPOJIS LUESIOCTHOCTY MUTOXOHAPUYI, NPpW afantaumm K KIETOYHOMY raropu3snosiorm4eckoMy oTBeTy Bupyc renatmta C
MOAYMPYET KIOYEBBIE MPOLIECCHI, CBA3aHHbIE C MHPULMPOBAHWNEM, /151 COAECYICTBUS COXPaHEHUIO BUpYyca. MuUToxoHapw-
a/lbHOE AE/IEHNE HE BCErAA CBSA3aHO C Pa3pyLUEHUEM KIIETOK, TakKXKe OHO MOXET 3alynLLartb KJIETKU OT CMEPTH, Bbi3BaH-
HOU OKCHAaTUBHBIM CTpeccom n Ca** 3aBUCUMBIMK aIOMTOTUHECKUMM CTUMYISTOpaMu. MexannsM, C MOMOLLbIO KOTOPOro
@DEPMEHTBI IHEPreTUYECKOro 0OMeHa NoAas/ISIoT peryivkaumio supyca renatmra C, He COBCEM OHSITEH, HO, BEPOSITHO,
OH BKJIIOHAET Ka/lbLmii M AUCCOUMAaLNIO KOMITIIEKCa peryimKaumm Bupyca u3 Membpar. [letasibHoe rnoHUMaHne MexaHu3-
Ma, C MOMOLYbIO KOTOPOro (PePMEHTbI SHEPrETUHECKOro ObMEHa Modas/IsioT pervinkaumo HCV-uHgekymy, TpebyroT A40-
[10JTHUTEIbHbIX MCC/IELOBAHUM,

KnroueBsble cnoBa: renatut C, NAD/NADH,, geneHne MUTOXOHOPWUA.

HanbHWX OOCHIIKEHHSAX i30NbOBaHMX MITOXOHAPIN 3a Biacy-
THocTi ALl [1-3]. Y Garatbox BMNagkax AOCMIOHUKA BUKO-
puUcToBYBanNM faHi Ans po3paxyHKy napameTpiB, BKIHOYato-
4m KoedilieHT AMXanbHOro KOHTPOIo abo KinbKiCTb CrOXM-

Bctyn
BipycHuit renatut C, wo cnoctepiraetbca y 3% cCBi-
TOBOroO HacerneHHsl, BUKMWKAE KIiHIYHO BaXXNMBe 3aXBO-

ptoBaHH4a [1, 2]. Bipyc renatuty C BU3HaHMIN HaBaXnu-
BilLMM YMHHMKOM PO3BUTKY hiBpo3y Ta LMpO3y MEeYiHKW.
MapeHxiMaTo3HE YLUKOKEHHS KNITUHHUX MembpaH rena-
KTOLWTIB, MOXe MPM3BECTU A0 NopylueHb MeTaboniamy,
Lo Bigirpae BaxnuBy porb Yy dopmyBaHHI (ibpo3y neui-
HKM nNpm BipycHomy renatuTi C [2-3].

[ocnimkeHns, Wo npoBeaeHi NPOTArom AeKinbKkox Aecs-
TUNITTb, B ranysi NaTogisionoriyHnx MexaHiamiB MiTOXOHA-
pi renaToumTiB, 3a3Bu4an Gyno cnpsAMoBaHO Ha OYHKLjo-

BaHOi A1® Ha KOXHY KiNbKiCTb BMKOPUCTOBYBAHOMO KWUCHIO
[1]. Taki gocnimKeHHs LMPOKO 3aCTOCOBYOTLCS AflA OnUCy
MiTOXOHApIanbHOI hyHKUIT, Ha siky BrnvBae 6e3niv gisiono-
riyHMx abo naTodisionoriyHMx cTaHiB.

KomnoHeHTn meTabonivHoi dyHkuUii renaTouuTie: Mmi-
TOXOHApianbHa PyHKUis, CTaH AuxanbHOro naHutora Ta
€HOOreHHa iHTOKCMKaLuisi B MUHYNIOMY OLjiHIOBanucs pis-
HUMKM MeTogamu. [1o HUX BIOHOCATBCA 3aCTOCYyBaHHA
KpeaTuHy, KpeaTuHkuHasn [2-4], AT®dasu 3 HasgBHOCTI

* umyseaHHs nipu amecmauii kadpig: bazmym I1O., pamamiok C.M.[MTamogbizionoeidHi MexaHi3mu ennusy pepMeHmie mKkaHUHHO20
OuxaHHS1 Ha ¢byHKUIOHY8aHHsI MimoxoHOPIl y xeopux Ha XxpoHidyHul eenamum C. // lpobnemu ekonoeil i meduyuHu. — 2018. — T. 22,

Ne 1-2. — C. 3-6.
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Hagnmwky AP [2, 5-7], a TakoX  CMiBBIAHOLUEHHSA
NAD*/NADHj, rriokoau / rekcokiHaam [4, 8].

BinbwicTe unx gocnimpkeHb Gynu cnpsiMoBaHi Ha Bu-
BYEHHSA MITOXOHAPIT neviHkW, BipycHui renatut C BCTa-
HOBIIOE XPOHIYHY iHEPEKLi0 B YMOBaxX akTUBHOI iMyHHOI
BiANOBIAi Ta OKMCHOI 0GOPOHM opraHiamy nogmHn. OgHak
00 TenepilwHbOro yacy mano BiAOMO Mpo Te, 9K Bipyc
MOXe BUXWUTU Y CUMbHO OKUCHOMY CepeaoBULLI, 3 ornagy
Ha Te, O OKUCMOBarbHUIN CTPEC € Takol BUAATHOWO Kili-
HIYHOK O3HAaKO, LU0 MOoB'A3aHa 3 iHIKyBaHHSIM BipyCOM
renatuty C [6-12]. Ha Hawy agymky, aganTauis 4O OKUC-
HOro CTpecy — € nNaTodisionoriYyHuM MexaHiaMoMm Ao Bu-
XVBaHHSA BipycCy.

MeTta po6oTn nonsrae B AOCHIMKEHHI MEXaHi3MiB no-
PYLUEHHSI eHepromnocTadaHHa renaToumTiB, AK pakTopy
NOLUKOMKEHHS KNITUH Y NaUieHTiB 3 XPOHIYHWUM BipYyCHUM
renatutom C.

MaTepianu Ta MeToau [QOC/IAKEHHSA

Y paHoMmy focnimpkeHHi Oyno BkhoveHo 62 nauieHTu
i3 HasBHicTio HCV-iHbekuii — ocHoBHa rpyna, Ta 24 ymo-
BHO-300POBUX MaLieHTa, WO He Manu B aHaMHe3i 3axBO-
ptoBaHb MeYiHKKM - rpyna KoHTpons. MauieHTiB Bigbupanu
Ha nigcTasi X CTabiNbHOro KMiHIYHOro CTaHy MpOTAroMm
ocTaHHix 3 micauiB. Y xBopux OCHOBHOI rpynu, HCV-
iHdbekuia Byna aiarHoctoBaHa NO3UTUBHICTIO aHTU-HCV i
HCV-PHK npoTsirom sik MiHimym 6 micsuis.

MpoTokon gocnimkeHHst Byno npoBedeHo y BianoBia-
HocTi Ao enbcCiHCbKOI Aeknapaldii, nepernsHyToi y 1989
poui. Bci nauieHTn 6ynu noiHdopmoBaHi Npo AoCHimKeH-
H$, | TMCbMOBa 3roaa Gyna oTpyMaHa y KOXXHOK 3 HUX.

KpuTepisiMm BUKMHOYEHHS 3 AOCNIMKEHHS Oy HacTyMHi
hakTopn: 3MNOBXMBAHHA ankorosiem, 3BUYKa naniiHHs, Bari-
THICTb Ta 3aCTOCYBaHHS aHTMOKCUMAAHTIB, pub'ayoi onii abo
npenapaTu 3anisa NpoTAroM OCTaHbOro MicsLs, OTPMMYBa-
HSl aHTUBIPYCHOI Ta/abo iHTepdepoHO Tepanii, HEKOHTPO-
NbOBAHE MiABULLEHMM apTepiarnibHOr0 TUCKa, CyMapHi PiBHI
6inipybiHy B cvpoBaTLi BULLE 2 Mr/an, XpOoHiYHUIA renaTtut B
abo iHWi BigOMI 3aXBOPIOBAHHA MEYiHKW, ayTOIMyHHI po3na-
OV Ta Pi3Hi iHeKLiNHI CTaHn NeYiHKK, iHdeKUis Bipycy iMy-
HoaediuMTy NIOAUHK, LYKPOBUIA AiabeT, XpoHidHa anxarnbHa
HeOCTaTHICTb, PEBMATOIAHUA apTpUT, LUMPO3 NeviHku abo
3rosKiCHa NyxnuHa.

BipyconoriyHe gocnigXeHHs — BCTaHOBMOBaNM Ha ni-
[ACTaBi BUABMNEHHSA pennikaTMBHOI akTUBHOCTI B CMPOBAaTL
kpoBi RNAHCV sakicHMM Ta KinbkicHUM MeToAoM nonime-
pasHoi naHutorosoi peakuii (MNP) i3 BUKOpUCTaHHAM Ha-
6opy TecT-cuctem ELISA kit BupobHuutea CLUA, 3rigHo 3
iHCTpyKuieto  BuUpoOHWMka Ha [MJIP-aHanizatopi BIO-
RadCFX96 Touch™ (CLUA).

MigrotoBka MiTOXOHApPIM epuTpoumnTie. EputpounTtu
ABidi npomuBanu ocaTHO-6ydepHUM i30TOHIYHUM po-
34ynHom (145mMM NaCl, 5MM NaPi ta 1mM EDTA, pH 7,4),
a Gini kNiTMHW BMAananu inbTpyBaHHAM Yepes Lentono-
3y [9]. MiToxoHapii eputpouuTie 6ynu nigrotoBneHi au-
depeHUinHUM LeHTPUMYryBaHHAM Ta OYWLLEHi 3a JOMOo-
moroto Percoll [10]. MitoxoHapianbHy UiNICHICTb OLjiHIO-
Banu LUMNSXOM BMBINbHEHHS untoxpomy C i3 BUKOpUCTaH-
HSIM KoMmepuiiHoro Habopy (umtoxpom C OkcupasHun
aHanis, Kit Sigma-Aldrich, CLLA).

LocnimkeHHs cnieeigHoweHHa AP/ATO 3a gonomo-
roto Habopy ADP/ATP Ratio Assay cTaHoBWTb COGOM0
npocTy i NpsAMy Npoueaypy Ans BUMipoBaHHS piBHiB A
Ta AT® y kniTMHax ANns BU3HAYeHHSA anonTo3y, HEKpo3y
Ta nponidepadii kniTMH. AHani3 Bkntoyae B cebe ABa
eTanu. Ha nepwiomy etani pobounii peareHT nisye Knitu-
HY Ansa BuBinNbHeHHA AT® ta AOP. MNpu HasBHOCTI nio-
uncepasn AT HeranHo pearye 3 cybctpatom D-
noundepuH ana oTpuMaHHs ceiTna. IHTEHCUBHICTb CBIT-

na € npsMMM NOKa3HUKOM BHYTPILLUHBLOKIITUHHOI KOHLEH-
Tpauii ATO.

JTioundbepasa

ATP + D-nioundpepuH + Oz ---------- > okeunounde-
puH + AMP + PPi + CO, + cBiTno

Ha ppyromy etani AJ® nepetBopioeTbca Ha AT
WnaxoMm pepmeHTHOI peakuii. LLonHo cdopmoBaHui
AT® pearye 3 D-ntouncepmHoM, K i Ha nepwoMy eTarni.
IHTEHCMBHICTL CBiTNa Ha Apyromy ertani Bigobpaxae 3a-
ranbHy koHueHTpadito AP ta ATO y npenapari.

Peectpauis npoaykuii H2O2 MiToxoHapismu. Bupob-
neHHa HxO» ouiHoBanu 3a npogykuieto AT®, 3a meTto-
aowm 0. Ji [14]. Byna BumipsiHa cprnyopecueHuis i npose-
AeHa KinbkicHa oujHka [13]. Bcboro B npobi, Wo MicTuTb
1,5 MM uutoxpomy C abo deppuumtoxpomy C, noaaea-
nm 0,5 mn BugineHux knituH 8 HBSS (npubnuato 5x10
KNITUH Ha MININiTp).

BumiptoBaHHS nepekncy BOAHIO B MITOXOHApPIAX. Bu-
pobneHHs1 nepokcuay BOAHIO BUMIptoBanu dnyopumMert-
puyHO, BrKopucToBytoun B6apeHK Amplex Red (Eugene,
CLUA) y noegHaHHi 3 NepoKcnaasoto XpoHy. Y LMx ekcne-
puyMeHTax iHkybauiHe cepeoBuLLe gonosHioBanyu 1 n M
aMnneKkc-4epBOHOro, 5 mn nepokcnaasm xpoHy ta 40 mn
Cu, cynepokcugamncmyTasoro Zn. HasaBHiCTb cynepokeua-
avncmyTasn  3anobirae  aBTOMaTMYHOMY  OKMCHEHHIO
Amplex Red, wo nepeLukoaXae KinbKiCHilN OLiHLi HU3bKUX
nokasHukiB BUpobneHHst HoO,. BupobneHHs HxOz y MiTo-
XOHApianbHUX cycneHsiax 6yno 3apeecTpoBaHo 5K 30i-
NblUeHHs donyopecueHuii 6apBHuka npu 585 HM, 3 OoB-
XuUHot xBuni 36ymkeHHss 550 HM. Peakujto 6apBHUKa Ka-
niépyBanu LWNASXOM MOCMiAOBHMX [AOMOBHEHb BiAOMMX
KiNbKOCTEN po34MHy nepokcuay BoaHio abo 6e3nepeps-
HOT iHy3ii po3unHy H>O- npu 100-1000 nmonb/xB. KoH-
ueHTpauis komepuinHoro 30%-Horo po3umHy H>O» pos-
paxoByBanu 3 OMNTMYHOrO MOMMWMHAHHA CBiTMa npwu
240HMm); 3anacHun po3ynH possoaunnu go 100 mn 3 geio-
Hi30BaHOI BOAOIO i HEranHO BUKOPWCTOBYBanNW ANs Kani-
OpyBaHHs.

Mopaudikauis meTogiB anxanbHOro Ta MeMGpaHHOro
noteHuianis 0. J1i[14]. Mitoxongpii (0,05 mr/mn) iHKyGy-
Banu npu 37°C B 2 Mn ioHHoro auxanbHoro 6ydepa
(105MM KCI, 10MM NaCl, 5MM NaxHPO4, 2mMM MgCly,
10mM HEPES, pH 7,2, 1mM EDTA, 0,2% BSA) 3 5 r/mkn
rekcokiHasn (Worthington Biochemical) Ta 5 MM 2-
nesokcurniokosn. CrtaHgapTHy KpuBy TeTpadpeHindoc-
(POHI0 pO3pP0oOMANM B KOXHOMY PEXUMI LUNSAXOM Aoda-
BaHHsA xnopugy TeTpadeHindocdoHito B KOHLEHTpaLisX
0,25, 0,5, 0,75 Ta 1 MkM nepen fooaBaHHAM [0 KynbTy-
Py MITOXOHAPIN.

Metogm cratuctMyHoi  0Opobkum  gaHux. [Ons
006 3KTMBHOTO CY[KEHHS NpO CTyniHb BipOrigHOCTI pe-
3ynbTaTiB OOCMiMKEHHA MW 3acTOCOBYyBanu BapiauiiHO-
CTaTUCTUYHMI METOA aHanisy oTpMMaHux pesynbTaTiB
Ha nepcoHanbHoMy komn toTepi Pentium Il i3 Bukopuc-
TaHHAM nakeTy cTaTucTuyHmx nporpam «StatGraphics
Plus 3.0».

Pe3ynbTaTyn Ta ix 06roBOpeHHs

B pesynbTaTi Haworo focnigxeHHs!, He Byno craTuc-
TUYHO 3HAYyLUMX BIOMIHHOCTEN MDK rpynamu 3a BiKOM Ta
craTTio (p>0,05). BiacyTHa kopensuig mix piBHem AT Ta
piBHem HCV-PHK vy naudieHtiB i3 HCV-iHdekuieto
(p>0,05).

3a pesynbTaTaMmu HaLOro AOCHIMKEHHA BCTaHOBIE-
Ho, wo HCV-iHdekuisa inaykye nedopMyBaHHA MiTOXOHA-
pifi Ta BMKMNWKAE OKUCNIOBArbHUI CTPEC i 3MiHIOE TOMeoC-
Ta3 KanbLilo, SKUA CMPUYMHIOE OUCKYHKLIO Ta MOLLKO-
[PKEHHs1 MiTOXOHApINn. Y Hawomy aocnimkeHHi HCV-
iHGbiKOBaHI KMiTUHW OEMOHCTPYIOTb BiAMiHHI doparmeHTa-
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pHi MiTOXOHAPIT (MiTOXOHApIanbHe AiNeHHs), Ha BiAMiHY Tpybyacta MiToxoHApianbHa Mepexa, WO CBig4uTb Npo
Bif, HEIH(IKOBaHUX KMiTUH, Y SKUX NPOSABRAETLCA TUNOBA 300pOBi KNiTUHK (puc. 1).

o £ o . -~ .

MiToxoHApil He MiTtoxoHapili HCV-
1H(}1KOBAaHHUX KJIITHH 1H(}I1KOBAaHHUX KJIITHH

Puc. 1. Bipyc ezenamumy C iHOykye 0echopMyeaHHs1 MimoxoHOpill. AHani3 pedynbmamig iMyHoghoopecyeHuii,
wo 0eMoHCmpye po3WernsieHHsI MimoxoHOpiIl y KrnimuHax, iHgikosaHux HCV.

Y KOHTpPOSbHIl rpyni My cnoctepirany noctynose 36i- Ho. BigHoweHHs AT® go AP craHosmno 1:1,6 Bignosi-
NblueHHA nokasdHuka O» npu gogaBaHHi y posdvH ANd. aHo, (puc. 2 (A)). MiToxoHapianbHa AvHamika Ta KOHT-
OpaHak npu MOpPIBHAHHI 3 rpyno nauieHTiB, XBOPUX Ha porb SKOCTi TICHO MOB'A3aHi 3 KNITMHHUMKU MeTaboniYHK-
XPOHiYHUI BipycHU renatut C, BCTAHOBMNEHO, LLO NOKas- MU 3MiHaMK Ta piBHaAMU AT®. LLo6 gocnigntu, um ranb-
Hukn Oz Bynu poctosipHO (p<0,05) BWWi y nauieHTiB 3 MyBaHHsi cekpeLii Bipycy renatuty C, € Hacnigkom 3Hu-
HCV-indekuieto. XKEHHS pPiBHA KNITUHHUX AT®, Mn BU3HaAUMnu 3aranbHuin

Takox pocrtosipHo (p<0,05) BUWLMMKM 38 KOHTPOMbHI piBeHb AT® Ta wWBMAKICTL MiKONidy, anbTepHaTUBHWUNA
3Ha4YeHHs Oynu 3aranbHui piBeHb AT® Ta AOP, wo cnoci6 reHepauii ATO.

cknanm 2,25+0,35 Hmonb Ta 3,40£0,45 Hmonb, BigNoBia-
PiseHb 023 gogasaHHam Al®  CnissigHoweHHA ATO/AL®
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Puc. 2. IHeibysaHHs1 MimoxoHOpianbHO20 OuxaHHS ma MimoXxoHOpianbHOI GhyHKUYi.
(A) - O2 3 dodasaHHaMm AL®D i cniggioHoweHHss AT® / A[®,
(B) - cnigsioHoweHHs1 nakmam / nipysam, criiegioHoweHHss NADH / NAD +.
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Kpim TOro, mMu BusiIBUNKW, WO CMiBBIAHOLUEHHSI
NADH/NAD" 6yno NO3UTMBHO CriBBiAHECEHE 3 BMICTOM
PHK BI'C (r=0,95, p<0,001). MpurHivyeHHs pennikauii
HCV npu pgopgaBaHHi B KynbTypanbHe cepefoBue Uia-
Hamigy Ta nipyBaTy, Takox Oyno nos'si3aHe 3 Bignosia-
HUM 3MeHLUeHHsM cniBaigHowweHHs NADH/NAD®.

Y nauieHTiB 3 XpoHiYHMM renatntom C BUSIBNEHO Nig-
BULLIEHUA BMICT OKMUCMNEHMX HIKOTMHAMIOHUX KOhepMeH-
TiB.

HocnigpkeHHs napameTpiB naktaTy Ta nipyeaTy noka-
3anu HacTynHe. Y nauieHTiB, XBOPUX Ha XPOHIYHWIA BipyC-
Hu renatut C, NOKa3HWKW NakTaTy nepesuLLyBany noka-
3HWKN KOHTPOMbHOI rpynu i cknanu 1,89+0,45 mmonb/n y
NMOPIBHAHHI 3 KOHTPOMbHUM 3Ha4veHHaAM (1,56+0,235
Mmonb/n). lokasHuku nipyBaTy CUpOBaTKM KpoBi Oynu
3HAYHO HWKYMMU, HK Y KOHTpOnbHin rpyni (0,056+0,011
MMonb/n), i ckmanu y nauieHtiB 3 HCV-iHdekuito
0,031+0,012 mmonb/n Ta y nauieHTiB gpyroi rpynu —
0,0174+0,01mmons/n (puc. 2 (B)). MipysaT, Sk nosTo-
pHO okucnsie uuTtosonbHi NADH go NAD', noshicTio cka-
coBye 36inbLUeHHs pennikauii Bipycy renatuty C.

BUCHOBOK

MiToxoHapianeHe AiNeHHA € KNYOBUM NaToreHeTny-
HUM MEeXaHi3MOM KOHTPOJSIO LISIOCTHOCTI MITOXOHAPIN, a
BigTaKk Bipyc renatuty C mMoaynioe Ui KM4YoBi npouecu
npu aganTaduii 4o KNiTMHHOI naTodisionoriyHoi Bianosiai,
WO noB'A3aHa i3 iHdikyBaHHAM, ONs CpusiHHA 36epe-
XEeHHI0 Bipycy. MiToxoHapianbHe OineHHSA He 3aBxau no-
B'AI3aHO 3 PYVMHYBaHHAM KMiTWUH, TaKOX BOHO MOXe 3axu-
WwaTtn KniTMHKW Bi4 CMEPTi, BUKIMKAHOI OKCUAATUBHUM
CTpecom Ta Ca®*-3anexH1M1 anonToTUYHUMM noapasHu-
Kkamun. MexaHiam, 3a 4OMOMOro AKoro hepmMeHTn eHep-
reTM4Horo oOMiHy MPUrHiYyOTb pennikauito Bipycy rena-
TMTy C, LWe He 30BCiM 3po3yMminui, ane, MMOBIPHO, BiH
BKMOYaAE KarnbLi Ta gucoujauito KoMmnnekcy pennikawii
Bipycy 3 memb6paH. [leTanbHe po3yMmiHHS MexaHi3my, 3a
[JOMOMOrol0  SIKOro  (PEPMEHTU  €HEpPreTMHHOro OoOMiHY
npurHidytoTb pennikauito HCV-iHdekuii, noTpebyiots fo-
[AaTKOBUX JOCHiIKEHb.
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ENGLISH VERSION: PATHOPHYSIOLOGIC MECHANISMS OF THE INFLUENCE OF
TISSUE RESPIRATION ENZYMES ON THE MITOCHONDRIAL FUNCTION IN
PATIENTS WITH CHRONIC HEPATITIS C

Bagmut Y., Gramatiuk S.M.

Kharkiv Medical Academy of Postgraduate Education
Department of Clinical Pathophysiology, Topographic Anatomy and Operative Surger, Kharkiv, Ukraine

Studies conducted over several decades in the field of pathophysiological mechanisms of hepatocyte mitochondria have
usually been directed to functional studies of isolated mitochondria in the absence of ADP. In many cases, researchers
used data to calculate parameters, including the respiratory rate or the amount of ADP consumed for each amount of
oxygen used. However, so far, little is known about how the virus can survive in a highly oxidizing environment, given
that oxidative stress is such an outstanding clinical feature that is associated with infection with the hepatitis C virus. In
our opinion, adaptation to oxidative stress is a pathophysiological mechanism for the survival of the virus. The objective
is to research mechanisms of energy supply disturbance as a mechanism of damage to cells in patients with chronic viral
hepatitis C. The 62 HCV+ patients and 24 healthy controls were enrolled in the present cross-sectional study. The pa-
tients were selected on the basis of their stable clinical condition over the past 3 months. The HCV infection was diag-
nosed by the positivity of anti-HCV and HCV-RNA for at least 6 months of period. Mitochondrial integrity was assessed by
cytochrome C release using a commercial kit (Cytochrome C Oxidase Assay Kit, Sigma-Aldrich, St. Louis) indicating a
mean of 96% intact mitochondria. Intrinsic NADH fluorescence was monitored in isolated mitochondria as a marker of
the mitochondrial NADH redox state. Mitochondrial division is a key determinant of mitochondrial quality control, and
HCV modulates these key processes in the adaptation to cellular physiological perturbations associated with infection to
promote viral persistence. Mitochondrial division is not invariably associated with cell death but can also protect cells
from death induced by oxidative stress and Ca**-dependent apoptotic stimuli. The mechanism by which enzymes for en-
ergy metabolism suppress the replication of the hepatitis C virus is not yet clear, but it probably includes calcium and
dissociation of the mammalian replication complex. A detailed understanding of the mechanism by which energy en-
zymes suppress the replication of HCV infection require additional research.

Key words: hepatitis C, NAD/NADH2, mitochondrial fission.

Introduction

The hepatitis C virus affects 3% of the world popula-
tion and causes a clinically important disease [1, 2].
Hepatitis C virus is recognized as a major factor in fibro-
sis and cirrhosis development. Parenchymal damage of
cell membranes may lead to metabolic disorders, which
plays a major role of liver fibrosis in formation of hepatitis
C [2-3]. The researches dating back to several decades
have usually been carried out in functional studies of iso-
lated mitochondria in the absence of ADP [1]. In many
cases, investigators have used the data to calculate pa-
rameters including the respiratory control ratio or the
amount of ADP consumed per amount of oxygen utilized
[1]. Such studies have been widely applied to describe
mitochondrial function as affected by a myriad of physiol-
ogic or pathophysiologic states.

The components of metabolomic function of hepato-
cytes: mitochondrial function, respiratory states and en-
dogenic intoxication have been assessed in the past by
different methods designed to regenerate ADP for phos-
phorylation. These include the use of creatine, creatine
kinase [2—4], ATPase with excess ATP [2, 5-7], and ratio
NAD*/NADH, glucose/hexokinase [4, 8.

Most of these studies were directed at liver mitochon-
dria. HCV establishes a chronic infection in the face of an
active immune response and the host oxidative defense.
However, little is known about how the virus can survive
in a highly oxidative environment given that oxidative
stress is such a prominent clinical feature associated with
hepatitis C infection [6-12]. Adaptation to oxidative stress
is key to virus survival.

The objective is to research mechanisms of energy

supply disturbance as a mechanism of damage to cells in
patients with chronic viral hepatitis C.

Material and Methods

62 HCV+ patients and 24 healthy controls were en-
rolled in the present cross-sectional study. The patients
were selected on the basis of their stable clinical condi-
tion over the past 3 months.

The study protocol was carried out in accordance with
the Helsinki Declaration as revised in 1989. All subjects
were informed about the study and the written consent
was obtained from each one.

HCV infection was diagnosed by the positivity of anti-
HCV and HCV-RNA for at least 6 months period.

Exclusion criteria

History of alcohol abuse, smoking habit, pregnancy, and
antioxidant use, fish-oil or iron supplement in the previous
month, receiving antiviral and/or interferon therapy, uncon-
trolled elevated blood pressure, serum total bilirubin level
higher than 2 mg/dL, concomitant chronic hepatitis B or
other well-known liver diseases such as metabolic or auto-
immune disorders and various infectious states of the liver,
human immune deficiency virus infection, diabetes mellitus,
chronic respiratory insufficiency, rheumatoid arthritis, cirrho-
sis, or malignant tumor.

Virological studies

Anti-HCV was assayed by micro particle ELISA
method (Anti-HCV ELISA Kit, Diagnostic Automa-
tion/Cortez Diagnostics, Inc., USA). HCV-RNA was de-
termined using real time polymerase chain reaction (RT-
PCR) method (RoboGene® HCV RNA Quantification Kit,
Analytik Jena) in BioRad |Cycler. Upper and lower detec-
tion limit (68 IU/ml).

Preparation of erythrocytes mitochondria

* To cite this English version: Bagmut I.Y., Gramatiuk S.M. Pathophysiologic mechanisms of the influence of tissue respiration enzymes
on the mitochondrial function in patients with chronic hepatitis C . // Problemy ekologii ta medytsyny. - 2018. - Vol 22, Ne 1-2. - P. 7-10.
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Erythrocytes were washed twice in phosphate-
buffered saline (145 mM NaCl, 5 mM NaPi, and 1 mM
EDTA, pH 7.4) and white cells were removed by filtration
through cellulose [9]. Total erythrocytes mitochondria
were prepared by differential centrifugation and purifica-
tion on Percoll [10]. Mitochondrial integrity was assessed
by cytochrome C release using a commercial kit (Cyto-
chrome C Oxidase Assay Kit, Sigma-Aldrich, USA).

The study of the ADP/ATP ratio using the ADP/ATP
Ratio Assay set is a simple and direct procedure for
measuring ADP and ATP levels in cells to determine
apoptosis, necrosis and cell proliferation. The analysis
involves two stages. In the first stage, the working re-
agent lyses cells to release ATP and ADP. In the pres-
ence of luciferase, ATP reacts immediately with the sub-
strate D-Luciferin to produce light. The intensity of light is
a direct indicator of intracellular ATP concentration.

Luciferase

ATP+D-Luciferin+tOp -------—--- > oxyluciferin+tAMP+PPi
+CO; + light

In the second stage, ADP is converted to ATP
through an enzyme reaction. This newly formed ATP
then reacts with the D-luciferin as in the first step. The
second light intensity measured represents the total ADP
and ATP concentration in the sample.

Registration of H2O, products by mitochondria. The
production of H,O, was estimated by ATP production as
described by Yi Li [14]. Fluorescence was measured and
a quantitative estimate was made [13]. In total, in a sam-
ple containing 1.5 mM cytochrome C or ferricitohrom C,
0.5 ml of isolated cells were added to HBSS (approxi-
mately 5 x 10° cells per milliliter).

Measurement of hydrogen peroxide in mitochondria.
The production of hydrogen peroxide was measured
fluorometrically using Amplex Red dye (Eugene, USA) in
combination with horseradish. In these experiments, the
incubation medium was supplemented with 1 L of ample
red, 5 ml of horseradish peroxidase and 40 ml of Cu, su-
peroxide dismutase Zn. The presence of superoxide dis-
mutase prevents the automatic oxidation of Amplex Red,
which prevents the quantitative assessment of low H2O2
production rates. The production of H>O- in mitochondrial

suspensions was recorded as an increase in the fluores-
cence of the dye at 585 nm, with a wavelength of excita-
tion of 550 nm. The dye reaction was calibrated by suc-
cessive addition of known amounts of hydrogen peroxide
solution or continuous infusion of H>O» solution at 100-
1000 pmol/min. The concentration of commercial 30%
solution of H,O, was calculated from optical absorption of
light at 240 nM); The stock solution was diluted to 100 ml
with deionized water and immediately used for calibra-
tion.

Respiration and membrane potential methods by Yi Li
[14] in modification.

Mitochondria (0.05 mg/ml) were incubated at 37°C in
2 ml of ionic respiratory buffer (105 mM KCI, 10 mM
NaCl, 5 mM Na2HPO4, 2 mM MgCl,, 10 mM HEPES pH
7.2, 1 mM EGTA, 0.2% defatted BSA) with 5 U/ml
hexokinase (Worthington Biochemical), and 5 mM 2-
deoxyglucose. A tetraphenylphosphonium standard curve
was performed in each run by adding tetraphenylphos-
phonium chloride at concentrations of 0.25, 0.5, 0.75,
and 1 yM prior to the addition of mitochondria to the
chamber.

Statistical Analysis

An independent (unpaired) Student's t-test (two-
tailed) was chosen to test the significance of differences
among means of small “n” sample sets, using the Stat-
Graphics Plus 3.0 package.

Results and discussion

There were no statistically significant differences be-
tween the groups with respect to age and gender (p >
0.05). No correlation was observed between ALT and
HCV-RNA level in HCV-infection patients (p > 0.05).

HCV-infection induces endogenic intoxication and
oxidative stress salters which causes mitochondrial dys-
function and hepatocytes damage. The HCV-infected
cells displayed fragmented mitochondria distinct from
non-infected cells, in which the typical tubular mitochon-
drial network has been observed as indicative of normal
healthy cells (Figure 1).

Healthy cells

HCV-inferected cells

Figure 1. The mitochondrial HCV-infected and healthy cells.
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In the control group, we observed a gradual increase
in the O index when added to the ADP solution.
However, when compared with a group of patients with
chronic viral hepatitis C, it was found that O, values were
significantly (p<0.05) higher in patients with HCV
infection.

The total levels of ATP and ADP secreted the patients
with hepatitis C virus was 2.25+0.35 nmoles and
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3.40£0.45 nmoles. The ratio of ATP to ADP, secreted
from platelets upon activation, was 1:1.60 respectively
(Figure 2 (A)). Mitochondrial dynamics and quality control
are closely associated with cellular metabolic alterations
and ATP levels. To investigate whether inhibition in HCV
secretion is a result of reduction in cellular ATP levels,
we determined the total ATP levels and rate of glycolysis,
an alternative mode of ATP generation..
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Figure 2. Inhibition of mitochondrial division and mitochondrial function.
A- O2 with incremental additions of clamped ADP and ATP/ADRP ratio,
B — Lactate/Pyruvate ratio, NADH/NAD+ ratio..

To detect bioenergetics changes, we examined the
ratio of pyruvic acid and lactate as markers of
carbohydrate metabolism oxidative stage (the ratio of
aerobic and anaerobic phases), and NAD" and NADH,
levels as mandatory participants of oxidation-reduction
reactions and regulators of cell metabolism. Decreased
NADH; index (0.002+0.0001 mmol/l) was determined in
comparison with control group (0.01+0.0005 mmol/l). The
NAD" concentration (0.494+0.03 mmol/l) was significantly
(P<0.05) increased in patients with HCV-infection in
comparison with normal content, respectively (Figure 2
(B)). The NADH fluorescence did not change at low ADP
in patients with HCV-infection. The production of reactive
oxygen species (ROS) was very high in HCV-infections.
An increased content of oxidized nicotinamide
coenzymes was detected in patients with chronic hepati-
tis C.

Lactate and pyruvate parameters study has found the
following. In patients of Group 1 lactate indexes
exceeded the parameters of control group and amounted
2.1240.23 and 1.89+0.45 mmol/l in comparison with
control value (1.56+0.235 mmol/l). Pyruvate serum
indexes were significantly lower than in the control group
(0.056£0.011 mmol/l) and composed for patients with
HCV-infections 0.031+0.012 mmol/l, respectively (Figure
2 (B)). Pyruvate, which re-oxidizes cytosolic NADH to

NAD+, completely abrogated the increases in HCV
replication.

Conclusion

Mitochondrial division is a key determinant of mito-
chondrial quality control, and HCV modulates these key
processes in the adaptation to cellular physiological per-
turbations associated with infection to promote viral per-
sistence. Mitochondrial division is not invariably associ-
ated with cell death but can also protect cells from death
induced by oxidative stress and Ca”'dependent apop-
totic stimuli. The mechanism by which enzymes for en-
ergy metabolism suppress the replication of the hepatitis
C virus is not yet clear, but it probably includes calcium
and dissociation of the mammalian replication complex. A
detailed understanding of the mechanism by which en-
ergy enzymes suppress the replication of HCV infection
requires additional research.
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AHANI3 3B'A3KY NOJIIMOP®HUX BAPIAHTIB rEHIB TLR2 (RS5743708)
I TLR4 (RS4986790, RS4986791) 31 CTAHOM 340POB’AA MPAKTUYHO
300POBUX OCIbB*

I3matinosa O.B.
Buwinin gepxaBHuUN HaBYanbHUIN 3aknag YKpaiHn «YKpaiHCcbka MeanyHa cTomaTtornoriyHa akagemisa», m. lNMontaea

UccnenoBaHmne O[HOHYKIEOTUAHBIX 0/IMMOPGPU3MOB TOoNl-roAa06HbIX peLENnTOpoB MMEET BaXKHOE MPUK/IaAHOE M Teope-
TUYECKOE 3HAYEHNE f/151 PACKDbITUS MEXaHN3MOB (YOPMUPOBAHMS OCOBEHHOCTEN UMMYHWUTETA U €ro Koppekumu. Lie/ibo
paboTbl BbII0 U3yHEHNE UMEIOLLEVCS YacTOThl MOMMOPHBIX BapuaHToB 2258G/A reHa TLR2 (rs5743708) n 896A/G
(rs4986790), 1196C/T (rs4986791) reHa TLR4 u oueHKa CBSI3N C COCTOSIHMEM 30POBbS MPAaKTUHECKN 340POBbIX JINL.
Martepwuarnbl v METOAbI: B UCC/IEA0BaHUN NPUHSIIN ydacTue 114 yenoBex 6es1ov pachl, npoxusarolymx B r. [lonrasa wm
lontaBckout obractv MuHUMyM 2 rofa, KOTOPbIM POBOANIICS COOP aHAMHECTUYECKUX [laHHbIX, AaHHbIX 0ObEKTUBHOM U
K/IMHUYECKOrO COCTOSIHMI. OrpeaesieHne rnosmMop@HbIX y4acTkoB reHoB TLR2 (rs5743708) n TLR4 (rs4986790,
rs4986791) ocyiyecTsnis/ics METOAOM NOMMEPAa3HOU LienHov peakuymn (TTLP) ¢ nocieayrolmm aHam3oM 4/IMH PecTpyK-
LMOHHBIX (pparmeHToB ripoayKkToB [LP. Pe3y/ibTaTsl pacripeaeneHnss reHoTUroBs rosmmMop@HbIx BapuaHToB 2258G/A re-
Ha TLR2 (rs5743708), 896A/G reHa TLR4 (rs4986790), 1196C/T reHa TLR4 (rs4986791) COOTBETCTBOBA/IN TEOPETUHECKU
oxuzaaeMbiM npu pasHosecum Xapan-BaviHéepra (x’=0,02, p=0,99; x¥’=0,29, p=0,86,; x°=1,46, p=0,48, cooTsercrBeH-
HO). lpy CpaBHEHMN HA/TMYNST OTAETbHBIX KITMHUYECKUX POSIBIEHUY, KOTOPbIE Obl OTMEYEHBI MPY ONPOCE, C Ha/lu4u-
€M B reHoTune rosmMMOpP@HbIX anneses bbiia yCTaHOB/IEHA AOCTOBEPHAS CBS3b MEXAY Ham4meM asaiess A B reHotune
npu no/mmMopgHom BapuaHte reHa TLR2 (rs5743708) ¢ pesmatvsmom (p = 0,05), nnenoHegpputom (p = 0,05) n 'y mw,

UMEBLLIMX BPEAHYIO MPUBBLIYKY — Kyperne (p = 0,04).

KntoueBble cnoBa: TLR, 0gHOHYKNeOoTUAHBIN NONMMMOPGN3M, FEHOTUM, NIUraHa, COCTOSHME 300pPO0BbS

Toll-nogi6bHi peuenTtopu (TLRs) BigHOCATECA A0 Knacy
TpaHCMeMOpPaHHUX O4HOMAHLIOrOBUX CUrHaNbHUX peLien-
TOPHWX BirnkiB, IO pO3Mi3HaOTb YyKOPigHi Ans opraHiamy
€BOIIOLINHO KOHCEPBAaTWBHI MOMEKYNAPHI CTPYKTYpW na-
TOreHiB, sKi BiOMi SIK MaTOreH-acoLinoBaHi MONEKYNSAPHI
CTPYKTYpM, Ta 3anyckatoTb Kackaj NoCriAOBHUX peakuin
BPOPKEHOrO i aHTUreH-cneumdiyHOro aganTuBHOMO iMy-
HiTETY u4epe3d curHanbHi wnaxu (MyD88-zanexHuin i
TRIF-3anexHuin), y pesynbTaTti 4oro BiobyBaeTbcs ekc-
Npecia reHiB nposananbHUX LUTOKIHIB i Moaynauia 3ana-
NbHOI peakuii opraHiamy [1].

Benuka kinbkicTb HaykoBMX nyGnikauii, WO BWCBIT-
NoTb Npobremy po3ni3HaBaHHSA Yy>KOPIOHWX MaToreH-
HUX areHTiB, AOBOAATL MPOBIOHY POMb Y LbOMY MUTaHHI
TLRs, npoTe 4acom MiCcTATb cynepeynusi AaHi CTOCOBHO
BMMAMBY MNONIMOPMPHUX BapiaHTiB reHiB, SKi KOAyTb AaHi
peuenTopu, Ha Po3mi3HaBaHHA BIOMOBIAHMX NiraHAiB Ta
iHTEHCMBHICTb iMyHHOI Bignosigi [2]. MeHeTu4Ha MiHnK-
BicTb TLRs mMoxe BM3Ha4aTV BiAMIHHOCTI y CPUAHATIN-
BOCTi opraHiamiB go 6akTepiii Ta BipyciB, iHTEHCUBHICTb
3ananbHoro npouecy [3].

Pesynbtatamy gocnigkeHb, WO NPOBOAUMUCA Tpy-
now AocnigHvKiB NiaTBEpoKEHa porb NoniMopdHUX Ba-
pianTiB reHiB TLR2 ta TLR4 y yyTnmBoCTi A0 iHdeKuin Ta
06TshkeHoMY nepebiry Takmx 3axBoptoBaHb, K aTONiYHMN
AepMaTuT 3i CXUNBHICTIO 40 YacTux rocTpux pecnipatop-
HUX BipYCHMX iHdpekuin [4], aToniyHa GpoHxianbHa acTma
[5], yporeHiTaneHi 3axsoptoBaHHs [6], aTepocknepoasy [7].

Y Toli e yac, He GyB BCTAHOBMEHWI 3B'I30K MiXK HasiB-
HICTIO Yy reHoTuni noniMopdHmx anenen 2258A reHy TLR2
Ta 896G reHy TLR4 i po3suTKOM anepriyHoro puHity [8].

dyHKUioOHanbHU noniMopdiam reHis TLR, nos'asaHui
i3 3aMiHOIO OAVHWYHWNX HYKNEeOoTMAIB (OOHOHYKNEOTUOHWUNA
nonimopdiam — OHI). MNen TLR2 nokanisoBaHun Ha OoB-

romy nneui 4-i xpomocomu (4932). Mpun anensHoMy Bapi-
aHTi rs5743708 (2258G/A) reHa TLR2 BinbyBaetbcsa 3a-
MiHa apriHiHy (Arg) rmytamiHom (GIn) y nonoxeHHi 753
noninenTMaHoro naxutora. Lle npussoautb 40 KOHipma-
UiMHMX 3MiH y TIR-OOMeHi (BHYTPILWHLOKNITUHHA YacTuHa
peuenTopa), BHACMIAOK YOro BTPAYaETbCA MOXIMBICTb
3B’A3YBaHHS BHYTPILLUHbOKMITUHHMX aAanTOPHUX MOMeKyn
3 UMM JOMEHOM, MOPYLUYETLCHA nepegaya curHany 3 pe-
uenTopa, 3MEHLLYETbCA CUHTE3 Npo3ananbHUX LUTOKIHIB i
NiABULLYETLCS CNPUNAHSATNMBICTL 40 30yAHMKIB iHdEKUin-
HUX 3axsoptoBaHb [9, 10].

leH TLR4 nokanizoBaHw/i Ha KOpOTKOMY nnedi 9-i
xpomocomu (9933.1). Hanbinbwe BMBYEHi OBa HECWMHO-
HiMIYHMX anenbHWX BapiaHTa reHa TLR4, wo nokaniso-
BaHi y NO3akniTMHHOMY [OOMeHi peuenTtopa: rs4986790
(896A/G), sakui BUKNMKaE 3aMiHy acrnapariHoOBOI KUCMOTU
Ha rMiUMH B €K30Hi 3 y nonoxeHHi 299 noninenTMgHoro
naHutora Ta rs4986791 (1196C/T), 3aMiHy TMPO3WMHY Ha
isonenuuH y nonoxeHHi 399. fani OHIN npussogats Ao
NopyLUEHHs1 B3aemogji peuentopa 3 niraHgamu, BHachi-
[OOK YOro 3HWKYETbCS iMyHHa Bignosige [10, 11].

MeToto Hawoi poboTn Gyno BMBYEHHS HAasIBHOI Yac-
ToTM nonimopcHux BapiaHTiB 2258G/A reHy TLR2
(rs5743708) Ta 896A/G  (rs4986790), 1196C/T
(rs4986791) reHy TLR4 Ta ouiHKa 3B’A3Ky 3i CTaHOM 370-
POB’St NPaKTUYHO 300POBMX OCI6.

[aHe pgocnigpkeHHa NpoBOAMMOCS 3rigHO MaHy Hay-
KOBO-A0CHiAHOI po6OTN BULLOMO AEPXaBHOMO HaBYanbHO-
ro 3aknagy YkpaiHu «YKpaiHCbka Meau4Ha cToMaTornori-
YHa akagemia» «BusHayeHHs poni nonimopdiamy Toll-
noAibHMX peuenTopiB y MexaHiaMax po3BUTKY iMyHOOMO-
cepeaKkoBaHVX 3aXBOPIOBaHb», HOMEP AepXXaBHOI PeecT-
pauii 0109U001629.

* QumysaHHs1 npu amecmauii kadpis: Iamatinosa O.B. AHani3 38’a3Ky ronivopgHux eapiaHmie eeHie TLR2 (rs5743708) i TLR4
(rs4986790, rs4986791) 3i cmaHom 300p08’si npakmu4Ho 30oposux ocib // [Mpobnemu ekonoeii i meduyuHu. — 2018. — T. 22, Ne 1-2. — C.

11-16.
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MaTepianu Ta MeToau AOCNIAKEHHSA

Mpyna, wo Oyna cdopmoBaHa, ckrnaganacs 3i 114
oci6 6inoi pacw, siki npoxueanu y M. MNontasa un MonTa-
BCbKill obnacTi woHarmeHwe 2 poku: 25 (21,9%) oci6
BKasanu MicLuem CBOro HapoaxeHHst M. MNonTasy um Non-
TaBcbky ob6nactb, 83 (72,8%) ocobu Hapoaunucs B iH-
lwux perioHax YkpaiHu T1a 6 (5,3%) oci6 Hapoaunucs B
iHWiN KpaiHi, Xo4a MOCTIVHO MPOXMBaOTL Ha TepuTopii
Ykpainn. pyna Gyna BpiBHOBaXKeHa 3a BIiKOM i CTaTTHO:
yonogikn — 51 (44,7%) ocoba, BiANOBIAHO KifnbKiCTb OCI6
XiHoyoi cTtaTi ctaHoBuna 63 (55,3%). CepeaHin Bik goc-
nigpKyBaHux ocib cknae 22,56+9,58 pokis.

36ip aHaMHECTUYHMX AaHUX, a TaKoX AAaHUX KNiHIYHO-
ro cTaHy Ha 4yac ornsiy i 06’ eKTUBHUX AAHUX 3i CTOPOHU
pi3HWMX OpraHiB Ta CUCTEM NPOBOAMBCS Ha Kadeapi BHYT-
piwHboi MeguumHmn Ne 3 3 cbtusiaTpieto (3aBigyBay kade-
apv — A.mef.H., npodecop .M. Kangawes). OTprmaHi
AaHi BHOCMINUCA [0 KapTh CMOCTEPEXEHHS yYacHuKa [o-
CNiKeHHs1, sika NepBMHHO Gyna po3pobreHa cniBpobiT-
HUKamMn kadpegpu KniHiYHOT iMyHonorii Ta anepronorii
JIbBIBCbKOrO HaLiOHaNbHOr0 MEANYHOrO YHIBEPCUTETY iM.
Hanvna lanuubkoro (3aBigyBadvka kadbegpu A.Mef.H.,
npocpecop B. B. Yon’sk).

Bu3HaueHHsi noniMopdHNX AiNAHOK reHiB BUKOHYBarocs
Ha 6a3i HayKOBO-AOCMIAHOMO IHCTUTYTY FEHETUYHMX Ta iMy-
HOIOriYHNX OCHOB PO3BMTKY NaTOrorii Ta hapmMakoreHeTvkn
BWLLIOTO AA€PXKaBHOro HaBYarnbHOro 3aknagy YkpaiHu «Ykpa-
THCbKa Meagu4Ha cTomMaTororiyHa akagemis».

Yci pocnimkeHHa npoBoaunock i3 fo3sony Kowicii 3
eTUYHMX NuTaHb Ta GioeTuku, nepen nodaTkom [oOCHi-
[PKEHHS Big ycix nmauieHTiB Gyna oTpumaHa AobpoBinbHa
NMCbMOBA 3roa Ha y4acTb y HayKOBOMY €KCNepUMEHTI.

MaTepianom gns gocnimkeHHs Gyna KaninspHa Kpos.
BuainenHsa renomHoi OHK i3 nimdpouunTis kposi nposoau-
nn i3 BUKOPUCTaHHSIM cucTemu npobonigrotoBkn «OHK-
3Kcrmpecc»  BIANOBIAHO [0  pekomeHaauin  dipmu-
BUpo6Huka (HM® «Jlutex», Pocis).

Bu3HaueHHst anenen noniMopdHmX AinsHok reHis TLR2
(rs5743708) i TLR4 (rs4986790, rs4986791) 3njncHioBaBcA
mMeTodoM nonimepasHoi naHutorosoi peakuii (MNP) i3 Ha-
CTYMHVM aHami3oM [OBXUH PECTPUKUIMHMX dparMeHTiB
npoaykTis MJIP. MNMocnigoBHICTb cneumdivyHMX OniroHyKneo-
TMOHUX npaimepiB, ki cuHTe3oBaHi HBO «CuB3H3MM»
(Pocisi), TemnepatypHi napameTpu NpueaHaHHA npanmepis,
eHpoHykneasun pectpukuii (HBO «Cnb3H3nmy, Pocist) B3sTi
3 nitepaTypHux mkepen [12, 13].

CTaTUCTUYHUIA aHani3 OTPMMaHUX AaHWX NPoBOAUNMU
Ha nepcoHanbHOMY KOMM'tOTEPi 3 BUKOPUCTAHHAM CTaTu-
ctnyHoro nakety nporpamu «STATISTICA for Windows
6.0» (StatSoft Inc, CLWA) i enekTpoHHMx Tabnuup MS
Excel. Posnogin reHotunis 3a AocnimKyBaHUMKU NoOfi-
MOPMHMMMK FOKycaMy MepeBipsany Ha BigMNOBIAHICTL piB-
HoBasi Xapgi-BaviHbepra (PXB) i3 BMKOPUCTaHHAM Kpu-
Tepito )(2 npu ymcni ctTyneHiB ceoboau pisHomy 2 (df = 2).
[nsa ouiHkn AOOCTOBIPHOCTI BiAMIHHOCTEN MiXK rpynamu
BMKOPUCTOBYBAnu TOYHWUI ABOCTOPOHHIN KpuTepin diwe-
pa (ana manux rpyn). CTaTUCTUYHO 3HAYMMUMK BBaXanm
BiAMiIHHOCTI npu p < 0,05.

Pe3ynbTaTyn Ta ix 06roBOpeHHs

Hamu 6ynu npoaHanizoBaHi AaHi, OTpMMaHi LUASIXOM
ONWTYBaHHSI Ta NMPOBEAEHHS CTaHAAPTHOTO OOCTEXEHHS.

BusiBneHo, wo 7 (6,1%) oci6 paHiwe npoxueanu y
3abpyaHeHin, BHacnigok YopHobunbCobKoi aBapii, 30Hi, y
5 (4,4%) onutaHnx 6aTbkn poaoM i3 30HN YopHOOUNbCh-
KOi aTOMHOI enekTpocTaHuii. Takox 7 (6,1%) oci6 Bkasa-
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N Ha 3noBXmMBaHHs ankoronem i 33 (28,9%) ocobu — Ha
TIOTIOHOMANIHHS.

Mpu 36o0pi aHamHe3y Oyna BCTaHOBMNEHa OOTsPKeHa
CMajKoBICTb i3 €HAOKPUHHUMW 3aXBOPKOBAHHAMMK y 12
(10,5%) ocib, i3 anepriyHMMN 3aXBOPHOBAHHAMW TAKOX Y
12 (10,5%) oci6, y 6 (5,3%) ocib y Hanbnuk4nx poaudis
B aHaMHe3i Oynu OHKOMOriYHi 3aXBOPIOBAHHA, Ha HasB-
HiCTb HeBpororiyHoi nartonorii 'y 6aTtbkiB Bkasanu 2
(1,8%) ocobu, Ha HasiBHICTb AMY3HMX 3aXBOPHOBaHb
cnony4Hoi TkaHuHn — 1 (0,9%) ocoba. He BiamiTnnu Has-
BHOCTI CMagKkoBOi CXMIIbHOCTI [0 pi3HMX XxBopoO 81
(71,0%) ocoba.

3a mMaTepuHCbLKO niHieto, Oynu BCTaHOBMEHI Taki 3a-
XBOPIOBaHHS, SIK rinepToHiYHa xBopoba i BapuKo3He pos3-
LUIMPEHHST BEH HWKHIX KiHUIBOK (Bka3ana 1 ocoba), xBopo-
6a lMapkiHcoHa (Bkasana 1 oco6a), 3aXBOPHOBaHHS LUUTO-
noaibHoi 3ano3u (Bkasana 1 ocoba), iHcynbT (Bkasana 1
ocoba), Tybepkynbo3 (Bkasana 1 ocoba), GpoHxianbHa
actma (Bkasana 1 ocoba), OHKOMOriYHi 3axBOPIOBAHHS
(Bkasana 1 ocoba). Mo ninii 6aTbka 6ynu BigMiYeHi: rine-
pTOHIYHa xBopoba (Bkasanu 5 oci6), BapvKo3He pO3LLUK-
PEHHS1 BEH HWKHIX KiHUiBOK (BKasana 1 ocoba), LykpoBui
niabet (Bkasanu 3 ocobu), xBopoba boTkiHa (Bkasanu 2
ocobu), OHKOIOriyHi 3axBOPIOBaHHsA (BKasanu 4 ocobwu),
TybGepkynbo3 (Bkasanu 2 ocobwu), ektogepmarbHa aucr-
nasis (Bkasana 1 ocoba).

[JaHi enigemionoriyHOro aHamHesy BKasyloTb Ha Taky
YaCTOTy 3axXBOPIOBAHOCTI Ha rocTpi pecnipaTopHi 3axBo-
ptoBaHHs1: 1 pa3 Ha pik xBopitoTb 29 (25,4%) obcTexkeHmx
ocib, 2 pasn Ha pik — 33 (28,9%) onuTaHux, Big 3 go 5
pasiB Ha pik xBopitoTb 13 (11,4%) oci6 Ta Ginblwe 5 pasis
Ha pik xBopitoTb nuLe 2 ocobwn (1,8%).

Cepep iHdekuin, wo bynm nepeHeceHi paHille, nepe-
Ba)xanu BiTpsHa Bicna — 64 (56,1%) onuTaHnx ocib, kpa-
cHyxa — 29 (25,4%) ocib, LWKipHi BipyCHi (repneTuyHi) iH-
dekuii — 12 (10,5%) ocib, kip Ta iHdeKuii LWnyHKoBO-
kuwkoBoro Tpakty — no 10 (8,8%) ocib, a Takox 8 (7,0%)
ocCi6 paHile XBOPinu Ha LKipHi rpmbkosi iHdekLii, no 7
(6,1%) ocib6 Bkasanu Ha nepeHeceHi paHilwe KoKMW i
napoTut, no 3 (2,6%) ocobu — Ha iHdeKUiHi renaTnTn i
LWKipHi GakTepianbHi iHdekuii, no 2 (1,8%) ocobu — Ha
ckapnaTtuHy, peBMaTuaM, yporeHitanbHi iHpekuii Ta reHi-
anbHUI repnec, KpiM TOro, Ha nNepeHeceHi gudtepito, no-
niomieniT, iHMEKLiIHUA MOHOHYKNEo3, Tybepkynbo3 i
HelpoiHdekuii Bkazanu no 1 (0,9%) ocobi.

CTpyKkTypa 3axBOproBaHb LLKIpK Ta CrvM3oBux oborno-
HOK y [aHin rpyni 6yna npeacTaBrieHa KPOMWB'SHKOK —
Bkasanu 6 (5,3%) i3 ycix onutaHux oci6, nepmatutom — 4
(3,5%) ocobw, rinepnirmenTauieto — 9 (7,9%) ocib Ta nyp-
nypoto — 1 (0,9%) ocoba.

Cepen 3axBoptoBaHb CEYOBMAINbHOI cuctemn Gynu
BkasaHi umctnt — 9 (7,9%) ocibé ta no 2 (1,8%) ocobu —
eHypes i nienoHedpuT.

OaHuM i3 NepcnekTUBHUX HanpsiMiB BUBYEHHSI reHe-
TUYHOT CXWUIBbHOCTI 4O PO3BUTKY i/abo ocobnuBocTen ne-
pebiry imyHoomnocepeakoBaHMX 3aXBOPHOBaHb € BCTAHOB-
JNIeHHS anenbHUX BapiaHTiB reHiB peLenTopiB BPOLKEHO-
ro iMyHIiTETY, OCKifNbKM NOLUYK FrEeHETUYHNX MapKepiB € OC-
HOBOK NMEPCOHarni3oBaHOI MeaULMHW, WO A03BONSIE NPo-
rHO3yBaTW CXUIbHICTb 4O 3aXBOPIOBaHHS, oro nepebir, a
TaKOX PO3pOOKY iHAMBIAYaNbHUX NPOMINAKTUYHMX i NiKy-
BasibHMX 3aX0AiB Ha OCHOBI BUKOPUCTAHHS iMyHOMOAYNsA-
TOpPIB — aroHicTiB 41 aHTaroHicTiB TLRs.

HacTynHum eTanom Haworo AOCNigpKEeHHA CTano Bu-
BYEHHSA 4acTOTU 3yCTpivanbHOCTI Ta BiANOBIOHICTL PO3-
noginy reHotunis nonimopHux BapiaHTis 2258G/A reHy
TLR2 (rs5743708) i 896A/G (rs4986790), 1196C/T



(rs4986791) reHy TLR4 piBHOBa3i
(PXB) y pocnimkyBaHin rpyni.

Y T1abnuui 1 npegcrasBneHi AaHi BHYTPILUHbOrPynoBo-
ro aHanidy posnoginy reHoTuniB Ta anenen noniMopgHMX

Xappi-BawiHbepra

BapiaHTie 2258G/A reHy TLR2 (rs5743708) i

Mpo6aemu ekonorii Ta meguuUNHU

896A/G

(rs4986790), 1196C/T (rs4986791) reHy TLR4.

Tabnuys 1

BHympiwHbo2pynosuli aHani3 po3nodiny Yacmom eeHomunie i anenel noniMmopgHux eapiaHmie 2258G/A
2eHy TLR2 (rs5743708) i 896A/G (rs4986790), 1196C/T (rs4986791) eeny TLR4

MopiBHAHHSA YacToT
. . reHoTuniB, Lo cno- . AfekBaTHe
FeHoTANM Posnopin rexotunis CTepiraloTbCs, 3 Ovi- ﬁ%?ﬁ:lﬂ:; BpaxyBaHHs p;iicgﬁjx
KyBaHumm (df = 2) pigkKicHUX N
Lo criocTepiratTb- . ) 2 nonynsiuii, F anenei, aneneit, h
on, (n = 114) ovikyBaHi X p
Monimopdiam 2258G/A reHa TLR2
GG 111 (97,37) 111,05
GA 3(2,63) 2,93 0,02 0,99 -0,01 1,23 0,39
AA - 0,02
Monimopdiam 896A/G reHa TLR4
AA 103 (90,35) 103,32
AG 11 (9,65) 10,42 0,29 0,86 -0,05 1,43 0,29
GG - 0,26
Monimopdiam 1196C/T reHa TLR4
cc 103 (90,35) 102,26
CT 10 (8,77) 11,40 1,46 0,48 0,12 1,45 0,28
TT 1(0,88) 0,34
Posnogin  reHotuniB  nonimopcHOro  BapiaHTy (9,65%) oci6, reHoTun GG He OyB BUSIBNEHWI y AOaHin

2258G/A reHy TLR2 (rs5743708) BMABUBCA HaCTYMHUM:
reHoTun GG 3yctpivasca y 111 (97,37%) ocio, GA -y 3
(2,63%) oci6, romoaurotHun reHoTun AA He GyB BuUsIBIE-
HWIA y XoaHoro 3 obcTexxyBaHux. YactoTta aneni G, npu
Takomy po3nogini reHotunie, ctaHosuna 98,68%, a yac-
Tota aneni A —1,32%.

[aHi, npeacraeneHi Ha canti HauioHanbHOro UeHTpy
6ioTexHonoriyHoi iHopmauii (NCBI — The National
Center for Biotechnology Information), BkasyoTb, WO
rnobanbHa 4actota aneni A nonimopdHOro BapiaHTy
2258G/A reHa TLR2 (rs5743708) He3HayHa i CTaHOBUTL
0,68% [14]. Maixe Ha Taky camy 3ararnbHy 4acToTy 3y-
ctpivanbHocTi aneni A (0,7%) BkasyloTb i Ha cawnTi En-
sembl. Ha uboMy X Taku canTi HagaHa iHgopmadist cTo-
COBHO po3nofiny 4acToT anenen noniMopgHoro BapiaH-
Ty 2258G/A reHa TLR2 (rs5743708) y nonynsuii eBpo-
nenuis, sika 3Ha4yHO BuWA 3a rnobanbHy i CTaHOBUTL
2,4%. Posnogin 3a cybnonynsiLismMm 3Ha4yHO pi3HUTbLCS, a
came: yacTtoTa aneni A cepen ibepilicbkoro HaceneHHsi
IcnaHii € HanmeHwoto i ctaHoBuTb 0,5%, cepen Hace-
neHHst TockaHii — 1,9%, cepen GpuTaHUiB i WOTNaAHALIB —
2,7%, cepeq diHcbKoro HaceneHHsa — 3,0% [15].

OTtpumanHa Hamu YacToTa aneni A (1,32%) € maike B
[Ba pa3n MEHLLOK 3a CepefHi0 4acToTy, WO 3ycTpiva-
€TbCsl B MONymsAUii €BpoONnenuiB, ane TakoX MNepeBuLLye
rnobanbHy 4actoTy aneni A nonimopdpHoro BapiaHTy
2258G/A reHa TLR2 (rs5743708).

Mpy po3paxyHKy O4ikyBaHOI 4acTOTK reHoTuniB Gynu
OTpMMaHi HacTyrnHi pesynbTaTh: po3paxoBaHa 4acToTa
reHotuny GG cknana 111,05; reHotuny GA — 2,93 Ta re-
HoTuny AA — 0,02. Takui po3nogin reHoTunie y rpyni Big-
nosinas ouikyBaHomy npu PXB (x* = 0,02; p = 0,99). Mo-
Ka3HWKN BpaxyBaHHS pigKiCHUX aneneu, Skun meHwwe 2 (Y
=1,23), Ta YacTka pigkicH1x anenen, Wo GinbLua 3a Hynb
(h = 0,39) BkasyloTb Ha HEPIBHOMIPHWI PO3MNOAIN anenew.
Mpo HabnwkeHHs1 0O piBHOBArM reHETUYHOI CTPYKTYpw
AaHoi BMOIpPKM TaKoX CBigYMTb KoedilieHT iHOpuanHry
nonynsauii, skui Habnwkascst go Hynsa (F =-0,01).

AHania posnoBCIOSKEHOCTI MOMiMOPHOro BapiaHTy
896A/G reHy TLR4 (rs4986790) nokasas, Lo reHoTmn AA
3yctpivaBcs y 103 (90,35%) oci6, reHotun AG — y 11
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rpyni. Yactota aneni A craHosuna 95,18%, a yactota
aneni G — 4,82%. Po3paxyHOK O4iKyBaHOi 4acTOTK reHo-
TUNIB y AaHin rpyni BUABMB CniBNnajaHHa 3 Takow, Lo
crnocTtepiranacs, Ta ctaHoBus: reHoTun AA — 103,32; re-
Hotun AG — 10,42; reHotun GG - 0,26, wo Bignosigano
TeopeTnyHo ovikyaHomy npu PXB (x*= 0,29; p = 0,86).

Okpim UpOro, cnocrepiranu HepiBHOMIpHWUIA pO3nogin
anenen, OCKINbKW MOKasHWK BpaxyBaHHSA PigKiCHUX ane-
nen 6y 1,43, a vyacTka pigkicHMX anenen cTaHoBwna
0,29. KoediuieHT iHOpMAMHrY BkasdyBaB Ha HeE3HAYHWN
Aediumnt reteposurot (F = 0,05).

Oewo pisHunuca pesynbTaTy, siki Oynu oTpumani npm
npoBeaeHHI OOCNIMKEHb i3 BUBYEHHSI 4acTOTU 3yCTpiva-
NbHOCTI noniMmopdpHoro BapiaHTy 896A/G reHy TLR4 B
iHWKX perioHax YKpaiHu cepen rpyn NpakTUYHO 300POBUX
oci6. Tak, npu obctexeri 285 xutenie AP Kpum reHotun
AA 6yB BusBneHun y 85% ocib, reHotn AG — y 14%,
reHotun GG —y 1% Bcix obcTexeHux [16].

Posnoaini 4actoT reHoTuniB MOMiMOPGHOro foKycy
1196C/T reHy TLR4 (rs4986791) 6yB Takum: reHotun CC
BusieneHo y 103 (90,35%) oci6, reHotun CT — y 10
(8,77%) Ta reHotun TT — y 1 (0,88%) ocobu. 3a 4acTo-
TOK anenem pos3nogin BUSIBUBCS HACTYMHMM: 4acTtoTa
aneni C ctaHoBuna 94,74%, a yactota aneni T — 5,26%.

PospaxyHOK o4ikyBaHOi 4acTOTW reHOTWNIB nokasas
HacTynHi pesynbtatu: CC BuasneHo — 102,26, reHotun
CT - 11,40 Ta reHotun TT — 0,34. Takuin po3noain reHo-
TMNiB y rpyni Bignosigas odikyBaHoMmy npu PXB ()(2 =
1,46; p = 0,48). NokasHukn BpaxyBaHHS PigKiCHWUX ane-
nen (U = 1,45) Ta yactka pigkicHux anenen (h = 0,28)
BKa3yl0Tb Ha HEPIBHOMIPHUI pO3Moain anenen y AaHin
rpyni. KoediujeHT iHOpuaMHry cBiguMTb NpO HegocTart-
HIiCTb reTepo3uroT y nonynsuii Ta craHosms 0,12.

Takox, onvpatouncb Ha gaHi NCBI ta Ensembl, Biaomo,
wo rnobarnbHa YacTtoTa aneni G npv nonimopdHoMy Bapia-
HTi 896A/G reHa TLR4 (rs4986790) craHoBuTb 5,99%, a
rnobanbHa Yactota aneni T npy noniMopcHOMY BapiaHTi
1196C/T reHa TLR4 (rs4986791) — 4,07% [17, 18]. Posno-
BCloKeHiCTb aneni G nonimopdpHoro BapiaHTa reHa TLR4
(rs4986790) cepen eBponeiuiB y cepeaHbOMy CTaHOBUTH
5,7% Ta BapitoeTbes Bi 3,7% — Yy iGepiicbKoro HaceneHHs
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Icnanii go 11,6% — y HaceneHHs PiHnaHAN, y OpuTaHuiB i
LOTNaHALIB AaHa anerb 3yCTpivaeTbes 3 YacToTor 4,4%, a
y TOCKaHLjB — i3 YyacToToto 4,7%.

YacToTa, 3 Akolo 3ycTpivaetbecsa anenb T noniMopd-
Horo BapiaHTa 1196C/T reHa TLR4 (rs4986791) cepen
eBponenuis, nepesuLLye rnobaneHy i cknagae 5,8%. Po-
3rogin 3a cybnonynsuisiMu TakoX CUIIbHO BapitoETbCS i €
HaCTYNHWM: HanBMLIA YacToTa BUSABMEHHS aneni T Bka-
3aHa ans HaceneHHst PiHnsaHaii — 11,6%, cepen iGepinuis
Ta TOCKaHUiB [aHa anenb 3YCTpiYaeTbCA 3 4acTOTOH
4,7%, HalHWK4Ya YacToTa BkasaHa Ans OpuTaHuiB i WOT-
nanauis — 3,8% [19].

OTpumaHi Hamu 4vactoTn anenen G noniMopdgHOro
BapiaHTy 896A/G reHa TLR4 (rs4986790) ta T nonimop-
¢Horo BapiaHTa 1196C/T reHa TLR4 (rs4986791) € ge-
O HMLMMK 33 cepedHi 4acToTu Uux anenen cepen Ha-
cerneHHsa €Bponu, NpoTe CYTTEBO He BiAPI3HANMCS.

Mopanblue Halle gocnimxeHHs Oyrno cnpsiMoBaHe Ha
NOPIBHSAHHA HAaABHOCTI OKPeMMX KMiHIYHUX MNpOosBIB, L0
6ynu BigMiYeHi Npy ONUTYBaHHI, 3 HAsIBHICTIO Y reHoTuni
aneni A (Hocii reHotuny GA) noniMopdHOro BapiaHTy re-
Hy TLR2 (rs5743708) (Tabnuuga 2).

Tabnuus 2
AHari3 KniHiYHUX 03HaK rpu HaseHocmi y 2eHomurii nonimopgHoeo eapiaHmy aeHy TLR2 (rs5743708)
Hocii Hocii .
HasiBHICTb 03HaKu reHotuny GG reHotuny GA p
(n=111) (n=3)
1 2 3 4
MatoTb WKiANMBY 3BMYKY — TIOTIOHONANIHHSA T:K 2(1) g 0,04
. . . . . Tak 74 3
B aHamHesi rocTpi pecnipaTopHi 3axBoptoBaHHSA 1-2 pasu Ha pik i 37 0 0,55
Tak 27 2
KpacHyxa i 84 1 0,32
) Tak 9 1
Kip Hi 102 2 0,62
. . Tak 62 2
BitpsiHa Bicna i 49 1 0,83
Tak 6 1
Mapotut Hi 105 2 044
N . . Tak 11 1
LUKipHi BipycHi (repneTuyHi) iHdekwji i 100 2 0,73
Tak 1 1
PesmaTtuam i 110 2 0,05
Tak 3 1
Hepmatut i 108 2 0,21
. Tak 1 1
Mienonedput i 110 2 0,05

Bbyno BctaHoBneHo, Wwo y HociiB aneni A (reHoTun
GA) [0CTOBIpHO yYacTiwe crnocTepiranvca 3ananbHi 3a-
XBOPIOBaHHS, WO NOB’si3aHi 3 GakTepianbHO iHdeKUi€eto,
a came pesmaTtusm Ta nienoHedpput (p = 0,05). Yci Tpn
ocobu i3 reHotunom GA reHy TLR2 (rs5743708) manu
LWKIANMBY 3BUYKY — ToToHONaniHHs (p = 0,04).

Takox 6yB NpoBeAeHU MOPIBHANBHUI aHania HasiB-
HUX KNiHIYHWX NPOSIBIB i3 HasABHICTIO y reHoTuni aneni G
(Hocii reHoTuny AG) nonimopdpHoro BapiaHTy reHy TLR4
(rs4986790) (Tabnuug 3).

Tabnuus 3

AHani3 KniHiYHuUx o3HaK rnpu HaseHocmi'y 2eHomuni rnosimopgHo20 eapiaHmy eeHy TLR4 (rs4986790)

HasBHICTL O3HAKN Hocii renotuny AA Hocii reHotuny AG -
(n = 105) (n=9) P
. Tak 4 1
Batbku i3 3oHM YAEC i 101 8 0,86
MatoTb WKiANMBY 3BMYKY — TIOTIOHONANIHHSA T:K 3:1 3 0,94
. . Tak 10 2
HasBHicTb y 6nnsbKknx poaundiB eHAOKPUHHUX 3aXBOPIOBaHb i 95 7 0,53
HasBHicTb y 6nunsbkunx poaudiB anepriyHMx 3axsoptoBaHb T:K ;g 5 0,53
B aHamHesi rocTpi pecnipaTopHi 3axBoptoBaHHs 1-2 pasu Ha pik T;K ;g i 0,67
Tak 5 2
Kokntoww i 100 7 0,17
Tak 1 1
CkapnaTuHa i 104 8 0,37
Tak 26 3
KpacHyxa i 79 6 0,87
) Tak 9 1
Kip i 96 8 0.72
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HasiBHICT O3HAKM Hoci'l'(rr]e:?gvg;y AA | Hocii r(iH:Tgv;ny AG o
BitpsaHa Bicna T;K ig ; 0,31
Mapotut T;K 180 5 0,17
IHbekuUinHM renatuT T:K 153 é 0,57
LUKipHi BipycHi (repneTuyHi) iHdekwji T;K ;l é 0,61
IHdEKUIT LLNTYHKOBO-KULLKOBOIO TPaKTy T;K 996 ; 0,72
YporeHiTanbHi iHdekuii T:K 1(1)4 é 0,37
HenpoiHdekuit T;K 185 ; 0,12
Kponue’sHka T;K 131 5 0,11
Lnctur T:K 987 é 0,79

Ak BuaHo 3 Tabnuui 3, He 6yno BUSIBNEHO OOCTOBIp-
HOro 3B’A3KYy MiX HasBHicTio aneni G y reHoTwni (Hocii
reHotuny AG) nonimopcHoro BapiaHTy reHy TLR4
(rs4986790) Ta BKasaHMMW NpU ONUTYBaHHI i Nepepaxo-
BaHWMM B Tabnuui aHaMHECTUYHUMW OaHUMM.

MpoaHani3oBaHO HasBHICTb OKPEeMMX KMiHIYHWMX Npo-
sIBiB Y OCIi0, L0 € HOoCisiMK iHLoro noniMopdHOro BapiaH-

Ty reHy TLR4 (rs4986791). Ockinbku Tinbkn ogHa ocoba
Mana roMo3uroTHuin reHotun TT, TO ANs NPoOBeAEeHHS
aHanisy mv o6’egHany HociiB 4aHOro reHoTMNy i3 HociAMK
retepo3nrotHoro reHotuny CT. TakMum YMHOM, KifbKiCTb
ocib, wWo € Hocismu noniMopdHoi aneni T cTtaHoBuna 11
(Tabnuug 4).

Tabnuuys 4

AHani3 KniHidHuUx 03HaK rnpu HaseHocmi'y 2eHomurii nosimopgHo20 eapiaHmy e2eHy TLR4 (rs4986791)

Hocii aneni T
Hocii renotu- CTi .
HasBHicTb 03Haku ny CC (reHo1_'rv|_I|:|)|/| p
(n=103) (n=11)
MatoTb WKiANMBY 3BMYKY — TIOTIOHONANIHHSA Tax 29 4 0,83
Hi 74 7
. . . . . Tak 69 8
B aHamHesi rocTpi pecnipaTopHi 3axBoptoBaHHSA 1-2 pasu Ha pik i 34 3 0,96
Tak 6 1
Kokntoww i 97 10 0,82
Tak 27 2
K
pacHyxa i 76 9 0,83
. . Tak 57 7
BitpsiHa Bicna i 46 4 0,84
o Tak 2 1
IHbekuinHi renatuTn i 101 10 0,68
- L Tak 7 1
LLKipHi rpnbkoBi iHdeKw;i i 9% 10 0,74
Tak 1 1
PesmaTtuam i 102 10 0,46
Kponus'aHka Tax S ! 0,91
i Hi 98 10 '
Tak 7 2
Linctur i 96 9 0,46
. Tak 1 1
Mienonedput i 102 10 0,46

MopiBHANBHUI aHani3 HadABHOCTI B reHoTwni aneni T
(reHotunn CT i TT) reHy TLR4 (rs4986791) i3 Bu3Have-
HUMW MPU ONUTYBAHI KMiHIYHUMW NPOSIBaMU OKpPEMUX 3a-
XBOPIOBaHb HE BUSIBMB XXOAHOrO AOCTOBIPHOIO 3B’A3KY.

Omke, pesynbTaToM NPOBEAEHOro  AOCHiSKEHHS
3B’A3Ky HAssBHOCTi Y reHoTuni noniMopHUX BapiaHTiB re-
HiB TLR2 (rs5743708), TLR4 (rs4986790, rs4986791) i3
3aranbHUM COMaTW4YHUM CTaHOM Oyno BUSIBNEHHS OOC-
TOBIPHOrO 3B'A3KYy MK HaAsBHICTIO aneni A y reHoTuni npu
nonimopdHomy BapiaHTi reHy TLR2 (rs5743708) i3 pes-
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matnamom (p = 0,05), nienoHedpputom (p = 0,05) Ta y
ocib, Wo Manu WKignuMBY 3BUYKY — THOTHOHOMNAmMiHHS
(p =0,04).
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ENGLISH VERSION: ANALYSIS OF ASSOCIATION BETWEEN THE POLYMORPHIC
VARIANTS OF THE TLR2 (RS5743708) AND TLR4 (RS4986790, RS4986791)
GENES WITH THE HEALTH STATUS OF APPARENTLY HEALTHY INDIVIDUALS*

Izmailova O.V.

Higher State Educational Establishment of Ukraine «Ukrainian Medical Stomatological Academy», Poltava, Ukraine

The study of single-nucleotide polymorphisms of Toll-like receptors has an important applied and theoretical value for
revealing the mechanisms in formation of immunity features and its correction. The aim of the research was to study the
available frequency of polymorphic variants of the TLR2 gene (rs5743708) and 896A/G (rs4986790), 1196C/T
(rs4986791) of the TLR4 gene, and to assess the association with the health status of apparently healthy individuals.
Materials and methods: the study involved 114 Caucasian individuals living in Poltava or Poltava oblast for a minimum of
2 years, who underwent the collection of anamnestic data, as well as the data of objective and clinical examinations. The
polymorphic sites of the TLR2 (rs5743708) and TLR4 genes (rs4986790, rs4986791) were determined by polymerase
chain reaction (PCR) followed by analysis of the restriction fragments length of the PCR products. The results of
distribution of polymorphic variants 2258G/A in the genotypes of the TLR2 gene (rs5743708), 896A/G of the TLR4 gene
(rs4986790), and 1196C/T of the TLR4 gene (rs4986791) corresponded to the theoretically expected ones at the Hardy-
Weinberg equilibrium (¥’ = 0.02, p = 0.99; x* = 0.29, p = 0.86; X’ = 1.46, p = 0.48, respectively). When comparing the
presence of individual clinical manifestations that were detected during the interviewing, with the presence of
polymorphic alleles in the genotype, a reliable relationship was established between the presence of the A allele in the
polymorphic version of the TLR2 gene (rs5743708) in the genotype with rheumatism (p = 0.05), pyelonephritis (p =

0.05) and a bad habit of smoking (p = 0.04).

Key words: TLR, single nucleotide polymorphism, genotype, ligand, state of health

Toll-like receptors (TLRs) belong to the class of
transmembrane single-chain signal receptor proteins that
recognize foreign evolutionarily conservative molecular
structures of pathogens, known as pathogen-associated
molecular structures and trigger the cascade of sequen-
tial reactions of congenital and antigen-specific adaptive
immunity through signaling pathways (MyD88-dependent
and TRIF-dependent), resulting in the expression of
genes of proinflammatory cytokines and modulation of
the inflammatory response of the body [1].

A large number of research publications covering the
problem of recognizing foreign pathogens prove the lead-
ing role of TLRs in this issue, but sometimes contain con-
troversial data regarding the influence of polymorphic
variants of genes encoding these receptors on the rec-
ognition of the corresponding ligands and the intensity of
the immune response [2]. Genetic variability of TLRs can
determine the differences in the susceptibility of organ-
isms to bacteria and viruses, the intensity of the inflam-
matory process [3].

The results of studies, conducted by a group of re-
searchers, confirmed the role of polymorphic variants of
the TLR2 and TLR4 genes in the sensitivity to infections
and aggravated course of such diseases as atopic der-
matitis with a predisposition to frequent acute respiratory
viral infections [4], atopic bronchial asthma [5], urogenital
diseases [6], atherosclerosis [7].

At the same time, the association between the pres-
ence of polymorphic alleles in 2258A genotype of the
TLR2 gene and 896G of the TLR4 gene with the devel-
opment of allergic rhinitis has not been established [8].

Functional polymorphism of the TLR genes, associ-
ated with replacement of single nucleotides (single nu-
cleotide polymorphism — SNP). The TLR2 gene is local-
ized on the long shoulder of the 4th chromosome (4g32).
In the allelic variant of rs5743708 (2258G/A) of the TLR2
gene, there is a replacement of arginine (Arg) with gluta-
mine (GIn) at position 753 of the polypeptide chain. This
leads to confirmatory changes in the TIR domain (the in-

tracellular part of the receptor), resulting in the loss of the
ability to bind intracellular adapter molecules to this do-
main, the transmission of signal from the receptor is dis-
rupted, the synthesis of proinflammatory cytokines and
the susceptibility to pathogens of infectious diseases are
increased [9, 10].

The TLR4 gene is localized on the short shoulder of
the 9th chromosome (9g33.1). The most studied are two
non-synonymic allelic variants of the TLR4 gene, local-
ized in the extracellular domain of the receptor:
rs4986790 (896A/G), which causes the aspartic acid to
be replaced with glycine in exon 3 at position 299 of the
polypeptide chain and rs4986791 (1196C/T), the re-
placement of tyrosine with isoleucine in position 399.
These SNP result in the disruption of the receptor inter-
action with ligands, which leads to the reduction of the
immune response [10, 11].

The aim of the present research was to study the
available frequency of polymorphic variants 2258G/A of
the TLR2 gene (rs5743708) 896A/G (rs4986790), and
1196C/T (rs4986791) of the TLR4 gene, and to assess
the association with the health status of apparently
healthy individuals.

This study was conducted in accordance with the plan
of research work of Higher State Educational Establish-
ment of Ukraine «Ukrainian Medical Stomatological
Academy» «Determining the role of polymorphism of Toll-
like receptors in the mechanisms of development of im-
mune-mediated diseases», the state registration number
0109U001629.

Materials and methods of research

The formed group consisted of 114 Caucasian men
who had lived in Poltava or Poltava oblast for at least 2
years: 25 (21.9%) people indicated their place of birth in
Poltava or Poltava oblast, 83 (72.8%) individuals were
born in other regions of Ukraine and 6 (5.3%) respon-
dents were born in another country, although they live
permanently in the territory of Ukraine. The group was

* To cite this English version: O.V. Izmailova Analysis of association between the polymorphic variants of the TLR2 (rs5743708) and
TLR4 (rs4986790, rs4986791) genes with the health status of apparently healthy individuals. // Problemy ekologii ta medytsyny. - 2018. -
Vol 22, Ne 1-2. - P. 17-22.
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balanced by age and gender: males — 51 (44.7%), fe-
males — 63 (55.3%). The average age of the subjects
was 22.56+9.58 years.

Collection of anamnestic data, as well as clinical data
at the time of examination and objective data on the part
of various organs and systems, was conducted at the
Department of Internal Medicine No. 3 with Phthisiology.
The received data was entered into the observation card
of the participant of the study, which was originally devel-
oped by the staff of the Department of Clinical Immunol-
ogy and Allergology of Danylo Halytskyi National Medical
University of Lviv.

Determining the polymorphic sites of genes was car-
ried out on the basis of the Research Institute of Genetic
and Immunological Foundations of the Development of
Pathology and Pharmacogenetics of Higher State Educa-
tional Establishment of Ukraine «Ukrainian Medical
Stomatological Academy».

All studies were conducted with the permission of the
Ethics and Bioethics Committee; before the study, all
volunteers signed a written consent to participate in the
scientific experiment.

The capillary blood was the material for the study.
The isolation of genomic DNA from blood lymphocytes
was carried out using the DNA-Express test system in
accordance with the recommendations of the manufac-
turer (NPF “Litech”, Russia).

Identifying the alleles of polymorphic sites of TLR2
(rs5743708) and TLR4 gene (rs4986790, rs4986791)
was carried out by polymerase chain reaction (PCR) fol-
lowed by analysis of restriction fragment length of PCR
products. The sequence of specific oligonucleotide prim-
ers which are synthesized NGO "SybEnzym" (Russia),
temperature settings accession primers, restriction en-
donuclease (Scientific and Production Association “Si-
bEnzim”, Russia) taken from the scientific literature [12,
13].

The statistical analysis of the data was performed on
a personal computer using the STATISTICA for Windows
6.0 (StatSoft Inc., USA) and MS Excel spreadsheets. The
genotypic distribution of the studied polymorphic loci was
checked for compliance with the Hardy-Weinberg equa-
tion (PCV) using the x2 criterion for degrees of freedom
equal to 2 (df = 2). The exact two-sided Fischer criterion
(for small groups) was used to assess the validity of the
differences between the groups. Statistically significant
differences were considered at p <0.05.

Results and discussion

We analyzed the data obtained through interviews
and standard examination.

It was revealed that 7 (6.1%) respondents previously
lived in the polluted area due to Chernobyl accident, and
5 (4.4%) had parents from the area of Chernobyl nuclear
power plant. Furthermore, 7 (6.1%) people indicated al-
cohol abuse and 33 of them (28.9%) were smokers.

In the collection of anamnesis, a complicated heredity
with endocrine diseases was detected in 12 (10.5%)
people, with allergic diseases in 12 (10.5%) people, in 6
(5.3%) respondents the immediate family had oncological
disease in the anamnesis, 2 (1.8%) respondents indi-
cated the presence of neurological pathology in their par-
ents, the presence of diffuse connective tissue diseases
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—1(0.9%) person. 81 (71.0%) people reported no heredi-
tary predisposition to various diseases.

According to the maternal line, we detected such dis-
eases as hypertension and varix dilatation of the lower
limbs (indicated by 1 person), Parkinson's disease (indi-
cated by 1 person), thyroid disease (indicated by 1 per-
son), stroke (indicated by 1 person), tuberculosis (indi-
cated 1 person), bronchial asthma (indicated by 1 per-
son), oncological diseases (indicated by 1 person). Ac-
cording to the paternal line, we detected: hypertension
(indicated by 5 people), varix dilatation of the lower limbs
(indicated by 1 person), diabetes mellitus (indicated by 3
respondents), Botkin's disease (indicated by 2 people),
cancer (indicated by 4 respondents), tuberculosis (indi-
cated by 2 people), ectodermal dysplasia (indicated by 1
person).

The data of the epidemiological history indicate the
incidence of acute respiratory diseases: once a year — 29
(25.4%) of the examined respondents, twice a year — 33
(28.9%) of respondents, from 3 to 5 times a year — 13
(11.4%) people and more than 5 times a year — only 2
respondents (1.8%).

Among the infections that had been transmitted ear-
lier, chicken pox was prevalent — 64 (56.1%) respon-
dents, rubella — 29 (25.4%), herpes infections — 12
(10.5%), measles and infections of the gastrointestinal
tract — 10 (8.8%), as well as 8 (7.0%) people with past
cutaneous fungal infections, 7 (6.1%) people reported
having had a history of pertussis and parotitis, 3 (2.6%)
respondents — infectious hepatitis and bacterial skin in-
fections, 2 (1.8%) — scarlet fever, rheumatism, urogenital
infections and genital herpes, in addition, diphtheria, po-
liomyelitis, infectious mononucleosis, tuberculosis and
neuroinfections were reported by 1 (0.9%) person each.

The structure of diseases of the skin and mucous
membranes in this group was represented by hives — 6
(5.3%) of all interviewed individual, 4 (3.5%) respondents
— with dermatitis, 9 (7.9%) — with hyperpigmentation and
purpura — 1 (0.9%) person.

Among the diseases of the urinary system there were
cystitis — 9 (7.9%), enuresis and pyelonephritis — 2
(1.8%) respondents.

One of the promising directions for studying the ge-
netic predisposition to the development and / or charac-
teristics of the course of immunoregulatory diseases is
the establishment of allelic variants of the genes of the
innate immune receptors, since the search for genetic
markers is the basis of personalized medicine, which al-
lows predicting the susceptibility to disease, its course,
as well as the development of individual preventive and
therapeutic measures based on the use of immunomodu-
lators — agonists or antagonists of TLRs.

The next step in our research was to study the fre-
quency of occurrence and compliance in distribution of
the genotypes of the 2258G/A polymorphic variants of
the TLR2 (rs5743708) and 896A/G (rs4986790), 1196C/T
(rs4986791) of the TLR4 gene with the Hardy-Weinberg
equation in the study group.

Table 1 presents the inter-group analysis of the distri-
bution of genotypes and alleles of the polymorphic vari-
ants 2258G/A  TLR2 (rs5743708) and 896A/G
(rs4986790), 1196C/T (rs4986791) of the TLR4 gene.
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Table 1

The inter-group analysis of the frequency distribution of genotypes and alleles of the polymorphic variants 2258G/A gene of TLR2
(rs5743708) and 896A/G (rs4986790), 1196C/T (rs4986791) of the TLR4 gene

Comparison
of observed frequen-
Genotypes distribution cies of genotypes Coefficient of Adequate
Genotypes with the expected population consideration Part rare
ones (df =2) inbreeding, F of rare alleles, alleles, h
observed expected X2 D H
(n=114)
The 2258G/A polymorphism of the TLR2 gene
GG 111 (97.37) 111.05
GA 3(2.63) 2.93 0.02 0.99 -0.01 1.23 0.39
AA - 0.02
The 896A/G polymorphism of the TLR4 gene
AA 103 (90.35) 103.32
AG 11 (9.65) 10.42 0.29 0.86 -0.05 1.43 0.29
GG - 0.26
The 1196C/T polymorphism of the TLR4 gene
CcC 103 (90.35) 102.26
CT 10 (8.77) 11.40 1.46 0.48 0.12 1.45 0.28
TT 1(0.88) 0.34

The distribution of the genotypes of the polymorphic
variant of 2258G/A of the TLR2 gene (rs5743708) was as
follows: the GG genotype was found in 111 (97.37%) re-
spondents, GA —in 3 (2.63%), the homozygous genotype
AA was not detected in any of the subjects. The allele G
frequency with this distribution of genotypes was 98.68%,
and the allele A frequency was 1.32%.

The data presented at the National Center for Bio-
technology Information (NCBI) website indicates that the
global allele A of the polymorphic variant of the 2258G/A
of the TLR2 gene (rs5743708) is negligible and is 0.68%
[14]. Almost the same common frequency of occurrence
of A (allele 0.7%) is also indicated at the Ensembl web-
site. At the same site, there is information on the fre-
quency distribution of the alleles of the polymorphic vari-
ant 2258G/A of the TLR2 gene (rs5743708) in the Euro-
pean population, which is considerably higher than the
global one and is 2.4%. The distribution of subpopula-
tions varies considerably, namely: the frequency of the A
allele among the Iberian population of Spain is the lowest
and is 0.5%, among the population of Tuscany — 1.9%,
among the British and Scots — 2.7%, among the Finnish
population — 3.0% [15]. The frequency of the A allele
(1.32%) obtained by us is almost twice less than the av-
erage frequency found in the Europeans population, but
also exceeds the global A allele frequency of the
2258G/A polymorphic variant of the TLR2 gene
(rs5743708).

In calculating the expected frequency of genotypes, the
following results were obtained: the calculated frequency of
GG genotype was 111.05; GA genotype — 2.93 and AA
genotype — 0.02. Such a distribution of genotypes in the
group corresponded to that expected at Hardy-Weinberg
equilibrium (* = 0.02; p = 0.99). Rare allele counting less
than 2 (u = 1.23) and the proportion of rare alleles above
zero (h = 0.39) indicate uneven distribution of alleles. The
approximation to the equilibrium of the genetic structure of
this sample is also evidenced by the population inbreeding
rate approaching zero (F =-0.01).

The analysis of prevalence of polymorphic variant
896A/G of the TLR4 gene (rs4986790) showed that the
AA genotype was found in 103 (90.35%) people, AG
genotype — in 11 (9.65%), GG genotype was not found in
this group. The allele A frequency was 95.18%, and the
allele G frequency was 4.82%. The calculation of the ex-
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pected frequency of genotypes in the given group
showed a coincidence with the observed one and was:
AA genotype — 103.32; AG genotype — 10.42; GG geno-
type — 0.26, which corresponded to the theoretically ex-
pected at Hardy-Weinberg equilibrium ()(2 =0.29; p =
0.86).

In addition, an uneven distribution of alleles was ob-
served, since the rate of inclusion of rare alleles was
1.43, and the proportion of rare alleles was 0.29. The in-
breeding rate indicated an insignificant heterozygotes de-
ficiency (F = 0.05).

The results obtained in studies on the frequency of
occurrence of the polymorphic variant 896A/G of the
TLR4 gene in other regions of Ukraine among the groups
of apparently healthy individuals somewhat differed.
Thus, when examining 285 inhabitants of Crimea, AA
genotype was detected in 85% of people, AG genotype —
in 14%, GG genotype —in 1% of all respondents [16].

The distribution of the frequencies of genotypes of the
polymorphic locus 1196C/T of the TLR4 gene
(rs4986791) was as follows: the SS genotype was found
in 103 (90.35%) people, the ST genotype —in 10 (8.77%)
and the TT genotype — in 1 (0.88%) person. By the fre-
quency of alleles, the distribution was as follows: the C
allele frequency was 94.74%, and the T allele frequency
was 5.26%.

The calculation of the expected frequency of geno-
types showed the following results: CC genotype —
102.26, CT genotype — 11.40 and TT genotype — 0.34.
Such a distribution of genotypes in the group corre-
sponded to that expected at Hardy-Weinberg equilibrium
()(2 = 1.46; p = 0.48). Indicators for the inclusion of rare
alleles (p = 1.45) and the proportion of rare alleles (h =
0.28) indicate uneven distribution of alleles in this group.
The inbreeding rate indicates insufficient heterozygotes
in the population and was 0.12.

Moreover, based on the NCBI and Ensembl data, it is
known that the global frequency of G allele in the polymor-
phic variant 896A/G of the TLR4 gene (rs4986790) is
5.99%, and the global frequency of T allele of the TLR4
(rs4986791) polymorphic variant 1196C/T gene of the TLR4
gene (rs4986790) is 4.07% [17, 18]. The prevalence of the
G allele of the polymorphic variant of the TLR4 gene
(rs4986790) among the Europeans is on average 5.7% and
varies from 3.7% — from the Iberian population of Spain to
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11.6% — in the population of Finland, in British and Scots this
allele is found with a frequency of 4.4%, and Tuscans — with
a frequency of 4.7%.

The frequency with which the T allele of the polymor-
phic variant of the TLR4 gene (rs4986791) is found
among Europeans exceeds the global one and is 5.8%.
The distribution by subpopulation also varies greatly and
is as follows: the highest frequency of T allele is indicated
for the population of Finland — 11.6%, among the Iberians
and Tuscans, this allele is found at 4.7%, the lowest fre-
quency is for British and Scots — 3.8% [19].

The obtained frequencies of G alleles of the polymor-
phic variant 896A/G of the gene TLR4 (rs4986790) and
the T-polymorphic variant 1196C/T of the TLR4 gene
(rs4986791) are slightly lower than the average frequen-
cies of these alleles among the European population, but
did not differ significantly.

Our further study was aimed at comparing the pres-
ence of certain clinical manifestations, which were noted
during the interviewing, with the presence of the A allele
in the genotype (carriers of GA genotype) polymorphic
variant of the gene TLR2 (rs5743708) (Table 2).

Table 2

Analysis of clinical signs in the presence of polymorphic variant of the TLR2 gene (rs5743708) in the genotype

Carriers of GG | Carriers of GA .
The presence of the sign genotype genotype p
(n=111) (n=3)
1 2 3 4
. . yes 30 3
A bad habit of smoking o 81 0 0.04
. . . . . yes 74 3
Acute respiratory diseases in the anamnesis — 1-2 times a year o 37 0 0.55
yes 27 2
Rubeola o 84 1 0.32
yes 9 1
Measles o 102 2 0.62
. yes 62 2
Chicken pox o 49 1 0.83
. yes 6 1
Parotitis o 105 2 0.44
Lo . . yes 11 1
Skin viral (herpetic) infections o 100 2 0.73
. yes 1 1
Rheumatism o 110 2 0.05
" yes 3 1
Dermatitis o 108 2 0.21
" yes 1 1
Pyelonephritis o 110 2 0.05

It was found that in carriers of the A allele (genotype
GA) had significantly more cases of inflammatory dis-
eases associated with bacterial infection, namely rheu-
matism and pyelonephritis (p = 0.05). All three people
with the GA genotype of the TLR2 gene (rs5743708) had
a bad habit of smoking (p = 0.04).

Further, a comparative analysis of existing clinical
manifestations with the presence of the G allele in the
genotype (carriers of AG genotype) of the polymorphic
variant of the TLR4 gene (rs4986790) was performed
(Table 3).

Table 3

Analysis of clinical signs in the presence of polymorphic variant of the TLR4 gene (rs4986790) in the genotype

Carriers of AA Carriers of AG X
The presence of the sign genotype genotype p
(n=105) (n=9)
yes 4 1
Parents from the area of Chernobyl nuclear power plant o 101 8 0.86
. . yes 31 2
A bad habit of smoking o 74 7 0.94
The presence of endocrine diseases in close relatives 3:1905 ;g 3 0.53
The presence of allergic diseases in close relatives yes 10 2 0.53
no 95 7
Acute respiratory diseases in the anamnesis — 1-2 times a year 3:1905 ;g i 0.67
. yes 5 2
Pertussis o 100 7 0.17
yes 1 1
Scarlet fever o 104 8 0.37
yes 26 3
Rubeola o 79 6 0.87
yes 9 1
Measles o 9 8 0.72
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Carriers of AA Carriers of AG X
The presence of the sign genotype genotype p
(n =105) (n=9)

Chicken pox B:Ieos 4512 ; 0.31
Parotitis yes o 2 0.17
Infectious hepatitis 3:1905 133 ; 0.57
Skin viral (herpetic) infections B:Ieos ;l é 0.61
Infections of the gastrointestinal tract 3:1905 996 é 0.72
Urogenital infections 3:1905 1(1)4 ; 0.37
Neuroinfections 3:]eos 185 é 0.12
Hives {]eos 131 5 0.11
Cystitis {]ej 987 é 0.79

As can be seen from Table 3, no reliable association
was found between the presence of the G allele in the
genotype (carriers of the AG genotype) of the polymor-
phic variant of the TLR4 gene (rs4986790) and data, re-
ported during the interviewing and listed in the table.

The presence of individual clinical manifestations in
individuals who are carriers of another polymorphic vari-

ant of the TLR4 gene (rs4986791) has been analyzed.
Since only one person had the homozygous TT geno-
type, we combined the carriers of this genotype with car-
riers of the heterozygous CT genotype. Thus, the number
of individuals carrying the polymorphic allele T was 11
(Table 4).

Table 4

Analysis of clinical signs in the presence of polymorphic variant of the TLR4 gene (rs4986791) in the genotype

Carriers of the
Carriers of CC T allele (CT .
The presence of the sign genotype (n = and TT p
103) genotypes)
(n=11)
. . Yes 29 4
A bad habit of smoking no 74 7 0.83
Acute respiratory diseases in the anamnesis — 1-2 times a year \;eos gi g 0.96
. Yes 6 1
Pertussis no o7 10 0.82
Yes 27 2
Rubeola no 76 9 0.83
. Yes 57 7
Chicken pox no 46 4 0.84
. " Yes 2 1
Infectious hepatitis no 101 10 0.68
. . . Yes 7 1
Skin fungal infections no 9% 10 0.74
. Yes 1 1
Rheumatism no 102 10 0.46
. Yes 5 1
Hives no 08 10 0.91
" yes 7 2
Cystitis ho 96 9 0.46
" Yes 1 1
Pyelonephritis no 102 10 0.46

A comparative analysis of the presence of the allele T
in the genotype (CT and TT genotypes) of the TLR4 gene
(rs4986791) with definite clinical manifestations of indi-
vidual diseases did not reveal any reliable association.

Thus, the result of the conducted study of the pres-
ence of association in the genotypes of polymorphous
variants of the TLR2 (rs5743708), TLR4 (rs4986790,
rs4986791) genes with a general somatic state was the
detection of a reliable link between the presence of the A
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allele in the genotype of the polymorphic variant of the
TLR2 gene (rs5743708) with rheumatism (p = 0.05), pye-
lonephritis (p = 0.05), and a bad habit of smoking (p =
0.04).
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OCOBJINBOCTI TEPANEBTUYHOI'O 3ABE3MNEYEHHSA XBOPUX I3

MNOJNIITPABMOLIO*

Mopwmorns ILA., Bop3ux O.A., Katidawes I.I1.

Buwinin gepxaBHUN HaBYanbHUIN 3aknag YKpaiHn «YKpaiHcbka MeanyHa ctomaTtornoriyHa akagemisa», m. lNMontaea

AKTYasIbHOCTb BOIMPOCA CBOEBPEMEHHOM ANArHOCTUKI M JIEYEHNS MOJIMTPABMbI Ha CErOAHSALLIHUN AE€Hb OCTAETCS BaXKHbIM.
lMonmTpaBma - cepbe3Hbivi NaTo/I0rMYecKuyl MPOLIECC, KOTOPbIA BK/IIOYAET OAHOBPEMEHHOE HAYasio v pasBUTUE HECKO/Ib-
KMUX NaTosIorn4eckux COCTOSIHUIA M XapakTEpMU3YETCS OCHOBHBIMU HapYLLIEHUSIMU BCEX BUAOB OBMEHa BELECTB, N3MEHe-
HUSIMU LIEHTPA/TIbHOVI HEPBHOM CUCTEMBI, CEPAEYHO-COCYANCTOU U AbIXaTE/IbHOM. [JaHHbIA KIMHNYECKuV CrTyHani AOKa3bl-
BaET HaM LIE/IECO06PA3HOCTb Pa3paboTKu MEPCOHUPULMPOBAHHOIO MOAX0AA K BEAEHMIO MALMEHTOB C r0/IMTPAaBMOV, UC-

[1071b3yA MHANBUAYa/IbHblE a/lrfOPUTMbI.

KntoueBble cnoBa: nonutpasma, remornHEBMOTOpPAKC, TakKTUKa revyeHna

MoniTpaBMa — CyKyMHICTb TpaBM, SKi xapakTepusy-
I0TbCA 3HAYHUMUW 3MiHAMU CTPYKTYPW Ta PyHKUIT OpraHiB i
cucTtem opraHi. Kpim MexaHi4yHMX NOLWKO4KEHb, Ha CTaH
NocTpaxgarnoro Moxe MaTu BNNuB pag iHpeKUiiHUX ycK-
nagHeHb. MoniTpaBMy BiApi3HAOTLCS OCOONMBOKD BaXKi-
CTIO KIMiHIYHMX NPOSBIB, WO CYNPOBOMKYIOTLCA PO3nagom
XUTTEBO-BaXKNMBUX (PYHKLIN opraHiamy, cknagHicTio giar-
HOCTUKM Ta NiKyBaHHA, BEMVKUM NPOLIEHTOM iHBaniaHOCTI
i BUcokol netanbHicTio. MMoAiGHIi NOLIKOMKEHHA 4YacTo
CyNpOBOSXKYIOTbCS TPaBMaTUYHVM LLIOKOM, BEFMMKOK KPO-
BOBTPATOK, pO3MafoM KpoBOOLiry i AuxaHHs, iHKonwu
TepMiHanbHUM cTtaHoMm. lMpwu nonitpaemi nepebir TpaBma-
TUYHOT XBOPOOWM OCOBNMBO BaXKUiA, @ xapakTep AOMiHy-
H040ro NOLLKOKEHHS MOXe 3MiHloBaTucs [1,2].

TepmiH «nonitpaBma» € 36ipHUM MOHATTAM, LLO
BKIIOYA€E TaKi BUOW MOLUKOKEHb: MHOXWHHI, NoegHaHi i
KOMGiHOBaHI.

[10 MHOXWHHUX MeXaHiYHMUX TpaBM BiAHOCATb MOLUKO-
D)KEeHHS ABOX i BinbLU BHYTPILUHIX OpraHiB B OAHiN NOPOX-
HWHI (NOpaHEHHS1 TOHKOI | TOBCTOI KULLIOK, PO3PUB MEYiHKN
i cenesiHkW, MOLIKOMKEHHS 0D60X HMPOK), TPaBMU B Me-
Xax ABOX i Binbl aHaTOMO-(PYHKLiOHANbHUX YTBOPEHb
OMOPHO-PYXOBOi cUCTeMU (Mepenom cTerHa, nepenom
060X N'ATKOBUX KICTOK).

MoenHaHa TpaBMa — MOLUKOKEHHS BHYTPILLHIX Op-
raHiB B Pi3HMX MOPOXHWHAX (TpaBma NereHi i neviHku,
CTPYC TOfIOBHOrO MO3KY i TpaBMa HUWpKW), abo noLuKo-
[PKEHHS1 BHYTPILLUHIX OpraHiB i ONOpHO-pyXOBOro anaparty
(NOLWKOMKEHHA OpraHiB rpyAHOI NMOPOXHUHW | Nepenom
KiCTOK KiHLIIBOK, YepenHO-M0O3KoBa TpaBMa, NMOLLKOMKEHHS
Ta30BWX KiCTOK Ta iH.).

KombiHoBaHa TpaBMa — Le ogHOYacHa fisi Ha noTe-
pninoro ABox i GinbL chakTopiB: Nepenom i onik cTerHa;
roctpa npomeHeBa xBopoba i nepenom xpebTa. IHWKUMK
CnoBamu, MexaHiyHi TpaBMn MOXYTb BXOAMTW 00 ckragy
KOMOGIHOBaHMX MOLUKOMKEHb SIK OOWH i3 CKNaJoBUX KOM-
noHeHTiB [3].

MoniTpaBma nepll 3a BCe XapaKTepusyeTbCsA MOLLUKO-
PKEHHSIM OMOPHO-PYXOBOi cuctemMun. 3a OaHUMU OesiKux
aBTOpiB BOHa nepeBaxae y mornoamx nogen (53%, nepe-
BaXHO 4onosiku) Bikom 14-45 pokiB. OCHOBHOW0O Npu4K-
HOIO TpaBMyBaHHS € AopoxHi aBapii — 80,6%.

Mpu noniTpaBMi MHOXWHHI  YLUKOMKEHHA OMOPHO-
PYXOBOi CUCTEMM YpaxalTb HWXHI KiHUiBKM Yy 49,4% Bu-

nagkax, BepxHi— y 33,2%, taz— y 14,1%. Kpim umx
TpaBM 75% nauieHTiB MaloTb CYnyTHI MOLUKODKEHHS: ro-
nosa i Mo3ok — y 92,2%, rpyaHa knitka — y 31,5%, xu-
BiT — Y 21,3%.

Mpw nikyBaHHI XBOPUX i3 MOMITPaBMOIO HAWBaXIMUBI-
WUMK NpuHUMNamMn € 3anobiraHHs cMepTi nauieHTa
BiJ LLOKY i KDOBOBTPATW Ta 3anobiraHHs yCKMagHEHHAM Y
paHHLOMY nMepiodi Bi4 noniopraHHoi HeaoCTaTHOCTI
Ta cencucy [4].

3a paHumn BOOS woaeHHo BHacnigok TpaBM rMHE
6nm3bko 16 TKC. ocib, wWwopivHo - 300 TUC. Nnpaue3gaTHMX
nogen, a 7-8 MnH. cTae iHBanigamu.

3a ocTaHHi 10 pokiB CMePTHICTb Bi4 TpaBM B YKpaiHi
36inbwunaca Ha 38,7%. 3a gaHnmu MOS3 Ykpainu Big
TpaBM LWOPIYHO rnHe 31-44 Tuc. ocib, 3 Hux - 20-25% -
BiZl NOEAHAHOI TPaBMMU.

YactoTa noniTpaBMu B OCTaHHi poku cknagae 5,5-
35% cepen BCix TpaBMOBaHWX NaLEHTIB.

JleTanbHicTb Npy nonitTpaemi cknagae 12,2-63,4%, 3
HUX: B nepui 24-48 roanH nommpae 65,1-70,0% notepni-
nnx (3 Hux - 35,0% B nepLui 15 XBUNWUH Bi4 MOMEHTY Tpa-
BMN).[8]

B eKoHOMIYHO pO3BUHYTUX KpaiHax TpaBmaTu3Mm 3a-
nMae 3 micue cepea NPUYMH CMEPTHOCTI NICMAS OHKONOri-
YHUX Ta CepLEBO-CYANHHUX 3aXBOPIOBAHHSX.

Monimopciam noLKogkeHb HEe O03BONSIE B MOBHOMY
o6'emi pernameHTyBaTu O0'EM i NOPSOOK 3aCTOCYBaHHS
iHCTpyMeHTanbHNX OOCTEXeHb. 3aranom AiarHoCTUYHa
nporpamMa BKro4ae:

1. 3aranbHOKNiHIYHIi OOCTEXEHHS;
KaTeTepum3alio Ce4OBOro Mixypa;
06pobka paH 3 ix peBisi€to;
yNbTpa3ByKoOBE AOCNIIKEHHS;
peHTreHorpadgito OMK i YepeBHOT NOPOXKHUHY;
TOpaKo- i TanapoueHTes;
. AiarHocTnYHy nanapockonito.

OpieHTOBHMI Nepenik NepLIoYepProBnx AiarHOCTUYHMX

TecTiB y nauieHTa 3 HecTabiflbHUM CTaHOM HaCTYMHUIA:
1. BM3HAYEHHS CMMNTOMIB AUCIOKALLii MO3KY;
2. TOPaKOMYHKLUisl, TOPAKOLEHTES;
3. nanapoueHTpes, flanapockonis.

IcHye Benuka KinbkicTb LKan Ans OUiHKM BaXKOCTi
nowkomkeHHs: AlS (Abreviated Index Severity), 1SS (In-
jury Severity Score), UNTO, NISS (New Injury Severity

Nooakwd

* LJumysaHHs1 npu amecmauii kadpie: Mopmornb LA., bop3ux O.A., Katdawes I.I1. Ocobnusocmi mepaneemu4yHo2o 3abe3neyeHHsi
xeopux i3 noni mpasmor. // lpobnemu ekonoeaii i meduyuHu. — 2018. — T. 22, Ne 1-2. — C. 23-27.
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Score), ICISS (International Classification Injury Severity
Score), OIS (Organ Injury Scaling) Ta iHLi.

Cepen 4vMCneHMX LIKan OUJHKM BaXKOCTi TpaBMu
Hanbinbw BXuBaHe € wkana TRISS (Injury Severity
ScoretRevised Trauma Score = Trauma Injury Severity
Score). B TenepeluHin Yac BaxnnBoCTi HAbyBatTb 0CO6-
NBOCTI TepaneBTUYHOro 3abe3neyveHHs1 XBopuxX i3 noniT-
paBmoto. [ins inocTpauii HaBegeHo KMiHiYHMI BUNadok.

XBopun 4yonosik, 1974 p.H., rocnitanisoBaHui
14.11.16 p. 0 18:00 rog. B peaHimauinHe BigAineHHA Mmi-
CbKOI mikapHi 3i ckapramu Ha 6oni B rpygHin KniTuHi, Ka-
wenb, 3aA1LWKy. 3 aHamHe3y BifOMO, L0 OTpUMaB Tpas-
My TpyAHOI KniTMHW npwu nipHanHi y Boay. [pwu
06’eKTUBHOMY Ornsifi 3aranbHUA CTaH XBOPOTrO TSKKUIA. B
cBigomocTi, agekBaTHuiA. LLkipa Ta Buaumi cnusosi 6nigo-
poeBi, BoONori Ha A0TUK. [luxaHHs camocTinHe, Y[ — 22
B 1 xB. lNpu ayckynbTauii B nereHsx BUCMYXOBYOTbCS
ocnabneHe guxaHHs Ta Borori xpunu, Ginblie crnpasa.
MepkyTOopHO Mexi cepus B Mmexax BikoBoi Hopmu. Cep-
UeBi TOHM PWUTMIiYHI, ocnabneri, rnyxi. AT — 100/60
MMm.pT.CcT., PS — 106 ya. 3a 1 xB., SpO2 — 87%. XKusit
M'sSIKMIA, 6e360niCHUIA.

B 3aranbHOMy aHanisi KpoBi: epuTpouMTH —
4,9-1012/11; nenkountn — 15,2 -10°/n; WBMAKICTb 3CiAaHHS
eputpoumTis (LU3E) — 4 mm/rog, KOHUEHTpaujs remormno-
6iHy (Hb) — 158 r/n; konboposui nokasHuk (KIM) — 0,96;
nemnkoumTapHa copmyna: nanuukoagepHi (n/a) — 3%; ce-
rmeHTosaepHi (¢/s) — 81%; eosuHodinu — 1%; nimdoum-
™ — 10%; MoHOUUTUN — 5%.

B GioximiyHOMy aHanisi kposi: 6inipybiH: 3aranbHui -
16,5; npsmun - 3,1; Henpsimui - 13,4 MKMOMb/N; KpeaTu-
HiH — 80,5 Mkmonb/n; cedoBuHa — 4,9 MMornb/n; 3anuul-
KOBWUIA a30T — 25 Mr%; 3aranbHui 6inok — 66 r/n. Koary-
norpama: pibpuHoreH — 1,7 r/n, NpoTpoM6iH — 61%.

Pesynbtatn EKI: cuHycoBa Taxikapais, YCC — 128
ya. B 1 xB., EBC He BigxuneHa. lNopyLleHHA BHYTPiLL-
HbOLUMYHOYKOBOI MpoBigHocTi. O3Haku rinepTpodii Mmio-
KapAay NiBoro LyHoYKa.

Oani Y3[] opraHiB 4YepeBHOI MOPOXHWHW Ta HUPOK:
neviHka: He 36inblueHa, po3MillleHHst — TunoBe, hopma —
3BMYalriHa, KOHTYpPWU — YiTKi, po3mipu: npasa gond — 12,6
CcM, niBa gonsa — 6,2 cM, NapeHxiMa: exoreHHiCTb — Hop-
MarnbHa, CTPyKTypa — oAHopigHa. BHyTpPiLLHLOMEYiHKOBI
NPOTOKN — HEPO3LUMPEHI, CTIHKN — HE 3MiHEeHi, Xonegox —
0,4 cm, cTaH cyAuH — He po3wumnpeHi. 2KOBYHUIA Mixyp: po-
3MilLlEHHSA — TMNoBe, hopMa — OBOIAHA, TOBLUMHA CTiHKK
— 0,2 cm, ywinbHeHa, ocagok xoBYi Ha Y2 mixypa. lNigw-
NyHKOBa 3ano3a He 36inbleHa. Po3mipu: ronieka — 2,8
cM, Tino — 1,3 cMm, xBicT — 2,7cM. KOHTypu — piBHi, exo-
FeHHICTb — HOpMarbHa, CTPYKTypa — HeofHopigHa. Bip-
CYHroB NpPOTOK — He po3wuperuin. CenesiHka He 36inb-
LUEeHa, KOHTYPWU — YiTKi, EXOreHHICTb — HopMmarbHa, CTPyK-
Typa — ogHopigHa. NpaBa Hupka: He 36inblueHa, KOHTYpU
— YiTKi, napeHxima — 1,5cMm., nnowia UueHTp. KoMnnekcy —
36inblweHa, 1,9 cm, 3a paxyHok mikponitie 0,1 cm. JliBa
HUpKa: He 3binblueHa, KOHTYpU — YiTki, napeHxima — 1,8
CM., Mriowa LeHTp. koMnrekcy — 306inblweHa, 2,0 cm, 3a
paxyHok mikponitie 0,1 cm. HaaBHiCTb BinbHOI pianHu B
YepeBHIN NOPOXHWHI: He 3HanaeHo. 3aknoyveHHsa: Y30
XPOHIYHOrO XONeuncTo-naHkpeaTUTy, CEHOKUCNOro aiaTe-
3y, BiNlbHOI PiAUHW B YEPEBHIN NOPOXHWHI HE BUSIBNEHO.

Y3[] He BAAETLCA NPOBECTN PETENBHO MO TEXHIYHUM
npuvymnHam (i3-3a HeCnpaBHOCTI anapary), ane He MOXHa
BMKIIOYMTM MHEBMOTOPAKC TPYAHOI KniTUHWM abo HasB-
HiCTb NigLWKipHOT eMdisemum.
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PesynbTaTti peHTreHorpadii opraHis rpyaHoil KMiTUHK:
NiACWINEHHA NereHeBoro MantoHka. KopeHi posLivpeHi.
CuHycu BinbHi. Cor — 36inbLUEHO B NONEPEYHUKY.

[iarHo3 npu rocniTanisauii: Tskka komMbGiHOBaHa Tpa-
BMa. TsXka MoedHaHa KpaHio-TopakanbHa TpaBma.
34YMT: cTpyc ronoBHOro Mo3ky. 3akpuTta TpaBma rpygHoi
kniTvHu: nepenom lll pebpa cnpasa, ABOGIYHWIA reMonHe-
BMOTOpakc. 3abin cepus Ta nereHb. bapotpaBma ne-
reHb. [1BOGIYHWIA NYNbMOHIT.

Mpu3HayeHo nikyBaHHA: rMOKO3a, aMikauuH, Makci-
UWH, nasonBeaH, nasikc, TyriHa, npenapaTtu Kamito, KOHT-
ponok. PekomeHOOBaHO: KOHCynbTauisd TopakanbHOro
xipypra, nyrnbMoOHOrora, Kapgiornora, TpaBmaronora Ta
nposeaeHHs komn'toTepHoi Tomorpadii (KT) opranis rpy-
OHOT KNiTUHK, GpoHXoCcKonii.

MpoBegeHO NyHKUiIO Ta APEHYBaHHA nneBpanbHoi
NOPOXHWHW Cripasa.

Ha 15.11.16 p. 3aranbHWiA CTaH XBOPOro TSXXKUA, B
CBIQOMOCTI, OCTYNHWUIA NPOAYKTUBHOMY KOHTaKTy. Ckapru
Ha Ginb B rpyaHin KNiTuHI, 3agyxy, BUpaXeHy 3arasibHy
cnabkicte. duxaHHs — LB yepes iHTyGauiiHy TpyoOky.
SpO2 — 98%. AycKynbTaTUBHO B JIEreHsX — XKOpPCTke an-
XaHHs1, B HWXKHIiX Bigainax ocnabneHe. Yepes gpeHaxi 3
nneepanbHUX NOPOXHUH BUAINSAETLCA remopariyHa pigun-
Ha cnpasa — 70 mn, 3niea — 100 mn. N'emoguHamika cta-
6inbHa. ToHW cepus puTMiYHI, ocnabneri. XXueiT 6e3
ocobnumeocTeil.

B sararnsHomy aHanisi KpoBi 3pOCTae piBeHb NelnKo-
uuTiB Ao 19,0-10°/n Ta 3HWXyeTbCs piBeHb Hb — 105 r/n.
Koarynorpama: ¢ibpuHoreH — 2,87 r/n, npoTpoMGiH —
101,4%.

B GioximiyHOMy aHanisi KpoBi 3pocTae piBeHb KpeaTu-
HiHy Ao 109 MKMonb/n, 3anuLWKOBOro asoTy Ao 52 Mr% Ta
3HWKYETLCA piBeHb 3aranbHoro binka go 59 r/n. OTpuma-
Hi pesynbTaTW aHanidy KpoBi Ha enekTponiTh: kanin —
4,32 mmonb/n; HaTtpin — 147,7 mmone/n; xnopuais — 101
MMOIb/N; Kanbuin — 1,0 mMmonb/n.

Pesynbtatn Y3[ cepusi: Y3 03HaKn 3HWKEHHSI CKOPO-
TNMBOI 34aTHOCTI Miokapay, 3abin cepugs.

Pesynbtatn EKI™: cuHycoa taxikapgis, YCC — 103 ya
B 1 xB8, EBC He BigxuneHa. NopyLueHHa BHYTPILLHbOLLIY-
HO4YKOBOI npoBigHocTi. O3Haku rinepTpodii Miokapay ni-
BOrO LLUIyHOYKA.

BpoHxodibpockonisi. 3akntoyeHHs: kpoBoTeya 3 npa-
BOro 6poHxa.

MauieHT ormaHyTUIA TopakanbHUM Xipyprom. BctaHo-
BNeHui fgiarHos: Tspkka kombGiHoBaHa TpaBma. Tskka no-
e€QHaHa KpaHio-TopakanbHa TpaBma. 34YMT: cTpyc rono-
BHOro MO3Ky, 3abii nuuesoro Yepena. 3T nepenowm I
pebpa cnpaBa; 2 - X CTOPOHHIl reMonHeMoTopakc; 3abiii
cepus Ta nereHb. bapoTtpaBma nereHb. [JBOCTOPOHHIN
nynbMoHiT. PekomeHgosaHo nposect KT ronosHoro Mo-
3Ky Ta rpyaein, 6poHxXocKonio, KOHCy bTaLito Kapaionora.

MpoBeaeHHO nepenuBaHHSA CBIXO3aMOPOXEHOI nnas-
Mun B KinbkocTi 300,0 mn.

Ha 16.11.16 p. 3aranbHWi CTaH nNauieHTa BKpan Tax-
KWW, B CTaHi MeaukamMeHTO3HOI cedadii, anxaHHa — LB
yepes iHTybauinHy Tpybky. 3 nnespanbHUX NOPOXHWH MO
ApeHaxaM BUAINAETbCA reMopariyHMn ekcygar: 3nisa —
100 mn, cnpasa — 190 mn. Sa0; — 92%. NemoamHamika
ctabinbHa.

B 3aranbHOoMy aHanisi KpoBi NPOAOBXYE 3pOCTaTh Ki-
NbKICTb NelikouuTie Ao 16,7:10%/n (3a paxyHok n/a —
12%) ta W3E — 12 mm/roga.

B GioximiyHOMYy aHanisi KpoBi 3anuwaeTbCs NigBULLE-
HUI piBeHb cevyoBuHU A0 12,0 MMOnb/N Ta 3anMULLKOBOrO
a3oTy A0 46 Mr%, iHWKX CYTTEBMX 3MiH HE BUSBIEHO.
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Koarynorpama: c¢ibpuHoreH — 4,99 r/n, npoTpoMGiH —
59,1%.

Pesynbtatn EKI™: cuHycoa taxikapgisi, HCC — 100 ya
B 1 XB, CMHyCOBa Taxikapid, nepeacepaHa ekcrpacuc-
Tonia, EBC BeptukanbHa. Y nopiBHaHHI 3 EKI Big
15.11.16 p. cnocTepiraeTbca MOripLIEHHS KOPOHAPHOro
KPOBOTOKY MO 3aJHi CTiHLi NiBOro LWnyHo4Ka.

Pesynbtatn Y3[ cepusi: Y30 nNOMipHOro 3HWXKEHHSA
CKOPOTNMBOI 3aaTHoOCTi Miokapay, rineptpodpii 3CILW. B
npaBoOMy CUHYCi rPyAHOI KMiTUHW — rigpoTOopakc.

PesynbTaTti peHTreHorpadii opraHis rpyaHol KniTUHW:
crnpaBa — NHEBMOTOPAKC (NereHsi 3ameHLeHa Ha 2/3 cesoro
o6’emy). MigwkipHa Ta M'a3oBa emdiszema. 3niBa — ma-
CUBHI iH(DINbTPaTK 3NIMBHOTO XapakTepy.

MpoBeaeHHO nepenuBaHHSA CBIXO3aMOPOXEHOI nnas-
Mun B KinbkocTi 300,0 mn.

PesynbTaTn GpoHxockonii: KpoBoTeYa 3 NpaBoro Ta
nioro 6poHxiB. [B0obGiYHMI ANY3HWIA eHOoTpaxeiT.

3aranbHui CTaH XBOPOTrO 3arulIaeTbCA BKpaw TSX-
Kum i Ha 17.11.16 p. MNauieHT 3HaxoauTbLCA B CTaHi Moc-
TINHOT MeaMKamMeHTO3HOI cepauii. [uxaHHa anapaTHe —
LBJ1, SpO2 — 96%. AyckynbTaTUBHO B NIEreHAX — XKOPCT-
Ke OUXaHHS, BENuKa KifbKiCTb CyXMX Ta BOMOMMX Xpuni.,
cnpaBa — pi3ko ocrnabneHe. [peHaxHa cuctema 3 060X
nneepanbHUX NOPOXHUH (PYHKLIOHYE, 3 MpaBoi Ta niBoi
nereHi Buginaerbca no 300 mn remopariyHoro ekcygary.

B sararnsHomy aHanisi KpoBi 3poCcTae KiNbKiCTb Nenko-
uuTiB go 21,2:107/n ta LW3E — 17 mm/roa, 3HmwkyeTbeca Hb
no 100 r/n Ta KM -0,85.

B GioximiuHoMy aHanisi kpoBi cyTTeBUX 3MiH 3a JoOy
He BusiBNeHo. PiBeHb enekTponiTiB B KPOBi 3pOCTaE: Ka-
niv — 4,55 mmonb/n; Hatpin — 152,5 mmone/n; xnopuais —
112,8 mmonb/n; kanbuin — 1,20 mmone/n. Koarynorpama:
GibpuHoreH — 7,71 r/n, npotpom6iH — 90,0%.

Pesynbtat ®IAC: faHux 3a tpasmy LWKT He BusB-
neHo.

Pesynbtatn EKI™: cuHycoa Taxikapgis, YCC — 103 ya
B 1 xB. Y nopiBHsHHI 3 EKI™ Big 16.11.16 p. cnocTepira-
eTbca 3miHa EBC (3miweHHa BniBo) — BiporigHO 3MmiHa
NPOBIAHOCTI N0 NepeaHin rinui nisoi Hixku n. lica.

PesynbTaTtin peHTreHorpadii opraHis rpyaHoil KniTUHK:
AvHamika HeraTuBHa, 30epiraeTbCsi BOrHMLWEBA iHINbT-
pauis Ha Bci nereHesi nonsi 06ox nereHb. Cor — 6e3 oco-
6nusocten. 36inbLyeTbca nigwkipHa emdisema.

MpoBeaeHHO nepenuvBaHHSA CBIXO3aMOPOXEHOI nnas-
Mu B kinbkocTi 300,0 mn. PesynbTaTn GpoHxockonii: Kpo-
BOTEYa 3 CerMeHTapHMX OpoHXiB NpaBoi nerexi. [BoGiy-
HUA andbysHUA eHgoTpaxeiT |l cT.

Ha 18.11.16 p. B 06’€KTMBHOMY CTaTyCi XBOPOro 3miH
He Ma€, XBOPOMY MPOBOAATL NapeHTepanbHe XapyyBaH-
HS Yyepe3 nosaracTpanbHui 3oH4. [poBeaeHa 3amiHa iH-
TyGauiiHOT Tpybkn. Yepes apeHaxi 3 KOXHOI nnesparb-
HOT NOPOXHWHW BUAINSETECA No 400 MmN remoparivyHoi pi-
anHn. SpO2 — 98%.

B 3aranbHomy aHanisi KpoBi 30epiraetbcsi nenkoum-
T03 — 17,3 ><109/J'I, nigpnwenHs LW3E — 11 mm/rog Ta
3HWKeHHa Hb — 112 r/n.

B GioximiyHOMY aHanisi KpoBi KMiHIYHO-3HAYUMMUX 3MiH
y MOPIBHSAHHI 3 MUHYoK A06ot He BusiBneHo. Koarynor-
pama: pibpuHoreH — 4,99 r/n, npoTpom6iH — 53,6%.

PesynbTaT GpoHxockonii: KpoBoTeya 3 cermMeHTap-
HUX BPOHXIB HWXKHBOI YacTku npaBoi nereHi. [BobivHMIA
andpysHui eHgoTpaxeiT.

BpaxoByoun cTaH XBOPOro i TpMBanumn nepiog nepe-
6yBaHHsA Ha LUBJT xBopomy 19.11.16 p. 6yna BukoHaHa
TPaxeoCTOMis, Yepe3 siKy CaHyeTbCA Benuka KinbkiCTb
remMopariqyHoro XapkoTuHHs. A yepes gpeHaxi 3 nnespa-
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TNbHUX NOPOXHWH MPOAOBXKYE BUAINATLCS piauHa 3 remo-
pariYyHMM KOMMOHEHTOM: crpaBa B kinbkocTi — 500 mn.,
3niea — 500 mn. SpO2— 95%.

B 3aranbHomy aHanisi KpoBi: ep. — 4,2x10"%/n; neiik. —
18,6 x10°/m; WW3E — 5 mm/rog, Hb — 128 r/n; KM — 0,95;
n/a—8%; c/a—70%; e —1%; n— 15%; m — 6%.

B GioximiyHOMy aHanisi kposi: 6inipybiH: 3aranbHuii -
13,5 mkmonb/n; npamun - 3,1 Mkmone/n; Henpamun - 10,4
MKMOIb/N; kpeaTiHiH — 80,1 MkmMonb/n; ceyoBuHa — 6,3
MMOSb/N; 3anuULKoBUiA a3oT — 29 Mr%; 3aranbHui Ginok
— 65 r/n; kanin — 4,7 mmonk/n; HaTpi — 143,8 mmonb/n;
xropugie — 100,7 mmonb/n. Koarynorpama: cibpvHoreH
— 4,5 r/n, npoTpoM6iH — 52%.

Ha 20.11.16 p. 3aranbHWiA CTaH XBOPOrO TSXKKUA, B
CTaHi NOCTINHOI MeaMKaMeHTO3HOI cedauii. AuxaHHa —
LBJ1, SpO2 — 95%. Yepes gpeHaxi 3 nneBpanbHUX Mo-
POXHUH BUAINAETLCA remopariyHa piguHa cnpasa — 500
mn, 3nisa — 500 mn. NemoanHamika ctabinbHa. ToHU ce-
pusi puTMiYHi, ocnabneHi. >Kusit 6e3 ocobnueocTen.

B 3aranbHoMy aHanisi KpoBi 30epiraetbcsi nenkouu-
TO3 A0 11,7-109/11, nigeuwiennsa W3E — 19 mm/rog, Hb —
122 r/n; KM = 0,91; n/a — 12%; ¢c/a — 72%; e — 1%; n —
13%; M — 2%.

B GioximiyHOMY aHanisi KpoBi cnocTepiraeTbca MiaBw-
LeHun piBeHb 3anuiikoBoro asoty — 30 mr%. Koarynor-
pama: ibpuHoreH — 4,6 r/n, NpoTpoM6iH — 57%.

Ha 21.11.16 p. 3aranbHuin cTaH NauieHTa 3anvacTb-
CA BKpal TSKKMM, B CTaHi MOCTINHOI MeAWKaMEHTO3HOI
cepadii. luxaHHsa anapatHe — LWBJ1, SpO, — 96%. 3'asu-
nacs nacTo3HICTb BEPXHIX Ta HWXHIX KiHUIBOK, Habpsik
MOLLIOHKM.

B 3aranbHOMy aHanisi KpoBi CNOCTEpiraloTbCs 03HaKM
aHeMii: eputpoumTie — 3,64-10'%/n Ta Hb — 118 r/n; 3a-
NNWIAETLCA NIABULLEHUA piBEHb NENKOLUTIB — 10,6-109/11;
LU3E — 40 mm/roa, n/sa — 33%.

B GioximiuHOMy aHanisi kpoBi — niaBULLEHWI piBEHb
3anuuwkoBoro asoty — 51 mMr% Tta ceyoBuHu — 13,6
mmonb/n. Koarynorpama: c¢iGpuHoreH — 7,71 r/n, npo-
TPOMOIH — 77,6%.

Pesynbtatn Y3[ cepus: Cor He NOKyeTbCs — apTe-
daktn (By3bke Y3 BikHO), BiporigHO 3a paxyHOK NMHEBMO-
Topakcy abo nigLkipHoOi eMdisemu.

MpoBeaeHHO nepenuBaHHSA CBIXO3aMOPOXEHOI nnas-
Mun B KinbkocTi 300,0 mn.

PesynbtaTt 6poHxockonii: [ABobivHuiA andy3Huin eH-
JoTtpaxeiT.

XBOpWI OrMAHYTUIA yponorom i 6yB BUCTaBNeHWN fia-
rHo3: pedpriekTopHa 3aTpumka cedi. YpeTpiT. Ypetpanb-
HWUiA kaTeTep. Habpsik moLuoHkn. PekomenaoBaHO Npofo-
BXWUTW aHTMOaKTepianbHy Ta CEYOriHHy Tepanito Ta KOHT-
ponb aiypesy.

Ha 22.11.16 p. 3aranbHWiA CTaH XBOPOro TSXKKUA, B
CTaHi NOCTINHOI MeaMKaMeHTO3HOI cedauii. AuxaHHa —
LWBJ1, SpO2 — 93%. TemnepaTypa Tina nigsuwmnacb 4o
38,0 °C. Yepes TpaxeocToMiYHy TPYyOKy caHyeTbCsl remMo-
pariuyHe XapKOTUHHS. Yepe3 apeHaxi 3 nneBpanbHUX no-
POXHUH BUAINAETLCA remoparidyHa pignHa cnpasa — 500
mn, 3nisa — 500 mn. NemoanHamika ctabinbHa. ToHU ce-
pusi puTMidHi, ocnabneni. PS — 120 ya/xs. XuBit 6e3
ocobnumeocTeil.

B 3aranbHomy aHanisi KpoBi NigBULLIEHWI piBEHb New-
KOUMTIB 19,6-109/11; LU3E — 35 mm/roa, n/a — 22% Ta 3HK-
*eHHa Hb — 115 r/n.

B GioximiuHOMy aHanisi kpoBi — niaBULLEHWI piBEHb
3anuKoBoro asoty — 56 mMr% Tta ceyoBuHu — 15,2
mmonb/n. Koarynorpama: ¢ibpuHoreH — 10,17 r/n, npo-
TPOMBIH — 68,5%.



Tom 22, N 1-2 2018 p.

Ha 23.11.16 p. 3aranbHWiA CTaH XBOPOro TSXKKUA, B
CTaHi NOCTINHOI MeaMKaMeHTO3HOI cedauii. AuxaHHa —
LLUBI. Yepes apeHaxi 3 nneBpanbHUX NOPOXKHWH BUAINS-
€TbCsl reMoparivyHa pignHa cnpaea — 500 mn, 3nisa — 500
mn. FemoguHamika cTabinbHa. ToHM cepusi PUTMIYHI,
ocnabneHi. XKuitT 6e3 ocobnmocTein.

B 3aranbHomy aHanisi kposi: nenkouuTie — 51,0-1 09/11;
LU3E — 41 mm/roa, Hb — 104 r/n; KM — 0,93; n/a — 18%;
c/a —52%; e — 6%; n— 16%; M — 2%, NPUCYTHA TOKCUYHA
3epHUCTICTb HenTpodinie. B GioximiyHOMy aHanisi KpoBi:
KpeaTuHiH — 237 MKMOnb/fn; cevyoBuHa — 25,6 mmonb/n;
3anunLIKOBUIN a3oT — 87 Mr%; 3aranbHui Ginok — 46 r/n.
Koarynorpama: c¢ibpuHoreH — 7,71 r/n, npoTpoMGiH —
80,8%.

MauieHT NOBTOPHO OrMAHYTMI TOpakanbHUM Xipyprom
0 15:00 roa. 23.11.16 p.: y nauieHTa peumamByodmn ma-
CUBHUIN FEMOMHEBMOTOPAKC, NauieHTy BUMKOHAHO peape-
HYBaHHsi reMOMHEBMOTOPAKCY CrpaBa, 3amMiHEHO ApeHa-
xi. MNpy akTMBHIN acnipauii BAanocs posnpasuTu npasy
NereHto, WO CynNpOBOMDKYBANocs MNOKPALLEHHSM Kapaio-
pecnipaTopux nokasHukis. B 16:39 rog. npu BigknoYeHHi
€reKTPOBIACMOKTYBaYa NereHs ckrnagaerbcsl, nae macu-
BHUIN BUXIO NOBITPA. 3a XUTTEBMMU NOKa3HUKaMMN XBOPO-
My MpoBefdeHa eKCTpeHHa TopakoToMmid. [Npy npoBedeHHi
npoBefeHHi nepeaHb0-60KOBOI TOpakoTOMIi cnpaBa 3a-
hikcoBaHO 3ynuHKY cepus. He 3Baxaloun Ha NpoBedeHHs
peaHimauinHnx 3axoaie B 18:00 roa. 3adikcoaHo Giono-
riYHy CMepThb.

MocmepTHWUIA enikpua:

Bkpai Tspkka kombiHoBaHa TpaBMma. Bkpanm Tsxkka
KpaHioTopakanbHa Tpasma. 34YMT: cTpyc ronoBHOro Mo3s-
KY, MHOXWHHIi 3abiliHi paHu nuuesoro yepena. 3Tl MHO-
XWHHI doparmeHTapHi nepenomu lI-111- IV pebep cnpasa; 2
- X CTOPOHHI reMONHEMOTOpPaKC, ABOCTOPOHHSI KOHTY3is
nereHb; KOHTY3isa cepus 3 po3puvBOM nepekapga. Tpas-
matuyHmn wok Il (14.X1.16). MNocTtpaBmaTniHa OBOCTO-
poHHa nHesmoHis. POC Il Tun. OH 1. Peunansytounin He-
Kynipytounin npaBobiyHui Big 23.X1.2016 nHeBMOTOpPaKC.
BapoTtpasma nereHb Big 14. XI.16.

CynoBo-MeauyHMii giarHo3

3akputa TpaBma rpygHoi knitmHu. CuHeup Ha niBin
nepenHb0-60KOBI MOBEPXHi rpyaHOI KMiTuHW. OBLWMPHI
KPOBOBUNVBY B M'sIKi TKAHWHW rPYAHOI KNITUHW B NPOEKLii
2-8 pebep, BiO cepenHbO - KIMOYMYHOI OO0 cepedHbo -
naxBuHHOI MiHiN cnpaBa Ta 2-7 pebep, Big cepeaHbo -
KIMIOYUYHOI 00 3a4HbO -NaxBUHHOT MiHi 3niBa. MHOXWHHI
nepenomu rpyanHu Ta pebep no Aekinbkom aHaTOMiYHUM
niHism. Po3puB cepueBoi CyMKM no nigii  OOKOBIN
noeepxHi. KpoBoBMNUB B enikapz MiBoro LUMyHo4ka cep-
Usl, Ha piBHI NepedHbOi kopoHapHoi apTepii. OBLMPHI
KPOBOBUNVBY Ta PO3PMBU BEPXHBOI Ta cepeaHboi A0rb
npasoi nereHi. locTpa nereHeBO-cepLeBa
HepgocTaTHicTb. CeposHo-remopariyHe npoCcovyBaHHA 3
3aCTiNHOIO MHEBMOHIEID B HWKHIN [0Ni NpaBoi NereHi.
PiGpMHO3HWI NNEeBPUT NpaBoi nereHi. CeposHe Npoco4y-
BaHHsI nereHb 3 ApiGHUMK BOTHMLLAMUK FOCTPOi emdise-
mu. CeposHuin enikapa. HesHauyHWi KOpPOHapOCKNepos.
HaBkono cyavHHMn Kapaiocknepos. HepiBHOMipHe Kpo-
BOHAMOBHEHHS 3 AUCTPOIEI0 Ta BOrHULWEBOD (hparmeH-
Tauieto kapgiomioumntis B Habyxrnomy Miokapai. BeHo3He
NOBHOKPIB'A, NapeHximaTto3Ha AUCTPOdis BHYTPILLHIX
opraHiB. CTaH nicna HagaHHA MeAMYHOI JOornoMorn Ta
peaHimMaujiiHux 3axogiB.

FemonHeBmoTopakc (Haemopneumothorax) — ue Ha-
SIBHICTb MOBITPA i KPOBi B MreBparbHin MOPOXHWHI, WO
BMHUWKaE 3a3BuYan B pesyrnbTaTi TpaBMU i ABNSAETLCA pe-
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3ynbTaTOM KPOBOTENI i3 CyauH NereHb , BHYTPILWHbOrpya-
HUX TiNOK BENUKMX CyauH (aopTa), TrpyAHOi  CTiH-
KW, CEpenocCTiHHs, cepus abo agiadparmu [5,6].

Ha BigmiHy Big NHEBMOTOpakcy, MexaHi3aM BUHUKHEH-
HSA SIKOrO CXOXWUIA 3 FeMOTOPaKCOM, MPWU CKYNYeHHi KpoBi B
nneBpanbHii NMOPOXHUHI Ha nepwui nnaH BUXOASATb
CUMNTOMW AnXanbHOI HeJOCTATHOCTI, a riNnoOBOMNEMIYHUI
CYMMTOMOKOMINIIEKC 4acTO YCKNaAHIOETLCA PO3BUTKOM
O3HaK reMopariyHOro LWOKy i neTanbHUM pesynbTa-
ToM. KniHiYHa kapTWHa npu remMoTopakci 3anexuTb Big
o6csry KpoBi, WO BWnunacs B nreBpasibHy NOPOXHUHY,
HasBHOCTI abo BIACYTHOCTI  MOPYLUEHHS  LiniCHOCTI
nereHeBOi TKaHWHW, a TaKoX Bif, CTaHy CTPYKTyp
cepenocTiHHg [7,8].

TpaBmatuyHuii remotopakc npaktmyHo B 70-80%
BMNagkie obymoBneHun nepenomamu pebep pisHOI
nokanisauii 3i 3milLleHHsIM KiCTKOBMX Bignamkis. YactoTa
OaHoi naTonorii cTaHOBUTL He MeHwe 25% cepen ycix
BMNagKiB TopakanbHOi TpaBMW. PO3pi3HATL Takox re-
MOTOpPaKC Manui (piBeHb PiAWMHW HWKYe KyTa nonaTku, ii
o6csr - o 500mn), cepeaHii (piBeHb piaAWMHM 4O KyTa Nno-
natku, il obcsar - go 1000 mn) i Benukuii (pianHa 3aimae
BCIO abo Malxe BCl MnreBpanbHy MOPOXHUHY, ii obcsr -
noHag 1000mn). FemoTopakc Moxe ByTH i3 3ynMHEHUM i 3
TpuBatounm kposoTeyeto [9,10].

FemoTOpakc BiOHOCUTLCA A0 PO3psiAy HEBiAKNagHWUX
HO30MOMYHUX  XBOPOO, WO NOTPebyloTb  paHHLOI
[iarHOCTUKN Ta €KCTPEHHOro MEeAMYHOro BTpyyaHHs. 1o
CTaTUCTULi AiarHO3 reMOnHEBMOTOPAKC CTaBUTLCSA YOMO-
BikaM Ha 67.66% u4acrTiwe, HiX XiHkam. CMepTHICTb Y
YosoBikiB Npu remonHeBMOTopakci cknagae 0,76%, a y
XiHOK — 1,07%. B rpyny p13uky npv 3axsBoptoBaHHi Ha re-
MOMHEBMOTOPAKC MOTpannsTb YOrNoBikK Y Bili 65-69
pOKiB i XiHKK y BiLi 80-84 poki..

Cepep Bcix BigoMmx nabopaTopHMX Ta iHCTpyMeHTa-
TNbHUX METOAMK AiarHOCTUKM reMoTopakca HanbinbL ao-
UiNbHUMKU €: MPOMEHEBI MeToaM Bidyanisauii (peHTreHo-
CKOMisl, yNbTPasBYKOBE CKaHyBaHHS MneBparnbHUX Nopo-
XHWH, KOoMnN'loTepHa TomMorpadis i MarHiTHo-pe3oHaHcHa
Tomorpadisi), 6poHxockonisi 3 cynyTHbOW Gioncieto, K-
TOMOTYHWUIA aHani3 XapKOTUHHSI 3 METOK BU3HAYEHHS Ha-
SIBHOCTi aTUMNOBUX KMiTWH, AiarHOCTUYHUIA TOpaKoLleHTe3 3
npoeefeHHsiIM npob Pueunya-lperyapa i [eTtposa
[11,12].

CraHpapTHa peHTreHorpacdis A03BOMAE OUiHUTU -
Wwe dakT HassBHOCTI PiBHA PigvHW B NneBparnbHin Nopox-
HUHI i BMABMTU 0B6CAr HakonuyeHoi KpoBi. Tak, HasiBHe
TOTanbHe 3aTeMHEHHHA BCi€l MOMOBUHW TPYAHOI KMiTKW
CBiQYMTb NpO Te, WO B NneBparbHiii MOPOXHWUHI 3HAXO-
OUTbCS HE MeHLIe OBOX NiTPiB KPOBi, a AKLLO BEPXHSA Me-
Xa 3aTeMHEHHS 3HaxXOAMTbLCA Ha PiBHI 3a4HLOrO BiApi3ka
apyroro pe6pa, To 06'eM KpPOBi CTaHOBWUTL BiJ OAHOrO 40
asox nitpie. Cneujanict ynbTpasByKOBOI AiarHOCTUKM
OLiHIOE HasBHICTb HaBIiTb Mi3E€PHOI KifbKOCTi KPOBi.

Micns BM3HAYeHHS MOXIMBOI HasABHOCTI KpOBi B
nnesparnbHin NMOPOXKHWHI OoUinbHO npoBeaeHHs
[OiarHOCTMYHOrO nneBpoLeHTe3a 3 acnipauielo BMIiCTy
nneBpanbHOi NOPOXHUHW. [JaHa MaHinynsuis npoBo-
OUTbCS 3 METOK BCTAaHOBMEHHSA TPUBANOCTI KPOBOTEYI Ta
O3HaK iH(ikyBaHHS nneBpanbHUX nuctkie. Kputepiem
iHdbikoBaHOro remoTopakca € no3uTMeHa npoba lMetposa,
npu Sk - BUABMNSETBCA  3HWKEHHA MPO30pPOCTi  Ta
HasiBHICTb Ocagy acnipoBaHoi Kposi. [lpu nigospi Ha
iHdbikoBaHiCTb NneBpanbHOI MOPOXHUHW HEOBXIAHO BMKO-
HaTW He TiNbKA UWUTONOrYHe, ane i OGakTepianbHe
JocnifpkeHHss  acnipaty.  BusHavanbHOO  O3Hakowo
TpPMBaKYOi BHYTPILLHLO-NNEBPAnbHOI KPOBOTEYI € No3u-
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TMBHa npoba Pusunya-lperyapa, ska nepenbadvae
HasiBHICTb O3HaK 3ropTaHHs Kposi [13,14].

CyyacHa TakTvKa niKyBaHHS reMonHeBMOoTopakca
nepenbayae WBNOKe BUAANeHHs KPoBi Ta rasy i3 nopox-
HUHW NNEBPU 3 METOK PO3NpaBneHHs nereHi. 3 uieto
Uinmo ApeHylTb nNneBpanbHy MOPOXHUHY METOOO0M
aKTUBHOI acnipauii Yepe3 gpeHaxk 3a JOMOMOrow enek-
TpooTcoca.

lMokasaHHAM OO NpoBeaeHHsI TOPaKOTOMIi € NopaHeH-
HA nereHi, JOBroTpMBana BHYTPILIHbOMNEBPanbHa Kpo-
BOTeYa, HeedeKTUBHICTb KOHCEPBATUBHOI TakTUKWU. YCy-
HEHHA remMo NHEBMOTOPAKCY i PO3MNpaBneHHs nereHi B
nepwi 3-5 gi6 cnprsAloTb NONEPEMKEHHIO PO3BUTKY eMni-
€MW NNEBPU i BIOHOBNEHHIO (OYHKUIT NereHb B NOBHOMY
obcasi.

JlikyBaHHAM nauieHTa 3 reMoTOpakCoM MOBWHHI 3a-
nmaTtumcs nikapi pisHoro npodinto: xipypr, NynbMOHOMOT, i
peabiniTonor. Ycnix Big 3aCTOCYBaHHS TUX YU iHLIKUX Ni-
KyBanbHUX MaHiNynsauin npu reMoTopakci 3anexarb, Ha-
camnepes, Bid paHHbOI AiarHOCTMKU LpbOro rpisHoro Ans
XUTTS MauieHTa CTaHy, a TaKoX CBOEYacHO HaJaHol
nepLuoi KkBanicikoBaHOi JONOMOrI.

JlikyBaHHs Oyab-AKoi chopMu remoTopakca MOBUHHO
NpoBOANTUCA SKOMOra paHille, Tak SK KpoB siBMsie coboto
OOHY 3 Hambinbll CNpUSTIMBUX MOXWUBHUX CEPenoBWLL
ONsi  PO3MHOXEHHS1 XBOPOOOTBOPHMX MiKpPOOpPraHi3miB.
HanbinbLw yacTiwe 3ycTpivaeTbes, K 30yaHUK iHdikoBa-
HOro remoTopakca, € obniratHa aHaepobHa dnopa
[15,16].

KoHcepBaTVBHI METOAM MiKyBaHHS i3 3aCTOCYyBaHHAM
aHTMbakTepianbHNUX i NpoTM3ananbHUX Mikapcbkux 3aco-
6iB 3aCTOCOBYOTLCSA TiNbKM Yy BUNAAKY Manoro remoTopa-
KCa, He Mae BUpaXeHUX po3nafiB 340poB'A nauieHTa.
KoHcepBaTVBHE niKyBaHHS MOBWMHHE MNPOBOAMTUCA Nif
00O0B'SI3KOBUM  PEHTTEHOMONYHUM  KOHTporem. OnTu-
ManbHUMKU CTPOKaMu PO3CMOKTYBaHHS Maroro remoro-
pakca BBaXaeTbCs Big ABOX TWXHIB A0 1 micausa. 3 me-
TOI MPUCKOPEHHSA NPOLECY PO3CMOKTYBaHHSA KPOB'SHUX
3rycTKiB XBOpMM 3 O3Hakamu 3ropHyToro remortopakca
OOUINbHO Npu3HavyaTu NpPOTeOoniTUYHI hepMEHTUN NapeH-
TepanbHo (XiMmoTpuncuH 25 Mr BHyTpilWHEOM'A30B0 1 pas
Ha o6y kypcom He MmeHwe 15 iH'ekuilt), a Takox 3a fo-
nomMoroto 6e3nocepeiHboro 3pOLLUEHHS NNEeBParnbHUX No-
POXHUH PO3YMHaAMU YPOKIHa3W, CTPENTOKIHA3W.

Taknum 4unHOM, ONA HafaHHs KBanidikoBaHoi Meany-
HOI OMOMOrY XBOPUM 3 MOMiTpaBMOK HEOOXiAHO po3po-
OGUTK nepcoHidikoBaHU Miaxig i3 cknagaHHsaM iHAMBIOY-
anbHWUX anropuTMIB i3 3anydYeHHsSM MynbTuancumnniHap-
HOI KOMaHAaW.
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ENGLISH VERSION: FEATURES OF THERAPEUTIC SUPPORT FOR PATIENTS

WITH POLYTRAUMA¥*
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Today, the issue of timely diagnosis and treatment of polytrauma remains highly relevant. Polytrauma is a severe
pathological process that involves simultaneous onset and development of several pathological conditions and is charac-
terized by underlying disorders of all types of metabolism, changes on the part of central nervous system, cardiovascular
and respiratory tract. The given clinical case proves us expediency of developing the personified approach to manage-
ment of patients with polytrauma, using the individual algorithms.

Key words: polytrauma, hemopneumothorax, treatment tactics

Polytrauma is a set of injuries that are characterized
by significant changes in the structure and function of or-
gans and systems. In addition to mechanical damage,
the state of the victim may be affected by a number of
infectious specific severity of clinical manifestations,
which are accompanied by the disorder of vital functions,
the complexity of diagnosis and treatment, high percent-
age of disability and high mortality. Such lesions are of-
ten accompanied by traumatic shock, high blood loss,
circulatory and respiratory disorders, and sometimes ter-
minal conditions. In case of polytrauma, the course of
traumatic disease is particularly severe, and the nature of
the dominant damage may change [1,2].

The term “polytrauma” is a collective term that in-
cludes the following types of injuries: multiple, joint and
combined.

Multiple mechanical traumas include injuries to two or
more internal organs in one cavity (injury of the small and
large intestines, rupture of the liver and spleen, damage
to both kidneys), injuries within two or more anatomically
functional formations of the locomotor system (fracture of
the thigh, fracture of both heel bones).

Joint trauma is an injury of the internal organs in dif-
ferent cavities (trauma of the lungs and the liver, concus-
sion of the brain and kidney injury), or damage to the in-
ternal organs and musculoskeletal system (damage to
the chest and fracture of the extremity bones, cranio-
cerebral injury, pelvic bone damage etc.).

Combined trauma involves the victim’s simultaneous
subjection to the action of two or more factors: fracture
and burn of the thigh; acute radiation disease and spinal
fracture. In other words, mechanical traumas can be part
of combination injuries as one of the constituent compo-
nents [3].

Polytrauma is primarily characterized by damage to
the locomotor system. According to some authors, it pre-
vails among young people (53%, mostly men) aged 14-
45. The main cause of injury is traffic accidents — 80.6%.

In polytrauma, multiple lesions of the locomotor sys-
tem affect the lower extremities in 49.4% of cases, the
upper extremities — in 33.2%, pelvis — in 14.1%. In addi-
tion to these injuries, 75% of patients have concomitant
lesions: of the head and brain — in 92.2%, of the chest —
in 31.5%, of the abdomen —in 21.3%.

In the treatment of patients with polytrauma, the most
important principles are to prevent the patient's death from
shock and blood loss and to prevent complications in the
early period from multiple organ failure and sepsis [4].

According to WHO, about 16 thousand people daily
die as a result of traumas, annually — 300 thousand of
able-bodied people, whereas 7-8 million people become

disabled.

Over the past 10 years, mortality from traumas in
Ukraine has increased by 38.7%. According to the Minis-
try of Public Health of Ukraine, every year 31-44 thou-
sand people die of injuries, out of which 20-25% — of joint
injuries.

The frequency of polytrauma in recent years is 5.5-
35% among all injured patients.

Mortality in polytrauma amounts to 12.2-63.4%,
among them: 65.1-70.0% of victims die in the first 24-48
hours (out of which — 35.0% in the first 15 minutes from
the moment of injury). [8]

In economically developed countries, traumatism is
ranked 3rd among the causes of mortality after cancer
and cardiovascular disease.

The polymorphism of injuries does not allow us to
regulate to the fullest extent the volume and the proce-
dure for application of instrumental examinations. In gen-
eral, the diagnostic program includes:

1. general clinical examination;

2. catheterization of the bladder;

3. treatment of wounds with their re-examination;

4. ultrasound study;

5. X-ray of abdominal cavity organs and abdominal
cavity;

6. thoraco- and laparocentesis;

7. diagnostic laparoscopy.

The approximate list of the priority diagnostic tests for
a patient with an unstable condition is as follows:

1. defining the symptoms of brain dislocation;

2. thoracopuncture, thoracocentesis;

3. laparocentesis, laparoscopy.

There are a large number of scales to assess the se-
verity of the injury: AlS (Abbreviated Index Severity), ISS
(Injury Severity Score), CITO, NISS (New Injury Severity
Score), ICISS (International Classification Injury Severity
Score), OIS (Organ Injury Scaling) and others.

The TRISS (Trauma Injury Severity Score) scale is
the most commonly used for assessing the severity of an
injury. At present, the features of therapeutic support for
patients with polytrauma are important. The clinical case
given below illustrates the significance of this issue.

A patient, born in 1974, was hospitalized on 14.11.16
at 18:00 at the emergency room of the City hospital with
complaints of pain in the chest, cough, and shortness of
breath. From the anamnesis it is known that he sustained
a chest injury when diving into water. On objective ex-
amination: the patient’s general condition is severe. The
patient is conscious and balanced. The skin and visible
mucous membranes are pale pink, wet to the touch. In-
dependent respiration, Respiratory rate — 22 per 1 min.

* To cite this English version: I.A. Mormol, O.A. Borzykh, I.P. Kaidashev. Features of therapeutic support for patients with poly-
trauma. // Problemy ekologii ta medytsyny. - 2018. - Vol 22, Ne 1-2. - P. 28-32.
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On auscultation: weakened breath and wet rattles in the
lungs, more on the right. On percussion: limits of the
heart are within the age norm. Heart tones are rhythmic,
weakened, dulls. Blood pressure — 100/60 mmHg, pulse
— 106 per 1 minute, SpO2 — 87%. The abdomen is soft
and painless.

Clinical blood analysis: erythrocytes — 4.9x10"/l; leu-
kocytes — 15.2x10%; erythrocyte sedimentation rate
(ESR) — 4 mm/h, hemoglobin concentration (Hb) — 158
g/l; color index (Cl) — 0.96; leukocyte formula: stab cell
(s/lc) — 3%; segmentated (s) — 81%; eosinophils — 1%;
lymphocytes — 10%; monocytes — 5%.

Biochemical blood analysis: bilirubin: total — 16.5; di-
rect — 3.1; indirect — 13.4 pmol/l; creatinine — 80.5 ymol/l;
urea — 4.9 mmol/l; residual nitrogen — 25 mg%; total pro-
tein — 66 g/l. Coagulogram: fibrinogen — 1.7 g/,
prothrombin — 61%.

ECG results: sinus tachycardia, heart rate — 128 per 1
minute, the electrical axis of heart is not deviated. Dis-
rupted intraventricular conduction. Signs of left ventricular
myocardial hypertrophy.

The ultrasound data of the abdominal cavity and kid-
neys: the liver is not enlarged, the placement is typical,
the shape is normal, the contours are clear; dimensions:
right lobe — 12.6 cm, left lobe — 6.2 cm; parenchyma:
normal echogenicity, homogeneous structure. The intra-
hepatic ducts are not diluted, the walls are unchanged,
choledoch duct — 0.4 cm, vessels are not dilated. Gall-
bladder: the placement is typical, the shape is ovoid, the
wall thickness — 0.2 cm, densified, bile sediment by %2 of
the gallbladder. The pancreas is not enlarged. Dimen-
sions: head — 2.8 cm, body — 1.3 cm, tail — 2.7 cm. The
contours are clear, echogenicity is normal, heterogene-
ous structure. Wirsung's duct is not dilated. The spleen is
not enlarged, the contours are clear, normal echogenic-
ity, the structure is homogeneous. The right kidney is not
enlarged, the contours are clear, parenchyma — 1.5 cm,
the central complex area is enlarged, 1.9 cm, due to mi-
crolites 0.1 cm. The left kidney is not enlarged, the con-
tours are clear, parenchyma — 1.8 cm, the central com-
plex area is enlarged, 2.0 cm, due to microlites 0.1 cm.
Free fluid in the abdominal cavity: not found. Conclusion:
ultrasound signs of chronic cholecystopancreatitis, uratic
diathesis, free fluid in the abdominal cavity was not de-
tected.

Ultrasound cannot be carried out thoroughly for tech-
nical reasons (due to malfunction of the device), but it is
impossible to exclude pneumothorax of the chest or the
presence of subcutaneous emphysema.

The results of chest X-ray: the pulmonary pattern in-
crease. Roots are dilated. Sinuses are free. The heart is
enlarged in diameter.

Diagnosis at admission: Severe combined trauma.
Severe combined cranio-thoracic trauma. Closed cranio-
cerebral injury: brain concussion. Closed chest trauma:
fracture of the third rib to the right, bilateral hemopneu-
mothorax. Contusion of the heart and lungs. Barotrauma
of the lungs. Bilateral pneumonitis.

The following treatment was prescribed: glucose,
amikacin, maxicin, lasolvan, lazix, tugina, potassium
preparations, controloc. Consultation of thoracic surgeon,
pulmonologist, cardiologist, traumatologist and computer
tomography (CT) of the chest organs and bronchoscopy
were recommended.

Puncture and drainage of the pleural cavity to the
right was conducted.
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On 15.11.16, the general condition of the patient is
severe. The patient is conscious, accessible for produc-
tive contact. Complaints of pain in the chest, suffocation,
expressed general weakness. Respiration — mechanical
ventilation through the intubation tube. SpO, — 98%. Aus-
cultatory in the lungs — harsh respiration, weakened in
the lower parts. Through drainage of the pleural cavities,
hemorrhagic fluid is discharged to the right — 70 ml, to the
left — 100 ml. Hemodynamics is stable. Tones of the
heart are rhythmic, weakened. The abdomen — no ab-
normalities.

Clinical blood count: the level of leukocytes increases
to 19.0x10%1 and the level of Hb decreases — 105 gll.
Coagulogram: fibrinogen 2.87g/l, prothrombin
101.4%.

Biochemical blood analysis: the level of creatinine is
increased to 109 umol/l, the residual nitrogen is up to 52
mg% and the total protein is reduced to 59 g/l. The re-
sults of electrolytes blood test: potassium — 41032 mmol/l;
sodium — 147.7 mmol/l; chlorides — 101 mmol/l; calcium —
1.0 mmol/l.

The ultrasound study of the heart: ultrasound signs of
reduced contractile capacity of the myocardium, heart
contusion.

ECG results: sinus tachycardia, heart rate — 103
beats per minute, the electrical axis is not deviated. Dis-
ruption of intraventricular conduction. The signs of left
ventricular myocardial hypertrophy.

Bronchofiberscopy. Conclusion: bleeding from the
right bronchus.

The patient was examined by the thoracic surgeon.
Diagnosis: Severe combined trauma. Severe combined
cranio-thoracic trauma. Closed craniocerebral injury:
brain concussion, facial skull concussion. Closed chest
trauma: fracture of the third rib to the right, bilateral he-
mopneumothorax. Contusion of the heart and lungs.
Barotrauma of the lungs. Bilateral pneumonitis. It was
recommended to conduct CT of the brain and chest,
bronchoscopy, consultation of the cardiologist.

Transfusion of fresh frozen plasma in the amount of
300.0 ml was conducted.

On 16.11.16, the general condition of the patient is
extremely severe. The patient is in the state of medicinal
sedation, respiration — mechanical ventilation through the
intubation tube. From pleural cavities through drainage,
hemorrhagic exudate is discharged: to the left — 100 ml,
to the right — 190 ml. SaO; — 92%. Hemodynamics is sta-
ble.

Clinical blood count: the number of leukocytes contin-
ues to increase to 16.7x10%/I (due to s/c — 12%) and ESR
— 12 mm/h.

Biochemical analysis of blood: urea remains elevated
up to 12.0 mmol/l and residual nitrogen — up to 46 mg%,
no other significant changes were detected. Coagulo-
gram: fibrinogen — 4.99 g/I, prothrombin — 59.1%.

ECG results: sinus tachycardia, heart rate — 100
beats per 1 min, sinus tachycardia, atrial extrasystole, the
electrical axis of the heart is vertical. Compared with the
ECG results as of 15.11.16, there is a deterioration of the
coronary blood flow over the posterior wall of the left ven-
tricle.

The ultrasound study of the heart: signs of moderate
decrease of contractile capacity of the myocardium, hy-
pertrophy of the posterior wall of left ventricle. Hydrotho-
rax in the right sinus of the chest.

The chest X-ray findings: pneumothorax to the right
(the lung is reduced by 2/3 of its volume). Subcutaneous
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and muscular emphysema. There are profuse drainage
infiltrations to the left.

Transfusion of fresh frozen plasma in the amount of
300.0 ml was conducted.

Results of bronchoscopy: bleeding from the right and
left bronchi. Bilateral diffuse endotracheitis.

The general condition of the patient remains ex-
tremely severe on 17.11.16, the patient is in the state of
permanent medicinal sedation. Respiration — mechanical
ventilation, SpO2 — 96%. Auscultatory in the lungs: harsh
respiration, a large number of dry and wet rales, sharply
weakened respiration to the right. The drainage system
operates from both pleural cavities, with 300 ml of hemor-
rhagic exudate discharged from the right and left lungs.

Clinical blood count: the number of leukocytes in-
creases to 21.2x10% and ESR — 17 mm/h, Hb decreases
to 100 g/l and Cl —to 0.85.

Biochemical analysis of blood: no significant changes
over the day were detected. The level of electrolytes in
the blood increases: potassium — 4.55 mmol/l; sodium —
152.5 mmol/l; chlorides — 112.8 mmol/l; calcium — 1.20
mmol/l. Coagulogram: fibrinogen — 7.71 g/l, prothrombin
—90.0%.

Fibergastroscopy results: no data on trauma of the
GIT were detected.

ECG results: sinus tachycardia, heart rate — 103
beats per minute. In comparison with the ECG as of
16.11.16, there is a change in the electrical axis of the
heart (shift to the left) — the reliable conductivity change
over the front branch of the left crus of the His bundle.

Results of chest X-ray: the dynamics is negative, fo-
cal infiltration is preserved on all pulmonary fields of both
lungs. The heart — nil significant. Subcutaneous emphy-
sema increases.

Transfusion of fresh frozen plasma in the amount of
300.0 ml was conducted. Results of bronchoscopy:
bleeding from the segmental bronchi of the right lung. Bi-
lateral diffuse endotracheitis of Il degree.

On 18.11.2016, there are no changes in the objective
status of the patient. The patient undergoes parenteral
nutrition through the extragastric probe. Intubation tube
replacement was replaced. Through drainage from each
pleural cavity, 400 ml of hemorrhagic fluid is discharged.

SpO, 98%.

Clinical blood count: leukocytosis persists —
17.3><109//I, increased ESR — 11 mm/hr, decrease in Hb —
112 g/l.

Biochemical analysis of blood: no clinically significant
changes in comparison with the previous day. Coagulo-
gram: fibrinogen — 4.99 g/l, prothrombin — 53.6%.

Results of bronchoscopy: bleeding from the segmen-
tal bronchi of the lower lobe of the right lung. Bilateral dif-
fuse endotracheitis.

Taking into account the condition of the patient and
the long period of mechanical ventilation, on 19.11.16, a
tracheostomy was performed, through which a large
number of hemorrhagic sputum was sanated. Through
drainage from the pleural cavity, the fluid with a hemor-
rhagic component continues to be discharged: to the right
in the amount of 500 ml., to the left — 500 ml. SpO, —
95%.

Clinical blood count: erythrocytes — 4.2x10"%/1; leuko-
cytes — 18.6x10%1; ESR — 5 mm/h, Hb — 128 g/I; Cl —
0.95; s/c — 8%; segmentated — 70%; eosinophils — 1%;
lymphocytes — 15%; monocytes — 6%.

Biochemical analysis of blood: bilirubin: total — 13.5
pmol/l; direct — 3.1 umol/l; indirect — 10.4 umolll;
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creatinine — 80.1 ymol/l; urea — 6.3 mmol/l; residual nitro-
gen — 29 mg%; total protein — 65 g/l; potassium — 4.7
mmol/l; sodium — 143.8 mmol/l; chlorides — 100.7 mmol/l.
Coagulogram: fibrinogen — 4.5 g/l, prothrombin — 52%.

On 20.11.16, the general condition of the patient is
severe. The patient is in the state of permanent medicinal
sedation. Respiration — mechanical ventilation, SpO; —
95%. Through drainage from the pleural cavity, the fluid
with a hemorrhagic component continues to be dis-
charged: to the right — 500 ml, to the left — 500 ml.
Hemodynamics is stable. Tones of the heart are rhyth-
mic, weakened. The abdomen — no abnormalities.

Clinical blood count: leukocytosis is maintained up to
11.7x10%/l, increased ESR — 19 mm/hr, Hb — 122 g/I; CI —
0.91; s/lc — 12%; s. — 72%; e. — 1%; |. — 13%; m. — 2%.

Biochemical analysis of blood: elevated level of resid-
ual nitrogen is observed — 30 mg%. Coagulogram: fi-
brinogen — 4.6 g/l, prothrombin — 57%.

On 21.11.16, the general condition of the patient re-
mains extremely severe. The patient is in the state of
permanent medicinal sedation. Respiration — mechanical
ventilation, SpO, — 96%. The pastosity of the upper and
lower extremities, swelling of the scrotum are observed.

Clinical blood test: there are signs of anemia: erythro-
cytes — 3.64x10"%/l and Hb — 118 g/l; the elevated level of
leukocytes persists — 10.6x10%1; ESR — 40 mm/hr, s/c —
33%.

Biochemical analysis of blood: elevated level of resid-
ual nitrogen — 51 mg% and urea — 13.6 mmol/l. Coagulo-
gram: fibrinogen — 7.71 g/l, prothrombin — 77.6%.

Hearth ultrasound results: the heart is not located —
artefacts (narrow USD window), possibly due to pneu-
mothorax or subcutaneous emphysema.

Transfusion of fresh frozen plasma in the amount of
300.0 ml was conducted.

Results of bronchoscopy: bilateral diffuse endotra-
cheitis.

The patient was examined by the urologist and diag-
nosed with reflex urinary retention. Urethritis. Urethral
catheter. Swelling of the scrotum. It is recommended to
continue the antibiotic and diuretic therapy, and control
diuresis.

On 22.11.16, the general condition of the patient is
severe. The patient is in the state of permanent medicinal
sedation. Respiration — mechanical ventilation, SpO; —
93%. Body temperature increased to 38.0°C. Through
tracheostomy tube, hemorrhagic sputum is sanated.
Through the drainage of the pleural cavities, hemorrhagic
fluid is discharged to the right — 500 ml, to the left — 500
ml. Hemodynamics is stable. Tones of the heart are
rhythmic, weakened. PS — 120 bpm. The abdomen — no
abnormalities.

Clinical blood count: elevated levels of leukocytes are
19.6><109/I; ESR — 35 mm/hr, s/c — 22% and reduction of
Hb — 115 g/l.

Biochemical analysis of blood: elevated level of resid-
ual nitrogen — 56 mg% and urea — 15.2 mmol/l. Coagulo-
gram: fibrinogen — 10.17 g/l, prothrombin — 68.5%.

On 23.11.16, the general condition of the patient is
severe. The patient is in the state of permanent medicinal
sedation. Respiration — mechanical ventilation. Through
the drainage of the pleural cavities, hemorrhagic fluid is
discharged to the right — 500 ml, to the left — 500 ml.
Hemodynamics is stable. Tones of the heart are rhyth-
mic, weakened. The abdomen — no abnormalities.

Clinical blood count: leukocytes — 51.0x10%1; ESR —
41 mm/h, Hb — 104 g/l; Cl — 0.93; s/c — 18%; s. — 52%; e.
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— 6%; I. — 16%; m. — 2%, there is a toxic granularity of
neutrophils. Biochemical analysis of blood: creatinine —
237 umol/l; urea — 25.6 mmol/l; residual nitrogen — 87
mg%; total protein — 46 g/l. Coagulogram: fibrinogen —
7.71 g/l, prothrombin — 80.8%.

The patient was re-examined by the thoracic surgeon
at 15:00 on 23.11.16: the patient had recurring massive
hemopneumothorax, the patient underwent the he-
mopneumothorax draining to the right, replaced drain-
ages. With active aspiration, it was possible to expand
the right lung, which was accompanied by improvement
of cardio-respiratory indicators. At 16:39, when the elec-
tric pump was switched off, the lung collapsed, there was
a massive air output. According to vital indicators, the pa-
tient underwent emergency thoracotomy. During the an-
terior-lateral thoracotomy, the heart arrest was recorded.
Despite the implementation of resuscitation measures,
natural death was registered at 18:00.

Postmortem epicrisis:

Extremely severe combined trauma. Extremely se-
vere cranio-thoracic trauma.

Closed craniocerebral injury: brain concussion, multi-
ple contused wounds of the facial skull. Closed chest
trauma: multiple fragmentary fractures of the II-llI-IV ribs
to the right; bilateral hemopneumothorax, bilateral contu-
sion of the lungs; contusion of the heart with the rupture
of the pericardium. Traumatic shock, Il degree
(14.11.16). Post-traumatic bilateral pneumonia. RDS,
type Il. RF Il Recurrent resistant right-sided pneumotho-
rax as of 23.11.2016. Barotrauma of the lungs as of
14.11.16.

Forensic diagnosis.

Bruises on the left anterior-lateral surface of the
chest. Extensive hemorrhages in the soft tissues of the
thorax in the projection of 2-8 ribs, from the midclavicular
to the midinguinal lines to the right and 2-7 ribs, from the
midclavicular to the posterior inguinal lines to the left.
Multiple fractures of the sternum and ribs over several
anatomical lines. Rupture of the pericardial sac over the
left side surface. Hemorrhage in the left ventricular
epicardium of the heart, at the level of the anterior coro-
nary artery. Extensive hemorrhages and ruptures of the
upper and middle lobes of the right lung. Acute pulmo-
nary and heart failure. Sero-hemorrhagic impregnation
with congestive pneumonia in the lower lobe of the right
lung. Fibrinous pleuritis of the right lung. Serous inflam-
mation of the lungs with minute foci of acute emphysema.
Serous epicardium. Insignificant coronary sclerosis.
Perivascular cardiosclerosis. Uneven blood filling with
dystrophy and focal fragmentation of cardiomyocytes in
the swollen myocardium. Venous plethory, parenchyma-
tous dystrophy of the internal organs. The condition after
provision of medical care and resuscitation measures.

Hemopneumothorax is the presence of air and blood
in the pleural cavity, which usually occurs as a result of a
trauma and is caused by bleeding from the vessels of the
lungs, the intrathoracic branches of the large vessels
(aorta), thoracic wall, mediastinum, heart or diaphragm
[5,6].

Unlike pneumothorax, whose mechanism of occur-
rence is similar to hemothorax, with the accumulation of
blood in the pleural cavity, the symptoms of respiratory
failure move to the foreground, and the hypovolemic
symptom complex is often complicated by the develop-
ment of signs of hemorrhagic shock and fatal outcome.
The clinical presentation of hemothorax depends on the
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volume of blood that flew to the pleural cavity, the pres-
ence or absence of the disrupted integrity of the pulmo-
nary tissue, as well as the state of the mediastinum struc-
tures [7,8].

Traumatic hemothorax is virtually in 70-80% of cases
due to fractures of ribs of different localization with the
displacement of bone fragments. The frequency of this
pathology is not less than 25% among all cases of tho-
racic trauma. There are minor hemothorax (the level of
fluid is lower than the angle of the shoulder blade, its vol-
ume is up to 500 ml), moderate (the level of fluid up to
the angle of the shoulder blade, its volume — up to 1000
ml) and major (the liquid occupies the entire or almost the
entire pleural cavity, its volume is more than 1000 ml ).
Hemothorax may occur in the controlled and continued
bleeding [9,10].

Hemothorax belongs to the category of urgent noso-
logical diseases, requiring early diagnosis and emer-
gency medical intervention. According to the statistics,
the diagnosis of hemopneumothorax is 67.66% higher for
men than for women. Mortality in men with hemopneu-
mothorax is 0.76%, and in women — 1.07%. In the risk
group to hemopneumothorax are men aged 65-69 years
and women aged 80-84 years.

Among all known laboratory and instrumental meth-
ods of hemothorax diagnosis, the most expedient are:
radial imaging methods (X-ray, ultrasound scanning of
pleural cavities, computed tomography and magnetic
resonance imaging), bronchoscopy with concomitant bi-
opsy, cytological sputum analysis to determine the pres-
ence of atypical cells, diagnostic thoracocentesis with the
Ruvelua-Gregoir and Petrov samples [11,12].

Standard X-ray allows us to evaluate only the pres-
ence of fluid levels in the pleural cavity and to detect the
amount of accumulated blood. Thus, the total eclipse of
the entire half of the chest indicates that there is not less
than two liters of blood in the pleural cavity, and if the up-
per limit of the eclipse is at the level of the posterior seg-
ment of the second rib, then the volume of blood is from
one to two liters. The ultrasound diagnosis specialist as-
sesses the presence of even minor amount of blood.

After determining the possible presence of blood in
the pleural cavity, it is expedient to carry out diagnostic
pleurocenosis with aspiration of the contents of the pleu-
ral cavity. This manipulation is performed to determine
the duration of bleeding and signs of infection of the pleu-
ral folia. The criterion for infectious hemothorax is the
positive Petrov test, which shows a decrease in transpar-
ency and the presence of aspirated blood sediment. In
case of suspected infections of the pleural cavity, it is
necessary to perform not only cytological but also bacte-
rial examination of aspirates. A definitive sign of ongoing
intra-pleural bleeding is the positive Ruvelua-Gregoir test,
which suggests the presence of signs of blood coagula-
tion [13,14].

The modern tactics of hemopneumothorax treatment
involves the rapid removal of blood and gas from the
pleural cavity in order to expand the lungs. For this pur-
pose, the pleural cavity is drained by the method of active
aspiration through drainage with the help of an electric
pump.

Indications for thoracotomy include the lung injury,
prolonged intrapleural bleeding, ineffectiveness of con-
servative tactics. Elimination of hemopneumothorax and
lung expansion in the first 3-5 days contribute to the pre-
vention of emphysema development in the pleura and
complete restoration of the lung function.
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Treatment of patient with hemothorax should be per-
formed by a multidisciplinary team of doctors: surgeons,
pulmonologists and rehabilitation specialists.

The success in using certain therapeutic techniques
in hemothorax depends, first of all, on the early diagnosis
of this life-threatening condition, as well as the timely
provision of qualified medical care.

Treatment of any form of hemothorax should be car-
ried out as soon as possible, since blood is one of the
most beneficial nutrient media for the propagation of
pathogenic microorganisms. Obligate anaerobic flora is
the most commonly found as a pathogen of infectious
hemothorax [15,16].

Conservative methods of treatment with the use of
antibacterial and anti-inflammatory drugs are used only in
the case of minor hemothorax, with no severe disorders
in patient’s health. Conservative treatment should be per-
formed under obligatory X-ray monitoring. The optimal
term for minor hemothorax resorption is from two weeks
to one month. In order to accelerate the process of blood
clots resorption in patients with signs of reduced
hemothorax, it is advisable to prescribe proteolytic en-
zymes parenterally (Chymotrypsin 25 mg intramuscularly
once daily for a course of at least 15 injections), as well
as by direct irrigation of the pleural cavity with solutions
of urokinase and streptokinase.

Thus, in order to provide qualified medical aid to pa-
tients with polytrauma, it is necessary to develop a per-
sonified approach with the compilation of individual algo-
rithms involving a multidisciplinary team.
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rpoBOANIIOCH 1PU MOMOLUM OSIMMEPA3HO-LIENHOV peakumm. YpoBeHb ranektuHa-3 n MHIT onpegensny ¢ rnomMoLybo me-
7043 UMMYHOGEPMEHTHOIrO aHa/m3a. BbISSCHUIOCk, YTO Y MPaKTUYECKH 340POBbIX MYXYUH sxuTenes Mogosibckoro pervo-
Ha gomuHupyeT reHotunn A1166A. Bcé xe ypoBeHs ranektuHa-3 u MHIT B uccreayemort nonynsumm CyLecTBeHHO He 3a-
BUCe/1 OT HOCUTE/ILCTBA KOHKPETHOIO BapuaHTa reHa ATI1P.

KnioueBble cnoBa: nonvmopdusm reHa peventopa aHrmoteHsuHa Il tuna 1 (AT1P), ranektnH-3, MO3roBon HaTpunype-

TUYECKUIA NenTua, apTepuanbHoe AaBreHune. .

Bctyn

BikoBa nepebynoBa CTPyKTYypu cepusi, PO3LUMPEHHS
MOro Kamep, 3MEHLUEHHS enacTUYHOCTI KapAaianbHuUX Krii-
TUH Ta 3HWKEHHS PYXOMOCTI CepueBUX CTPYKTYp, 3aTpu-
MKa PiavHKU | peModentoBaHHA CyauH, Lo NigBULLYE Ha-
BaHTaXXEHHs1 Ha niBui wnyHo4ok (J1LW), Henporymopans-
Ha aTaka € OJHUMW 3 MOXIMUBUX NTAHOK NaToreHesy cep-
LileBOT He4OCTaTHOCTI 0COGNMBO Ha TN CepPLEBO-CYANHHOI
natonorii [13]. Ans nikapiB BCbOro CBiTY NOLLYK eheKTuB-
HOFO CKPUHIHIOBOTrO iIHCTPYMEHTY acMMTOMHOT AUCYHK-
uii JIlW, ctpaTudikauii pusnKy Ta 3aranbHOro nNporHosy,
AKOCTI XUTTA Ccryrye npegmeTom 6araTbox HayKoOBUX
aHanisiB Ta obroBopeHb. O4HUM i3 HanpsMKIB Takux no-
LUYKIB € 3aCTOCYBaHHsI CydacHux BiomapkepiB CTaHy Mio-
kapay. [o TenepiwHbOro Yyacy BU3HAYEHO BErUKY Kinb-
KicTb (noHag 100) Giomapkepig, siki MalOTb TICHUIA 3B'A30K
3 noripleHHAM PyHKLii Miokapay, npoTte iHTepnpeTauis
TakuxX aHanisiB i iX KNiHIYHOro 3HA4YeHHs AOyXXe 4acTo €
HEeOOoCTaTHbOK. 3 HUX B KMiHIYHIA NpakTuli Ansa giarHoc-
TMKW rOCTPOI | 3aroCTPEHHS XPOHIYHOI cepLeBoi HeaocTa-
THocCTi (XCH) HanbinbLu WMpOKO 3aCTOCOBYIOTb CUCTEMM
NPeAcTBHUKIB HaTpinypeTnyHux nentugis (HYI), a came
MO3KOBUI HaTpinypeTudHun nentug (MHM). HYI — rpyna
LMPKYNIOYNX B KPOBi FTOPMOHIB, LLO PErynioiTb BOAHO-
CONbOBUI TOMeOCTa3 Ta apTepianbHun Tnck (AT). B disi-
OMoriYyHMX yMoBax TakK i Npu OpMyBaHHI CcepLeBO-
cyauHHoi natornorii HYT1 BigirpaloTe BaXnuey porb B pe-
rynsauii - CTPYKTYPHO-PYHKLIOHanNbHOro CTaHy cepueBo-
cyauHHoi nartornorii. MHIN BBaxalTb cepueBuM ropMo-
HOM, WO perynioe o6’em piguHW B opraHiami i AT, 3meH-
Wye nepefHaBaHTaXXEHHs Ta NOCTHABaHTaXeHsl Ha cep-
ue. Voro pis npnssoauTh A0 36inbLUEHHS WBUAKOCT KNy-
6oukoBOi  inbTpauii, HaTpiiypedy, Omnokagi peHiH-
aHrioTeH3NH-anbAOCTEPOHOBOI  CUCTEMW, MPUAOYLLIEHHSA
CMOHTaHHOI Ta iHOyKOBaHoOI aHrioTeH3nHom Il cnparw, ra-
NbMYBaHHIO BUAINEHHA apriHiHy i Ba3onpecuHy, 3MmeH-
LUEHHIO Ba30KOHCTPUKTOPHOI Aji eHooTeniHy-1, a Takox
cuMnaTuYHOI iHHepBauii cyauH. BHacnigok uboro Bigby-
BAETbCHA 3HWKEHHA TUCKY B MOPOXHMHAX cepusi, TOHYCY
CcyavH, 3aranbHoro nepudepuyHoro onopy i AT [8]. Y 6a-
raTbOX OOCMIMKEHHAX NOKa3aHo, WO aKkTUBALis CUHTE3y
MHI1 BinByBaeTbca y nauieHTiB 3 gncdyHkuieto JILW, sk 3

ACUMMNTOMHOLO, TaK i 3 KNiHIYHO BUPaXXEHO ANCHYHKLiE
Miokapay, HesanexHo Big ii npuynHmn [5]. BcTaHoBneHo
NO3NTUBHWI NiHINHWIA 3B’A30K MK piBHeM MHI Ta kiHue-
BO-gjacToniyHmMM Trckom Yy JILW [6] i BignoBigHO po3BuT-
KOM fiacTtonivyHoi gucdyHuii Miokapaa [18], wo nossonsie
posrnagatm MHI, gk MoxXnuBuiA mapkep cTtaHy (PyHKUiT
cepus. OgHak, B TOM e 4ac NPOrHOCTUYHE 3HAYEHHSA
[aHOro mapkepy Ans ctpatudikauil pusuky Ha CbOrogHi
BBaXXaeTbCA HeOOCTaTHIM, Yy 3B'A3KYy 3 YUM And BU3Ha-
YeHHs BinbLl TOYHOrO MPOrHO3y y XBOpPMX 3 Miokapaiarnb-
HOI AMCKYHKLIE OOUINMBbHO KK CyMiCHE BMKOPUCTAHHA
BiJOMMX BiomapkepiB, Tak i MOLLYK HOBMX.

OpHvm 3 Takux GiomapkepiB € ranektuH-3, skuni sB-
NAETbCA NPEACTaBHUKOM POAWUHUW FanekTuHIB, € iHOYKTO-
pom Mirpauii makpodparis, nponidepadii ibpobnacTie Ta
CUHTe3y konareHy. ManekTnH-3 Mmoxe ByTv OQHUM 3 MOX-
JNIMBMX MOKaX4MKIB CMHOPOMY CepLieBOi HeAOCTaTHOCTI,
apxe Bigobpaxae akTMBHICTb NpoLecy 3ananeHHs Ta di-
6po3y, MpaKkTUYHO He BUSIBMSIETLCS Y KapdiomiouuTax,
Togaj sk hibpobnacTu miokapaa ekcrnpecytoTb MOro BUCOKI
pisHi [17]. pu noTpannaHHi y Miokapa, BiH Yepe3 napak-
PVHHWI edeKT CTUMYNoe wWBuake 36inbLueHHs Miodi6-
pobnacTiB Ta BMBINbHEHHsI MpokonareHy 1y no3aknituH-
Hy MaTpuLto, WO MpY3BOAMTbL [0 cepuesBoro ¢ibposy
[23]. Ekcnpecia ranektuHy-3 mae OOCTOBIpHY KOpensuito
3 OB JILU niaeuwyeTbCs y NauienHTiB 3i 3HWxeHoto Ta 36e-
pexeHol hpakuielo BUKMAY NIBOrO LUMYyHOYKA He 3anex-
HO Bif eTionorii MiokapaianbHOi ANCKYHKLIT, Konu Lwe
Hemae KniHiYHuX npos.is [16]. Lli aaHi MoxyTb cBiguuTH
npo GinbL BUpaxxeHuii ¢ibpo3 miokapay Yy ocib 3i 3Huke-
Hoto B, wWo npu3BoauTb A0 NPOrpecyBaHHs AiacToniy-
Hoi ancdyHkuii J1L [4]. PiBeHb ranektuHy-3 y XBOpuX Ha
XCH Ha Tni apTepianbHoi rinepTeHsii 6ys y 1,5 pasiB Bu-
MM MOPIBHSIHO 3 XBOpMMM Ge3 Takoi BignosigHo [14]. Y
nnasmi KpoBi piBEHb ranekTuHy-3 Hanbinblue Kopenoe 3
BMCOKUM PU3MKOM KapAioBacKynspHOI CMEepPTHOCTI Ta no-
BTOPHOI rocnitanisauii y nauieHtis 3 XCH [20]. ManekTuH-
3 OyB 3aTBepKeHUiA, ik Biomapkep 3 He3anexHUM npo-
FTHOCTMYHUM 3HAYEHHSM Y NaLi€HTIB 3 rOCTPOK Ta XPOHi-
YHOI CepLIeBO0 HEQOCTATHICTIO, a TaKoX 3 Oro 4oNOMO-
rol0 MOXHa CrpOrHo3yBaTW KopoTkodacHy (60-4eHHy)
CMepTHICTb, amke 6iomapkep MHI kpalle BUKOpUCTOBY-
BaTM Ons OOBroTpuBanoro nporHosy (4 poku) [26]. 3

* LlumysaHHs1 npu amecmauii kadpie: PyxaHcbka B.O., Cusak B.I"., JloduHcbka M.C., XKebenb B.M. [anekmuH-3 sik Mapkep yHKuii
miokapdy y yonosikie 40-60 pokie 6e3 cepueso-cyOuUHHOI namosogii, Hociig nomnimopgHuUx 2eHie AT1P./l [pobnemu ekomnoezii i MeduyuHU.
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2013 poKy ranekTtuH-3 BKMIOYEHWUN OO0 YWMHHOI KMiHIYHOT
yroan AmepuKaHCbKOi acoujauii cepus 3 npodinakTuku
Ta nikyBaHHa XCH, sk gogatkosuii Mapkep ctpatudikauii
BMCOKOrO PU3NKY BUHUKHEHHSI HECTIPUATIIMBUX KMiHIYHMX
pesynbTaTiB (CMepTb | NOBTOPHa rocnitanisauis) [27].

BuwiesragaHi naTtonoriyHi npouecu B miokapai map-
kepoM Akmx € MHI1 Ta ranektuH-3, CTUMyNOTLCA, K
BiJOMO, HOpaApeHaniHoOM, anbAOCTEPOHOM Ta aHrioTeH-
3uHom Il [7]. OcTtaHHin peanisdye cBin Bnnue Yepes AT 1P,
oTxe, noniMopdiam Lex peLenTopiB MOXe CTaTh «yMOB-
HUM Tpurepom» perynauii piBHs MHIT Ta ranekTuHy-3.

Pe3ynbTaTn 6aratbox ekcrnepMMeHTanbHUX Ta KniHidv-
HUX JOCNiMKEeHb JO3BONSAIOTL CTBEPAKYBATH, WO y NaTo-
reHesi AncoyHKUii Miokapay ogHa 3 OCHOBHMX NT@HOK —
aKTUBaLisl KOMIMOHEHTIB  PEeHiH-aHrioTeH3nH-anbaocTe-
poHoBoi cuctemu (PAAC) Ta i1 edeKkTOpHOro ropmoHy
aHrioteHsuHy Il [12]. Fen AT1P kapToBaHun y 3-1 Xpomo-
comi (3921-3g25), BiH MICTUTb 5 €K30HIB i HA CbOrogHi
onncaHo 6nm3bko 16 CTPYKTYPHMUX NomniMopdi3MiB LbOro
reHa. lNpoTe, BUsSIBUNOCS, WO came noniMopdiam-3amiHa
y nonoxeHHi 1166 ageHiHy (A) Ha uuto3aunH (C) noe'asa-
HUA 3 pyHKUiOHanbHo akTueHicTio AT1P [21]. Ons
npeacTtaBHuKiB MoainbCcbkoro perioHy YkpaiHn nokasaHui
3B'A30K po3BuTKy X 3 nonimopdiamom AT1P cepepn yo-
nosiki 40-60 pokiB, y x0A4i AOCTNiMKEeHb BCTAHOBIEHO, LLO
Ans HociiB aneni C NMOBIPHICTb PO3BUTKY BUPaXKEHOT ek-
cueHTpuyHoi MW Ta giacToniyHoi AUCHYHKUIT cepus B
npoueci nepebiry X € cyTTeBO BULLOM, HK AN HOCIIB
nuwe aneni A [3,9,11]. BiporigHicte 3axsopiTv Ha rinep-
TOHIYHY XBOPOOY MpW HasIBHOCTI y NauieHTa reHoTuny
A1166C nigBuwyetbes B 1,3 pasm [23].

Takum YMHOM, 3HAX0OS4YM MOXIMBI acoLiaTUBHI 3MiHK
HocincTBa noniMopdHux reHis AT1P Ta piBHIB ranektu-
Ha-3 i MHI y oci6, ski He MalTb CepLeBO-CYAMHHOI Na-
Tonorii MOXNMBO B MOAAnbLUOMY ONMpaTUCb Ha Ui map-
Kepyu B NPOrHO3yBaHHI CTPYKTYPHUX 3MiH Miokapay Y XBO-
pux 3 '’X Ta XCH aHanori4yHoro Biky Ta cTari.

PaHiwe nogibHi gocnigxeHHs B YkpaiHi He npoBoau-
nueb. B cTaTTi npeactaBneHvn neplivMn etan y BUrnsAi
pesynbTaTiB ob6cTexxeHHs1 vYonosikie 40-60 pokiB 6e3 cep-
LeBO-CYAMHHOI naTonorii, MewkaHuiB Noginscekoro peri-
OHY YKkpaiHw.

MeTa poboTn: BUBUMTY piBHI GiomapkepiB ranekTuHy-
3 i MHIT B nnasmi kpoBi Ta BIONOBIAHWN CTaH CTPYKTYp-
HO-PyHKLiOHaNbHUX NOKa3HWKiB Miokapay y Yonosikis 40-
60 pokiB 6e3 03HaK cepLeBO-CyAMHHOI NaTonorii, HOCIiB
nonimopdHux reHis AT1P.

Marepianu i MeToau gocnigKeHHs

Mpu npoBegeHHi pocnimpkeHHs 6yno obcrexxeHo 79
yornosikiB 40-60 pokiB 6€3 03HaK cepLieBO-CYyAUHHOI na-
Tonorii, Wo npoxusBaTb Ha TepuTopii MNoainscekoro pe-
rioHy. CepeqHin Bik obcTexxyBaHux ctaHoBuB 57,06+0,50
pOKiB. YCi YOMOBIKM 3HAXOOQWNMUCb Ha OBCTEXEHHi y BiH-
HUUbKOMY oBnacHoMy creuianizaoBaHoMy  KriHiYHOMY
aucnaHcepi  pagiadinHoro 3axucTty HaceneHHa MOS3
YkpaiHn i BiiCbKkOBO-MeOUYHOMY KMiHIYHOMY LEHTpI
LleHTpanbHoro perioHy BincbkoBo-NoBiTpsHWMX cun Ykpa-
iHW, a TakoX cnocrtepiranMcb ambynaTopHO 3 rpyaHs
2013 poky no nuneHb 2014 poky. YCi 4onoBiku, WO yBin-
Wnv B rpyny AOCHiHKEHHA Ha MOMEHT ornsgy ckapr 3
GOKy CepLeBO-CyaMHHOI CUCTEMWU He Mpea’siBNsnu i He
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Manu o6’eKTUBHUX NATONOMYHMX 03HaK. [N BU3HAYEHHS
anenen nonimopdHoi AinaHkm (A1166C) reHa AT1P Bu-
KOPUCTOBYBAaBCSA METOA NOoMiMepasHoi NMaHUoroBoi peak-
uii. MeHoTunyBaHHa reHa AT1P npoBogunockb CninbHO 3
HAOl reHeTUYHMX Ta iIMyHOMNOrYHMX OCHOB PO3BUTKY NaTo-
norii Ta capmakoreHeTukn BOH3Y «YkpaiHcbka meany-
Ha cTomaronoriyHa akagemis» (M. [MonTaBa, KepiBHMK
npocpecop Kargawes 1..). Ans BU3Ha4YeHHs anenen no-
nimopdHoi ginaHkn (A1166C) rena AT1P nposoamnocb
BUAiNeHHa reHomHoi [JHK i3 nenkoumTiB BEHO3HOI KPOBI.
KoHueHTpauis MHIM y nna3mi KpoBi y 06cTexyBaHuX BU-
3Hayanacb 3a [JONoMOrow iMyHO(EPMEHTHOro MeToay
Ha CTpMNOBOMY iMyHObEepMEHTHOMY aHanisatopi “Hu-
mareader single” (Hime4unHa) npy osxuHi xsuni 450 Hm
Ta avdepeHuiiium ginbTpoMm 630 HM. [Ins BU3HAYEHHSA
nnasMoBoi KoHuUeHTpauii MHI1 BukopucToByBanu craH-
[apTHUiA  Habip dipmn  “Peninsula laboratories Inc.”
(CWA). KoHueHTpauito ranektuHy-3 B nnasMi kposi 00-
CTeXYyBaHUX BU3Ha4anuM MeToAOM iMyHO(EPMEHTHOrO
aHanisy 3a gonomoroto anapaty «Stat Fact 330» npu go-
BXWHI xBuni 450 HM Ta audepeHuinHum dinsTpom 630
HM. [na BM3HAYEHHS NNa3MOBOI KOHLUEHTpaUii ranektu-
Hy-3 BUWKOPUCTOBYBanu CTaHAAPTHWM Habip peakTuBiB
dipmn «Bender MedSystems GmbH» (Asctpis). Byno
NPOBEAEHO NepeBipKYy PO3MNOAiny 4YacTtoT MoNiMOPdHMX
reHiB y nonynsuii BignosigHO A0 3aKOHy piBHOBarn Xapai-
BaliHGepra 3a OOMoOMOrol KarnbKynsiTopa reH ekcnepT
AN po3paxyHKy psay CTaTUCTUYHMX napameTpiB y Aoc-
NiHKEHHAX «BUMNAOOK-KOHTPOSbY, WO BUKOPUCTOBYHOTb
SNP (locypapcTtBeHHbIi HayuHbin LieHTp Poccuiickoin
degepaunm “'ocHUN renetuka”, gen-exp.ru). OuiHky na-
pameTpiB CUCTEMHOI Ta BHYTPILLUHbOCEPLEBOI reMoanHa-
Mikn npoBoamnu 3a gonomoroto Y3[ cepus, sike BUKOHY-
Banocb Ha exorpami “Sim5000 Plus”. Maca miokapaa ni-
Boro wnyHoyka (MMJILL) — po3paxoByBanack 3a popmy-
noto Penn Convention, iHaekc macu Miokapay niBoro
LUMYHOYKa (r/M2) (iMMINLW). Peectpauisa EKI nposoauna-
CA 3a 3aranbHOMPUNHATOK MeToaukow y 12 ctaHaapT-
HUX BiaBeAeHHAX. BuMiptoBaHHs apTepianbHOro TUCKY
34incHoBanu 3rigHo pekoMeHaauism ekcneptis BOOS.
MaTtemaTnyHy oBpobKy BWMKOHYBanu Ha NepcoHanbHOMY
KOM’IOTEpPi 3 BUKOPUCTAHHAM CTaHAAPTHOrO CTaTUCTUYHO-
ro nakety STATISTICA 10,0.

Pe3ynbTaTyn Ta iXx 06roBOpeHHs

B o6paHii nonynsauii oci6 6yno Bu3HayeHO 4acToTy
HocincTBa pi3HuX BapiaHTiB reHa AT1P nonimopdiamom i3
3aMiHOI afeHiHa Ha UMTO3MH B 1166 NOMOXeHHi.

BcTaHoBneHo, Wo y oci6 Yonoeivoi cTtaTi YacTtoTa re-
HoTuny A1166A reHa AT1P cknagae 62,03% (n=49), re-
HoTuny A1166C - 30,38% (n=24), a reHotnny C1166C -
7,59% (n=6) (Paa-cc<0,05; Pac-cc>0,05; Pac-2a<0,05). Mpwn
BMBYEHHI YacTOTHOro po3noainy aneneu reHa AT1P 6yno
BCTAHOBIEHO, WO cepen 4ornosikiB 6e3 cepueBo-
CyAMHHOI nartororii anenb A 3yctpivyaeteca y 75,16%
oci6, anenb C —y 24,84%. lNMpu nopiBHsAHHI YacToT ane-
nen reHa AT1P Takox BWSIBNEHi JOCTOBIPHI pO3BIKHOCTI
(p<0,05). Takmm u4mHOM, Yy uonosikiB 6e3 cepueBo-
cyaomHHoi naTonorii nepesaxae reHotun A1166A reHa
AT1P (Pwuc. 1). MNopibHy 4acToTy 3ycTpidaemocTi noni-
MopdHuX reHiB AT1P Ta anenen BiasHa4yanu y MeLUKaH-
uiB Moainna i paxiwe [1,2,10,11,12].
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o, QcoBHBe3 CepLIEB0-Cy IHHHHY 30XBOPKBAHD (11=79)
o

BlenonorALLIs6A B enomn ALLGSC O enorim 011660

24,84

'00u Ge3 cepueBO-CyAHHHUX 32XBOPIOBAHb
(n=79)
‘ K lenoTun AA

%

O Aneas C

Puc. 1. Po3nodin yacmom 2eHomunie ma anenel 2eHa AT1P ceped 4onosikie 6e3 cepyeso-cyOuHHoI mamosnoeil
40-60 pokie mewkaHyig [100inbcbKk020 peeioHy, (%).

Mpumimka: pizHuys nokasHukie docmosipHa (p<0,05) npu nopieHsiHHI 3: * - 2eHomunom A1166C/anenmno C 8 Mexax epynu.

MopiGHWMiA 3B’I30Kk BUSIBNEHMI Yy >xuTeniB Mockeu
anenb A Ta reHotun AA reHa AT1P 3ycTpidaetbcs 3Hay-
HO yYacTilwe Yy npakTuyHo 3goposux mogen [15]. Y
NpeacTaBHUKIB dpaHLy3bkoi nonynauii anens A Takox
[OCTOBIpPHO YacTile BusiBnsinacb cepen ocib 6e3 cepue-
BO-CyAUHHOI natonorii [25]. € gaHi, Wo Ans sAnoHCbKoi
nonynsuii icHye acoujauis Mk HociictBom CC-reHoTuny
Ta nigsuwieHum iHgekcom Macu miokapga JIWW gk npwm
HopmanbHoMy AT, Tak i y rinepTeH3nBHUX OCIO [24].
Kopensuia Hociictea reHotuny CC 3 possutkoMm Al
3HavigeHa i y kutancekin nonynsadii [19]. B YkpaiHi Takox
NPOBOAMNUCL OOCNIMKEHHS cepen MelukaHuiB MonTtasu
XBOPWUX Ha TFiNepTOHIYHY XBOPOOY 4actoTa BUSIBIEHHS
reHoTunis AC ta CC BaBivi 6inbLia, a nuToma Bara HOCGIiTB
reHotuny AA y 4 pasu meHwa (p<0,05) y nNOpiBHAHHI 3i
300poBuMM ocobamu. MNMoaibHMIN 3B’A30K PO3BUTKY HEYCK-
nagHeHoi X 3 nonimopdiamom AT1P cepen 4donosikiB
3pinoro BiKy, MeluKaHLuiB BiHHMUBLKOT obnacTi npocnigko-
ByBaBCsl Y [OCHNIMKEHHi NpoBegeHOMY CniBpoOiTHUKaMM
Kadeapu BHYTPILHBLOI MEAULMHN MeaNYHOro dakynbTe-
Ty Ne2 BHMY imeHi M.I. MNMuporosa. Ak i y xutenis MNon-
TaBu, Yy MewwkaHuiB BiHHM44MHM Gyna pgoBegeHa
JOCTOBIipHO  Ginmblwa  vyactoTa  PO3MNOBCIOLKEHOCTI
reHoTunis A1166C ta C1166C Ta aneni C y xBopux 3 I'X.
Takox BCTaHOBMEHa acoljauis HOCICTBa reHoTuny
A1166C T1a aneni C y xBopux Ha X i3 chopmyBaHHAM
BupaxeHoi EITIWL, cuctoniyHoi Ta giactonivyHoi ancdyH-
Kuin miokapga J1l ta dpopmysaHHam XCH [11,12].

BcTaHoBneHo, o Yy xiHOKk 6e3 cepueBo-CyaAMHHOI na-
Tonorii nepesaxae reHotun A1166A reHa AT1P, a ycna-

OKYBaHHS XiHKaMn NOCTMEHOMay3HOro BiKy MELLKaHOK M.
BiHHuUi Ta BiHHMUbLKOI obnacTi, reHotunie reHa AT1P i3
HassHicTio aneni C — A1166C ta C1166C, acoujtioeTbcs 3
BULLIOO MMOBIPHICTIO BUHUKHEHHS XCH Il A ctagii ll-1ll K
3a NYHA Ha i X [10].

3a Hawumn gaHumu y Hociie reHotuny A1166A Buss-
NIEHO OOCTOBIPHO MEHLUY 4acToTy 3ycTpiYaemMocTi obTs-
XEHOI CnagKkoBOCTI MNOpPIBHAHO 3 Hociamu aneni C
(20,61% i 83,33% BignosigHo).

Omxe, noniMopdiam AT1R € dakTopom, sikuii Moxke By-
TW BUKOPUCTaHWM Ans MOLUYKY MOXIMBOI GEe3CMMNTOMHOT
OnchyHKUii Miokapgy —acoujauii natonorii 3 akTueaLieto
PAAC. BignosigHo, sk 3a3Havanocb BuULE, 3 TakuUM Morsli-
MOpPi3MOM O4iKyHOTECSt 3MiHW B KOHLLEHTpaLii Giomapkepis,
SKi  BigoOpaaloTb aKkTUBHICTL cuctem npotuaii  PAAC
(MHTIT) abo Hacnigku Ti BnnmnBy. Ha cTpykTypHY Mopdbororito
Miokapay 30Kpema Ha NpoLiecy Y CroryyHin TKaHWHi, ski ne-
BHOK MipOt0 BiJOMBaE KOHLEHTPALIiS ranekTuHy-3.

BpaxoBytoumn dhakTopu siki MOXyTb BiaOVBaTV aKTUBALLIO
PAAC 6yno gocnimKeHo 3MiHM YacToTy 3yCTpiYaeMOCTi pis-
HUX KaTeropivi AT (B paMkax «HOpMarbHUX BENIUYUHY).

Y HociiB aneni A ontumanbHun AT 3ycTpivyaeTbes y
26,03% (1) oci6, HopmanbHun AT - 49,32% (2), BUCOKMI
HopmanbHun AT - 24,65% (3) (p2-1<0,05, p3.1>0,05,
p32<0,05). Y HociiB aneni C ontumanbHuii AT BU3Hava-
etbes y 33,33% (1) yonosikie, HopmanbHu AT - 16,67%
(2), Bucokun HopmaneHun AT - 50% (3) (p2-1<0,05,
p3-1>0,05, p32>0,05). Omke, y HociiB aneni C BUCOKWIA
HopMarnbHuin AT BUSBNSETLCA BiPOrigHO YacTiwe, HiX Y
Hociie aneni A reHa AT1P (p<0,05). (Puc. 2).
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Puc. 2. Hacmoma po3mnodiny okpemux kameeaopiti HopmanbHoeo AT y yonoeikie 6e3 cepyeso-cyOuHHOI namosoaii
40-60 pokie mewkaHyie [100inbCcbK020 peeioHy, Hociig pisHux anenel eeHa AT1P, (%).

lNpumimku: pisHUYsi nokasHukie docmosipHa (p<0,05) npu rnopigHsHHI 3: # - onmumansHumM AT 8 mexax epynu Hociig anesni C eeHa

ATI1P.
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B pesynbTaTti npoBeAeHoro AocrnimkeHHs Oyno Bu-
3Ha4yeHo WO npu HocincTei aneni C peecTpyeTbca Haw-
BULLMI CEPEfHiA NMOKA3HWK CUCTONIYHOro apTepianbHOro
Tucky (CAT).

LlikaBuM BUSABUBCS TOM (DaKT, LLUO piBEHb ranekTuHy-3
y 4onogikiB 6e3 cepLeBO-CyAUHHOI NaTonorii, Npyu pisHMX

KaTeropisix HopmansHoro AT Bynu cyTTeBO BiAMIHHUMM.
3oKpema KOHUEeHTpaLjis ranektuHy-3 Ha BigMiHY Bifg BMiC-
Ty MHI y 0oci6 3 HopManbHUM Ta BUCOKMM HOpPMasibHUM
AT 6yna BuLLOO HixX Npu onTumarnsHomy AT. (Puc.3).
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Puc. 3. PigeHb 2anekmuHy-3 ma Mo3Kko8020 Hampillypemu4Hoeo nenmudy 8 nna3smi Kposiy Jonosikie 6e3 cepyego-cyOUHHOI
namoroaii, Hociig pisHux eeHomurlie eeHa AT1R npu pi3HuUx kameeaopisgx HopmanbHo20 AT (He/mn; ne/mn).

lMpumimka: pizHuys nokasHukie docmoeipHa (p<0,05) npu nopieHsIHHI 3:
* - 8 MeXax epynu rpu pisHUx kameeopisix AT 0nsi noka3Hukie eanekmuHy-3.

3a gaHvmun niTepaTypu BifOMa 3aneXHiCTb KOHLEHT-
pauin MHI B nna3mi kpoBi Ta oxupiHHst npu XCH 6yno
BUPILLEHO AOCNianTW piBHI NNa3MoOBOi KOHUEHTpauii ra-
nektnHy-3 1a MHI y vonosikiB 6e3 cepLeBO-CyaUHHOT
naTonorii npu pisHomy IMT. [JOCTOBIpHOI pi3HULi B piBHAX
MHI npu HasiBHOCTI abo BigCYTHOCTI OXUPIHHA HE BUSB-
neHo (p>0,05), wo Bignosigae pesynbtatam [OCHiKEHb
AKi npoBedeHo paniwe [1].

Ha Biaminy Big MHI1, piBeHb ranektuHy-3 npu HagMmi-
pHi Maci Tina craHosuB — (7,31+£0,27) Hr/mn (n=29), a
npu HopMmarbHiM Maci Tina signosigHo — (6,40+0,36)
Hr/mn (n=50) (p<0,05). Takum YMHOM MNpK NPOBEOEHHI
JocnipkeHb 3 BUKOPWUCTAHHSAM ranekTuHy-3 noTpibHo
BpaxoByBaTW 3HaNAEHWN (heHOMEH.

BucHOBKMU

1. Cepen 4yonosikis, MelukaHuiB MoginbcbKkoro perio-
Hy YkpaiHu 40-60 pokiB 6e3 cepLieBO-CyanHHOI naTonorii
nepesaxae reHotun A1166A reHa AT1P .

2. PiBeHb ranektuHy-3 ta MHIT y gocnimkeHin nony-
NAUii CyTTEBO He 3anexas Big HOCINCTBa NMEBHOro Bapia-
HTy reHa AT1P.

3. KoHueHTpaList ranektuHy-3 y YoroBsikiB 6e3 o3Hak
CepLeBO-CyaANHHOI NaTonorii 3 HOpMasnbHYM Ta BUCOKUM
HopmanbHuMm AT Oyna BMLLOK HiX NpU ONTMManbHOMY
AT.

4. PiBeHb ranektuHy-3 Ha BigmiHy Big MHI B nnasmi
KPOBi BMLLMI NpW HagMIpHiA Maci Tina.

MepcnekTMBM NopasnbLINX Po3po60okK

1. € pocuTb akTyanbHUM BMBYEHHSA (HEHOTMMNOBUX
MapKepiB, sk HanMbINbL NPOCTUX, AOCTYMHUX i NPUAHAT-
HUX B NPaKTUYHIW OiSnNbHOCTI Nikapsa KpUTepiiB pusuky po-
3BuTKy X.

2. 3po3yMino BMHMKAE NUTAHHA 3MiH KOHUEHTpauji
ranektuHy-3 B cnonyyeHHi 3 MHYI npu ycnagkyBaHHi
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pi3Hux BapiaHTiB AT1P, BpaxoBytoumM acouiaLito OCTaHHixX
3 TUMM XX CaMUMK npoLecamn B Miokapi Big sikMX mMoxe
3anexaru BMICT B Nna3mi kpoBi Liboro 6iomapkepy.
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ENGLISH VERSION: GALECTIN-3 AS A MARKER OF MYOCARDIAL FUNCTION IN
MEN AGED 40-60 YEARS WITHOUT CARDIOVASCULAR PATHOLOGY, CARRIERS

OF POLYMORPHIC GENES AT1R*
Ruzhanska V.O., Sivak V.G., Lozinska M.S., Zhebel V.M.
National Pirogov Memorial Medical University, Vinnytsia

The concentrations of galectin-3 and BNP, central and systemic hemodynamics, structural and functional heart parame-
ters in male carriers of polymorphic ATIR genes without cardiovascular pathology (n = 79) living in Podillya region were
studied. Genotyping of the ATIR gene was carried out using a polymerase chain reaction. The level of galectin-3 and
BNP was determined by the method of enzyme immunoassay. It was found that the A1166A genotype dominated in
practically healthy men of Podilly region. Nevertheless, the level of galectin-3 and BNP in the studied population did not
significantly depend on the carriage of a specific variant of the AT1R gene.

Key words: polymorphism of the gene of the angiotensin Il receptor type (AT1R), galectin-3, brain natriuretic peptide,

arterial pressure.

Introduction

The age structure of the heart, expansion of its
chambers, reduction of the elasticity of the cardiac cells
and decreased cardiac turnover, fluid retention and vas-
cular remodeling, increasing the load on the left ventricle
(LV), neurohumoral attack are some of the possible links
to the pathogenesis of the heart failure, especially
against the backdrop of cardiovascular disease, vascular
pathology [13].

For doctors are around the world to find an effective
screening tool for asymptomatic LV dysfunction, stratifi-
cation of risk and general prognosis, quality of life serves
as the subject of many scientific analyzes and discus-
sions. One of the directions of such searches is the use
of modern biomarkers for the state of myocardium. To
date, a large number (over 100) of biomarkers have been
identified as those, which that have a close relationship
with the deterioration of the function of the myocardium,
but the interpretation of such analyzes and their clinical
significance is often insufficient.

Of these, in the clinical practice for the diagnosis of
acute and exacerbation of chronic heart failure (CHF),
the systems of subjects of natriuretic peptides (NUP),
namely, the brain natriuretic peptide (BNP) is widely
used. NUP - a group of circulating blood hormones that
regulate water-salt homeostasis and blood pressure
(BP).

In physiological conditions and in the formation of
cardiovascular pathology, NUPs play an important role in
the regulation of the structural and functional state of
cardiovascular pathology. BNP is considered to be a car-
diac hormone that regulates the amount of fluid in the
body and BP, reduces preload and post-load on the
heart. Its effect leads to an increase in the velocity of
glomerular filtration, natriurea, blockade of the renin-
angiotensin-aldosterone system, suppression of sponta-
neous and induced angiotensin Il thirst, inhibition of se-
cretion of arginine and vasopressin, reduction of vaso-
constrictive action of endothelin-1, as well as sympathetic
innervation of blood vessels.

As a result, there is a decrease in pressure in the
cavities of the heart, vascular tone, general peripheral
resistance and AH [8]. Many studies have shown that ac-
tivation of BNP synthesis occurs in patients with LV dys-
function, both with asymptomatic and clinically proven
myocardial dysfunction, regardless of its cause [5]. A

positive linear correlation between the level of BNP and
end-diastolic pressure in the lungs [6] and the develop-
ment of diastolic dysfunction of the myocardium [18] have
been established, which allows BNP to be considered as
a possible marker of the state function of the heart. How-
ever, at the same time, the prognostic value of this
marker for stratification of risk is currently considered in-
sufficient, therefore, in order to determine a more accu-
rate prognosis in patients with myocardial dysfunction, it
is advisable to use both the well-known use of known
biomarkers and the search for new ones as well.

One such biomarker is galectin-3, representative of
the family of gallets, is an inducer of macrophage migra-
tion, fibroblast proliferation and collagen synthesis.
Galectin-3 may be one of the possible indications of heart
failure syndrome, since it reflects the activity of the in-
flammation and fibrosis, is virtually not detected in car-
diomyocytes, whereas myocardial fibroblasts express its
high levels [17].

When it enters the myocardium, through the paracrine
effect, it stimulates the rapid increase in myofibroblasts
and the release of procologen 1 in the extracellular ma-
trix, which leads to cardiac fibrosis [23]. Expression of
galectin-3 has a reliable correlation with ejection fraction
LV increases in patients with a reduced and preserved
left ventricular ejection fraction, regardless to the etiology
of myocardial dysfunction, when there are no clinical
manifestations [16]. These data may indicate a more
pronounced myocardial fibrosis in people with reduced
PV, which leads to progression of diastolic dysfunction of
the lungs [4]. The level of galectin-3 in patients with CHF
in the background of arterial hypertension was 1.5 times
higher compared with patients without this [14]. In
plasma, the level of galectin-3 most closely correlated
with a high risk of cardiovascular mortality and re-
hospitalization in patients with CHF [20]. Galectin-3 has
been approved as a biomarker with an independent
prognostic value in patients with acute and chronic heart
failure, and it can also be used to predict short-term (60-
day) mortality, since the MSI biomarker is used better for
a long-term prognosis (4 years) [26 ] From 2013,
galectin-3 is included in the current clinical agreement of
the American Heart Association for the prevention and
treatment of CHF as an additional marker for stratification
of high-risk adverse clinical outcomes (death and re-
admission) [27].

The aforementioned pathological processes in the

* To cite this English version: Ruzhanska V.O., Sivak V.G., Lozinska M.S., Zhebel V.M. Galectin-3 as a marker of myocardial function in men
aged 40-60 years without cardiovascular pathology, carriers of polymorphic genes AT1R // Problemy ekologii ta medytsyny. - 2018. - Vol 22, Ne

1-2. - P. 386—42.
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myocardium, the markers of which are BNP and galectin-
3, are stimulated, as it is known, by norepinephrine, al-
dosterone and angiotensin Il [7]. The latter implements its
influence through AT1R, therefore, the polymorphism of
the receptor shop can become a "conditional trigger" for
regulating the level of BNP and galectin-3. The results of
many experimental and clinical studies suggest that one
of the main components in the pathogenesis of myocar-
dial dysfunction is the activation of the components of the
renin-angiotensin-aldosterone system (RAAS) and its ef-
fector hormone angiotensin Il [12]. The AT1R gene is
mapped in the 3rd chromosome (3q21-3g25), it contains
5 exons and today about 16 structural polymorphisms of
this gene are described. However, it turned out that the
polymorphism-substitution in position 1166 of adenine (A)
on cytosine (C) was associated with the functional activity
of AT1IR [21].

For the representatives of the Podillya region in
Ukraine, the association of development of AH with AT1R
polymorphism among men 40-60 years is shown, during
the researches it was determined that for carriers of allele
C, the probability of the development of the expressed
eccentric LFS and diastolic heart dysfunction during the
course of AH is significantly higher than for carriers only
allele A [3,9,11]. The probability of getting hypertension in
the presence of a patient's genotype A1166C increases
1.3 times [23]. Thus, finding possible associative
changes in the carrier of polymorphic AT1R genes and
levels of galetin-3 and BNP in patients without cardiovas-
cular disease may be further based on these markers in
predicting structural changes in the myocardium in pa-
tients with AH and CHF of similar age and sex.

Previously, such studies were not carried out in
Ukraine. The article presents the first stage in the results
form of the examination men of 40-60 years without car-
diovascular disease, inhabitants of the Podillya region in
Ukraine.

The aim of the research was to study the level of
biomarkers of galectin-3 and BNP in blood plasma and
the corresponding state of structural and functional pa-
rameters of myocardium in men of 40-60 years without
signs of cardiovascular pathology, carriers of AT1R po-
lymorphic genes.

Materials and methods

During the study, 79 men of 40-60 years without signs
of cardiovascular disease living in the Podillya region
were examined. The average age of the subjects was
57.06+0.50 years. All men were examined at the Vinnyt-
sia Regional Specialized Clinical Dispensary of Radiation
Protection of the Population of the Ministry of Health of
Ukraine and the Military Medical Clinical Center of the
Central Region of the Air Force in Ukraine, and also were
observed outpatient from December 2013 to July 2014.
All men included in the study group at the time of exami-
nation complaint from the cardiovascular system did not
present and did not have objective pathological signs. To
determine the alleles of the polymorphic site (A1166C) of
the AT1R gene, the polymerase chain reaction method
was used. The genotyping of the AT1R gene was carried
out in cooperation with the Scientific and Research Insti-

39

tute of Genetic and Immunological Foundations of the
Pathology and Pharmacogenetics of the VDNZU "Ukrain-
ian Medical Dentistry Academy" (Poltava, head Professor
Kaidashev IP). To determine the alleles of the polymor-
phic site (A1166C) of the AT1R gene, the genomic DNA
was isolated from venous blood leukocytes.

The concentration of MNP in blood plasma in the sub-
jects was determined using the immune enzyme method
on the Humareader single-strip enzyme immunoassay
analyzer (450 nm wavelength) and 630 nm differential
filter. The standard set of Peninsula laboratories Inc.
(USA) was used to determine the plasma concentration
of BNP.

The concentration of galectin-3 in the blood plasma of
the individuals was determined by the method of immu-
noassay analysis using the apparatus "Stat Fact 330" at
a wavelength of 450 nm and a differential filter of 630 nm.
A standard set of reagents from Bender MedSystems
GmbH (Austria) was used to determine the plasma con-
centration of gallet-3. The frequency distribution of poly-
morphic genes in the population was checked in accor-
dance with the Hardy-Weinberg equilibrium law with the
help of the gene expert's calculator a number of statistical
parameters in the case-control studies using SNP were
calculated (the State Science Center of the Russian Fed-
eration "GosNII genetics", gen- exp.ru).

The evaluation of the parameters of systemic and in-
tracardiac hemodynamics was performed using ultra-
sound of the heart, which was conducted on the echo-
gram "Sim5000 Plus". The left ventricular myocardial
mass (MMLF) is calculated using the Penn Convention
formula, the left ventricular myocardial mass index (g /
m2) (IMMH). ECG registration was carried out according
to the generally accepted method in 12 standard leads.
Blood pressure measurements were performed accord-
ing to WHO expert recommendations. The mathematical
processing was performed on a personal computer using
the standard statistic package STATISTICA 10.0.

Results and Discussion

In the selected population of individuals, the carrier
frequency of different variants of the AT1R gene poly-
morphism was determined with the replacement of ade-
nine with cytosine in 1166 position. It has been estab-
lished that in male the frequency of the A1166A genotype
of the AT1R gene is 62.03% (n = 49), the genotype
A1166C is 30.38% (n = 24), and the genotype C1166C is
7.59% (n = 6) (paa-cc<0.05; pac-cc> 0.05; pac-aa<0.05).
In the study of the frequency distribution of alleles AT1R
gene, it was found that among men without cardiovascu-
lar pathology, allele A occurs in 75.16% of the individu-
als, allele C - at 24.84%. When comparing allelic fre-
quencies of the AT1R gene, significant differences were
found (p <0.05).

Thus, in men without cardiovascular disease, the
genotype A1166A of the AT1R gene dominates (Figure
1). A similar frequency of occurrence of polymorphic
AT1R genes and alleles was noted among the inhabi-
tants of Podillya [1, 2, 10, 11, 12].
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Figure 1. Distribution of the frequencies of the genotypes and alleles of the AT1R gene among men
without cardiovascular pathology of 40-60 years old inhabitants of the Podillya region (%).

Note: the difference between the indices is significant (p<0.05) when compared with:

* - the genotype A1166C / allele C within the group.

A similar relationship found in the inhabitants of Mos-
cow allele A and the genotype AA gene AT1R is found
much more often in apparently healthy people [15]. Rep-
resentatives of the French population of allele A were
also significantly more likely to be found among people
without cardiovascular disease [25]. There is evidence
that for the Japanese population, there is an association
between the carriage of the CC genotype and the in-
creased mass index of myocardial infarction both in nor-
mal blood pressure and in hypertensive individuals [24].
Correlation of carriers of the CC genotype with the devel-
opment of AH was found in the Chinese population [19].

In Ukraine, also among Poltava residents, hypertonic
patients were twice as likely to have genotypes of the AC
and CC, as the proportion of AA carriers was 4 times
lower (p<0.05) compared with healthy individuals. A simi-
lar connection of the development of uncomplicated AH
with polymorphism AT1R among men of mature age,
residents of Vinnytsia region was followed in a study
conducted by the staff of the Department of Internal
Medicine of the Medical Faculty Ne2 of the VNMU named
after M.1. Pirogov.

As with the inhabitants of Poltava, the residents of
Vinnytsia showed a significantly higher prevalence of
genotypes A1166C and C1166C and allele C in patients
with AH. Also, the association carriage of the genotype
A1166C and allele C in patients with GC with the forma-
tion of expressed EGLV, systolic and diastolic dysfunc-
tions of the myocardium LV and the formation of CHF
[11,12] was established.

It is established that in women without cardiovascular
pathology the genotype A1166A of the AT1R gene pre-
vails, and the inheritance of women of postmenopausal

age of inhabitants of Vinnytsia and Vinnytsia region, the
genotypes of the AT1R gene with the presence of allele
C-A1166C and C1166C, is associated with a higher
probability of the occurrence of CHF Il A stage II-lll FC
for NYHA against the background of AH [10].

According to our data, the carriers of the genotype
A1166A revealed a significantly lower frequency of en-
countered heredity compared to carriers of allele C
(20.61% and 83.33% respectively). Consequently, AT1R
polymorphism is a factor that can be used to search for
possible asymptomatic myocardial dysfunction associ-
ated with pathogenesis with RAAS activation. Accord-
ingly, to what has been mentioned above, changes in the
concentration of biomarkers reflecting the activity of anti-
RAAS (BNP) systems or the results of its effects are ex-
pected with such polymorphism. It depends on the struc-
tural morphology of the myocardium in particular on the
processes in the connective tissue, which to a certain ex-
tent reflects the concentration of galectin-3. Taking into
account the factors that may reflect the activation of
RAAS, changes in the frequency of different categories
occurrence of blood pressure (within the limits of "normal
values") were investigated.

In carriers of allele A, optimal blood pressure is found
in 26.03% (1), normal blood pressure is 49.32% (2), high
normal blood pressure is 24.65% (3) (p2-1 <0.05, p3- 1>
0.05, p3-2 <0.05). In carriers of the allele C optimal blood
pressure is determined in 33.33% (1) men, normal blood
pressure - 16.67% (2), high normal blood pressure - 50%
(3) (p2-1 <0.05, p3-1> 0.05, p3-2> 0.05). Consequently,
in carriers of the allele C, high normal blood pressure is
more likely to be detected than carriers of the allele A of
the AT1R gene (p <0.05). (Figure 2).
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Fig. 2. Frequency of certain categories distribution of normal blood pressure in men without cardiovascular
pathology of 40-60 years old inhabitants of the Podillya region, carriers of various alleles of the AT1R gene, (%).
Notes: the difference between the indices is significant (p <0.05) when compared with:
# - the optimal BP within the group of carriers of the allele C of the AT1R gene.
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As a result of the study, it was determined that the
highest mean systolic blood pressure (SBP) was re-
corded with allele C.

Interesting is the fact that the level of galectin-3 in
men without cardiovascular disease, with different cate-

gories of normal blood pressure, was significantly differ-
ent. In particular, the concentration of galectin-3 in con-
trast to the content of BNP in individuals with normal and
high normal blood pressure was higher than with optimal
blood pressure (Fig.3).
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Fig. 3. Level of galectin-3 and cerebral sodiumuretic peptide in blood plasma in men without cardiovascular pathology,
carriers of different genotypes of the AT1R gene in different categories of normal blood pressure (ng / ml, pg/ ml).

Note: the difference between the indices is reliable (p<0.05) when compared with:
* - within the group for different categories of blood pressure for the indicators of galectin-3.

According to the scientific literature, the known de-
pendence of BNP concentrations in blood plasma and
obesity in CHF was resolved to investigate plasma levels
of galectin-3 and BNP in men without cardiovascular pa-
thology at different body mass index. There was no sig-
nificant difference in the levels of BNP in the presence or
absence of obesity (p> 0.05), which corresponds to the
results of previous studies [1].

Unlike BNP, the level of galectin-3 with excess body
weight was - (7.31£0.27) ng/ml (n = 29), and at normal
body weight - (6.40+0.36) ng/ml (n = 50) (p<0.05). Thus,
in conducting research using the gallet-3, one must take
into account the phenomenon which was found.

Conclusions

1. Among the men who inhabit the Podillya region of
Ukraine aged 40-60 years without cardiovascular pathol-
ogy, the genotype A1166A of the AT1R gene prevails.

2. The level of galectin-3 and BNP in the studied
population did not significantly depend on the carrier of a
particular variant of the AT1R gene.

3. The concentration of galectin-3 in men without
signs of cardiovascular disease with normal and high
normal blood pressure was higher than with optimal
blood pressure.

4. The level of galectin-3 in contrast to BNP in blood
plasma is higher with excessive body weight.

Prospects for further studies

1. It is very relevant to study the phenotypic markers,
as the most simple, available and acceptable in the doc-
tor’s practice criteria for the risk of AH development.

2. Certainly, the question arises about changes in the
concentration of galletin-3 in combination with BNUP
when inheriting various variants of AT1R, taking into ac-
count the association of the latter with the same proc-
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esses in the myocardium, which may depend on the con-
tent of plasma in the blood of this biomarker.
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NATO®I3IONNIONMYHI MEXAHI3SMU HECIMTPOMOXXHOCTI LUBIB AHACTOMO3IB
Y XBOPUX HA OHKOMATOJIOIIHO*

MoeuaH O.B., Tumkoea A.B.
XapkiBcbka Meau4Ha akagemis nicnaaunnoMHOI OCBITU
Kadenpa kniHiyHoI naTodisionorii, TonorpadivyHoi aHaToMii Ta onepatusBHOI Xipyprii Xapkis, YkpaiHa

Cneayer npusHaTb, YTO CO34aHNe ONTUMAE/TbHBIX YC/IOBW /1S 3aKUB/IEHNS] KULLIEYHBIX LLIBOB SIB/IIETCS OCHOBHbLIM PE3€ep-
BOM yJIyHLLIEHUS PE3Y/IbTATOB MPU XUPYPruyeCKOM BMELLATE/IbCTBE HA OPraHax XeJlyHOYHO-KULLEYHOro TpakTa. AKTya-
JIbHbIM BOMPOCOM NaToOGU3NONIOMMM, CBS3aHHAs C OHKONATO/IOrMEN OCTAETCS HECOCTOSITE/IbHOCTL LLUIBOB aHACTOMO30B U
cToMm. Llesib paboTsl - ONpeaeneHne naTopunNoIorMyYECKMX MEXaHN3MOB 1 KPUTEDMATIbHO-3HaYMMbIX 110Ka3aTesesn Heco-
CTOSITE/ILHOCTH LLIBOB GHACTOMO30B. [1py u3yHeHun AaHHOo BOMpoca MPOBEAEH aHa/In3 HENMOCPEACTBEHHBIX Pe3y/ibTaToB
sieqeHmnsi 74 6071bHbIX, COCTaBUBLUMX MCCIEA0BATENLCKYIO MPYIiy, KOTOPbIM OrEpaTMBHOE JIEHEHNE BbINO/IHS/IOCh B pa-
ANKa/IbHOM 06beMe. [TayneHTOoB Obliv pa3aesieHbl B 3aBUCUMOCTY OT Ha/ln4unsi HECOCTOSITE/IbHOCTU aHAaCTOMO30B Ha ABe
rpynnel: Yla rpynna - nayneHTsl KOTOpbiX 6bl/1 MPoonepupoBaH o MoBOAY Paka )XesyaKka v B KOTOPbIX bbl/I0 yCTaHoB/Ie-
HO HECOCTOSITE/IbHOCTb aHAaCTOMO308 - 16 Wina rpyrnna 58 nayveHTa - kakum 6b10 MPOBEAEHO ONEPATUBHOE BMELIATE Tb-
CTBO Y B KOTOPbIX HE 6bl/I0 YCTaHOB/IEHO HECOCTOSITE/IbHOCTH. BOJIbHBIE KaXXAO0M rpyriribl Obliv pacrpeaeneHsl 1o YeTbi-
peM rogrpynnam B 3aBUCUMOCTU OT Haslnumsi HECTabW/IbHOCTU MUKPOCATE/TNTOB B JIoKycax BAT-25 BAT-26. Pe3ynibTatsl
Hamnane y 60/1bHbIX pakoM xenyaka Streptococcus Bovis, MOXET ObiTb paHHUM MapKePOM pa3sutus 3aboseBaHus. Be-
AYLLUMM METABOSINHECKUM MPODUIEM MUKPOOHOLIEHO3a NPY Pa3BUTUN PaKa JKE/yaKa, SB/ISETCS 3HaYNTE/IbHOE HaKor/ie-
HNE OUOreHHbIX aMMHOB. AHaN3 Pe3y/IbTaToB UCC/IEA0BAaHMS MOKAa3bIBAET, YTO HECOCTOSITE/IbHOCTL aHacTOMO30B y 60-
JIbHbIX PaKOM XKE/yAKa COMNPOBOXAAETCS I71YOOKUMU HaPYLLIEHNSIMU 0OMEHa COEAUHNTEIbHOY TKaHU U NMOATBEPKAAETCS
OBBILLIEHNEM GKTUBHOCTYW 3/1aCTa3bl, KO/IAreHO/MMTUYHOU aKTUBHOCTY CbIBOPOTKU KPOBY U COAEDXKAHUS B HEV [/IMKO3a-
MUHOITIMKaHOB. [Toka3aTe/ib aKTUBHOCTY 3/1aCTa3bl M ITIMKO3aMUHOITIMKAHOB MOXET ObITb MPOrHOCTUHECKUM KPUTEPUEM
U151 HECOCTOSITE/IbHOCTY LLIBOB PM OCYLLECTBIEHUMN JIEHYEOHBIX MEDOMPUSITUM.

KntoueBble cnoBa: MI/IKpOCGTeJ'II/ITHbIIZ HGCTGGI/IJ'II:HOCTI:, HECOCTOATENIbHOCThL LLBOB aHacTamo3a, MI/IKpO6I/IOLI,I/|H03.

BMBYEHHIO 3aroeHHs aHacTomo3iB, byna BU3Ha4yeHa Bax-
nvBa ponb KonareHy npv oopmyBaHHi coycTs. Tak, B ne-
pLi AHi nicnsa xipypriyHoOro BTpyYaHHs BigbyBaeTbcs Ma-
CMBHUWI Ni3nMC KonareHy B 30HIi aHacTOMO3y, a npouecu
MNOro CUMHTE3Y NpurHiyeHi. Tomy «konareHoBa piBHOBara»
Mae BUpillanbHe 3Ha4YeHHst Ans 306epexeHHs LiniCHOCTI
Ta repMeTUYHOCTI KMLIKOBOrO LWBa. |H(hiKyBaHHSA X 30HU
LBa NPM3BOANTbL OO iCTOTHOrO MOCUINEHHS MpoLecy ni3n-
Cy KonareHy i HeCnpOMOXHOCTi.

e ogHvM BaxnmBuMM (PakTOpPOM, LLUO 3HWKYE Mil-
HIiCTb LUMYHKOBWX i KULLKOBUX COYCTiW, € iH(PiKyBaHHs ca-
MOi 30HM TKaHWH, WO aHacTomo3yloTb [5, 8, 9]. IHdiky-
BaHHS BMHUKAE B pe3ynbTaTi KOHTAKTY LUOBHMX KaHani. i
LWOBHOrO marepiany (niraTypHe iHdiKyBaHHS) 3 MPOCBi-
TOM OpraHy i Moro BMiCTOM, LLO 00YMOBIOE NPOHWUKHEHHS
MiKpOHNIOpKU B TOBLLY 3LUMTUX TKAHUH 3 NOoAanbLIMM po3-
BUTKOM B HUX 3anarnbHWX i HEKPOTUYHMX MPOLIECIB. Y 30Hi
HaKnageHoro aHacToOMO3y Ha paHHIX TepMiHax, 3aBxXau €
CMPUSATNUBI YMOBM ANS PO3BUTKY MiKpodriopy — HasiB-
HICTb iLLIeMIi, XXMBUINbHE CepedoBULLE Y BUMMSAI 3anuLLKIB
KPOBIi, 3MiHa pH, OKMCHO-BIOHOBHMX NOTeHUianis. Tomy
iHPiKyBaHHA 30HW aHACTOMO3Yy € 3aKOHOMIPHWM npoLe-
COM i 3anexuTb Bif BUAY KMLUKOBOIO LUBA i KOHLUEHTpauii
MikpOOiB, iX By Ta B3aeMogii B MPOCBITi opraHy.

MeTta po6oTu — BM3HAYEHHsi NaTodi3ionoriyHMX me-
XaHi3MiB Ta KpiTepianbHO-3Ha4YMMUX MOKa3HWKIB HECNpOo-
MOXHOCTI LUBiB aHaCTOMO3IB.

Bctyn

AKTyanbHUM NUTaHHAM natodpisionorii, Wo noe'a3aHa 3
OHKOMATOSIONEID 3anULLIAETbCS HECMPOMOXHICTDL LUBIB aHac-
TOMO3iB Ta CTOM. [JaHHe YCKIaAHEHHS1 CNOCTEPIraeTbCcs B 2-
3,5% Bunaakis Npu onepaTMBHUX BTPYYaHb 3 MPUBOAY paKy
wnyHka B 9% npu onepauisix Ha TOHKiM i B 5-25% Bunagkis
npu onepawjisx Ha TOBCTiM kuwui [1-4]. IMOBipHiCTL Hecnpo-
MOXHOCTi 30iNbLUYETECA MpY (HOPMYBaHHi aHacTOMO3iB B
YMOBaXx 3MiHEHOI KMLLKOBOI CTiHKM, LLIO CMOCTEpIraeTbCs npu
OHKONATONOTIl KMNLLKOBO-LUIMYHKOBOrO TpakTy. Cnig BM3HaTh,
LLIO CTBOPEHHS ONTUMAsIbHUX YMOB Of151 3arO€HHS KMLLKOBWX
LUBIB € OCHOBHVMM pE3epBOM MOMIMLLUEHHS pe3ynbTaTiB npu
XipypriyHOMy BTpYYaHHi Ha OpraHax LLyHKOBO-KULLKOBOrO
TpakTy [5, 6].

LlinicHicTe xipypriyHuX LWBIB 3anexuvTb Big psay npu-
4YMH K 3 BOKYy camux opraHiB, Tak i Big no3aopraHHUX
3MiH. MoXXHa BUAINNTM TPU OCHOBHUKX FPYNU MPUYMH, WO
BMMAMBaOTb Ha MOPYLUEHHS LiNiCHOCTI aHacToMO3iB Ta
CTOM MPWU OHKONATOSONiT: CTaH i naToMOpPdOnoriyHi Npo-
uecu, Lo BiabyBaloTb B opraHax, Wo nignsralTs Hakna-
AaHHI0 aHacTOMO3iB; HECNPUATNMBI hakTopu, NPU AKUX Ui
WBM HaknagawTbes, abo HecnpusiTNuei dakTopw, LWO
BMHUKaIOTL B nicrisgonepawuinHoMy nepiogi; TeXHiYHi oco-
ONMBOCTI HaKNageHHs LWBIB.

Mepwa rpyna npuyvH, 6€3yMoBHO, € NPOBIAHO 3 TO-
YKM 30py NATOQi3ioNorii, TOMY LLIO XUTTE3AATHICTb CTiHKK
OpraHy B MepLly Yepry BAAMBAE Ha CNPOMOXHICTb LUBIB

KULLKKW i aHacToMo3iB. [JO HMX BiOHOCATLCS: aKTUBHE 3a-
naneHHs TKaHWH; BHYTPICTIHHE i 3aranbHe MNOpYLUEHHS
KpoBOOBiry; NiABULLEHHSI BHYTPUKULLEYHOrO TUCKY; rinon-
poTeiHeMmisi; nokanbHe iHiKyBaHHS.

B ekcnepumeHTanbHux poboTtax [7], npucBAYEHUX

MaTepianu Ta MeToau [QOCNIAKEHHSA

[Mpy BMBYEHHI [JAHOrO MUTaHHS MNPOBEAEHO aHanis
6esnocepedHix pesynbTaTiB NikyBaHHS 74 XBOpMX, LWLO
cKnanu gocnigHy rpyny, kMM onepatuBHE NiKyBaHHS BU-
KOHyBarnocs B pagukanbHoMmy o6casi (RO-BTpydaHHs).

* umysarHsi npu amecmauii kadpig: MosyaH O.B., bazmym [.FO., Tumkoea A.B. [TamogizionozaiyHi MexaHi3Mu HecrpoMOXXHOCMI weig
aHacmomo3ig y Xxeopux Ha oHkornamosnogito. /1 [pobnemu ekonoeil i MeduyuHu. — 2018. — T. 22, Ne 1-2. — C. 43-47.
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Posnoain xsopux B 3anexHocTi Big cragii — T2-3 NO MO
- 17,5%, T2-3 N1-2MO — 73,2%, T4 N1-2M0O — 9,3%. Y
6inbwocTi xBopux (77%) 6yna ageHokapuuHoma. noc-
KOKNITUHHUIA pak 3ycTpivyasca B 13,5% Bunagkis. Y BCiX
XBOPWX fjarHo3 paky 6yB BepudikoBaHWin MOpdOmnoriyHo
0o onepaldlii.

MaujieHTiB Oyno noaineHo B 3aneXHOCTi Bif HAsiBHOCTI
HECNPOMOXHOCTI aHacToMO3iB Ha ABi rpynu: la rpynna —

nauieHTn sikmx Oyno npoonepoBaHo 3 MpuBOAY PaKy
LWNyHKa Ta y sikux 6yno BCTaHOBMEHO HECMPOMOXHICTb
aHacTtoMosiB — 16, lla rpyna 58 nauieHTta — sikum Gyno
NpoBeAEeHO onepaTMBHE BTPYYaHHA Ta Yy SKMX He 6yno
BCTaAHOBIEHO HECMPOMOXHOCTI. XBOPI KOXHOI rpynu 6ynu
posnoineHi 3a YoTMpma niarpynamMmu 3anexHo Big HasB-
HOCTi HecTabinbHOCTI MikpocaTteniTiB B nokycax BAT-25,
BAT-26 (Tabn.. 1.)

Tabnuys 1

Po3nodin xeopux 3anexHo 8i0 cmabinsHocmi mikpocamenimie BAT-25, BAT-26 ma cmaHy weig aHacmomo3y.

MikpocareniTHa HecTabinbHicTb, n / KniHivHnii edexT, n, (P+p,%)
X;%V”Max BAT-25 - BAT 25 — BAT 25 + BAT 25 +
Ki J'Ibli)i oTh BAT-26 — BAT 26 + BAT 26 — BAT 26 +
n=35 n=10 n=20 n=5
XBOpUX, N
x?=5,85* X?=2,74 x?=3,52 x?=0,31

l-wa 8 3 1 2 1 0 1

n=16 (62,86%) (14,29%) (10,00%) (20,00%) (5,00%) 0 (20,00%)

ll-ra 8 14 17 6 0 12 0 1

n=58 (8,57%) (14,29%) (60,00%) (10,00%) 0 (20,00%) 0 (5,80%)

HocnigpkeHHs npoBoannu Ha AenapaddiHi3oBaHMX 3pi-
3ax TOBLUMHOK 4-5 MKM, i3 nonepegHUM AeMacKyBaHHSAM
aHTUreHiB y umtpatHomy 6ydepi (pH 6,0) B MUKpoxBu-
NbOBUI Nedi 3 NoTyxHicTio 600 BT npotarom 10 x8. [Ansa
Bidyanisauji npoAdyKkTiB peakuii 3acTocoByBanu cuctemy
EnVision (Dako Cytomation, [aHis).

MikpocaTteniTHy HecTabinbHICTb OLiHIOBanu 3a gono-
MOrol0 nofiMmepasHoi NaHUroBoI peakuii, BUKOPUCTOBY-
oYM [iBa KBa3iMOHOMOPMHNX MOHOHYKNEOTUAHNX MapKe-
pa BAT-25 ta BAT-26.

MonimepasHy naHUOroBy peakuito MNpoBOAMNM 3a
CTaHOapTHOI0 CXEMOLO Ha MporpamyeMomy TepMoLMKnepi
«Tepuuk-2» BupobHuytea «HIMO OHK-TexHonorusy, Po-
cisi.

BukoprcToByBanu HacTymnHi npanmepun Ans Mikpoca-
TeniTHoi nocnigoBHocTi Bat-26: 5'-TGA CTA CTT' TGG
ACT TCA GCC-3;

5'-AAC CAT TCAACATTT TTA ACC C-3', Ta

5'-TCG CCT CCA AGA ATG TAA GT-3'i

5-TCT GCATTT TAA CTATGG CTC-3' gns BAT-25:

PesynbTtaT MNP ouiHioBanu B 8% noniakpunamigHo-
My reni 3 HacTynHWM 3abapBneHHsIM B PO34MHi Bpomuc-
TOro etTugis 3 KoHueHTpauieto 1 mr/mn. B akocTi mapkepy
MonekynsapHoi Baru 3actocosyBanu [OHK nnasmign
puc19, wo rigponizoBaHi pepmeHTom Hpall.

KpuTepii rinoTesn:- CTaTUCTUYHO 3HAYMMMNX PO3XOPKEHD
B edpeKTMBHOCTI npenapaTy i Hemae: CTaTUCTUYHO 3HaYUMI
PO3XOMKEHHS B e(peKTUBHOCTI Mpenapary i NPUCYTHI.

MepeBipka rinoTe3 34iNCHIOETECA NOPIBHAHHAM 3HAYeEH-
HS1 KPUTEPIIO, LLIO PO3PaxoBYETLCA 3a (POPMYIIOH, 3 KpUTU-
YHUM 3HaYeHHAM, obymoBrneHuM 3a Tabnuuero npu 3aga-
HOMY uwmcni cTyneHiB ceoboaw 1 piBHi 3HaummocTi p<0,05.
SAkwo npu oMy, TO riNoTe3a NPO HE3aNEeXHICTb pedynbTa-
TiB NikyBaHHs Big Tepanii 3 HaginHicTio 95% BigxvunseTbes. Y
NPOTUBHOMY BMMaAKY LS finoTesa NpuiMaeTbCs.

B nnasmi KpoBi BM3Ha4aBCsA BMICT rniko3amiHornika-
HiB, aKTMBHICTb (DEPMEHTY enacTtasu i KonareHoniTm4Ha
akTuBHicTb (KITA) nna3mu Kposi, siki 30aTHi AaTn KOPUCHY
iHjpopMaLjto Npo CTaH CTPYKTYpHO-MeTaboniyHmx i 06-
MiHHMX npoueciB B cnonyyHin TkaHuHi. Ouinky KITA nna-
3MKM KpOBI 34iMCHIOBaNu No CyMapHin KinbkocTi (npu de-
pMEHTaTMBHOMY  rigpornisi) BiNbHOrO i NenTUAaHo-
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3B'I3aHOr0 OKCMMpPOSiHy B NpoGi, WO AiarHocTyBanachb.
Ons uporo 3Haxoaunu no kanibpysanbHi KpuBiK Bigno-
BiAHE OMTWYHIN LLIMbHOCTI 3HAYEeHHS KiNbKOCTi OKCUNPO-
NiHy npu goBxXuHi xBuni 570 mmk. Benuuunny KITA nnasmu
KPOBi BUpaxanu B MiKpOMONAX OKCUNponiHy Ha 1n nnas-
MU KpoBi 3a 1 roamHy (Mkmonb/n-r) [12-15]. CymapHi rni-
Ko3amiHormnikaHu (Kucni mykononicaxapuan) BusHavanu B
cupoBaTLi KPOBi 3 BUKOPUCTAHHSAM TPUXIIOPOLTOBOI KUC-
notn i Bigomoi kap6a3onbHoi peakuii, sika 3abesnedvye
dioneToBo-pokeBe 3abapBreHHs. PoTOMETpYBaHHS O0-
CnimpKyBaHNUX 3paskiB Npob 3aiicHI0BaNM Npu OOBXMHI
xBuni 530HMm. Bmict Al B cupoBaTui KpoBi Bupaxanu
yepes rekCypoHOBI KUCNOTU B MUKPOMORAX/I. (MKMOMb/I)
[16].

Enacrasa B cupoBaTtui KpoBi JocnigKyBanacb iMyHo-
dEPMEHTHNUM METOAOM 3a AONOMOIroH MOHOKIMOHAaNbHUX
aHTuTin i Habopy peakTtmeiB (Human PMN Elastase Elisa
RD 191021100) no iHcTpykuii cipmu «Biovendory, wo
popasanacb, Himevydnna.

Ons 3'acyBaHHA CTyneHst Auchio3y KWULIEYHWKY 3ara-
NbHOMPUAHATAM BaKTepioNoriYHUM MEeTOAOM BU3HaYanu
y ekanisx GicigobakTepii, 6akTtepoign, nakrobaumnu,
eLepixii, NpoTei, CUHErHINHY Nanuyky, cTadinokoku, eH-
TEPOKOKW, KNnocTpuaii, ApiKOIKOBI rpubu, nNenTocTpenTo-
kKoku [11-12]. MeTabonitm MikpoGioLEeHO3y KMLLIEYHMKY
(outoBa, nponioHoBa, MacnsHa, MOJSIOYHA, LLaBerneBo-
ouTtoBa, G-keTornyTapoBa Kucrnota, eHinnponioHoBa
KWCNOTa, N-KPes3osi, cKaTon, iHAoM) BMBYaNM METOAOM
iMyHODEpPMEHTHOrO aHanisy 3 BUKOPUCTaHHAM iMyHOe-
PMEHTHUX Habopax BMpoOOHMUTBaA KoMMaHii «Labor
Diagnostika Nord» (HimeuyunHa), 3abe3nevye BUCOKY
crneundidHiCTb eKkcTpakLii, Wo € HeobXigHOW YMOBO
cneumgiyHOCTi camoro aHaniay.

CTaTUCTUYHI riNoTe3n Npo HasiBHICTb abo BiACYTHICTb
3HAYUMMX PO3XOAXKEHb pesyrnbTaTiB NikyBaHHA npenapa-
TOM Ans pi3HMX BapiaHTiB GionoriYHOro cratycy nauieHTis
nepeBipsAnNncs 3 BUKOPUCTAHHAM YOTUPLOXKNITUHHOIO —
KpuTepito [11].

Pe3ynbTaTyn Ta ix 06roBOpeHHs

Ha Hawy gymky BaknmeuMM natodpisionoriyHnum dhakto-
POM HECMPOMOXHOCTI aHACTOMO3IB, LU0 3HWXKYE MILHICTb
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LLNYHKOBUX i KULLKOBWX COYCTiW, € iH(piKyBaHHA caMoi 30HM
TKaHWH, L0 aHacToOMO3yl0Tb. Y 3B'A3KY 3 LM, METOI JaHO-
ro nigpo3ainy pobotn Gyno BMBYEHHSI MiKpOOGIONOrYHOro
NPOINto KMLLEYHWKY Y XBOPWUX Ha pak LUNyHKa i Moro npo-

rHOCTUYHE 3HaYeHHs B AjiarHocTuui, Tepanii i npodinakTmui
OHKOJSIOriYHOI 3aXBOPHOBAHOCTI HACENEHHS.
Pe3ynbTaT BUBYEHHS MIKPOGIOLIEHO3Y KULLEYHUKY Y
XBOPWX Ha pakK LWyHKa, HaBeAEHHMX y Tabnuui 2.
Tabnuus 2

CmaH MikpoBioueHO3y KUWEYHUKY y X80pUX Ha paK WiTyHKa 8 3a1eXHOCmi 8id cmaHy aHacmomo3y.

HocnigHa rpyna
Buan mikpoopraHiamis (n=74) "pyna nopiBHAHHA
KYO Ha 1r cekaniit (Lg) |-a rpyna — HeCNPOMOXHICTb Il-ra rpyna yMOBH(?1-=33ﬂ(;))pOBMX
weiB (n= 16) (n=58)
Bifidobacterium 3,06+0,31* 4,27+0,45 * 9,85+0,54
Bacteroides 1,80£0,25 * 3,25+0,50 * 10,2210,64
Lactobacillus 2,58+0,18 * 4,08+0,20 * 6,95+0,50
Escherichia: 12,00+0,65 10,04+0,65 9,25+0,61
NaKTO30HeraTuBHI 9,15+0,38 * 7,63+0,40 * 6,45+0,35
FEMONITUYHI 3,7240,24 * 2,83£0,27 * 1,150,12
Enterobacteriaceae 2,15+0,22 * 2,95+0,21 * 4,27+0,25
Pseudomonas aeruginosa 3,75+0,28 * 1,20+£0,17 * 0
Enterococcus: 8,05+0,41 * 6,95+0,54 * 5,67+0,33
remMoniTUyHi 2,80+0,33 * 1,65+0,28 * 0
Staphylococcus: 8,25+0,94 * 6,55+0,53 * 2,54+0,31
Koarynasono3uTHBHi 3,55+0,34 * 1,74+0,29 * 0
Streptococcus bovis 4,07+0,20 * 2,22+0,18 * 0
Peptostreptococcus 7,28+0,52 * 6,45+0,37 * 4,37+0,29
Clostridium 8,360,78 * 5,12+0,60 * 3,26+0,38
Candida albicans 3,66+0,23 * 2,05+0,21 * 0
Helicobacter pylori 1,97+0,23 * 1,25+0,23 * 0

lMpumimka: Lg — decamuyHull noeopucpm 8id KYO/e

Bbyno BctaHoBneHo poctoBipHe (p<0,05) 3HWKEHHS
nakTto- Ta GicinobakTepin, 6akTepoigiB i LUMTpaTCUHTE-
3yloumx eHTepobakTepin (Tabnuud. 2), BignoeigHO Ha
6,3%, 19,8%, 65,1% i 53,7%, L0 YTBOPIOIOTb HOPMarnbHYy
MiKPONOpPY KWLLUKOBO-LLTYHKOBOIO TPAKTY Y BCiX nauieH-
TiB XBOPUX Ha pak LUMyHKa.

Taka gnHamika npouecy cnoTpiraetbca Ha Thi nigBu-
LEeHHs1 3aranbHoi KinbkocTi escherichia coli Ha 29,3%,
nepeBaXHO OinbLUICTb SKMX CKNanu remoniTu4Hi dop-
Mu. 3 HedhepMeHTYIOUMX MIKpOoopraHi3amiB crnocTepirano-
cs 36inblueHHs kokoBoi dorniopy — Staphylococcus Ha
185,2%, Peptostreptococcus Ha 41,4%, Enterococcus Ha
30,5%; Clostridium Ha 113,3% i Candida albicans Ha
273,6%.

Y XBOpPMX Ha pak LUMyHKa cepen YMOBHO-NATOrEHHMX
MiKpOOpraHiaMiB MpoBigHY ponb BigirpaTs rpubu poay
Candida albicans, reMoniTU4HI Enterococcus,
Pseudomonas aeruginosa, Koarynasono3uTuBHi
Staphylococcus (Tabn.2).

Mpy NOpPIBHAHHI NOKa3HUKIB MiKpOBiOLMHO3Y y nauieH-
TiB Ha pak WryHka, skum Byno npoBedeHO onepaTuBHE
BTPYYaHHs,, BCTAHOBMNEHO OOCTOBIPHY Pi3HWULIO MiX rpy-
namu. Tak y nauieHTis, |-i rpynu BCTaHOBMNEHO OOCTOBIp-
He 3HWKeHHs (p<0,05) 3HWkeHHs nakTo- Ta BidigobakTe-
pin, GakTepoigiB i LMTPATCMHTE3YIOUMX EeHTepobaKkTepin,
Ta NiABULLIEHHS reMoniTU4HI Enterococcus,
Pseudomonas aeruginosa.
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Ha oco6nuBy yBary 3acnyroBye Tow ¢akT, Lo y XBO-
puX Ha pak LnyHka goctoBipHo (p<0,05) 36inbLieHo BUW-
saBneHHs Helicobacter pylori Ha 92,6%. Takox Bu3Ha-
yeHHs y 82,5% nauieHTiB Ha pak wnyHka Streptococcus
bovis, Moxe GyT paHHbO O3HaKOK PO3BUTKY KaHLLEpO-
reHesy Ta HECMPOMOXHOCTI aHacTomo3iB. OTpumaHi Hamn
OaHHI y3romKyrTbCa 3 OOCHIMKEHHAMW, Y TOMY 4umchi
KNiHIYHUMK, GaraTbOX BYEHMX, siki OynM cnpsiMoBaHi Ha
BUSIBMIEHHSI MIKDOOPraHi3MiB, 3arny4eHux y po3BUTOK paKy
KMLLKOBO-LUMYHKOBOrO TPaKTy, y pe3ynbTaTi Yyoro, Baano-
csa BuginuTK psg 6akTepin, NOTEHUINHO NpUYeTHUX A0
PO3BUTKY 3aXBOPHOBAHHS: Streptococcus bovis,
Helicobacter pylori Ta iHLWKX.

BusHauyeHHs1 MeTaboniyHMx nokasHukiB MikpobioLe-
HO3y y XBOPWMX Ha paK LUNyHKa BWSIBUNO [AOCTOBIpHE
(p=<0,05) 3HMKEHHSA BMICTY KapbOHOBUX KUCIOT: OLTOBOI,
NPOMiOHOBOI, MACMAHOI i MOSIOYHOI KMCMNOTK BiANOBIAHO
Ha 72,3%, 57,8%, 64,1% i 75,6%, WO y3rogxyeTbcs i3
3HWKEHHAIM KiNbKOCTi aHaepoBHOT KMLWKOBOI Mikpodhriopu
(nakto- Ta bidinobakTepii, 6akTepoign). BcraHoBneHo
poctoeipHe (p<0,05) 3HWXKEHHS piBHIB G-KeTOrNyTapoBoi
i WasneBo-ouToBOI kncnotn Ha 49,8% i 60,6%, wo nigT-
BepxXye cnabky OioxiMiyHy aKTUBHICTb aepobHMX Ta
aHaepobHux HakTepiii, 0cobnMBO MO BiAHOLUEHHIO NepeT-
paBneHHs Byrnesogis (Tabn. 3).
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Tabnuus 3

lMoka3Huku MemaboniyHoT akmueHocmi MikpobIoUEeHO3y y X80pUX Ha paK WilyHKa

"pyna cnoctepexeHHs, M+m
MeTtaboniyHi nokasHuku (mr/n) Aocninwa rpyna (n=74) pyna yMOBHO-30,0pOBUX
I-a rpyna — HECPOMOXHICTL ll-ra rpyna nauieTis, (n-30)
weiB (n= 16) (n=58)
Kap6oHoBi kucnotu:
- ouToBa 345,62+15,38* 557,65+18,20* 1425,10+19,35
-rponioHoBa 69,6515,35* 80,1448,25* 200,85+15,71
-macnsHa 54,27+4,52* 60,33+3,54* 151,34+7,23
-MonoyHa 86,33+7,14* 108,11+5,75* 390,45+11,82
[ikap6oHoBi kucnoTu:

-G-KeTornTaposa 68,3414,92* 80,1414,23* 145,20+7,92

-L|aBenesooLToBa 8,33+6,15 10,42+5,65 20,05+1,98

ApomaTn4Hi cnonyku:

- n-Kpeson 5,44+0,16* 3,13+0,12* 1,12+0,05

-iHgon 6,07+0,13* 4,27+0,15* 1,34+0,04

- ckaron 6,53+0,14* 3,60+0,13* 1,29+0,03

-beHinnponioHoBa Kucnota 4,96+0,37* 2,85+0,29* 1,15£0,012

AMiHu:

-MeTunamiH 2,53+0,22* 1,28+0,19* 0,32+0,014

- rictamiH 2,66+0,18* 1,17+0,10* 0,28+0,018

-CEePOTOHiIH 8,24+0,57* 4,03+0,36* 1,62+0,15

lNpumimka: * pisHuys sipoeioHa P< 0,05

Mpocbinb MeTaboniTiB KULWKOBOro BMICTY, XapakTepu-
3yBaBCs 30inblUeHHsAM Binbl HiX y 3,2 pasu 3aranbHoi
KiNbKOCTI iHAONY, cKaTony, n-kpesony, i deHinnponioHo-
BOi KMCMNOTW Yy nauieHTiB |-I rpynu. 3aranbHa KinbkicTb
apoMaTu4HUX pedvoBuMH nigsuwyBanaca Ha 278%, n-
kpesony Ha 315%, iHgony Ha 365% i ceHinnponioHoBOI
KUCroTn Ha 254%. Taky guHamiky npouecy cnif Bpaxo-
ByBaTU Npu BMOOPI TaKTWKM ONEpPaTUBHOIO BTPYYaHHS,
0cobnmeo Npu POpMyBaHHI TOHKO-TOHKOKULLKOBOIO pe-
3epByapy abo aHacToMo3y, TOMY L0 AaHi 3MiHW MOXYTb
NpU3BeCTN A0 PO3BUTKY 3ararbHOi iHTOKCUKaLii Ta BUHU-
KHEHHS yCKNagHeHb, TakuX ik HECMPOMOXHICTb LUBIB.

Mporpama gocnigkeHb nepefbavana BUBYEHHS! CTa-
HY CMOMYyYHOI TKAHUHM Yy XBOPUX Ha pakK LUNyHKa Ans BU-
3Ha4YeHHA naTodi3ioNnoriyHMX MexaHiamiB (PopMyBaHHSA
HECMNPOMOXHOCTi aHaCcTOMO3iB BpaxoOBYHOUW, LLO BOHA
Bifirpae BupillanbHe 3Ha4YeHHs Anst 36epexkeHHs Uinic-
HOCTi Ta repMETUYHOCTI KMLLKOBOTO LUBA.

BuBYeHHA MOKa3HWKIB CMOMYYHOI TKAHWUHW, BUSIBUNO
[OOCTOBIPHO BULLY aKTUBHICTb enacrasn y xsopux I-i rpy-
NN Ha paK LNyHKa He 3anexHo Big MiKpocaTeniTHOI He-
crabinbHocTi (94,1£14,4 nr/mMn) piBHi, WO NEepeBuLLYIOTb,
YMOBHO-3[10POBOi FPYNN CMOCTEPEXEHHS, BiANOBIOHO Yy
4,0 pa3n. OgHak nNpuv NOpPIBHSAHHI PiBHIB enacTasun 3a rpy-

naMu BCTaHOBMEHO, WO Y I-i rpyni uen nokasHuk GyB
30inblieHnii B 2,8 pasu B MOPIBHSIHHI 3 KOHTPOJSIbHO
rpynoto Ta mMaB AOCTOBIPHY Pi3HULIO MPU MOPIBHAHHIN 3
nauieHtamu Jpyroi rpynM B SKMX He crnocTepiranucb
ABMLLA HECMIPOMOXHOCTI aHacToMO3iB (Tabn.4).

Pasom 3 Tum, cnig 3asHauntu, wo Al Benukowo Mi-
poto Oynu nigBuLeHi B nnas3mi Kposi xBopwux |-i rpynu
XBOpMX Ha pak wnyHka (72,9+4,0 mkmonb/n), wo y 2,2
pasu nepesuLLyBano, BiANOBIAHO 3HAYEHHS rpynu yMoB-
HO-300pOBMX MaujieHTiB. Y nauieHTiB II-i rpynn 3 oHko3ax-
BOPIOBaHHAM LWNyHKa, piBHi Al niaBuLLyBanucb He Tak
3HayHO, xo4a i 6ynM OOCTOBIPHO PiI3HUMW B NMOPIBHSAHHI 3
YMOBHO-3[J0POBOI0 MPYMoto.

KonareHoniTmyHa akTUBHICTb NMnasMy KpoBi Mana
CXOXYy AMHaMIKy i He 3anexana Bif, piBHIB KpiornobyniHiB
Ta MikpocaTeniTHoi HecTabinbHocTi. BoHa mana npsamui
CUNBbHUIN  KOPPENATUBHUA  3B'A30K 3  MOKa3HMKaMM
aKkTMBHOCTI enactasn. 3HadeHHs KJTA y naujeHTiB 3 pa-
KOM LUnyHKa cTaHoBuB (68,5+3,4 MKMOnb OKcunponiHy/
n/r), pieHi KITA B nnasmu KpoBi nepesuLLyBanu AaHi ymo-
BHO-3[0POBWX NauieHTiB 6inbl HiX y 5 pasis, Wwo 3abes-
neyye LbOMY MOKa3HUKY BaXKNMBE [iarHOCTUYHE i Mpo-
FHOCTMYHE 3HAYEHHS.

Tabnuuys 4
JuHamika 6ioxiMiyHUX MOKa3HUKI8 cmaHy Crosy4YHOI MKaHUHU y X80PpUX Ha pak WiyHKa 8 3arexHocmi 8id cmaHy weie aHacmomo3sie.
pyna cnocTepexeHHs MokasHmky, Mim
Py P Enacrasa (nr/mn) Al (Mkmonb/n) KINNA(MKMonb okcunponiHa/n-r)
|-a rpyna — HasiBHiCTb . . .
HECMPOMOXHICTb LWBIB (N= 16) 94,1+14,4 72,9+4,0 68,5+3,4
ll-ra rpyna — 3 BiACYTHICTIO O3HaK % " "
HECMPOMOXHOCTI LLBIB (n= 58) 71,64,8 42,9+2,2 49,743,2
. yon. — 7,3+0,56*
- = + + ) )
YmoBHo-3g0poBi (n=30) 27,3+1,8 35,84+1,2 i, — 7,6£0.43*

lNpumimka: * sipoeioHicmb docmosipHa P<0,05

BUCHOBKM

BpaxoByloun BuLLE3a3HAYEHE, MOXHA 3pobUTU BU-
CHOBOK LLO Yy XBOPMX Ha pak LUMyHKa CrocTepiraeTbecs
ONCOaKTEPIO3 KULLEYHWKY, SKUA XapaKTepu3yeTbCs Npur-
HiYEHHSIM 3aX1CHOI | aKTUBaLi€l0 YMOBHO-NATOreHHOI MiK-
podhnopu Ha ¢poHi NOpYLLEHHS NPOLECIB TPaBMEHHs Byr-
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neBofiB, XMpiB, BINKiB i HAKONMUYEHHS TOKCUYHUX MPOAYK-
TiB OOMiHy, IO € BaXNNBUM NaTOrEHETUHHUM (haKTOPOM
akTuBaLii, iHayKuii, nponidepauii i meTannasii nyxnuMHHOI
TKaHWHW. HasiBHICTb Yy XBOpMX Ha pak LnyHka
Streptococcus Bovis, Moxe 6yTn paHHiM Mapkepom pos3-
BUTKY 3axBOptoBaHHSA. MNposigHM MetaboniyHnm npodi-
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nem MikpobioLleHO3y Npu PO3BUTKY paky LUMyHKa, € 3Hau-
He Hakonu4yeHHs BioreHHNX amiHiB, WO B CBOK Yepry Mo-
e MaTu NPOrHOCTUYHE 3HAYEeHHA AN AiarHoCTUKW, Ta
BM3HAYEHHIO NaTOreHETUYHOI Tepanii y XBOpUX pak Lwny-
HKka. PesynbTaTy OoOCNimpKEHHs MikpoGioLueHo3y KuLleu-
HUKY Y XBOPWX Ha pak LufyHKa cBig4aTb NpPO NOPYLUEHHS
MiXXKBMAOBWX CniBBigHOLEHb MiKpodhniopy, WO 3acensiTb
KMULLIEYHWK Y HOPMi. HWKEHHS piBHS NnakTo- Ta bidigoba-
KTepii i ©akTepoigiB, AKi y NPOLEC XUTTEQIAMNBHOCTI
YTBOPIOIOTE MOJIOYHY, OLTOBY, MypaLUuHYy, SSHTapHY Kuc-
NOTU, MOXEe ABMATUCA OAHIEI0 3 HANBAXKMMBILUMX NPUYMH
3MiHW TPOMIYHOI, 3aXMCHOT, METABONIYHOT i IMyHOMOriYHOT
YHKLT KMLLKOBO-LUMYHKOBOIO TPaKTY, Y 3B'A3KY i3 3MiHOIO
B KMLWEYHWKY pH-cepenosuLLa.

AHani3 pesynbTaTiB 4OCMIMKEHHS CBiAYMTb, LLO He-
CMPOMOXHICTb aHAaCTOMO3IB Y XBOPUX Ha pak LUyHKa Cy-
NPOBOLKYETHCHA TMMOOKMMMW MOPYLUEHHAMU OOMiHY cno-
JIYYHOI TKaHUHK | NigTBEPOKYETLCA MiABULLEHHAM aKTUB-
HOCTi enacTtasu, KonareHoOniTiYHOI aKTUBHOCTI CMPOBAaTKM
KPOBI i BMICTY B Hiil rniko3amiHornikaHis. MNoka3HuK akTu-
BHOCTI enacrtasu Ta rnikosamiHornikaHis moxe 6yTu npo-
FHOCTUYHUM KpUTEPIEM ANS HECNPOMOXHOCTI LUBIB Npwu
3[iMCHEHHI NikyBanbHUX 3axoais. Bucokni kopenauinHmn
3B'A30K Mi>K AMHaMIKOO akTUBHOCTI enacTtasu i konareHo-
NITUYHOIO aKTUBHICTIO MMa3Mu KPOBi NMPKU Pi3HUX NO HasB-
HOCTi MiKpocaTeniTHOI HecTabinbHOCTI CTYMEeH0 BUpaXxe-
HOCTI kpiorno6yniHemii, 4O3BONSIIOTE BUKOPUCTOBYBATH iX
SIK MOHITOPWHIOBI KpUTEpIii eheKTUBHOCTI NaToreHeTUYHOI
Tepanii.

JlitepaTtypa

1. Bepnos B.A. KombuHupoBaHHOe neveHvne paka xenyaka c
npeaonepaumoHHbIM U MHNpaonepauyoHHbIM 0bryd4eHnemM
| B.A. Beppos., B.1O. Ckoponag., K.B. NMaxomeHko [u ap.] //
MpaxT. oHkonorus. — 2001.- Ne 33. — C. 35-44.

2. NaebigoB M.M. CoBpemeHHast cTparerms Xmpypruiyeckoro
nedyeHuss paka xenygka / M.A. OaeeigoB, M.O. Tep-
OBaHecos // CoBpemeH. OHkon. — 2010. —Ne 3 1. — C. 4-
10.

3. lyxaHuHa E.A. CpaBHUTeNbHbIV aHanu3 BblAeneHne me-
Tactatudeckoro mapkepa S100A4 MMMYHHbIMK U OMyXo-
nesbiMu kneTkamu / E.A. [lyxaHuHa, T.U. NykbsiHoBa, E.A.
PomaHoBa [u gp.] // BronneteHb akcnepuMeHTanbHon 6u-
onorun n meauumHsbl.- 2008. —T.145, Ne1. — C.85-87.

4. Martling A.L. Stockholm colorectal cancer study group.
The Stockholm Il trial. Preoperative radiotherapy in rectal
carcinoma. Long-term follow-up of a population based
study / A.L. Martling, T. Holm, H. Johansson et al. //
Cancer. — 2001. — Vol. 92. — P. 896-902.

47

10.

11.

12.

13.

14.

15.

16.

FOpueHko A.A. KnuHunyeckoe 3HayeHWe HEKOTOpbIX TKaHe-
BbIX MapKepoB MeTacTas3vpoBaHWUS MpWU pake Xenyaka:
ABTOpedbepaTt AnccepTaummn Ha CouckaHue y4yeHoun cTene-
HU K.M.H. — M. — 2007.

Maspunos B.B., Jlobko H.®., KoHeB C.B. Onpegenexue
TUPO3MH- 1 TpunTodaHcodepXalux NenTMaoB B nnasme
KPOBM MO nornolieHnio B Y®-obnactu cnektpa // KnuH.
nab6. anar. — 2004. — Ne 3. — C. 12-16.

Bressan A., Marini L., Michelotto M. Risk factors including
the presence of inflammation at the resection margins for
colorectal anastomotic stenosis following surgery for
diverticular disease. // Colorectal Dis. 2018 Apr 28. doi:
10.1111/codi.14240. [Epub ahead of print].

Desantis M., Bernard J.L., Casanova V. Morbidity, mortal-
ity, and oncological outcomes of 401 consecutive cytore-
ductive procedures with hyperthermic intraperitoneal che-
motherapy (HIPEC). // Langenbecks Arch Surg. — 2015. —
T.400. P. 37-48.

Bartlett E.K., Meise C., Roses R.E. Morbidity and mortality
of cytoreduction with intraperitoneal chemotherapy: out-
comes from the ACS NSQIP database. // Ann Surg Oncol.
—2014. -T.21. - P.1494-500.

Levine E.A., Stewart J.H., Shen P., Russell G.B. Intraperi-
toneal chemotherapy for peritoneal surface malignancy:
experience with 1000 patients. // J Am Coll Surg. — 2014.
—T.218. — P.573-585.

Collins, M.J., Li, X,, Lv, W,, Yang, C., Protack, C.D., Muto,
A. et al. Therapeutic strategies to combat neointimal hy-
perplasia in vascular grafts. Expert Rev Cardiovasc Ther.
2012. - Ne 10. — P. 635-647.

Jain, M., Singh, A., Singh, V., and Barthwal, M.K. Involve-
ment of interleukin-1 receptor-associated kinase-1 in vas-
cular smooth muscle cell proliferation and neointimal for-
mation after rat carotid injury. Arterioscler Thromb Vasc
Biol. -2015 - Ne 35. - P 1445-1455

Sato A., Kawamoto S., Watanabe M. A novel biodegrad-
able external mesh stent improved long-term patency of
vein grafts by inhibiting intimal-medial hyperplasia in an
experimental canine model. // Gen Thorac Cardiovasc
Surg. —2016. - T. 64. — P. 1-9.

Whitbeck M.G. and Applegate, R.J. Second generation
drug-eluting stents: a review of the everolimus-eluting
stents: a review of the everolimus-eluting platform.// Clin
Med Insights Cardiol. — 2013. - T. 7. — P. 115-126.
Ghilagavathi, G. and Viju, S. Silk as a suture material. in:
A. Basu (Ed.) Advances in silk science and technology. //
Woodhead Cambridge. — 2015. — P. 220-232.

Seedial S.M., Ghosh S., Saunders R.S. Local drug deliv-
ery to prevent restenosis. // J Vasc Surg. — 2013. - T. 57.
—P. 1403-1414.

Marepian Haaiviwos fo peaakuii 06.03.2018



Tom 22, N 1-2 2018 p.

ENGLISH VERSION: PATHOPHYSIOLOGICAL MECHANISMS OF DEHISCENCE
OF ANASTOMOSE SUTURES IN PATIENTS WITH ONCOPATHOLOGY*

Movchan O.V., Titkova A.V.
Kharkiv Medical Academy of Postgraduate Education
Department of Clinical Pathophysiology, Topographic Anatomy and Surgical Surgery Kharkov, Ukraine

It should be recognized that the creation of optimal conditions for healing of intestinal sutures is the main reserve for
improving the results of surgical intervention on the organs of the gastrointestinal tract. The urgent issues of
pathophysiology associated with oncopathology remain the inability of seams of anastomosis and stomaty. The purpose
of the work is to determine the pathophysiological mechanisms and criterion-significant indicators of inability to sew
anastomosis. In the study of this issue, an analysis of the immediate results of treatment of 74 patients, which was a
test group, which operative treatment was performed in a radical volume. Patients were divided into two groups
according to the anastomosis failure: Group Ia - patients who had been operated on for gastric cancer and who had
anastomosis failure - 16 patients, II group 58 patients - who had been surgically inoperative and had not been
diagnosed insolvency The patients of each group were divided into four subgroups, depending on the presence of
instability of microsatellites in the locuses of the VAT-25, VAT-26. The presence of Streptococcus Bovis stomach cancer
patients may be an early marker of disease progression. The leading metabolic profile of microbiocenosis in the devel-
opment of stomach cancer is the significant accumulation of biogenic amines. The analysis of the results of the study
shows that the failure of anastomosis in patients with gastric cancer is accompanied by profound disorders of the me-
tabolism of connective tissue and is confirmed by increased activity of elastase, collagenolithic activity of blood serum
and its content of glycosaminoglycans. The activity of elastase and glycosaminoglycans may be a prognostic criterion for

insufficiency of seams in the course of treatment.

Key words: microsatellite instability, inability of seams of anastomosis, microbiocynosis.

Introduction

The urgent issues of pathophysiology associated with
oncopathology remain the dehiscence of sutures of anas-
tomoses. This complication is observed in 2-3.5% of
cases with surgical interventions for gastric cancer in 9%
with operations on thin and in 5-25% of cases with opera-
tions on the colon [1-4]. The probability of failure in-
creases with the formation of anastomoses in conditions
of the altered intestinal wall, which is observed in onco-
pathology of the intestinal-gastrointestinal tract. It should
be recognized that the creation of optimal conditions for
healing of intestinal sutures is the main reserve for im-
proving the results of surgical intervention on the organs
of the gastrointestinal tract [5, 6].

The integrity of surgical sutures depends on a number
of reasons, both from the organs themselves and from
non-organic changes. It is possible to distinguish be-
tween three main groups of causes that affect the integ-
rity of anastomosis and stomata in oncopathology: the
state and pathomorphological processes that occur in the
organs subject to anastomosis; the adverse factors upon
which these sutures are superimposed or the adverse
factors that arise in the postoperative period; technical
features of suture joints.

The first group of causes is, of course, the leading in
terms of pathophysiology, because the vitality of the or-
gan's wall primarily affects the ability of seagrass and an-
astomoses. These include: active tissue inflammation;
intravenous and general circulation disruption; increased
intracranial pressure; hypoproteinemia; local infection.

In experimental studies [7], devoted to the study of heal-
ing of anastomosis, an important role of collagen in the for-
mation of a community was determined. Thus, in the first
days after surgical intervention there is a massive collagen
lysis in the anastomosis zone, and the processes of its syn-
thesis are suppressed. Therefore, "collagen equilibrium" is
crucial for maintaining the integrity and tightness of the intes-
tinal suture. Infection of the suture zone leads to a significant
increase in collagen lysis and dehiscence.

Another important factor that reduces the strength of
the gastric and intestinal soybeans is the infection of the
tissue itself that is anastomosis [5, 8, 9]. Infection occurs
as a result of the contact of the suture channels and su-
ture material (ligaturn infection) with the lumen of the
body and its contents, which causes the penetration of
the microflora into the thickness of the sewn tissue with
the subsequent development of inflammatory and ne-
crotic processes in them.

In the area of anastomosis in the early stages, there
are always favorable conditions for the development of
the microflora — the presence of ischemia, nutrient me-
dium in the form of blood balances, changes in pH, oxi-
dation-reducing potentials. Therefore, the infection of the
anastomosis zone is a natural process and depends on
the type of intestinal sutures and concentration of mi-
crobes, their type and interaction in the organ's lumen.

The purpose of the work is to determine the patho-
physiological mechanisms and criterion-significant indica-
tors of anastomosis sutures dehiscence.

Materials and methods

In the study of this issue, an analysis of the immedi-
ate results of treatment of 74 patients, which was a test
group, which operative treatment was performed in a
radical volume. Distribution of patients depending on the
stage — T2-3 NO MO — 17.5%, T2-3 N1-2MO0 — 73.2%, T4
N1-2M0 — 9.3%. Most patients (77%) had adenocarci-
noma. Squamous cell carcinoma has been found in
13.5% of cases. In all patients, the diagnosis of cancer
was morphologically verified before surgery.

Patients were divided into two groups according to
the anastomosis failure: Group la — patients who had
been operated on for gastric cancer and who had anas-
tomosis failure — 16 patients, Il group 58 patients — who
had been surgically inoperative and had not been diag-
nosed with dehiscence. The patients of each group were
divided into four subgroups, depending on the presence
of instability of microsatellites in the locuses of the VAT-
25, VAT-26 (Table 1).

* To cite this English version: Movchan O.V., Bagmut I.Yu., Titkova A.V. Pathophysiological mechanisms of dehiscence OF anastomose
SUTURES in patients with oncopathology // Problemy ekologii ta medytsyny. - 2018. - Vol 22, Ne 1-2. - P. 48-52.
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Table 1

Distribution of patients depending on the stability of microsatellites VAT-25, VAT-26

and the state of anastomosis sutures.

Stability of microsatellites, n
Group pa- VAT-25 — VAT 25 - VAT 25 + VAT 25 +
tients VAT-26 — VAT 26 + VAT 26 - VAT 26 +
n n=35 n=10 n=20 n=5
x*=5.85* X’=2.74 x?=3.52 x?=0.31
I-group 8 3 1 2 1 0 1 0
n=16 (62.86%) (14.29%) (10.00%) (20.00%) (5.00%) 0 (20.00%) 0
lI-group 8 14 17 6 0 12 0 1
n=58 (8.57%) (14.29%) (60.00%) (10.00%) 0 (20.00%) 0 (5.80%)

The studies were carried out on dewaxed sections
with a thickness of 4-5 microns, with the previous anti-
damask decontamination in citrate buffer (pH 6.0) in a
microwave oven with a power of 600 W for 10 minutes.
An EnVision system (Dako Cytomation, Denmark) was
used to visualize the reaction products.

Microsatellite instability was evaluated using a poly-
merase chain reaction using two quasimomorphic mono-
cellular markers, VAT-25 and VAT-26.

Polymerase chain reaction was carried out according
to the standard scheme on the thermocycler program
Tercyk-2 of DNA production.

The following primers for the Wat-26 microsatellite
sequence were used: 5-TGA CTA CTT 'TGG ACT TCA
GCCGC-3;

5'-AAC CAT TCAACATTT TTA ACC C-3', and

5'-TCG CCT CCA AGA ATG TAA GT-3 'and

5-TCT GCATTT TAA CTA TGG CTC-3 ‘for VAT-25:

The PCR result was evaluated in 8% polyacrylamide
gel, followed by coloring in a solution of bromide ethidium
at a concentration of 1 mg/ml. As a marker of molecular
weight, DNA plasmids puc19, hydrolyzed with the en-
zyme Hpall, were used.

Criteria for the hypothesis: — there are no statistically
significant differences in the effectiveness of the drug and
there are: statistically significant differences in the effec-
tiveness of the drug and present.

Examination of hypotheses is carried out by compar-
ing the value of the criterion calculated by the formula
with the critical value determined by the table for a given
number of degrees of freedom and equal significance p
<0.05. If at that, then the hypothesis about the independ-
ence of treatment outcome from therapy with a 95% reli-
ability is rejected. Otherwise, this hypothesis is accepted.

The blood plasma determines the content of glyco-
saminoglycans, the activity of the enzyme elastase, and
the collagenolytic activity (CLA) of the plasma, which can
provide useful information on the state of structural and
metabolic and metabolic processes in the connective tis-
sue. Blood plasma CT scan was performed on the total
amount (in enzymatic hydrolysis) of free and peptide-
bound oxyproline in a diagnosed sample. To do this, they
found, according to the calibration curve, the optical den-
sity of the value of the amount of oxyproline at a wave-
length of 570 mk. The blood plasma levels were ex-
pressed in micromoles of oxyproline by 1 liter of blood
plasma for 1 hour (umol/l g) [12-15].
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Total glycosaminoglycans (sour mucopolysacharides)
were determined in blood serum using trichloroacetic
acid and a known carbazole reaction, which provides vio-
let-pink coloration. The photometric measurements of the
samples under investigation were carried out at a wave-
length of 530 nm. The content of GAG in serum was ex-
pressed through hexuronic acids in micromoles / liter.
(umol/L) [16].

Blood elastase was tested by immunoassay using
monoclonal antibodies and a set of reagents (Human
PMN Elastase Elisa RD 191021100) according to the in-
structions of the company Biovendor, added by Ger-
many.

In order to find out the degree of intestinal dysbiosis,
common bacteriological methods were determined in fe-
ces of bifidobacteria, bacteroids, lactobacilli, escherichia,
proteins, sinus spider, staphylococci, enterococci, clos-
tridia, yeast mushrooms, and peptostreptococci [11-12].
Metabolites of intestinal microbiocenosis (acetic, propi-
onic, oily, lactic, oxalic-acetic, p-ketoglutaric acid,
phenylpropionic acid, n-cresol, skatole, indole) were stud-
ied by gas-liquid chromatography on a chromatograph
"Color 1000". Determination of metabolites in the extract
of feces was were studied by the method of immuno-
enzymatic analysis using the immune enzyme kits of the
company "Labor Diagnostika Nord" (Germany), provides
a high specificity of extraction, which is a necessary con-
dition for the specificity of the analysis itself.

Statistical hypotheses about the presence or absence
of significant differences in the results of drug treatment
for different variants of the biological status of patients
were verified using a four-cell — criterion [14].

Results and discussion

We believe that an important pathophysiological fac-
tor in the failure of anastomoses, reducing the strength of
the gastric and intestinal anastomosis is infection of the
tissue zones that anastomoses. In this regard, the pur-
pose of this subsection study was to investigate microbi-
ological profile intestine in patients with gastric cancer
and its prognostic value in the diagnosis, treatment and
prevention of cancer morbidity.

Results of the study of intestinal microbiocenosis in
patients with gastric cancer, shown in Table 2.
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The state of microbiocenosis in the intestine in patients with stomach Z:géeerz.
Patients group
Types of microorganisms (n=74) Group health patients
KUO for 1 g feces (Lg) I - group II- group (n=30)
(n=16) (n=58)

Bifidobacterium 3.06+0.31 * 4.27+0.45* 9.85+0.54

Bacteroides 1.80+0.25* 3.25+0.50 * 10.22+0.64

Lactobacillus 2.58+0,18 * 4.08+0.20 * 6.95+0.50

Escherichia: 12.00£0.65 10.04+0.65 9.25+0.61

Lacto-positive 9.15+0.38 * 7.63£0.40 * 6.45+0.35

hemolitical 3.7240.24 * 2.83£0.27 * 1.15+0.12

Enterobacteriaceae 2.15+0.22 * 2.95+0.21* 4.27+0.25
Pseudomonas aeruginosa 3.75+0.28 * 1.20£0.17 * 0

Enterococcus: 8.05+0.41 * 6.95+0.54 * 5.67+0.33
hemolitical 2.80+0.33 * 1.65£0.28 * 0

Staphylococcus: 8.25+0.94 * 6.55+0.53 * 2.54+0.31
Coagulo-positive 3.55+0.34 * 1.74£0.29 * 0
Streptococcus bovis 4.07+0.20 * 2.22+0.18 * 0

Peptostreptococcus 7.28+0.52 * 6.45+0.37 * 4.37+0.29

Clostridium 8.36+0.78 * 5.12+0.60 * 3.260.38
Candida albicans 3.66+0.23 * 2.05+0.21* 0
Helicobacter pylori 1.97+0.23 * 1.25+0.23 * 0

Note: Lg is the decimal graph of the KUO / g

It was found that there was a significant decrease
(p=<0.05) in the reduction of lactobacter bifidobacteria,
bacteroids and citrate synthesizing enterobacteria (Table
2), respectively, by 6.3%, 19.8%, 65.1% and 53.7%,
which form normal micro-flora of the intestinal-
gastrointestinal tract in all patients with cancer of the
stomach.

This dynamics of the process is trodden against the
background of an increase in the total number of es-
cherichia coli by 29.3%, the overwhelming majority of
which were hemolytic forms. Of non-fermenting microor-
ganisms, an increase in coca flora was observed —
Staphylococcus at 185.2%, Peptostreptococcus by
41.4%, Enterococcus by 30.5%; Clostridium by 113.3%
and Candida albicans by 273.6%.

In patients with gastric cancer among the condition-
ally pathogenic microorganisms the leading role is played
by fungi of the genus Candida albicans, hemolytic En-
terococcus, Pseudomonas aeruginosa, coagulase-
positive Staphylococcus (Table 2).

When comparing microbiocinosis in gastric cancer
patients undergoing surgical intervention, a significant
difference was found between the groups. Thus, in pa-
tients of Group Il, a significant decrease (p<0.05) in the
reduction of lactobacter bifidobacteria, bacteroids and
citrate synthesizing enterobacteria, and an increase in
hemolytic Enterococcus, Pseudomonas aeruginosa.
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Particular attention should be paid to the fact that in
patients with gastric cancer, the detection of Helicobacter
pylori (92.6%) is significantly (p<0.05). Also, the determi-
nation of 82.5% of Streptococcus bovis stomach cancer
patients may be an early indication of carcinogenesis and
anastomosis failure. The data we receive are consistent
with studies, including clinical ones, by many scientists
who have been aimed at the detection of microorganisms
involved in the development of gastrointestinal cancer,
which resulted in the identification of a number of bacte-
ria potentially involved in the development of the disease:
Streptococcus bovis, Helicobacter pylori and others.

Determination of metabolic indicators of microbio-
cenosis in patients with gastric cancer revealed a signifi-
cant (p<0.05) decrease in the content of carboxylic acids:
acetic, propionic, oily and lactic acid, respectively, at
72.3%, 57.8%, 64.1% and 75, 6%, which is consistent
with the decrease in the amount of anaerobic intestinal
microflora (lactobacter bifidobacteria, bacteroids). A reli-
able (p<0.05) decrease in the levels of B-ketoglutaric and
oxalic acetic acid was found to be 49.8% and 60.6%,
which confirms the weak biochemical activity of aerobic
and anaerobic bacteria, especially in relation to digestion
of carbohydrates (Table 3) .
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Table 3

Indicators of metabolic activity of microbiocenosis in patients with stomach cancer

Group patients, Mtm
Indicators of metabolic activity Research group (n=74) Group health patients
(mglL) I- group Il-group (n=30)
(n=16) (n= 58)
Carbonil acid:
- acetic 345.62+15.38* 557.65+18.20* 1425.10+19.35
-propionic 69.65+5.35* 80.14+8.25* 200.85+15.71
-olio 54.27+4.52* 60.33+3.54* 151.34+7.23
-dairy 86.3317.14* 108.11+5.75* 390.45+11.82
Carboxylic acids:
-e-ketoglutarate 68.34+4.92* 80.14+4.23* 145.20+7.92
-shaft-acetic 8.33+6.15 10.42+5.65 20.05+1.98
Aromatis:
- n-crezol 5.44+0.16* 3.13+0.12* 1.12+0.05
-indol 6.07+0.13* 4.27+0.15* 1.34+0.04
- scatol 6.53+0.14* 3.60£0.13* 1.29+0.03
-phenylpropionic acid 4.96+0.37* 2.85+0.29* 1.15+£0.012
Amins:
-metilamin 2.53+0.22* 1.28+0.19* 0.32+0.014
- histamine 2.66+0.18* 1.17+£0.10* 0.28+0.018
-serotonin 8.24+0.57* 4.03+0.36* 1.62+0.15

Note: * the difference is likely to be P <0.05

The profile of intestinal metabolites was characterized
by an increase of more than 3.2 times in the total amount
of indole, skatole, n-cresol, and phenylpropionic acid in
patients of the 1st group. The total amount of aromatics
increased by 278%, n-cresol by 315%, indole by 365%,
and phenylpropionic acid by 254%. This process dynam-
ics should be taken into account when choosing a surgi-
cal intervention tactic, especially in the formation of a
thin-intestinal reservoir or anastomosis, as these
changes may lead to the development of general intoxi-
cation and the occurrence of complications such as de-
hiscence of sutures.

The research program included studying the state of
connective tissue in patients with gastric cancer in order
to determine the pathophysiological mechanisms for the
formation of the anastomosis failure, given that it plays a
crucial role in maintaining the integrity and tightness of
the intestinal sutures.

The study of the parameters of connective tissue
showed a significantly higher activity of elastase in pa-
tients of the 1st group on stomach cancer, regardless of
microsatellite instability (94.1+14.4 pg/ml), exceeding the
conditionally healthy observation group, respectively, in 4

times. However, when comparing the levels of elastase in
the groups, it was found that in the 1st group this figure
was increased by 2.8 times as compared with the control
group and had a significant difference when compared
with patients in the second group, in which there were no
phenomena of anastomosis failure (Table 4).

At the same time, it should be noted that GAG was
greatly increased in blood plasma in the | group of pa-
tients with stomach cancer (72.9+4.0 micromol/L), which
was by 2.2 times higher, respectively, the value of the
group conditionally-healthy patients. In patients of the
2nd group with gastric cancer, GAG levels did not in-
crease significantly, although they were significantly dif-
ferent as compared to the conditionally healthy group.

The collagenolytic activity of the blood plasma had a
similar dynamics and did not depend on the levels of
cryoglobulins and microsatellite instability. It had a direct
strong correlation with the indicators of elastase activity.
The value of CLA in patients with gastric cancer was
68.51£3.4 uymoles oxyproline /l/g, blood glucose levels in
excess of conditionally healthy patients by more than 5
times, which provided an important diagnostic and prog-
nostic value for this indicator.

Table 4

Dynamics of biochemical parameters of the state of connective tissue in patients with gastric cancer, depending on the condition of

anastomosis sutures.

Indicators, M+m
Research group Elastase GAG .
(g / ml) (micromoliL) CLA(umoles oxyproline /I/g)
| group — the presence of dehis- 94.1+14.4 * 72.9+4.0 * 68.5+3.4*
cence of sutures (n= 16) T T T
II-g group — with the absence of
signs of dehiscence of sutures 71.614.8* 42.9+2.2* 49.7+3.2*
(n= 58)
- + *
Group of healthy patients (n=30) 27.3+1.8 35.84+1.2 rfr::. _ 772;823?*

Note: * probability is reliable P <0.05

Conclusions

Taking into account the aforementioned, it can be
concluded that gastric cancer patients have intestinal
dysbiosis characterized by inhibition of protective and ac-

tivation of opportunistic microflora against the back-
ground of digestion disorders of carbohydrates, fats, pro-
teins and accumulation of toxic exchange products,
which are an important pathogenetic factor of activation,
induction, proliferation and metaplasia of the tumor tis-
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sue. The presence of Streptococcus bovis stomach can-
cer patients may be an early marker of disease progres-
sion.

The leading metabolic profile of microbiocenosis in
the development of stomach cancer is the significant ac-
cumulation of biogenic amines, which in turn may have a
prognostic value for diagnosis, and the determination of
pathogenetic therapy in patients with gastric cancer. The
results of the study of intestinal microbiocenosis in pa-
tients with gastric cancer testify to the violation of inter-
specific ratios of the microflora that populate the intestine
in normal conditions. Reducing the level of lactobifid bac-
teria and bacteroids, which in the process of life form a
milk, acetic, anthraquine, succinic acid, may be one of
the most important causes of changes in the trophic, pro-
tective, metabolic and immunological function of the gas-
trointestinal tract, due to the change in intestine of pH
medium.

The analysis of the results of the study shows that the
failure of anastomosis in patients with gastric cancer is
accompanied by profound disorders of the metabolism of
connective tissue and is confirmed by increased activity
of elastase, collagenolithic activity of blood serum and its
content of glycosaminoglycans. The activity of elastase
and glycosaminoglycans may be a prognostic criterion for
dehiscence of sutures in the course of treatment.
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THE PATHOPHYSIOLOGICAL MECHANISMS OF ENDOGENOUS INTOXICATION
IN PATIENTS WITH THYROID CANCER*
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In the present paper, the content of the average molecular peptides, lipid peroxidation products, oxidative modifications
of proteins in the serum of patients with thyroid cancer has been studied and their prognostic value has been substanti-
ated in optimizing of pathogenic therapy. The study involved 94 patients who were divided into 3 groups depending on
the cell structure of the tumor. The results of the study revealed the increase in serum levels of malonic dialdehyde, die-
nes, 2,4-dinitrophenylaldo-hydrazones and 2,4-dinitrophenylketohydrugs, low molecular weight molecules and leukocyte
intoxication index. It is established that the leading pathogenic mechanism of formation and decompensation of en-
dotoxicosis in thyroid cancer patients is the accumulation of the ratio of plasma and erythrocyte fraction of substances of
low and average molecular weight of plasma and red blood cells, especially their large-molecular, catabolic fraction, with
violation of renal excretion of endotoxins.

Key words: average molecular peptides, lipid peroxidation products, oxidative modification of proteins, intoxication.

B poboTi BUBYEHO BMICT B CMPOBATLIi KPOBI XBOPUX Ha pakK LUMTOMOAIOHOI 3a/103u CPEAHbOMOIEKYISIPHNUX NenTuaiB, npo-
AYKTIB MEPEKNCHOrO OKUC/IEHHS TiMifiB, OKUC/IIOBa/IbHa MoaM@iKaLii GifikiB i 0OrpyHTYBaHO iX MPOrHOCTUHHE 3HAYEHHS
npy onTuMialii natoreHeTnYHoI Teparnii. B AOC/iMKEHHI rpmiiMam y4acTs 94 navieHTv, ski 6ysm rnogineHi Ha 3 rpynu B
3aNEXKHOCTI Bifl K/IITUHHOI 6Y0BU MyX/IMHW. Pe3ysibTat AOC/IMKEHHS BUSBUIN 36i/IbLLIEHHS] B CUMPOBATLi KpoBi BMICTY
MasloHOBOIo AianbAerigy, Ai€HIB, 2,4-ANHITPOGEHINANLA0-TiAPa30HIB | 2,4-ANHITPOGEHITIKETOriApa3sHIB, MOJIEKY/T cepes-
HbOI Macu i NIediKoUNTapHOIo iHAEKCY IHTOKCUKALi, BCTaHOB/IEHO, YO MPOBIAHUM NNaTOreHETULHUM MEXaHI3MOM ¢hopMy-
BaHHS | JeKkoMneHcalii EHAOTOKCUKO3Y y XBOPUX Ha PaK LUNTOMOAIOHOI 3a71031, € HAKOMUYEHHS BiHOLLIEHHS 1/1a3MOBOI i
EpUTPOLMTaPHOI opaKLii pe4HoBUH HU3bKOI Ta CEPEAHBOI MOJIEKY/ISIPHOI Macu r1/1a3mu i epuTpoLMTIB, OCOB/IMBO iX BE/N-
KO-MOJIEKY/ISIPHOI, KaTabosIiuHOI ppaKuiii, 3 MOPYLIEHHSIM HUPKOBOI EKCKpeLlii EHAOTOKCHHIB.

KnroyoBi cnoBa: cepeaHbOMONeKynsapHi nenTuam, NpoayKT NePeKUCHOro OKMCMEHHs MinigiB, okucnoBanbHa Moangi-

Kaujs 6inkiB, iHTOKCUKaLis.

Thyroid cancer is about 1.5% of all malignant
diseases. According to WHO, the incidence of thyroid
cancer in the last 20 years has doubled, mainly due to
young and middle-aged people. During the last decade
after the accident at the Chernobyl Nuclear Power Plant,
a significant increase in the number of patients with
thyroid cancer in Ukraine has been noted. With these
patients there are doctors of different specialties —
general surgeons, endocrinologists, surgeons,
oncologists, radiologists [1-3].

Types of thyroid cancer are a special group of malignant
neoplasms that develop from the follicular and parafolucular
cells of this organ. Each type of thyroid cancer requires a
doctor of great knowledge in the field of endocrinology,
medical radiology and pathogistology. Functional activity of
the thyroid gland is structurally divided between independent
cell groups. These are follicular or A-cells that produce
thyroxine — a hormone, mainly acting as a regulator of the
process of oxidation in cells; B-cells that accumulate
biogenic monoamine — serotonin; parafollicular, or C-cells
that synthesize calcitonin. C-cells of the thyroid gland, which
are neuroectodermal in nature, along with cells of carotid
cells, adrenaline and noradrenaline derivatives of the
adrenal glands, cells of the anterior lobe of the pituitary
gland and other cells that produce polypeptide hormones
and are capable of active accumulation of precursors of
monoamines and their decarboxylation, refer to the APUD-
system (Amineprecursorand decarboxylation) [4-7].

The consequence of such a functional variety of
thyroid cancer is the difference in the degree and clinical

manifestation of endogenous intoxication. Also, in our
opinion, the pathophysiological mechanisms of
development of endogenous intoxication in these patients
are different.

The toxic substances entering the body and
endotoxins that are formed and accumulated, with many
diseases and pathological conditions, sharply put the
need to clean the "endoecological space" of the organism
from the exo — and endotoxins [1-3, 5]. An important role
in which the new direction in medicine plays is the
ecology of the internal environment of the organism, the
leading importance of which is the substantiation of the
system of measures on endoecological rehabilitation of
patients. Studies show that the formation of endogenous
intoxication is associated with an increase in the
concentration of medium weight molecules (MWM) and
correlates with the stage of the disease, which can serve
as an indicator of toxification of the organism. Molecules
of medium mass can affect the vital functions of all
systems and organs of an organism. They are structurally
similar to regulatory peptides that can combine and block
cell receptors, thereby changing the metabolism and their
functions [4, 6-8].

Taking into account the foregoing, we have studied
the content of the mediumsized peptides in the serum of
thyroid cancer (TC) patients, the products of lipid
peroxidation, the oxidative modifications of proteins, and
their prognostic value has been substantiated in
optimizing pathogenic therapy. In this connection, the
study program envisaged the study leukocyte indexes of

* To cite this English version: Bagmut I.Yu., Galmiz O.0., Gramatiuk S.M., Titkova A.V. The pathophysiological mechanisms of
endogenous intoxication in patients with thyroid cancer.// Problemy ekologii ta medytsyny. - 2018. - Vol 22, Ne 1-2. - P. 53-56.
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intoxication, in serum, lipid peroxidation products — diene
conjugates and malonic dialdehyde; oxidative modifica-
tion of proteins — 2,4-dinitrophenylaldo-hydrazones (2,4-
DNPAH) and 2,4-dinitrophenylketohydrugs (2,4-DNPKH),
medium molecules.

The aim of the research was to study pathogenetic
mechanisms of development of endogenous intoxication
in patients with thyroid cancer.

This work is a fragment of «Cellular-molecular
mechanisms of inflammation associated with chronic dis-
eases», the state registration number 015U001186,
"Pathochemical mechanisms of action of radioiodine on
the organism and principles of their early diagnosis and
correction", state registration number 0117U000589
KhMAPO.

Materials and methods

The study was attended by 94 patients who were
diagnosed with thyroid cancer. We used the classification
of the tumor cell structure used to assess the
aggressiveness and rate of growth [8, 9].

According to this classification the patients were
divided into 3 groups: the first group included 41 patients
with papillary adenocarcinoma; Il group — 32 patients with
follicular adenocarcinoma; the Ill group consisted of 21
patients, diagnosed with low-differentiated thyroid cancer.
The control group consisted of 27 patients without
pathology of thyroid gland and without a history of
oncological disease. The thyroid gland cancer diagnosis
was verified according to histological analysis.

In order to evaluate the state of endogenous
intoxication, the content of medium weight molecules
(MWM) in blood plasma was determined by the screening
method for Gabrielyan N. N. [14] at two wavelengths-
254nm (registration of a catabolic pool) and 282nm
(registration of anabolic pool). Malonium dialdehyde
(MDA) and diene conjugates were determined by the
generally accepted method Andreeva L.I. [15].

The calculation of the index of endogenous
intoxication syndrome (ISEI) equal to the ratio of plasma
and erythrocyte fraction of substances of low and
average molecular weight (RLAMW) to urine RLAMW,
calculated by the formula [16]:

ISEI = RLAMW pl. X RLAMW er. / RLAMW urine,
(standart — 5.32+0.48).

The level of substances of low and average molecular
weight in plasma, urine and erythrocytes was determined
according to the method Obolensky S.V. et al. [17]. The
principle of the method is based on the determination of
the absorption spectrum of the protein-free supernatant
in the ultraviolet region (238-302 nm). Normally, the
content of RLAMW in plasma is 6.82-10.4. c.u., in urine
and in erythrocytes — 30 c.u. that is, the catabolic pool of

RLAMW plasma and urine was calculated by the formula
[181:

(E238 + €242 + ... + E258) X4, in the norm no more
than 4-5 c.u. (10-15% of RLAMWpl.)

To evaluate the intensity of spontaneous oxidative
modification of blood serum proteins, a method modified
by Dubinina et al. [7], based on the reaction of the
interaction of carbonyl derivatives of proteins and shiffoes
with 2,4-dinitrophenylhydrazine (DNPH) to form 2,4-
dinitrophenylhydrazones. For the analysis, blood serum
of patients with thyroid gland cancer was taken, in the
amount of 0.05 ml. Deposition of serum proteins was
carried out with a 20% solution of TCO. To denatured
protein, an equal volume (1 ml) of a 0.1M solution of 2,4-
DNFH, made on a 2M solution of HCI, was added. The
test sample instead of 2,4-DNFH contained an equal
volume of 2M HCI solution. The incubation of the
samples was carried out for 1 hour at room temperature.

For deposition of proteins, the samples were
centrifuged at 3000 x g for 15-20 min. The precipitate
was washed 3 times with a mixture of ethanol-ethyl
acetate (1: 1) to extract lipids that did not react with the
carbonyl groups of the oxidized proteins 2,4-DNFH. The
resulting precipitate was dried. The dried precipitate was
dissolved in 2.5 ml of a 8 M solution of urea in a boiling
water bath for 5 minutes until complete dissolution. The
formed 2,4-dinitrophenyl hydrazone was recorded on a
spectrophotometer SF-26 at the following wavelengths:
356, 370, and 430 nm. The number of 24-
dinitrophenylhydrazones was calculated using a molar
extinction coefficient equal to 21 + 10-3 mol-1 cm-1[12].

Statistical analysis of the results was carried out using
the computer software package for statistical information
processing Statistica 6.1 (StatSoft, Inc., USA).

Results and discussion

Taking into account mentioned above, we studied the
content of thyroid gland cancer patients in the blood
serum, mediomolecular peptides, lipid peroxidation
products, oxidation modifications of proteins, and their
prognostic value in the formation of endogenous
intoxication. In this regard, the study program included
the study of leukocyte index of intoxication, serum,
products of lipid peroxidation — diene conjugates and
malonic dialdehyde; oxidative modification of proteins —
2,4-dinitrophenylaldo-hydrazones (2,4-DNPAH) and 2,4-
dinitrophenylketohydrugs (2,4-DNPKH), medium
molecules.

The results of the study revealed the increase in the
blood serum of patients with TC in the MDA, dienes, 2,4-
DNPAH, 2,4-DNPKH, MWM and leukocyte index of
intoxication with different histological characteristics of
the thyroid gland cancer type (Table 1).

Table 1
Indicators of endogenous intoxication in patients with thyroid cancer

Observation group, M+m
Indexes papillary follicular L o
adenocarcinoma adenocarcinoma |o\2/a<r;|]|cf:feerr(er:1=t|§;ﬂ)o " Contrgl297roup
(n=41) (n=32) (n=27)

MDA (MkMorb/n) 3.8+1.5* 3.7+1.4* 4.4+1.3* 2.1+0.18
Diens (Mm/n) 27.2+4 .4 19.8+4.3* 22.6+4.5* 9.2+0.67

2,4-DNPAH (single wholesale * * *
density/1g protein, A-370nm) 58.4+5.7 56.7+4.9 60.3+4.2 27.3+1.87

2,4-DNPKH (single wholesale * * *
density/1g protein, A-380nm) 65.3+8.7 66.8+7.5 64.2+6.6 23.8+2.19
MWM (c.u.) 0.58+0.19* 0.53+0.25* 0.66+0.22* 0.22+0.03

Note: * probability is reliable P<0.05
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Depending on the functional state, malonic
dialdehyde in the highest degree increased in patients of
the I-group by 76.4%. The dietary conjugates were
significantly (p<0.05) higher in patients with thyroid
cancer when compared with control group 83.5%.
Products of oxidative modification of proteins 2,4-DNPAH
and 2,4-DNPKH, in all cases increased by more than
90%. Particularly high levels were observed in 2,4-
DNPKH in patients of the 2nd group. Their concentration
in serum exceeded the value of the comparison group,
respectively, by 98.0%. The leukocyte index of

intoxication in all groups increased by more than 2.5
times.

Indicators of leukocyte index of intoxication (LII),
nuclear index of intoxication (NIl). The presence of
intoxication associated with infectious or autoimmune
process, was evaluated by the index of ratio of
leukocytes and ESR (ILESR), and the relationship
between the humoral and cellular parts of the immune
system — by the value of the leukocyte index (LI). As a
marker of reactivity of the body during inflammation, the
blood leukocyte shift index (IBLS) was used (Figure 1).

Il group

WLl ENII

ILESR M [BLS

Il group Control

Fig. 1. The value of estimated indicators of intoxication in patients with thyroid cancer

Molecules of moderate mass increased in patients
with papillary adenocarcinoma, follicular adenocarcinoma
and low-differentiated cancer, respectively, by 58.3%,
80% and 94.1%. However, it should be noted that the
average values of the studied parameters in all cases,
had a large error, indicating a significant toxification of
the body in conditions of thyroid cancer. The next stage
of the study was an assessment of the influence of

carcinogenesis on the course of endogenous intoxication.
It was established that the leading pathogenetic
mechanism of formation and decompensation of
endotoxicosis in cancer patients is accumulation of
RLAMW of plasma and erythrocytes, especially of their
large molecular, catabolic fraction, with violation of renal
excretion of endotoxins (Table 2).

Table 2
Indicators of endotoxicosis in patients with thyroid cancer

Patients with thyroid cancer
Indexes papillary folllculgr low-differentiation Control group
- _ adenocarcinoma _ _
adenocarcinoma (n=41) (n=32) cancer (n=21) (n=27)
RLAMW venous plasma, C.uU. 28.02+0.15* 31.03+0.24 * 34.49+0.25* 26.55+0.21
RLAMW 238-258 nm venous 18.160.5% 19.8+4.3* 20.190.36* 17.86+0.42
plasma, c.u.

RLAMW venous er., c.u. 31.47+0.21 33.48+0.2 42.26+1.2 31.24+0.25
RLAMW urine, c.u. 80.17+1.19* 58.71+1.2* 64.2+6.6* 36.84+1.46

Note: * probability is reliable P<0.05

The most pronounced changes in endogenous
intoxication were found in patients with follicular
adenocarcinoma of RLAMW venous plasma, in the group
of patients with papillary adenocarcinoma, the most
informative indicators of RLAMW venous erythrocytes
and RLAMW steel 238-258 nm in plasma. Significant
differences in urine RLAMW were observed in patients
with low-differentiated cancer, which has an important
prognostic value.

Conclusions

Thus, the results of the study indicate that at TC,
there is an auto-intoxication of the body, the severity of
which is closely related to the functional state. The

55

leading pathogenetic chains of mechanisms for the
formation of metabolic syndrome in patients with thyroid
cancer can be activation of free radical processes, lipid
peroxidation, oxidation modification of proteins, nucleic
acids, and others. macromolecules, damage to the
structural and functional state of cell membranes and
intracellular organelles, inhibition of bioenergetics against
the background of separation of breathing and oxidative
phosphorylation. In patients with stage Il of the TC there
is a tendency to increase the calculated indicators of
intoxication, but it can be assumed that in these patients,
endogenous intoxication is in a subcompensated state.
The index of ISEI can be a prognostically significant
indicator in the diagnosis of metabolic syndrome,
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determining the severity of the disease, the effectiveness
of pathogenetic therapy, as well as the choice of direction
and volume of surgical intervention.
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THE STRUCTURAL AND METABOLIC DISORDERS OF CELLS' MEMBRANES IN
EXPERIMENT*

Kolisnyk I.L., Titkova A.V., RezunenkoYu.K.,* Boiagina O.D.*
Kharkiv Medical Academy of Postgraduate Education (Ukraine)
*Kharkiv National Medical University (Ukraine)

The effect of small subtoxical doses of sodium fluoride on the activity of hepatocytes' microsoms on 30 Wistar rats'
populations was studied in subacute experiments. The results indicate the disorder of mitochondrial respiratory activity
of rats' hepatocytes during prolonged fluoride intoxication. Identified changes can be explained by the initiation of so-
dium fluoride free radical reactions and lipid peroxidation, whose products are the factors damaging membranes, includ-
ing mitochondrial, where localized respiratory chain. Increased activity of the mitochondrial NADH-coenzymeQ-
oxidoreductase action in the case of sodium fluoride at a dose 1/100 LDs,, can probably be seen as a defensive response

Key words: the mitochondria's respiratory activity, rats.

Ha 30 wypax nonyasuii Bictap A0CifXKeHO B MiAroCTpoMy A0C/IAI Ait0 Mamx CyOTOKCMYHUX 03 QTopuAy HaTpito Ha ak-
TUBHICTb MIKpOCOM renatounTiB. OAepKaHi pe3ysibTaTi CBiAYaTh rpo ropyLEeHHS ANXallbHOI aKTUBHOCTI MITOXOHAPIV re-
naTouyunTiB LypIB rpy TPUBA/IiVi QQTOPUAHIV IHTOKCUKALYI. BUSIB/IEHI 3MiHN MOXHA MOSICHUTY IHILtOBaHHSIM (DTOPUAOM Ha-
TPIto BirlbHOpaauKaibHux peakuivi Ta MOJ1, npoayKT skux € (pakTopamu MOLIKOWKEHHS MEMOPaH, y TOMy YUC/Ti ¥ MiTO-
XOHApIanbHuX, A€ JIOKa/I30BaHu AnxasibHmA nanutor. [TiaBULLEHHSI aKTUBHOCTI MITOXOHApiasibHOI HA/H-koeH3umMQ-
OKCMAOPEAYKTa3n y BUNagaKy Aii ropuay Hatpito y A03i 1/100 LDsy, ¥iMOBIPHO, MOXHa pO3r/1SAaTV SIK 3aXUCHY PeaKLito.

Knto4yoBi cnoBa: gnxanbHa akTUBHICTb MITOXOHAPIN, LLYypW.

The study was conducted at the Department of Clinical Pathophysiology, Topographical Anatomy and Operative Surgery at Kharkiv
Medical Academy of Postgraduate Education according to the issue "Radiotoxins' pathochemical mechanisms on the body and methods
of early diagnostics and correction" 0117U000589.

Introduction

Fluoride is involved in many biochemical processes
as enzyme activator and inhibitor. It belongs to the ele-
ments of the first class of danger — especially hazardous
chemicals. Long-term excessive intake of fluoride com-
pounds in the composition of the body can cause patho-
logical state — fluorosis. In addition, high concentrations
of fluoride stimulate lipid peroxidation and inhibit antioxi-
dant defense system. The process of free radical oxida-
tion is an important component of nonspecific metabolic
component of adaptation to the effects of stress factors,
including chemical origin. Evidence of this position is con-
firmed by the nature radicals generative systems, espe-
cially electron transport chain of mitochondria and endo-
plasmic reticulum. In adaptive adjustment of the oxygen
metabolism due to stress, for example, biotransformation
of xenobiotics is usually accompanied by certain shifts in
the mode of formation of free radical intermediates [1].

The aim of the research is to study the mitochondrial
respiratory activity of hepatocytes during the chronic fluo-
ride intoxication.

Materials and methods

The studies were conducted on mature Wistar rats
weighing 180-220 line g, which were held in the hospital
vivarium. Rats were subjected to oral probe using aque-
ous solutions of sodium fluoride (FS) once daily for 60
days at doses of 1/10, 1/100 and 1/1000 LDso, which was
respectively 20 mg/kg, 2 mg/kg and 0.2 mg/kg body
weight (FS average lethal dose for rats received orally, is
200 mg/kg). The animals of the control group injected
with the appropriate amounts of drinking water. Research
conducted indicators 10, 20, 30, 50 and 60 days after the
start of the experiment. Each group had 10 animals.
Slaughter was performed by decapitation guillotine knife,
pre-anesthetic thiopental sodium 50 mg/kg.

Rats' liver subcellular fractions were isolated by dif-
ferential centrifugation. To separate the microsomal frac-
tion was centrifuged supernatant hour at 18.000 g, the
resulting precipitate was washed with suspended selec-
tion (protein in the microsomal suspension was 15-20
mg/ml).

* To cite this English version: Kolisnyk I.L., Bagmut I.Yu., Titkova A.V., RezunenkoYu.K., Boiagina O.D.m The structural and metabolic
disorders of cells' membranes in experiment // Problemy ekologii ta medytsyny. - 2018. - Vol 22, Ne 1-2. - P. 57-59.
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Hepatocytes' mitochondrial respiratory activity was
assessed by polarographic [2]. Functional status | and Il
of the respiratory chain complexes were determined in
the presence of specific substrates and inhibitors of the
parameters:

1) state V4 — high content in the incubation medium
substrates of complex | — 5 mM glutamate, 5 mM malate
or substrate complex Il — succinate in the absence of
ADP;

2) state V3 — similar conditions as in the case of V4,
but in the presence of 200 uM ADP (the factor that limits
the rate of reaction is exactly the respiratory chain);

3) state Vd — similar conditions as in the case of V4,
but in the presence of oxidation and phosphorylation un-
coupler 30 mM 2,4-dinitrophenol.

Mitochondria were isolated by differential centrifuga-
tion [3]: hepatic tissue homogenized in an environment
with 250 mM sucrose, 3 mm Tris-HCI buffer, 0.5 mM
EDTA (pH 7.3), homogenates were centrifuged at 700 g,
the resulting supernatant centrifuged among 250 mM su-
crose, 3 mm tris-HCI buffer (pH 7.3) at 7.000 g.

Statistical analysis of the results was carried out using
a computer application package for the processing of sta-
tistical information STATISTICA 6.1 (StatSoft, Inc., USA).

Results and discussion

A sensitive indicator of respiratory activity of cells are
mitochondria, which can vary by the action of chemical
agents [4-8]. Mitochondria are considered as energy sys-
tem cell functional activity and determined by the work
conjugated enzymes (e.qg., NADH-coenzymeQ-
oxidoreductase and succinate-coenzymeQ-
oxidoreductase) respiratory chain, providing in the proc-
ess of formation of oxidative phosphorizing macroergic
ties.

Respiratory activity of rats' hepatocytes during pro-
longed fluoride toxicity was evaluated using specific sub-
strates  and inhibitors  of  NADH-coenzymeQ-
oxidoreductase and succinate-coenzymeQ-
oxidoreductase (as | and Il of the respiratory chain com-
plexes inner mitochondrial membrane of hepatocytes).

On the 30th day oral administration of FS to experi-
mental animals in a dose of 1/10 LDsg determined signifi-
cantly (p<0.001) when compared to control speed boost
mitochondrial respiration of hepatocytes in the standings
V3 and V4 on substrates of NADH-coenzymeQ-
oxidoreductase 46 and 26% in accordance. FS action at
this time of observation was accompanied by a statisti-
cally significant (r<0.002) decrease in respiratory activity
of mitochondria in V3 and V4 states on the substrate
succinate-coenzymeQ-oxidoreductase respectively 16
and 36%. If 2,4-dinitrophenol was present, the significant
(P<0.001) dynamics of change relative to the control
group of animals were recorded only on condition Vd
succinate — a decline of 25%. On the 60th day of FS ef-
fect at a dose of 1/10 LDso characterized decrease
(p<0.001) respiratory activity of mitochondria in hepato-
cytes states V3 and V4, as the substrates of NADH-
coenzymeQ-oxidoreductase (respectively 39 and 25%),
and so the substrate  succinate-coenzymeQ-
oxidoreductase (respectively 38 and 53%). For the state
to Vd succinate remained in the term fluoride intoxication
in rats downward trend, which was more pronounced
(average 45%).

On the 30th day of action FS 1/100 LDsy dose was
determined statistically significant (p<0.001) relative to
control speed boost oxygen consumption by mitochon-
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dria in rats' hepatocytes states V3 and V4, as the sub-
strates of NADH-coenzymeQ-oxidoreductase (by 29 and
36%), and so on substrates succinate-coenzymeQ-
oxidoreductase (respectively 27 and 32%). For state Vd
substrates for both enzymes almost virtually no changes
were found in this time of observation. On the 60th day of
action FS 1/100 LDsg dose showed significantly (r<0.001)
when compared to control increase (average 23-24%),
respiratory activity of mitochondria in V3 and V4 states
on substrates of NADH-coenzymeQ-oxidoreductase
against the background of reduction (average 18-33%)
on the substrate succinate-coenzymeQ-oxidoreductase.
Adding 2,4-dinitrophenol resulted in a statistically signifi-
cant (p<0.001) reduction 23% rate of mitochondrial respi-
ration in rats in the presence of substrate succinate-
coenzymeQ-oxidoreductase. Mitochondrial respiration in
rats' hepatocytes Vd able to glutamate and malate when
exposed in FS 1/100 LDso dose virtually unchanged and
equal to the value of control.

The results indicate disorders of mitochondrial respi-
ratory activity of rats' hepatocytes during prolonged fluo-
ride intoxication. On the 30th day of FS action in a dose
of 1/10 LDsp is expressed by decreased activity of succi-
nate-coenzymeQ-oxidoreductase, and on the 60th day
decline as NADH-coenzymeQ-oxidoreductase well and
NADH-coenzymeQ-oxidoreductase. If FS action in a
dose 1/100 LDsy abuse mitochondrial respiratory activity
occurring on the 60th day, as evidenced by decreased
activity of succinate-coenzymeQ-oxidoreductase. |denti-
fied changes can be explained by FS initiation of free
radical reactions and lipid peroxidation, products which
are factors damaging membranes, including mitochon-
drial, where localized respiratory chain. The observed
increased activity of mitochondrial NADH-coenzymeQ-
oxidoreductase action in the case of FS in a dose 1/100
LDso, can probably be seen as a defensive response.
But, according to the literature, for the actions of mito-
chondrial respiratory chain enzyme may be one-electron
reduction of oxygen to form the toxic superoxide anion
radical [5]. Under physiological conditions this reaction
occurs at a very low level through the work of mitochon-
drial antioxidant system. Perhaps with fluoride toxicity in
rats' hepatocytes disrupted electron transport at complex
| of the mitochondrial respiratory chain, which may result
in the formation of a significant amount of superoxide an-
ion radicals.

Conclusion

Analysis of the results indicates the disorder in sepa-
ration of oxidation and phosphorylation of substrates to
mitochondrial complex |l of the respiratory chain on the
60th day of the FS action in a dose of 1/10 and in a dose
1/100 LDso, the result of which can be energetic disbal-
ance.
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BUKOPUCTAHHA CUCTEMMU KOMH'I'OTEPHOf[' MATEMATUKWUA MAPLE Y
HABYAHHI MEAUYHIWN I BIOJIOINIYHIN ®ISULI*

Mopoxoeeus I". 10., CaeHko M. C., JlucaHeus KO. B., Cinkoea O. B.
Buwinin gepxaBHUIN HaBYanbHUIM 3aknag YKpaiHn «YKpaiHcbka MeaunyHa cTomaTtonoriyHa akagemisa», m. lNMontaea

Komn'toTepu3sauia HaB4YaHHS CTa€ HEBI'EMHOIO CK/IBA0BOK0 OCBITHLOIrO nMpoLecy. PO3BUTOK TEXHIKM, MOBIIbHUX TEXHOJIO-
rivi 3yMOBJIIOE HEOOXIAHICTb BAOCKOHA/IEHHSI Ta OHOB/IEHHS HABYa/IbHUX KYpCiB. BUKOPUCTaHHS nporpamMHoro 3abesre-
YeHHS y HaB4a/lbHOMY MPOLECi HabyBaE LUMPOKOro PO3MOBCIOAXKEHHS], O BUMAra€ Bif Cy4acHOro CTyAEHTa Bi/IbHOro BO-
JIOAIHHSI MaTeMaTudHUM arnapatoM, 3HaHHS OCHOB MPorpamMyBaHHs Ta BMIHHS MpautoBaTv Ha PIBHI BIIEBHEHOIO KOPUCTY-
Baya i3 pi3HOMaHITHUMM rporpamMHumMn 3acobamu, pogatkamu. OCO6/INBO aKTya/lbHOKO € HEOBXIAHICTb 3acTOCyBaHHS
KOMITIOTEPHUX TEXHOJIONN Ml YaC BUBYEHHSI TEM, BUHECEHUX HA CaMOCTIlHE BUBYEHHS. BrpoBa/mKeHHS IH@opMaLiviHnx
TEXHOJIOr IV J03BO/INTE 36aratuti 3MICT | YpI3HOMAHITHUTY CIIOCOOYM OBOJIOAIHHS HOBUMM TEMamu, CTUMYJIHOBATY CTYAEH-
TiB A0 CaMOHaB4YaHHS Ta camopo3suTKy. CTaTTio MPUCBSYEHO 3aCTOCYBaHHIO NaKeTy NPpUKIaAHoI matematukn Maple nig

4ac HaB4a/IbHOro MPOoLECY CTYAEHTIB BUALUMX MEANYHUX 3aK/Ia4iB.
Knro4oBi cnoBa: camocTiliHa poboTa, MeauyHa i GionorivyHa disvka, ctyaeHTu-meamku, Maple.

Mpobrnema BWKOPUCTaHHSI CYYaCHUX KOMMHOTEPHUX
TexHornorin (KT) y HaB4anbHOMY NpoLUeci HWHI € akTyarb-
Ho. MNUTaHHA LWOAO BMKOPUCTAHHA CydYacHuX iHdopMma-
LiMHO-KOMYHiKauiiHux TexHonorin (IKT) y HaB4anbHoOMmy
npoueci  r'pyHTOBHO  po3rnsgaloTbcs B poboTax
B. Muxaneswuya i A. Kpyncbekoro [6, 7], M. XKangaka [15],
B. Knouko [8], O. CniBakoBcbkoro [9], 0. Tpuyca [10] Ta
iH. JocnigHvkammn TakoX ONUCYTLCA NMUTAHHSA BUKOPUC-
TaHHA eneKTPOHHUX MiAPYYHWKIB, MyNbTUMEAINHWUX npe-
3eHTauin [13], MynbTuUMeniiHNX 3o00paxeHb, KNiHIYHUX
BuMNagkiB Ta iH. [13, 12]. Ocobnuey yBary OOCHiAHUKIB
npveepTae NUTaHHA BukopuctaHHs IKT y BuknagaHHi ma-
TeMaTUYHUX aucumunnid. BuasneHo, Wo HanyacTiwe npe-
AMETOM A0CNigKEHb BYEHUX CTalTb NPOrpamMHi NpoayKTu
MathLab, Maple, Mathematica, STATISTICA [5].

Meta craTTi 6e3nocepeqHLO Mnornsirae B aHanisi ta
BUCBITIIEHHI OCHOBHMX NepeBar Ta npobnem, siki BUHMKa-
I0Tb MPU BUKOPUCTAHHI CUCTEMW KOMIM'IOTEPHOI MaTema-
Tk Maple y HaB4anLHOMY npoueci CTyAeHTiB-MeauKiB.

Mporpama gucumnniin «MeaunydHa i GionoridHa isu-
Ka» nepenbayae camMOCTiiHE BMBYEHHSI TEM 3MICTOBOIO
moaynsa «OcHOBM BULLOI MaTemaTuku Ta BionoriyHoi di-
3UKM» Y 00casi 38 roanH cTyaeHTaMn MeauyHoro Ta CTo-
mMaTornoriyHoro  dakynbTeTiB.  [1iACYMKOBUI  KOHTPOIb
3HaHb CTYAEHTIB YacCTO BUSBMNSE HE3a[O0BINbHI pesynbTa-
TM 3a TeMaMu, BUHECEHMMM HA CaMOCTIiHE OnpautoBaH-
HS. AKICTb BUKOHAHUX CaMOCTIMHUX 3aBOaHb, 3a3Bu4Yan,
He OLHIOETLCH BULLLE 330BINbHOMO PiBHSA [2].

BukoprcTaHHS y HaBYaHHi CTyAEHTIB-MeanKiB Meany-
Hil i GionoriyHin disnui nporpamHoro 3abesneveHHsi, 30-

Kpema CMUCTEM KOMM'IOTEPHOI MaTemMaTukn € Haa3Bu4an-
HO BaXXIMBWM, OCKiMbKW iX BUBYEHHS! i BUKOPUCTaHHSA Oy-
e cnpuaTu:

e MOrMUBMeHHI0 3HaHb CTYAEHTIB 3 BULIOI MaTe-
MaTUKW, iHOpMaTUKK;

® pPO3LMPEHHID BMiHb PO3B’A3yBaHHA 3aBAaHb
BULLOI MaTeMaTKN Pi3HOMaHITHOIO XapakTepy;

e (popmyBaHHIO HaBMYOK 3aCTOCYBaHHSA Cy4YaCHMX
MaTemMaTU4yHMX MakeTiB Yy Npoueci BUBYEHHS MeauKo-
GionoriyHnx gucumnnid i B ManbyTHIN npodecinHin aisi-
NbHOCTI.

BvBYeHHA MegmuyHOi i GionoriyHoi disvkn y BULLMX
MeAMYHUX HaBYanbHWX 3aknagax Mae matu NpuknagHun
XapakTep, WO AacTb 3MOry CTyAeHTam 3po3yMiTM Heob-
XiOHICTb BMBYEHHSI AMCUMNIIHK, SK pyHOAaMeHTY BinbLuo-
CTi crneujianbHUX aucumnnid. BukopuctaHHa nakety Maple
0N BUPILLEHHA NPUKNagHUX 3aBAaHb 3 BULLOI MaTeMa-
TUKM 3a6e3nedye NiaBULLIEHHS PiBHA MOTMBAUIT SIk 4O BU-
BYEHHSA AMCUMMMIHKW, TaK i O BUKOPUCTAHHA Ha Hanex-
HOMY piBHi crnewjanbHOro NporpamHoro 3abesneyeHHs Ta
LWBKOKOrO po3B’A3aHHA 3adad. HaredekTBHiwWmnM, Ha
Hawly OymKy, € BUKOpUCTaHHA Bepcii Maple 11, ockinbku
BOHa [a€ MOXIMBOCTI PO3B’A3yBaHHA Pi3HOMaHITHUX 3a-
Aay MaTeMaTW4HOro aHanisy (0GYMCReHHs rpaHuub, Ou-
depeHUitoBaHHA 11 iHTEerpyBaHHA  OYHKLUN);, pO3B’'s-
3yBaHHA AndepeHLuianbHUX PiBHAHb | PIBHAHb B YaCTWH-
HUX noxiaHux. HeobxigHicTb nepexopy Big py4HOro BBe-
OEHHSA JaHuX Ta MPOBEAEHHSI PO3paxyHKiB Ao poboTtu y
cepenoBuLLi CUCTEMWU KOMM'IOTEPHOI MaTtemMaTuKM BU3Ha-
Yae b6esnocepegHbO Buknagad. OCHOBHOW 3ajayero Oa-

* LumysaHHs npu amecmauii kadpie: Mopoxoseup . 1O., CaeHko M. C., Jlucaneus FO. B., Cinkoea O. B. BukopucmaHHsi cucmemu
Komm'romepHoi Mamemamuku Maple y Hag4aHHi MeOuyHill i 6ionoeidHit ¢gisuui. I/ MNpobnemu ekonoeii i meduyuHu. — 2018. — T. 22, Ne 1-
2. - C. 60-62.
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HOro nepexody € aBToMaTM3auis PYTUHHMX onepauin
[11].
PosrnaHemo npuknag:

y - svSlﬂx tgzx'l".f(;(]gx'

r
aHann Y , AKLLO

(1)

Iny = In(Ysinx tg?xVcosx) = Iny =

TaK sk PYHKUis siBNsie cob60t0 JOOYTOK KiNlbKOX MHOX-
HWUKIB, TO Nepea audepeHLitoBaHHAM HeobxigHO npoBec-
TV norapumMyBaHHs:

1. 1
glnsmer 21ntgx+ilnmsx =

1, _ 1, . 7
Iny=-Insinx + 2Ilnsinx —2lncosx = Iny = ?lnsmx—llnmsx
-

MposgiBLWK AndepeHLitoBaHHS 060X YAaCTWMH PIBHOCTI, OTPUMAEMO:

(lny)* = (%lnsmx —Elncos x) — i y

F

Y

Vsinx tg?x Vcosx (? cotx +:1g x)

pomisgki MaTeMaTUyHi po3paxyHKn y HaBedeHOMY
npuknagai MoOXHa 3HA4YHO CNPOCTUTK, BUKOPUCTOBYHOYN
BOyZOBaHi kOMaHAM MeHK Yy nocnigosHocTi: Tools —
Tutors — Differential Equations. PesynbTat pospaxyHkis
HerariHO BUBOAMUTBLCSA HAa €KpaH, NMpyu LbOMY iCHYE MOXIK-
BiCTb BMBEAEHHS MPOMIXKHUX pesynbTaTiB, Lo 3abesne-
YUTb PO3YMIHHS CYTi MPOBEOEHNX MaTEMaTUYHUX onepa-
Ui cTtyaeHTamu.

BukopuctaHHa cuctemu Maple iHogi Moxe obmexy-
BaTWUCA NPOBEAEHHSAM NLLIE NPOMDKHUX PO3PaxyHKiB, KO-
nv noBHa aBTOMaTM3auis npouecy He € A0NyCTUMOL.
Tak, komaHga «simplify» gossonsie cnpocTUTh cknagHUn
BUpas, «normal» - 3B0AUTb BUpPa3 4O CMiflbHOTO 3HAMEH-
HMKa Ta BUKOHYE CKOPOYEHHS Apoby, «Solvey - BUBOAUTL
pe3ynbTaTt BBEOEHHOIO PiBHSHHS.

Hasegemo npuknag. Po3s’a3aTtu piBHAHHSA:

x*—13x*+36=0. @)
Ons po3B’si3aHHsA piBHSHHA HEOOXigHO NpoOBecTU 3a-

2
x© — t_ (5)

MiHY 3MiHHOI, MOKaBLUW,

t2—13t+3620_

[ictaemo (6)
=
MoBepHyBWMCL [0 3aMiHW, OTPUMAaEMO pesyrnbTart:
[x2 = 4] L X =42
x2=9 x =43

(8)
PesynbtaT pospaxyHkiB y cuctemi Maple HaBeaeHo
HUXYeE.

> solve ((x'4- 13+ x72 + 36 = 0}, {x3:
x=-23;x=2{x=—3, X =3} (9

Ins anrebpaiyHux nepetBopeHb cuctema Maple Ta-
KOX OCHalleHa Habopom (yHKLiN, 3okpema: «expandy —
PO3KPUTU OYXKKW, «factor» — pO3KNacTM Ha MHOXHU-
Kun, «collecty — 3BecTv NOAIOHI YNeHw.

KopucHoto, Ha Haw nornsg, nig 4ac npakTuyYHuX 3a-
HSATb i, 0COBMMBO, Mif Yac BUKOHAHHSI CaMOCTiiHOI poGo-
™M € PYHKLiA «Subs» - nepeBipka NpaBUbHOCTI PO3B'A3-
KiB PiBHSIHb. [MOTY>XHUM IHCTPYMEHTOM CUCTEMU BBaXKae-
Mo komaHay «plot», Wwo gossonsie 6yaysaTu rpadiku dy-
HKLiW ogHiei 3MmiHHOI. TakoX cuctema ocHalleHa Habo-
poM KoMaHg Ans nobyaoBu TPUBMMIPHMX 300paxeHb Ta
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r

11

7 1
5 sinx

4 cosx

(cosx) — (—sinx) =

(3)
aHimauin. Oani dyHkuii, y 6inbLuin Mipi, cTaloTb KOPUCHU-
MUK BUKNagayeBi Npu NiaroToBLi OO MPaKTUYHMX 3aHATb.
3a gonomorolo naketa BukNnagady Mae 3Mory He TifbKu
nokasaTn MOXIUBICTb LUBMAKOIO pO3B'A3aHHA 3adaui, a n
rpadiyHO NPOINCTPYBaTH ii PO3B'A30K.

3ayBaxumMo, O cucTemMa KOMN'tOTEPHOI MaTeMaTuku
HE MOXE 3aMiHMTW MPUCYTHICTb Ta BNAUB BUKMNagada Ha
3aHATTI i, Hacamneped, nepenbavae rpamMoTHE BUKOPUC-
TaHHS IHCTPYMEHTapito Ha eTani, Konu CTYAeHT Ha Hane-
XXHOMY piBHi OBOSOAiB BMiIHHAMMW Ta HaBMYKaMK po3B'A3y-
BaHHA 3ad4ad BiANOBIAHOrO po34iny BULLIOT MaTEMATMKM.
MpaBunbHe BUKOPUCTaHHSA LIbOro Naketa B HaBYarbHOMY
npoueci 3abesnedvye niaBuULLEHHS piBHA byHaameHTanb-
HOCTi MeauMKo-6ionoriYyHMx ancumnniH, i ocBiTK y Linomy.

lMepeBaramu cuctemn € LUBMAKICTb NpoLecy po3pa-
XYHKIB, CaMOCTIMHICTb BUKOHAHHA 3aBOaHb CTyAeHTamu,
OBOJIOAiHHS HaBMYKaMM KOPUCTYBaHHSA KOMIMIOTEPHUMU
TEXHOMOTISIMW, Cy4aCHUM MporpamHMM 3a6e3neyeHHsIM.
I3 HepgonikiB, cnig BUAINUTN, HEMOXNUBICTb NPOBEAEHHS
KOHTPOMIO 3a AisMu cTydeHTa 3 GOKy Buknagada npwu
pO3B’si3aHHi, NepeBipka nuvLwe KiHueBoi Biagnosiai 6e3 ae-
TanbHOro onucy noMunoK. BuKopucTaHHs nporpamu
Maple gae 3amory ctygeHTam CamoCTiHO BMBYaTU MNEBHiI
TemMu, a cam NpoLeC HaBYaHHSA CTae NPOCTILLUM Ta Lika-
BiLLMM, N030aBNEHNM NCUXONOoriYHUX Gap'epis.

BUCHOBKM

CTpPiMKUIA PO3BUTOK KOMIMIOTEPHUX TEXHOMOTiN, BUKO-
PUCTaHHA iX y HaB4YanbHOMY NpOoLeCi 3MiHIO€E niaxoan 4o
BUKMNa4aHHs Ta BMMarae Big CTyAeHTa BiNbHOro BOMNOAiH-
HSl CyYacHUM nporpaMHuM 3abesneyeHHsam. Y cepeno-
BMLWi BUWOrO MEOWYHOro HaByarnbHOro  3aknagy
KOMM’IOTEPHI TEXHOMOTiT MaloTb LUMPOKE BUKOPUCTAHHS,
WO He OoBbMeXyeTbCs NpeaMETOM BMBYEHHS MeOUYHOI
iHdbopmaTuku. MporpamHe 3abesneveHHst, y ToMy 4muchi,
CUCTEMWN KOMM'IOTEPHOI MaTeMaTKn MOXYTb €(PEeKTUBHO
BMKOPWUCTOBYBATUCSI MPU BUBYEHHI MeaWnYHOI i BionoriyHoi
di3nkn Ha nepliomy Kypci. [ouinbHUM € BUKOPUCTaHHSA
nakety Maple ons po3s’adyBaHHS 3aBAaHb i3 BULOI Ma-
TemaTukm 3mictoBoro moaynst «OCHOBM BULLOI MaTema-
TUKM Ta GionoriyHoT isnkmM», sIK NPW NiAroTOBLI 4O Npak-
TUYHUX 3aHSTb, TaK i NPYU caMOCTIlHIA poboTi Hag Tema-
mMu. MeToto BuKopucTaHHA Maple € cnpoLLeHHsa rpomisa-
KMX PO3paxyHKiB, YHAOUYHEHHS PO3B’A3KiB 3aBAaHb, NOA0-
NaHHA ncuxomnoriyHoro 6ap’epy y BUBYEHHI CKNagHWX
TeM, Lo 3a 3MiICTOM 3HAYHO BiAPi3HATLCA Bif LUKISIBHOrO
KypCy MaTteMaTuku Ta is3mku.
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3a ponomorold CTaHdapTHUX KOMaHA4 CcucTeMu
KOMM’toTepHOi maTtematukn Maple MoxHa oTpumaTty KiH-
LeBy BigMNOBiAb NPV PO3B’A3aHHI LLMPOKOro Kona marema-
TUYHKX 3agad. Cuctema Maple ocHalleHa NoTyXHUM an-
rebpaiyHnm iHCTpyMeHTapieM, O MOXe 3aCTOCOBYBaTU-
Cs AN pO3B’A3aHHA KOHKPETHOro 3aBAaHHs i MOro okpe-
MWX YaCTVH.

BaxnveBvM KOMMNOHEHTOM CUCTEMMW Mif Yac BUBYEHHSA
MeandHOT i GionorivyHoi chisnkn € BObyaoBaHMIN KOMMIEKC
KOMaHg, i3 nobyaoBu ABO-, TPUBUMIPHMX rpadikiB dyHK-
Ui Ta aHimauin. HeobxigHiCTb BUKOPUCTaHHS Nporpamu
TaKOX 3YMOBMEHa 3POCTaHHAM 4acTKM TeM, BUHECEHWX
Ha CaMOCTilHe onpaLoBaHHs.

BukopuctaHHa nporpamHux 3acobiB y BUBYEHHI AWC-
uunniHM Mae 6yTn rpamoTHUM, TOGTO BUKOPUCTOBYBATU-
C Ha eTani, Konu CTyAeHT AOCTaTHbO OBOMOAIB METo-
Jamu po3B’A3yBaHHA 3aBAaHb.
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ENGLISH VERSION: THE USE OF MAPLE MATHEMATICAL SOFTWARE
IN TEACHING MEDICAL AND BIOLOGICAL PHYSICS*

Morokhovets H. Yu., Saienko M. S., Lysanets Yu. V., Silkova O. V.

Higher State Educational Establishment of Ukraine «Ukrainian Medical Stomatological Academy», Poltava, Ukraine

Computerization of training becomes an integral part of the educational process. The development of technologies,
mobile devices necessitates the improvement and updating of training courses. The use of software in the learning
process is widespread, which requires from a modern student to master the mathematical apparatus, to have knowledge
of the basics of programming and the ability to work at the level of a confident user with a variety of software tools and
applications. Particularly relevant is the need for the use of computer technologies during the study of topics for self-
directed study. The introduction of information technologies will enrich the content and diversify the ways of mastering
new topics, stimulating students for self-education and self-development. The article is devoted to application of the
software package of applied mathematics Maple during the educational process of students of higher medical establish-

ments.

Key words: self-directed work, medical and biological physics, medical students, Maple.

The problem of using modern computer technology
(CT) in the educational process is quite relevant nowa-
days. Questions concerning the use of modern informa-
tion and communication technologies (ICTs) in the edu-
cational process have been thoroughly considered in the
studies of V. Mykhalevych and Y. Krupskyi [6, 7], M.
Zhaldak [15], V. Klochko [8], O. Spivakovskyi [9], Yu.
Trius [10] and others. Researchers also describe the use
of electronic textbooks, multimedia presentations [13],
multimedia images, clinical cases, etc. [14, 13]. Particular
attention of researchers is attracted to the question of us-
ing ICT in teaching the mathematical subjects. It was
found that the most frequently studied subjects are the
software products MathLab, Maple, Mathematica, STA-
TISTICA [5].

The aim of the article is to analyze and highlight the
main advantages and problems arising from the use of
Maple system of computer mathematics in the educa-
tional process of medical students.

The curriculum of the subject “Medical and Biological
Physics” involves the self-directed study of the content
module “Fundamentals of Higher Mathematics and Bio-
logical Physics” (38 hours) by students of medical and
dental faculties. The final control of students’ knowledge
often reveals unsatisfactory results in terms of topics,
covered by self-directed study. The academic perform-
ance of completed self-directed tasks, as a rule, is not
assessed above the satisfactory level [2].

The use of software in teaching medical and biologi-
cal physics for medical students, in particular the com-
puter-based mathematics software, is extremely impor-
tant, as their study and use will facilitate the following
processes:

e deepening the students’ knowledge in higher
mathematics, computer science;

e expanding the skills of solving tasks in higher
mathematics of a diverse nature;

e formation of skills in using modern mathematical
packages in the process of studying medical and biologi-
cal subjects, as well as for future professional activities.

The study of medical and biological physics in higher
medical schools should be applied in a way that will en-
able students to understand the need to study the subject
as a foundation for most of special disciplines. Using the
Maple package for solving applied problems in higher
mathematics provides an increase in the level of motiva-
tion both for studying the discipline, and for the use of
special software at the appropriate level and rapid prob-
lem solving. The most effective, in our opinion, is the use
of the version of Maple 11, since it enables the solving of
various tasks of mathematical analysis (boundary calcu-
lation, differentiation and integration of functions); solving
differential equations and equations in partial derivatives.
The need for the transition from manual data entry for
calculation to work in the environment of computer
mathematics system is determined directly by the
teacher. The main task of this transition is the automation
of routine operations [11].

Let us consider the following example:

. - I g PR S
Since the function is a product of several factors, then

before the differentiation it is necessary to carry out the
logarithmation:

Iny = ln(sxfsinxtg2x+\fcasx) = lny = ;lns'mer 2]ntgx+%lncosx =

1, . 11, 7
Iny= Elnsmx+ 2Ilnsinx — 2Incosx = Iny = ?lnsmx—;lncosx

After differentiating both parts of equality, we obtain:

(lny}’ = (%lnsinx —Eln coS x) = iy

y
. 11 7
Vsinx tg?x Ycosx (? cotx +tg x)

Lengthy mathematical calculations in the example
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(2)

7 1 .
5 sinx (COS X) N 1 COSX (_ Sin X) -

(3)

given above can be greatly simplified using the built-in
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menu commands in the sequence: Tools — Tutors —
Differential Equations. The result of calculations is imme-
diately displayed on the screen, while there is a possibil-
ity of intermediate results, which will provide an under-
standing of the essence of the mathematical operations
performed by students.

Using the Maple system can sometimes be limited to
intermediate calculations, when full automation of the
process is not permissible. Hence, the command “sim-
plify” allows you to streamline the complex expression,
“normal” - reduces the expression to a common denomi-
nator and performs reduction of a fraction, “solve” - out-
puts the result of the entered equation.

Here is an example. Solve the equation:

4 2 _
X 13xc+ 36 = 0. 4)

To solve the equation, you need to replace the vari-

wd
able by putting = 'E'. (5)
(6)

2 —
wogetlZ 13t +36 =0

Returning to the substitution, we get the result:
[x2 = 4] L, x =42

2 _ .
x- = x =43 (8)

The result of calculations in the Maple system is
shown below.

> solve ((x'4- 13+ x72 + 36 = 0}, {23
x=-23x =2, {x=—3,{x=23}. (9

For algebraic transformations, the Maple system is
also equipped with a set of functions, in particular: “ex-
pand” — to open brackets, “factor” — to expand into multi-
pliers, “collect” — to build similar members.

In our opinion, the function “subs” (checking of cor-
rectness of solutions of equations) is particularly useful
during practical classes and, especially, during the per-
formance of self-directed work. A powerful system tool is
the “plot” command, which allows you to build graphs of
functions of one variable. In addition, the system is
equipped with a set of commands for building three-
dimensional images and animations. These functions
largely become useful to the teacher in preparation for
practical classes. With the help of the package, the
teacher can not only show the possibility of a quick solu-
tion to the problem, but also graphically illustrate its solu-
tion.

It should be noted that the system of computer
mathematics cannot replace the presence and influence
of the teacher in the classroom, and, first of all, involves
the competent use of tools at the stage when the student
mastered the skills and abilities for solving the tasks of
the corresponding section of higher mathematics at an
appropriate level. The proper use of this package in the
educational process ensures an increase in the level of
mutual convergence of medical and biological subjects,
and education in general.

The advantages of the system are the speed of the
calculation process, the self-directed performance of the
tasks by students, the acquisition of skills in using com-
puters and modern software. The disadvantages should
also be highlighted: namely, the impossibility of control-
ling the actions of students by the teacher when solving
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the task; checking only the final answer without a detailed
description of the errors. Using the Maple program allows
students to study certain topics independently, and the
learning process becomes easier and more interesting,
deprived of psychological barriers.

Conclusions

The rapid development of computer technologies,
their use in the educational process changes the ap-
proaches to teaching and requires from students master-
ing the modern software. In the setting of a higher medi-
cal institution, computer technologies are widely used,
which is not limited to studying medical informatics. Soft-
ware, including systems of computer mathematics, can
be effectively used in the study of medical and biological
physics during the first year of study. It is advisable to
use the Maple package for solving problems of higher
mathematics of the content module “Fundamentals of
Higher Mathematics and Biological Physics”, both in
preparation for practical classes and in self-directed work
on topics. The purpose of using Maple is to simplify the
lengthy calculations, to clarify the solution of tasks, to
overcome the psychological barrier in studying the com-
plex topics, which significantly differ from the school
course of mathematics and physics in terms of content.

Using the standard commands of the Maple system of
computer mathematics, one can obtain the final answer
when solving a wide range of mathematical problems.
The Maple system is equipped with a powerful algebraic
toolkit, which can be used to solve a particular task and
its individual parts.

An important component of the system during the
study of medical and biological physics is a built-in com-
plex of commands for constructing two-, three-
dimensional graphs of functions and animations. The
need to use the program is also due to an increase in the
proportion of topics covered by the self-directed study.

The use of software in the study of the subject must
be competent, that is, used at the stage when the student
has sufficiently mastered the methods of solving the
tasks.
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IHOOPMALIA OJ1A ABTOPIB

3 METOI A0TPUMaHHS MKHApPOAHWX NpaBusl 0chOPMIIEHHS, aBTOpaM PeKOMEHAYETbCS 03HaloMUTUCS 3 “EanHUMM BuMo-
ramu Ao Pykonucis ans biomeanyHux XKypHanis” Ha www.icmje.org.

Y AKOCTi HeBiA'EMHOI YaCcTUHKU npouecy nybnikauii, aBTOpu, peLeH3eHTV | peaakTopy MOBUHHI NOBIAOMUTM Npo 6yAb-sKi
KOH(NIKTY iHTepeciB | HapaTh AeTanbHy iHPopMauio, nianucaswm dopmy 3assu npo Cnyxbosy ETuky Ta Hagicnaswwm ii Ha aa-
pecy peaakuii XxypHany. ABTOpu pykonuciB 3060B’A3aHi NoBa)kaTn NpaBo MPMBATHOCTI NauieHTa. MNepea No4aTKoM AOCIAXKEHHS
NauieHT NOBMHEH 3amnoBHUTM | po3nucaTucs y ¢opMi 3assu npo IHdopmosaHy 3roay. [Jo CTaTTi AOAAETLCA aKT eKcrnepTHOI
KOMiCii Mpo BiACYTHICTb KOHiAEHLiMHOI iHchopMaLii Ta HanpaBfieHHs! YCTaHOBWU. B HanpaBneHHi 3acBigvyeThCs, WO XOoAHa Yac-
TWHa pykonucy He 6yna ony6nikoBaHa i He NPUNHATA A0 APYKY iHWWMM BUAAHHSIMU.

CraTTi Ny6nikyloTbCA YKpaiHCbKOK, POCIMCbKO abo aHrMiNcbKol MOBaMW. ABTOPCbKMIA OpPUriHan MoAaeTbca Yy ABOX
NPUMIPHUKaX, WO CKIaAalTbCs i3 OCHOBHOrO TekcTy (CTaTtTs — 15 cTopiHOK, ornsa — 20 CTOPIHOK, KOPOTKE MOBIAOMAEHHS — 7
CTOPIHOK); cnucky nitepatypu (cTaTTi — go 20, ornsiam — Ao 50, KopoTKi NOBiAOMAEHHS — Ao 15 mxepen); Tabnvub; intocTpauin
(He 6inblue 4); Ha3B PUCYHKIB; aHOTALN YKPaiHCbKOI, POCICHKOI Ta aHrMiCbKoo MoBaMK (OpiEHTOBHO 250 criiB), LIO MOBUHHI
MICTUTW OBr'pYHTYBaHHS METU, MaTepianiB Ta METOAIB, pe3ynbTaTh AOCTIAKEHHS.

Ha nepuwiii cTopiHui 3a3HavaroTbes: Wwndp YAK; npisBulla aBTopiB, iHilianM, HAyKOBi CTyMeHi Ta 3BaHHS; HasBa CTaTTi; yCTa-
HOBW, A€ NpautoloTb aBTOpM, MICTO; KItOYoBI cioBa — BiA 5 A0 10 ciiB abo CrloBOCNOy4YeHb, WO pO3KpMBalOTL 3MICT cTaTTi. Ha3sa
CTaTTi POCii CbKOI, YKPAIHCHKOK Ta @HIMMIMCbKOI0 MOBaMM MOBMHHA 6TV CTUCIO | He nepeBulyBaT 120 cuMBoniB. Mia3arosnioBok €
NPUAHSATHUM. TEKCT CTaTTi NOBUHEH BYTU CTPYKTYPOBaHWUI HAaCTYMHUM YMHOM: BCTYM, METa, MaTepian i METoAM, pe3y/bTaTi Ta BUCHO-
BOK. Ha OCTaHHii CTOpiHUI TeKCTy BfacHOpYYHi MiANMcU BCiX aBTOpIiB: Mpi3BuLLE, iM'A Ta Mo-6aTbKOBi, MOLITOBa aapeca, HOMepU
TenedoHiB (Cny>x60BuiA, AOMaLLHIN), 3a AKUMU peaakuia byae KOHTaKTyBaTy i3 aBTopamu. ofaloum CTaTTio A0 peaaklii, aBTopu TUM
CaMUM NIATBEPIKYIOTb OpUriHanbHICTL poboTw. Lle o3Hadag, Wo aBTopchbki Npasa abo 6yab-aKi iHWI NpaBa BAACHOCTI TPETiX 0ci6 He
nopyLytoTbest. MignrMcamm aBTopy 3acBia4vytoTh, LU0 XO0AHa YacTHa pyKonucy He 6yna ony6nikoBaHa i He NpUIMHSTA A0 APYKY iHWMMM
BUAAHHSAMUW. TEKCT APYKYETbC LWPUPTOM He MeHwe 2,8 MM Ha 6inoMy nanepi yepe3 ABa iHTepsanu, Ha apkywax dopmaty A4
(210%x297 MM), nons 3 ycix 6okiB no 20 MM. KpiM ABOX pO3ApYKOBaHMX KOMiid, MaTepian noTpibHO HagaT Ha KOMMaKT-AMCKY, TEKCT
cTaTTi noBuHeH 6yTn y dopmati Microsoft Word. JlaTuHCbKi TepMiHM, IHWOMOBHI Cfi0Ba NOBWHHI 6yTW HaapyKoBaHi KypcuBoM. Tifbku
3arasibHOBXMBaHi CKOPOYEHHS] MOXYTb MOAABATUCA 6€3 MOSICHEHHS. CKOPOYEHHS! Y Ha3Bi CTaTTi HE € MPUMHSTHUMK. BCi BEMMUMHM
NpMBOAATLCS B oAnHMLAX CI, oAHaK AOMYCTUMMUMM € I iHLLI 3aranbHOBXMBaHI NO3HaYeHHs Ta oaMHuLi BuMiptoBaHHsa (I, min., h, C, Da,
cal). ImocTpauii (pycyHku, doTorpacii) NMoBMHHI 6yTM MPOHYMepoBaHi. Has3Bu pUCYHKIB MOBWMHHI 6yTW HaapykoBaHi Ha OKpeMil
CTOpiHUi. MantoHKM MOBWHHI 6yTW BMKOHaHI 3 BMKOPUCTAHHSM iHCTPYMEHTIB, AOCTYNHUX Yy TEKCTOBMX pedakTopax abo B Excel.
®oTorpadii NOBUHHI ByTN BUCOKOSIKICHUMW. TabnmLi po3MILLYIOTECS HA OKPEMMX apKyLuax, HyMepytoTbCs MOCIA0BHO, KOXKHA CTOpiHKa
CynpOBOAXKYETLCS KOPOTKWUM 3arofioBKOM. PUCYHKM € AONOBHEHHSAM [10 TEKCTY CTaTTi i He NOBMHHI NOBTOPIOBaTH iHOpMaLii, noaaHoi y
pykonuci. Ha 3BOpOTi pUCYHKIB ONiBLEM CTaB/ATb iXHi MOPSAKOBI HOMEPM, 3a3HayaloTb MPI3BULLE MEPLUOr0 aBTOPa, CKOPOYEHY HasBy
cratTi. Cnmcok nitepaTypy oOPMIIIOETLCSA HA OKPEMUX CTOPIHKaX 6e3 ckopoyeHb. ABTOpM NMOAA0TLCSA 3a abeTKor, CnoYaTKy axepena
KUpUAMLELD, NOTIM NaTnHULE0. MocunaHHA y TeKCTi No3HaYaloTbCs undpamm y [KBagpaTHUX] Ay>Kkax. MNopsaok oopMaAeHHS CincKy
niTepaTypu: Ans MoHorpadiit — MpiseuLLe, iHilianm. HasBa kHUrn. Micue BUAQHHS: BUMAABHWLTBO, PiK BuAaHHS. KinbKiCTb CTOpIHOK;
ans xypHanis — Mpi3suLle, iHiLianu. Ha3sa cratTi. Ha3Ba XypHany. ToM, HoMep. Pik: CTOpiHKK, Ha AKX BMILLEHO CTaTTIO.

OAHOoYacHO, aBTOPU HadalTb MOBHUIA Mepeksiad TeKCTY, NiAPUCYHOUHMX MIAMWUCIB | TabNMUYHMX MaTepianiB aHrMiMCbKo
MOBOIO. Y nepesiky BUKOPUCTaHOI JliTepaTypy NMOCUaHHS, HaBeAeHi KMpUInLEro, TPaHCIITEPYIOTLCS i3 3aCTOCYBaHHAM nporpa-
Mu “Trans 1.02" abo noaibHux nporpam.

Yci pykonucu XypHany peLeH30BaHi He3anexHuMy ekcrieptamu. lNpoueaypa peueH3yBaHHS BKIOYAE NepeBipKy CTaTTi
MpOTSroM ABOX TWXKHIB ABOMA crieLjianicTamMmu, NpUsHaYeHnMM peakUiiHO pafoto. PyKOMUC i3 peLieH3iel0 HaaCUIaeTbCsl aBTopy
N9 BHECEHHS KOPEKTUB Nepes 0CTaTOYHWM MOAAHHSAM CTaTTi 0 peaaKuii XXypHany.

Micna nyb6nikauii cTaTTi aBTOpU MNepeaatoTb aBTOPCbKI MpaBa pefakuii xxypHany. Pegakuis 3anvwae 3a coboto npaso
3MiHIOBaTW i BUMPaBASATU PYKONWUC, OAHAK BHECEHI KOPEKTVBW He MOBMHHI 3MiHIOBaTW 3arasibHOro 3MiCTy Ta HayKOBOro 3Ha4yeHHs
CTaTTi.

3anyyaloum A0 AOCAHIMKEHHS NauieHTiB, aBTOPUM HeCyTb BIAMNOBIAANbHICTb 32 BWKOHAHHA €TWYHMX CTaHAApTiB
lenbciHKcbKoi Aeknapauii 1975 i3 nonpaskamu 2005 poky. PyKonuc NOBMHEH MICTUTU HACTYMHWUI MyHKT: “Mu 3asBNsSiEMO, WO Mig
Yyac AOCNIMKEHHS npaBa nauieHTiB 6ynM BpaxoBaHi y BiAMOBIAHOCTI A0 BMMOr [enbCiHKCbKOI KOHBeHUii”. Mpu BUHUKHEHHI
CYMHIBIB LLOAO BIANOBIAHOCTI pyKOMMCYy A0 BUMOr lenbCiHKCbKOI Aeknapalii, asTopu 6yayTb 3060B’a3aHi BiA3BiTYyBAaTUCS MPO
CYMHIBHI acneKkTV JOChimKeHHS | 06rpyHTYBaTV MiACTaBu CBOro niaxoay.

SKWO AOCNIMKEHHSI BUKOHYETbCS 6€3 3anyyeHHs nabopaTopHUX TBApWH, PYKOMWUC MOBWMHEH MICTUTWU HACTYMHWWA MyHKT:
“Mu 3asBNSEMO, WO MW He MPOBOAUMO AOCAIAXKeHb Ha TBapuHax”. JOoCnimKeHHs, SKi MpoOBOAATbCA Ha TBApWHaX, MOBWHHI
BiabyBaTMCA y BIiANOBIAHOCTI i3 BCTAHOBAEHUMM IHCTUTYLIOHAIlbHUMXU HOPMaMK BUKOPUCTaHHS nabopaTopHux TBapuH. Haykosui
NOBWHHI KepyBaTUCS NPUHLMNAMM FYMaHHOrO CTaBMEHHS 4O TBapWH, IO BUKOPUCTOBYIOTLCA B Aocnigax. HeobxigHo noaaTtu Ha-
CTYMHy iHcbopMaLito: BUA TBapWH, FEHETUYHWUI CTATyC: JNiHis (3rigHO MpaBWA CTaHAAPTHOrO MO3HAYEHHs JiHi 1abopaTopHMX
TBapWH); KaTeropisi nabopaTopHUX TBApWH abo ix Mikpo6ionoriyHmMiA CTaTyc; Maca Ta BiK TBapyH Ha Mo4YaTKy eKCNepPUMEHTY; Ka-
paHTMH abo TpuBaniCTb Nepioay aknimMaTu3auii Nia Yac NnepeBe3eHHs TBapuH Ha BENWKI BiACTaHi; YTPMMaHHSA TBApWH Mg Yac ek-
cnepvMeHTy (MapaMeTpy MiKpoksiMaTy, TeMnepaTypa, BooricTb, 06'eM MOBITPS, CBIT/IOBUI PEXUM, TUM KNITKX, TUM NIACTUIIKK).
ABTOpPM MOBWHHI MiATBEPAMTM BiAMOBIAHICTb HOPMATMBAM YTPUMAHHS Ta roAyBaHHS TBapuH (EBponeiicbka KOHBEHLiS MO 3aXuc-
Ty XpebTOoBMX TBapWH, LLO BUKOPUCTOBYIOTbCS 3 eKCnepuMeHTanbHow abo iHwowo MeTow. — Crpacbypr, 1986), HasBHICTb
cepTudikaTy SKOCTi, @ TaKOX NOBIAOMUTU AXepeno HabyTTa TBapuH. HeobxigHO onucaTy BCi npoueaypu, SiKi BUKOHYIOTbCS Ha
TBapWHi, A03M Mpenaparis, WO BBOAWANCS, XipypriyHi BTpy4Y4aHHSA Ta iHWI Aii, @ TakoX BiAMITUTU BUKOPUCTAHHSA MpU LIbOMY
MeToaiB aHecTesii (amB. iHdopMauito npo MNpasa JlioanHu i TeapuHK).

Li npaBuia NowmMpoTLCS Ha BCi BUAW PYKOMMUCIB, Y TOMY YMCi CTaTTi, KOPOTKi AONOBIAI, KOMEeHTapi A0 KiHIYHUX BU-
npobyBaHb. Pykonuck, ki He BiANOBiAaloTb UMM BUMOraM, 6yayTb NOBEpHEHI aBTopaM ANs KopekLii.
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