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3HAYEHHS AKTUBALI HEHTPAJIBHUX XOJIHEPTTYHUX
CUCTEM IIPU YEPEITHO-MO3KOBIA TPABMI

! 3a6niyes C.B. (https://orcid.org/0000-0002-5309-3728)
2 Xyoouniu C.O. (https://orcid.org/0000-0001-9710-5105)

'Hayionanenuti meouunuil yuisepcumem imeni O.0. Foeomonvys, Kuis, Yrpaina

’Meouunuii yenmp cyuacnoi aoouxmonoeii «MedicoMentey, Kuis, Yxpaina
zsv1965@gmail.com

AxTyanabHicTs. [Ipn yepenHo-mo3koBii TpaBmi (UMT) akTuBHICT IeHTpanbHuX XoniHepriyanx cucteM (I[XC) mpurHiuyerscs,
3HIDKYETHCSI BUBUIBHCHHS aIleTHIIXOJIHY Ta €KCIIPECist XOMIHepPTiYHUX perenTopiB. BigHOBIEHHS XOMIHOPEAKTHBHOCTI € aKTyaIbHHM
HaIPSIMKOM JI0CJTi/KEHb Ta MOJKJIMBOTO TEPAIIeBTUYHOTO BILUIHBY.

Merta: Bu3HaunTH BIUiuB aktuBamii LXC Ha neTanpHICTh, HEBPOIOTIYHI MOPYLIEHHS Ta aKTUBHICTB T0o(i3apHO-KOPTHKOAPEHATIO-
Boi cuctemu (TKAC) y rocrpomy nepioai UMT.

Marepiaan Ta metogn. YUMT mopesnioBaiy npu BUIBHOMY IaJliHHI BaHTaXy Ha QikcoBaHy rosoBy TBaputu. J{ns axrusanii LIXC
IIypaM JI0 TPaBMHU BBOJAWIIM XOJIIHY ayibpocuepar (Imaritid; 6 MI/Kr), y KOHTPOJIBHIN Ipymi BBOAWIN (izionoriunuii po3unH. Hespo-
norivyauid nedinut oniHroBamu 3a 100-6anpHOO mikanor Tomma. Y mrasmi kposi yepe3 3, 24, 48 1 72 roxuH micist TpaBMu imyHOdep-
MEHTHMM METOJIOM BHU3HAYaJIU BMICT aJJpEHOKOPTHKOTPOITHOTO FOPMOHY Ta KOPTHKOCTEpPOHY. Pe3ysbraTi CTaTHCTUYHO 00poOIsiIn i3
3actocyBanHsaM nporpam SPSS 11.0, MedStat, MedCalc.

PesynbraTi. JIeTanbHIiCTh y KOHTPONIBbHIH Tpyni ckiana 25,0%, y rpymi 3 akrusauieto I[XC neransHux Bunaakis He Oyio (p<0,05).
Hesponoriunuii nedinur y rpymi 3 akruauieto [[XC OyB BupakeHHUil 10CTEMEHHO MEHILIE TIOPIBHSIHO 3 KOHTPOJIEM Ha BCIiX TepMiHaX
CIIOCTEPEeKeHHsI. BMICT TOpMOHIB MaB CXOXKy TMHAMIKY — CIraB MaKCUMyMY 4depe3 24 TOAMHY 1 BiTHOBIIIOBABCs uepe3 72, alie IpH aKTH-
Barii L{XC npupict 6yB y 1,4-1,5 pasu mermum (p<0,05). OTxe, BAKOPUCTAHHS XOJiHY anb(pociepary Ui MOITYTFOBaHHSI aKTUBHOCTI
IXC npusBomuito 10 3HWKEHHS JIETaTbHOCTI Ta HEBPOJIOTIYHOTO AedinuTy y roctpomy nepioai YMT, mo cynpoBomKyBaiocs ctadimi-

3yrounM BruBoM Ha ['KAC.

BucHnoBok. Beranosieno BaxiuBy poib [XC y peanizauii mocrrpaBmarudnoi crpecoBoi peakiii [KAC, a Takox MOXIUBICTS il

(hapMaKoJIOriuHOI KOPEKIIiT XOJIiHOM aib(ociepaTom.

KirouoBi cjioBa: nleHTpaIbHI XONIHEPTiYHA CHCTEMHU; CKCIICPUMEHTANIbHA YePEITHO-MO3K0Ba TpaBMa, XOJIiHy aibdociepar

AKTyanbHicTh. OHO 3 BAYKINBUX MICIIb Y CTPYKTYpi
JICTAILHOCTI B YChOMY CBITI TOCIJIa€ YePErnHO-MO3KOBa
tpasma (UMT), Bix sKOi IIOPIUHO Yy CBiTi TMHE 0 MiBTO-
pa MIIH. JIFOfIeH, a 2,4 MITH. OTPUMYIOTh THBAIIIHICTS |1,
2]. B Ykpainu 11i MOKa3HUKHU CYTTEBO MEPEBUILYIOTh TaKi
y €Bporii, 110 Ma€ YiTKy TeHJICHIIIO J0 3pOCTaHHs [3, 4].

ITaroreneTnyna IOCHIIOBHICTh ITOAIH, IO BUKIIH-
kaHi YMT, Biitoyae HEKpO3, TI103 Ta arnomnTo3, JUQy3He
aKCOHAJIbHE TONIKO/DKCHHS Ta JEMIENiHI3aIli0, HEUpo-
3amajieHHsi Ta HeWpoxaereHepauito [5]. HeoOxinHo Bin-
3HAYWTH, 0 HAKOIIbIIe 3HAYCHHS 11 (POPMYBaHHS OC-
HOBHUX TNPUYMHHO-HACIIJAKOBHX 3B’S3KIB Ma€ MEpPIIAN
TOCTPHH Tepiof i aJeKBAaTHICTh peakilii HEHTPaTbHUX
MEIIaTOPHHUX CHUCTEM, 30KpeMa — IIEHTPATBHUX XOTiHEep-
riuaux (IIXC) [6, 7].

[TyckoBe 3Ha4YEHHS AJIS 3aIyCKY MPOIECIB MOIIKOI-
JKCHHSI Ma€ TIePBHHHA IMIEMisl TKAaHWHH, sIKa € TPUTep-
HUM MEXaHi3MOM JiereHeparlii 1 3arudeni HeipoHis [8].
3a ymoB UMT Oe3nocepeHbO0 MPUYUHOIO iMIeMil €
MEXaHIYHE MOUIKOKEHHS], sIKe pYHHY€e KPyITHOKIITHHHI
HEHpOHHM Ta TX BIPOCTKH, MPU3BOJIE IO PO3PHUBIB CYIUH
i IPOSIBISIETHCST KOHTY3I€F0 MO3KY, BHYTPIIIHBOYCPCITHH-
MH KPOBOBHJIMBAaMH, AU(Y3HUM aKCOHAIBHUM IOIIKOA-

skeHHAM [5]. KirtowoBa porns Ha 1IbOMY €Tarli HaJle)KHUTh
KajblaiHy (CIMEHCTBO IIUTO30JbHHMX HEHTpaJbHHUX
Ca**-aKkTHBOBaHHX I[MCTEIHOBUX MpOTea3), SIKWil 3amy-
CKae HelponereHepailito 1 armonto3 [9]. BropunHa (a3za
BKJIIOYA€ KacKaJud HEHpoXiMiuHUX 1 Helpomeradoiiu-
HUX TIOJIH, amonTo3 HEHpPOHIB y BIIIIJICHUX IUISTHKAX
MO3KY; OIIOCEPENKOBYETBCS KacIa3aMH i MPOSBISETHCS
BHYTPIIITHBOYEPETIHOIO TiMEpTEeH3i€l0, 3ananeHHsIM, Ha-
OpsikoM 1 rimokciero Mo3ky [9, 10].

Opnnum 3 ocHoBHUX Meaiatopis LIHC e anerumixonin,
AKUN Tie gepe3 MyckapuHoBi (M-) Ta HikoTHHOBI (N-)
peLenTopy, sKi IIMPOKO MPEACTABICHI y TOJIOBHOMY
Mo3ky [11, 12]. M-peuenropu 3B’s3ani 3 G-0inkamy i
MIBUILYOTh BMICT BHYTPINIHBOKIITHHHOTO KaJIBI[IFO Ta
3HIKYIOTh YTBOPEHHSI IIUKJIIYHOTO aJ€HO3MHMOHO(OC-
(daty (MAM®). N-perentopu € iO0HHUMH KaHAJIaMH, Ce-
peln SIKUX HalOlIbIIe PeryyaTopHe 3HAYeHHS Halle)KUTh
Ca’"-ionnuM KaHanam (miarum anbgpa’7), sKi perymoTh
HEHPOIUIACTUYHICTh, KOTHITUBHI MPOIIECH, MAIOTh HEWH-
ponpoTekTopHi BractuBocTi [13, 14].

Bimomo, mo mpu UMT akrtuBnicte L[XC npurhi-
Yy€TbCS, 3HUKYETbCS BHMBUIBHEHHS alETHIIXOJIHY Ta
eKCTIpecis XOJIHEePTIYHUX pelenTopiB, HATOMICTh aK-
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THUBHICTh alleTUIXOJIiHECTepas3u 30umblnyeTbes [15, 16].
[Tokazano, mo mpu UMT BBeleHHS XONMIHOMIMETHKA
OUTUIAH-5"-rudocdary XoiiHa MOKpAaIly€e KOTHITHBHI
3M10HOCTI B €KCIIEPUMEHTI 1 BUBLIBHEHHS alleTUIIXOIIHY
[17]. HeoOxigHO 3a3Ha4YMTH, 11O 1IEH Mpernapar aKTHBY€E
MepeBaXKHO HIKOTHHOBI anb(ha7-xomiHopenentopu [18].
Takox eKCTepUMEHTaNbHI JOCIIIKCHHS 3 BUKOPUCTaH-
HAM OJIOKAaTOPIB AalleTHIIXOJIIHECTEpa3H TaJlaHTaMiHy
[11] Ta nonenesmy [19] Manu MO3UTHUBHI pe3yJbTaTH:
Tperapary MiJICHITIOBAIA HEHpOreHe3 Ta MOKpallyBaln
BiJTHOBJICHHS KOTHITHBHHUX (QyHKIIIH micas UYMT. Onnax,
BIUIMB JIOHETIC3WIY HE OyB MiATBEpKCHUH Yy 1HIIIH po-
6oTi [20].

Merta: Bu3HaunTu BB aktuBaiii [IXC Ha meranb-
HICTh, HEBPOJIOTIYHI MOPYIICHHS Ta aKTUBHICTH Tinodi-
3apHOo-KopTukoaapeHanoBoi cuctemu (I'KAC) y rocrpo-
My nepiogi UMT.

MATEPIAJIN TA METOIHN

JocnipkeHHs npoBeneHo Ha 64 OiIMX mrypax-cam-
X JtiHii Bicrap macoro 200-215 1. Ctporo goTpumyBa-
nucst yMmoB [enbcinkebkoi aeknapauii ([enepanbHa acam-
6nest BeecBiTHRO1 MenuuHOT acomianii, 2008 p.), HOpM
Ta MPHUHIMITB €BPOIENHCHKOT KOHBEHIIIT PO 3aXUCT Xpe-
OeTHUX TBapWH, 110 BUKOPUCTOBYIOTHCS ISt AOCHIIHU-
IBKAX W THIIAX HAYKOBHX IIIJICH.

Xomninepriuaunii Brume Ha [THC mopnemtoBanu muis-
XOM BBelleHHsI XomiHy anbdocuepary («lmmiariminy,
ITALFARMACO, S.p.A.; Iramisi) — XOJIHOMIMETHKY
HEHTPATIBHOI [ii, SIKUH TMOCHIIOE Tepenady iMITyIbCiB
y XOJIIHEPTiYHUX HEHpOHAX, MOJIMIIY€E HeHpOoIIacTud-
HICTb KJIITHH, (JyHKIIIO PEIENTOPIB Ta CHHANTUYHY TIe-
penady. 3 ypaXyBaHHSIM IIEpPioiB HAKOTTMICHHS aKTUBHOI
PEUOBHMHU Ta HAIIBPO3May, KIIpEeHCY BUBEIECHHS, JOITY-
CTUMOI T0OOBOI JIO3H 1 3 pO3PaxyHKY Ha CEPEIHIO Macy
TBapWHU TIpenapar BBoawim 3a 24, 12, 6 Ta 1 roguny 10
mozemoBanHs: UMT BHyTpilIHBOOYEPEBEHHO B 11031 6
MT/KT. Y KOHTPOJIBHIN TPYIIi 32 TAKOIO % CXEMOO BBOJIH-
11 (Pi310J0TYHUHN PO3UHH.

UMT 3aBmaBany CTaHAAPTHUM METOJIOM IIPU BIJIBHO-
My TaJiHHI METaJIeBOr0 BaHTaXy Ha (DiKCOBaHY TOJIOBY
TBapuHU [21]. BaHTax sBIsSB cO00I0 KPYIJIHMiA MeTase-
BHUU CTproKeHb Macor 50 T, SIKW BUTBHO MepecyBaBcs
MIPOIOBXK METaNeBOi TPYOKH JOBKHUHOIO 65 cM, (ikcoBa-
HOKO CTPOTO MEPICHINKYIIIPHO Ha METaJIEBil CTaHUHI. 3
BUKOPUCTAHHSAM MOBEPXHEBOr0O e(hipHOr0 HAPKO3y TOJI0-
BY TBapHHH (DiKCyBaJIH ITiJ BEPTHKAIHHO PO3TAIIOBAHOIO
METAJIEBOK TPYOKOI TAKUM YHHOM, 100 OTBip TPYOKH
3HAXOJIMBCS B3JIOBXK CariTajlbHOTO IIBY T4 CUMETPUYHO

3s6niues C.B., Xygonin C.O.

oMy Ha 5 MM BIIepe]l Bijl iIHTpaypUKYISIpHOI JiHii. BaH-
TaX BUIbHO Ma/IaB MPOJIOBK TPYOKH Ta 31 CHIOBAB MUT-
TEBHUH yaap MO CKIICTIIHHIO Yeperna. 3a HalliMU ITOTIepe/-
HIMH TAaHUMHU 151 MOJICNb JaBajia 3MOTy OTPUMATH YiTKO
crangaptuzoBany UMT cepennvoro crynenio [21]. Tla-
TOJIOTOAHATOMIYHE IOCIKSHHS TI0KA3aJI0, [0 y TBAPUH
MozemoBanacs 3akputa UMT 3a HasiBHICTIO MiAIIKIPHOT
reMaToMu, 0e3 3CyBY TOJIOBHOTO MO3KY Ta 3 PO3TpPOIICH-
HSIM KOPU CKPOHEBMX 1 TIM’SHUX 4YacTOK Y 30HI ymapy
Ta y 30HI MPOTUYIAPy — OCHOBH JIOOOBHX 1 CKPOHEBHUX
YaCTOK. Y PeuOBHHI FOJIOBHOTO MO3KY CIOCTEpIraay 4u-
cenbHi Tudy3HI JpiOHOTOYKOBI KPOBOBHUIIHMBH.

Jlns omiaku TsokkocTi UMT Oyma obpana 100-6aimb-
Ha IIIKaJIa BU3HAYEHHs HEBpoJoriuHoro pedimury [21],
3a SKOK TIPOBOJAMJIM OKpeMy OIliHKYy (y Oayax) piBHs
cBigomocti — 0-20 GaniB; crany pedexkropHoi cdepw,
10 BKJIIOUAB IIMPHUHY 1 PEAKIiI0 3iHUIb Ha CBITIO, poO-
TIBKOBHI pedieke, CIIyX, M’SI30BHH TOHYC Tyiry0a Ta
KiHIiBOK — 0-28 GauniB; quxanns — 0-12 OaniB; pyx Ta J0-
KkoMOTOpHi (pyHKIIIT — 0-25 OaiB, a TAKOX JIESAKI ITOBEJTiH-
KOBI peakIii 31 3[aTHICTI0O BUKOHYBATH €JIEMEHTapHI
¢bynkii — 0-15 Ganis.

VY mrasmi KpoBi, oTpuMaHiil gepes 3, 24, 48 1 72 ro-
quH micas UMT, imyHO(epMEeHTHIM METO0OM BH3HAYa-
JU BMICT TOPMOHIB TiMoQi3apHO-KOPTHKOAJAPSHAIOBOT
cucremu (I'KAC) — aapeHOKOPTHKOTPOIHOTO TOPMO-
Hy (AKTI) ta xoprukoctepony (KC). Bmict pedoBuH
BU3HAYajM 3a 1HCTPYKLI€I JO HAOOPIB pEakTUBIB BiJ
komnaHii-supooHuka (DSL; CIIA). KinbkicHO iHTEH-
CUBHICTh 3a0apBJCHHS JOCITIKYBAaHUX 3pa3KiB OIli-
HIOBAJIM Ha iMyHo(epMeHTHOMY aHaiizaropi Multiscan
EX («Thermo Electron Corp.»; ®@innsuaist). OTpuMani
pe3yabTaTty MmiJiaBaii CTAaTUCTUYHIN 00poOIll 3 BHKO-
PHCTaHHSAM TNAaKeTy JIICH30BaHWX IPOTpaM sl Ipo-
BEJICHHS MpHKIaaHoi ctarucTiukd SPSS 11.0, MedStat,
MedCalc (MedCalc SoftWare bvba, 1993-2013).

PE3YJIBTATHU TA IX OGITOBOPEHHSI

Y roctpomy nepiogi UMT neTanbHICTh Y KOHTPOJIb-
Hilf rpymi cknana 25,0% TBapuH, TOMI SIK Y TPYTI 3 aKTH-
Barieto [[XC neranpHuX BHUMakiB 3apikcoBano He Oyino
(p<0,05). HeBponoriunwmii ne¢inut y TBapuH miciast UMT
MaB TEHJCHIIIIO 10 3POCTAHHs, 0 Y TPYIIi 3 AKTUBAIIEI0
IIXC 6yno BupaxeHO AOCTEMEHHO MCHIIE Ha BCiX Tep-
MiHax crioctepeskeHHs (Taom. 1).

Orxe, moyarkoBa aktuBauis L[XC nomepemxyBana
HeBpoJoTiyHi mopymeHHs miciast YMT, onnax y nuHaMiri
CIIOCTEPEIKCHHST HEBPOJIOTIUHUIA Te(DIUT MaB ITO3UTHB-
HY AWHAMIKY.

Tabmuus 1
Jlunamika HeBpouioriunoro gedinurty nicas UMT (6aniB; M+m)
I'pymna Yac micast TpaBMH
3 roAuHA 24 roguHu 48 roauH 72 roguHA
KonTposbha 25,6442 32,842,5 42,3422 51,343,0
Axrusauis [IXC 6,8+0,6* 7,3+0,5* 12,5+1,3* 16,8+1,7*

Ipumitka. * — p<0,05 y HOpiBHIHHI 3 KOHTPOJIBHOIO IPYIIOIO
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Tabuuns 2
JluHamika BMicTy ropMoHiB rinogizapHo-kopTukoaapenanoBoi cucremu micass YMT (M+m)
Ipyna Jlo TpaBmu Yac micjis TpaBMHU
3 roguumn 24 roauHu 48 roaun 72 roaMHu
KOHTPOJIb 37,7823 57,2464 32,345,6 21,5£2,7
=+ *
AKTT, axtusaiis [IXC 28,3+5.4 31,3£3,2 42.2+4 37" 37,3+4,5 27,4+3,8
[IMOJIB/JI
KOHTPOJIb i 354+24 621+3 5* 424427 241+17
KRG, mvow 1= paria [IXC 26313 2854217 403+28"" 31425 262+11

Ipumitkn: * —p<0,05 y nopiBHsAHHI 31 3HaYeHHAMHU 710 TpaBMH; # — p<0,05 y MopiBHSHI 3 KOHTPOJIEM HA Bi/INOBIJHOMY TEpMiHi

Bwmict AKTI y xouTponsHiil rpymni nicinsg UMT (taOn.
2) miABUIIYBaBCSA 3 MAaKCHMyMOM uepe3 24 TOIWHU
(p<0,05), mo Bka3yBajo Ha aKTHUBAIlII0 HEHPOCEKPETOP-
HOTO TIpotiecy y neHTpanbhii tanui ['KAC micns UMT
Ta MOSICHIOBAJIOCS TOCTTPABMATHYHOIO CTPECOBOIO Peak-
uieto [22]. Yepes 72 roquHu BMIiCT TOPMOHY MOBEPTABCS
o movyatkoBoro 3HaueHHs. Bmict KC wepe3 3 rogunn
TICIIST TPAaBMU TICPEBUIITYBAB KOHTPOJIBHI 3HaUeHHA y 1,3
pasu, a uepes 24 rogunu Bxe y 2,4 pasu (p<0,05). Sk i
BMmicT AKTT, yepe3 72 romunu Bmict KC BiTHOBITIOBaB-
Csl /10 TMOYATKOBOTO piBHA. TakuM YHMHOM, Y TOCTPOMY
nepioni UYMT Oyrna Bi3Ha4YeHa aKTUBAIIiS K IICHTPaIb-
HOi, Tak 1 nepudepmynoi manok ['KAC, sika 3ronom Bij-
HOBJTIOBAJIACS.

Ha BigmMiny Bix 1poro, npu aktuBamii [[XC peakiis
I'KAC xapakrepu3syBayiacst OilbIl CTaOUIBHUM BMIiCTOM
ropmoHiB. Sk iy koutpoisi, AKTI" MmaB ogHOCTIpsSIMOBa-
Hy 3 KC peakito: MakcumainbHe 30UIbIICHHS yepe3 24
TOJIMHHM 3 TIOIAJIBIIIAM ITOBEPHEHHSM JIO TOYaTKOBHUX 3Ha-
YeHb. AJle MPUPICT BMICTY 000X TOPMOHIB uepe3 24 To-
JIMHU TiCJsI TPaBMH OyB CYTTE€BO MEHII BUPAXEHUM, HIXK
y KOHTPOJIbHIM Tpyi — y 1,4-1,5 paszu; p<0,05; (tadmn. 2).
Takwuii pe3ynprat BKazyBaB Ha noMmipHy peakiito ['KAC
npu akTuBamii [[XC Ta mpoTeKTHBHUN BIUIUB aKTHUBAIil
OXcC.

TakuM YMHOM, BUKOPHUCTAHHS IEHTPAIBHOTO XOJi-
HOMIMETIKa Ui MoxayiaroBaHHS akTuBHOCTI [[XC
MIPU3BOAMIIO J0 3HM)KEHHS JIETAIbHOCTI Ta HEBPOJIOTiy-
Horo nedinuty y roctpomy niepiofni UMT, o cynpoBo-
JKYBAJIOCS CTaO1Ii3yF0YMM BILTHBOM Ha OHY 3 OCHOBHHUX
aJanTUBHUX HeHpOeHIOKpuHHUX naHok — ['KAC. Ii
aJieKBaTHA aKTHBAIlisl 3a0e3redye (GopMyBaHHS 3axmc-
HUX KOMIIEHCATOPHO-MPUCTOCYBAIBHUX PEaKIlii, crpsi-
MOBaHHX Ha TMIATPUMKY CEPIEBO-CYAMHHOI MisITbHOCTI,
aziekBaTHOI nepdy3ii TkKaHUH KUCHEM Ta eHepro3abesmne-
yeHHs [22].

OTpuMaHU# pe3yabrar BKasye Ha BaKIHBY pOJb
IIXC y peanizarii mocTTpaBMaTHYHOI CTPECOBOI peak-
1ii, a 3 THIIOTO OOKY, — MIATBEPIXKYE MOXKIIUBICTS ii (hap-
MaKOJIOT1YHOI KOPEKIii 3 BUKOPUCTAHHIM LIEHTPAIBLHOTO
XOJIIHOMIMETIKa XOJIHY ajb(ociepary, o Moxe ooMe-
JKYBaTU HAIMIpHY aKTHBALIIF0 HEHPOCHTOKPUHHOI CHCTE-
MU, 3MCHIITYBATH JICTAJIBHICTh 1 HEBPOJIOTTYHUN IS(IiINT.

B mnaHi 0OroBOpEeHHS OTPUMAaHUX PE3yJIbTaTiB He-
00XiZHO 3a3HAUUTH, IO ICHTPAJbHI XONTIHOPEUENTOPU
€ CKIIQJHUMHU OaratoMipHUMH OiJKamH, SIKi MaroTh BCi

CTPYKTYPHI €JIeMEHTH JJIsl IEPETBOPEHHS XIMIYHOTO CHT-
HaJTy, 3a3BUYail JIOKaJbHOTO ITiIBUIIICHHS KOHIIEHTpAIi]
MO3aKIIITHHHOTO alleTHIXOMIHY, B €ICKTPHYHUN CUTHAI,
BUKJIMKAHUI BiJKPUTTSM IOHHOTO KaHAy, Ta MOBOJAATH
ce0e sIK TUTIOBI, aJie Ay)Ke CKJIaIHI aJUTOCTEePUYHI Mallln-
HU [23]. XoniHOpeuenTopu MpeacTaBiIsioTh COOOI0 Cy-
MepciMeNCTBO MEHTAMEPHUX JITaHA-KePOBAaHUX 10HHHUX
KaHaJIB, SIKE BKIIIOYAE PELENTOP S-TiAPOKCHTPHIITAMIH,
31aTHUN iHTiOyBaTH aHIOH-CENEKTHBHY Y-aMiHOMACIHS-
Hy kucnory tumy A (TAMK-AR), niiniHoBi perientopu
(GlyR) 1 mryTamar-xepoBanuii xnopigauii kanai (GluCl)
[24]. Bigomo, 1m0 aKTHBHICTh XOJIIHOPEIETITOPIB aJlIo-
CTEPIYHO MOJYITIOKOTHCS MEMOPaHHUMM JIiITiIaMH, BiJlb-
HUMU JKUPHUMHU KHCJIOTaMH, CTEPOiTaMu, BMICT SIKHX y
MOo3KkoBii TkaHuHI Tpu YMT pizko 30inbmryeThes [5-8].

OTxe, came MOMIKOKCHHSI CKIAJHOI CTPYKTYpH
XOJIIHOPENENTOPIB Ta X MOMYJIFOIOUOro BIUIMBY HA 1HIII
HEHPOXiMiUHI CUCTEMH € (PaKTOPOM MEPBUHHOTO MOCT-
TPaBMATHYHOTO TIONIKOJKCHHS, 10 MOXE TOSCHIOBATH
BiJMiueHe OaraTbma JOCHTIHKeHHIMH purHideHHs [[XC
opu UMT [11, 13, 15].

B ymoBax UMT ocoOnuBe 3HaueHHs Ma€ IIMPOKE
po3mnoBcromKkeHHs XoniHopenenTopiB y [THC, mo noxa-
3aHO JUIS TIMOKaMIly, MUTIAIIUHHM, TiloTaniaMmycy, J1000-
BOT KOPH 1 MeIioIopcaibHOro sapa tainamyca [25]. To-
CTpe 1 XpOHIYHE CUCTEMHE BBEICHHS HIKOTUHY Ta HOTro
AHAJIOTIB B IIi CTPYKTYpPH 3HAYHO ITOKPAIIyBaj0 poOOTy
naM’siTh B Ja0ipUHTI i raJbMyBajio aMHECTHYHI €(PEKTH
anTaronicra NMDA-miryTaMaTHHX pelenTopiB Ji3011iJI-
miHa, o Majio AoBrorpuBaiuii epext [25]. Takum uu-
HOM, BHSIBIIEHE HAMH 3HMKCHHS JICTAIBHOCTI Ta HEBPO-
noriyaoro aedinuty micias YUMT Ha TI1i BBEICHHS XOJIIHY
anb(ocuepaty NOsSCHIOETbCA BaxkiuBow poito [[XC y
peaizamii alanTHBHUX PEAKIli, JTOBOJUThH MaTOTCHHY
3HAUYIIICTh iX FaJbMyBaHHS Ta OOIPYHTOBY€ HEOOXi-
HICTh BIJIHOBIICHHSI XOJIIHEPTiYHOT MeJiaIlii y TocTpoMy
MIOCTTPaBMAaTHYHOMY IIE€PiOIi.

Bigomo, mo Bick rimoramamyc-rinodiz-HagHUp-
KOBI 3aJI03M IHIIIIOE OCHOBHY €HIOKPHHHY BiJIIOBiJIb
Ha MopyleHHsa romeocrasy [22]. LleHTpanbHi XoniHep-
TiYHI MEXaHI3MH aKTUBYIOTh IIF0 BiCh, IIO aOCOIOTHO
HEOOX1THO SIK Ayl 0a3aJbHOTO, TaK 1 JJIsI BUKIMKAHOTO
CTPECOM BUBUIBHEHHS TJIFOKOKOPTUKOIJIB 3 KOPH Hall-
HUPKOBUX 3ay103 [26]. HelipoeHTIOKpHUHHI KIIITHHH, IO
pO3TaIIOBaHi y MeianbHiil MapBOIEUTIONAPHIN YacTHHI
napaBeHTpuKysipaoro siapa ([1BS) rimoranamyca, BU-
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TJISIFOTh KOPTUKOTpOMiH-pimiziHr-ropmon (KPI') B rimo-
TajaMo-TinodizapHy MOpPTaJbHY CHCTEMY, IO 1HIYKYy€
cekperiro AKTI kimiTiHaMu mepenHboi A0 Timodisa.
Heiiponu, saxi excrnpecytors KPT, mupoko nommpeni B
HEOKOPTEKCi, JIMOIUHINA cUCTeMi 1 CTOBOYpi MO3KY, IIO
CTOCYETBCSl TIEPEBAXKHO MpepPOHTANTBHOI, MOSCHOI Ta
OCTPIBKOBOI YaCTHH KOPH TOJIOBHOTO MO3KY, IIEHTpaJlb-
HOTO sIJIpa MUTJIAJIMHY, TITOTAJIaMYCy, IEHTPAIBHOT CipoT
peYOBHHH, MapadpaxianbHOTO SApa, OJAKUTHOI TISAMH 1
sIIpa COJIITAPHOTO TpakTy [27]. ALECTHIXONIH IHAYKYE
BuBipHeHHA KPI' y rinortanamyci, a aHTaroHicTH HiKO-
THHOBHX PELENTOPiB HOro iHriOyroTh. Y IIypiB rocTpe
CHCTEMHE BBEIICHHs HIKOTHHY akTuBye cuHTe3 KPI' y
Heiponax [1BS1, mo 36inburye nmiaa3mosuit piseas AKTT
1 KC [27]. Takum yunoMm, [IXC matoTs Oe3nocepenHiit
BILIMB Ha rinotanaMiuny perynsuito I'KAC. [Tporexkrus-
HUH BIUTUB BBEIICHHSI XOJIHY aib(ociiepary, 1o Oyio mo-
Ka3aHO y TAaHOMY JTOCIIKeHHI, MiATBEPIUB BaXKIIHBICTh
BIJTHOBJICHHSI MeliaTOpHUX BinHomeHs pu UMT Tta mo-
Ka3aB Po30aJaHCOBAaHICTh HEHPOXIMIYHUX MEXaHI3MIB,
sIKE TIPOSIBIIsUTIOCS HaaMmipHOo aktuBalieto [ KAC. VYV Ha-
IIMX TIOTIEPEIHIX MyOITiKaIlisaX MoKa3aHo, M0 TiepaKTH-
Ballisl HeHpoeHIOKpUHHUX cucteM npu UMT npusBone
JI0 TIepeHANpPY>KEHHSI KOMIICHCATOPHUX MEXaHI3MiB Ta 1X
BUCHaXXeHHS [7, 22].

[opymenns ¢ynkuii HHC, mo e Hacmiakom UMT,
BKIIIOYAIOTh XOJiHepriuni mexanizmu [28]. [loka3zaHo,
0 Mics KOHTY31HHOI TpaBMHU KOpPH TOJOBHOTO MO3KY
3HIDKYBaJIacs IIUTBHICTh XOMIHEPTIUYHUX 1 TIyTaMaTHUX
NMDA-pernentopis, a TAKOXK €KCIPECis KaJIbIIEBUX Ka-
HAJIiB, 110 0COOINBO CTOCYBATIOCS MIATHUITY anbda7-Xomi-
HopenenTopiB. Came iX BUCOKA KaJbIli€Ba MPOHUKHICTh
MOB’A3aHa 3 HEHpoJereHepaliero Ta 3HaYHUM HEBPOJIO-
riuanm aedinutom micns UMT [28]. dedinur excrpecii
anb(a7-XOMHOPELUENTOPIB CIPHUsIE€ KOTHITUBHUM MOPY-
mreHHsiM ipu UMT, Togi Ik aroHiCTH HIKOTHHOBHUX peler-
TOpPIB BIAHOBIIOIOTH II0 HEAOCTATHICTH Ta MPU3BOAATH
JI0 3HAUHOTO KOTHITMBHOTO MOJIMIICHHS B MOPIBHSAHHI 3
KOHTPOJIBHOO rpyToro [29]. Bukopucranss ajmmoctepid-
HOro MoxyJsiTopa ajbda7-xoniHopeuenTopis AVL-3288
MOKpAaN[yBano KOTHITHBHI (yHKIii, 30KkpemMa poOody
mam’siTh Y BOJHOMY JIAOipHHTI, Ta MOIMEPEIKaIo aTpo-
¢iro rimokammy micis nepkyciiniit UMT. Lle no3onu-
JI0O BCTAHOBUTH, IO IMOCWJICHHS XOJIIHEPTIYHOT Tiepeiadi
3a paXxyHOK MO3WUTHBHOI ajJIOCTEPIUHOI MOAYJSAIIT ab-
(ha7-xomiHOpEenTOpiB MOXKe OyTH HOBHUM TEpaIleBTHY-
HUM 3aCO00M MOMEPEKCHHs Ta JIKYBaHHS ITOPYLICHb
BUIIO1 HEPBOBOI JisbHOCTI pu UMT.

Kpim Toro, cnermdiuna akTuBailis anabda7-XoiHO-
pelenTopiB 3HMKY€E MPOHUKHICTH TeMaroeHuedaniano-
ro 6ap’epy micis ekcriepuMenTanbHol UMT [31]. Takuii
camuil edexT Mae i OIOKaTop aleTiIXoJiHecTepasu ra-
JIAHTAMIH, SKAW, KPIM TOTO, aJJIOCTEPIYHO ITiJICHITIOBAB
nepenady curHaiiB N-XOTiHOPEIENTOPIB Ta 3MEHITYBAB
nereneparito TAMK-epriuaux HeWpoHIB y rimokamii,
IO CYNPOBOMKYBAIOCS TOKPAIICHHSIM KOTHITUBHHX
¢yukuiii [11]. Ha namy 1yMKy, BUpaKeHH TO3UTUBHUI

3s6niues C.B., Xygonin C.O.

e(exT XoIiHy anbdocuepaTy MoKe TOSICHIOBATUCS caMe
HOro MOIYJTIOIOYMM BIUIMBOM Ha anib(ha7-xoliHOoperern-
TOpH, IO TIONIEPE/PKAE KAJbII€BI MEXaHI3MU IOIIKO/-
JKEHHsI HepBOBO1 TKaHUHHU, siKi ipy UMT € nepBUHHUMHU
Ta HEOOOPOTHUMH BHACIIJIOK aKTHBAIlil KaJbIaiHy, 110
MIPHU3BOJIE JI0 alONTO3y Ta HeWpoaereHeparii [9].

BUCHOBKH

1. Ilpu axtuBarii [IXC y rocrpomy nepiogi UMT cyT-
TEBO 3HIKYBAJIMCS JICTAIBHICTh Ta HEBPOJIOTTYHUH edi-
ITWT, III0 CYTIPOBOIKYBaAsIOCs roMipHOIo akTuBariero ' KAC.

2. Beranosneno Baxiuy poib LIXC y peanizarii mo-
CTTPaBMAaTUYHOI CTPECOBOI peakilii HEHPOESHTOKPUHHOT
CHUCTEMH, a TaKOXK MOXKIUBICTH 11 (hapMaKoJIOTI4HOI KO-
PEeKIIii XOTIHOMIMETHKaMH LIEHTPaJIbHOTO THITY Jiii.
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3HAYEHUE AKTUBALIMU HEHTPAJIbHBIX XOJTMHEPTUYECKUX CUCTEM ITPA YEPEITHO-
MO3I'0OBOM TPABME

3a6nuyes C.B., *Xyooneii C.0.

'Hayuonanonoiii meouyunckuti ynugepcumem umenu A.A. Bocomonvya, Kues, Ykpauna
’Meouyunckuii yenmp cospemennoii aoouxmonozuu «MedicoMentey, Kuee, Ykpauna
zsv1965@gmail.com

AKTyaJbHOCTb. [I3BecTHO, uTO mpu uyepenHo-mo3roBoil TpaBMe (UMT) akTMBHOCTH LEHTPAJIbHBIX XOIMHEPIUYECKUX CHUCTEM
(IIXC) yrueraercsi, CHI)KAEeTCsI BRICBOOOXKICHUE AIETHIXOIMHA U SKCIIPECCHS XOIIMHEPTUISCKHUX perenTopos. Boccranosnenue xomu-
HOPEaKTUBHOCTH SBIISAETCS aKTyaJdbHBIM HAIIPABIEHUEM HCCIEI0BAHUN M BO3ZMOKHOTO TEPANIEBTHUECKOTO BO3AEHCTBHS.

Heas — onpenenuts Biausiaue akruBanyy [[XC Ha 1eTanbHOCTD, HEBPOJIOTHYECKUE HAPYIICHHS M AKTHBHOCTH TUITO(N3apHO-KOPTH-
koanpenanoBoii cucteMsl (I'KAC) B octpom nepuoge UMT.

Marepuaa u meroasl. UM T mMonenupoBaiu npyu CBOOOIHOM MaJICHUH TPpy3a Ha (PMKCHPOBAHHYIO I'OJIOBY KMBOTHOTO. J{J1s1 aKTHBa-
1 [[XC kppicam 10 TpaBMBI BBOAWIN XOJIMHA ab(ociepar (NHATHINH, 6 MI/KT), B KOHTPOIBHOH TPpyTIe BBOAMIN (GU3HOIOrMIeCKHUHA
pactBop. HeBposnoruueckuit nepunur ouennBanu no 100-6amnsHoit mkane Togna. B mnasme kpoBu uepes 3, 24, 48 u 72 gaca mocie
TPaBMbI IMMYHO(GEPMEHTHBIM METOJIOM OIPE/IEIISIIA COAepKaHNe aJpeHOKOPTHKOTPOITHOTO ropMoHa u koprukoctepona (DSL; CILIA).
Pesynpratsl crarucTudecku oopadaTeiBaay ¢ mpuMeHeHneM mporpamm SPSS 11.0, MedStat, MedCalc.

Pe3yabTarhl. JleTaasHOCTh B KOHTPOJIBLHOU Tpymme coctaBmia 25,0%, B rpymie ¢ akruBanueii [[XC neranbHbIX cirydaeB He ObLIO
(p<0,05). HeBponormueckuii neunut B rpynme ¢ aktuBanueid LIXC Obu1 BeIpakeH 3HAYMMO MEHBIIE TI0 CPaBHEHHUIO ¢ KOHTPOJEM Ha
Bcex cpokax HaOmroznenus. ConeprkaHiue TOPMOHOB HMEJIO CXOXKYIO TMHAMMKY — JOCTUraJo MaKCUMyMa 4epe3 24 4aca 1 BOCCTaHaBIIHU-
BaJIOCh Yepe3 72, onHako npu akruBaruu L[XC npupoct 651 B 1,4-1,5 paza mensie (p<0,05). Takum 06pa3oM, HCTIONE30BaHAE XOINHA
anbdocuepara a1 MojieaupoBanus akTuBHOCTH LIXC npuBOAMIO K CHIIKEHHUIO JIETAIbHOCTH M HEBPOJIOTHYECKOTO Ie(UIINTA B OCTPOM
nepuone UMT, uto conpoBoxaanocs cradmmmsupyronmm iausaueM Ha [KAC.

BrsiBoa. YcranosieHa BaxHas poib L{XC B peanmzanun mocTrpaBMaTHuecKoi ctpeccoBoid peakiun ['KAC, a Takke BO3MOXKHOCTh
ee (hapMaKoIOrHIeCcKoi KOPPEKLUH XOINHOM allb(OCLepaToM.

KuroueBbie ci10Ba: IEHTPATBHBIC XOTNHEPTHISCKUE CHCTEMBI; SKCIIEPHIMEHTAIbHAS YePEITHO-MO3r0Bast TPaBMa, XOJIMHA anb(ocIepar.

THE IMPORTANCE OF CENTRAL CHOLINERGIC SYSTEMS ACTIVATION IN TRAUMATIC
BRAIN INJURY

Ziablitsev S.V., ’Khudoley S.O.

'Bogomolets National Medical University, Kyiv, Ukraine
’Medical Center for Contemporary Addictology «MedicoMente», Kyiv, Ukraine
zsv1965@gmail.com

Relevance. It is known that in traumatic brain injury (TBI), the activity of the central cholinergic systems (CChS) is inhibited, the
release of acetylcholine and the expression of cholinergic receptors decrease. The restoration of cholinoreactivity is an urgent area of
research and possible therapeutic direction.

Objective — to determine the effect of CChS activation on mortality, neurological disorders, and the activity of the pituitary-
corticoadrenal system (PCAS) in the acute period of TBI.

Material and methods. TBI was simulated with a free load’s fall on a fixed animal head. To activate the CChS, rats were injected
with choline alfoscerate (gliatilin, 6 mg/kg) before injury, physiological saline was injected in the control group. Neurological deficit
were assessed using the 100-point Todd scale. In blood plasma, 3, 24, 48 and 72 hours after injury, the content of adrenocorticotropic
hormone and corticosterone was determined by the enzyme immunoassay method (DSL; USA). The results were statistically processed
using the SPSS 11.0, MedStat, MedCalc software.

Results. Mortality in the control group was 25.0%, in the group with activation of the CChS there were no lethal cases (p<0.05).
Neurological deficit in the group with CChS activation was significantly less pronounced compared to the control at all periods of
observation. The hormone content had a similar dynamics: it reached a maximum after 24 hours and recovered after 72 hours, however,
upon activation of the CChS, the increase was 1.4-1.5 times less (p<0.05). Thus, the use of choline alfoscerate for modeling the CChS
activity led to the decrease in mortality and neurological deficit in the acute period of TBI, which was accompanied by a stabilizing
PCAS function.

Conclusion. The important role of CChS in the implementation of post-traumatic stress reaction of PCAS, as well as the possibility
of its pharmacological correction with choline alfoscerate, was established.

Key words: central cholinergic systems; experimental traumatic brain injury; choline alfoscerate.
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Relevance. Severe trauma is accompanied by the development of multiple organ dysfunction and the insufficiency of internal organs.
The dynamics of changes in the functional state of the liver didn’t investigate fully. It is the central organ of detoxification of the body,
whose activity occurs in close integration with other organs and systems of the body.

Objective is to find out the features of the biliary function of the liver in the dynamics of the developed model of polytrauma.

Materials and methods. Polytrauma was performed using 62 nonlinear white male rats weighing 180-200 g under conditions of
thiopental-sodium anesthesia (40 mg 1kg-1 intraperitoneally). In surviving animals, the biliary function of the liver was studied in 2 h,
1, 3,7, 14, 21, and 28 days after injury. For this purpose, the common bile duct was catheterized, and bile was collected for 1 hour in
animals under thiopental-sodium anesthesia (60 mg kg-1). The rate of bile excretion and the concentration of total bile acids, cholesterol,
direct and indirect bilirubin in the selected portion of bile were determined. Based on these data, the rate of excretion of the studied
components of bile was calculated. Euthanasia of rats throughout the experiment was performed by total bloodletting from the heart
after previous thiopental-sodium anesthesia (60 mg kg-1 intraperitoneally). The obtained digital data were subject to statistical analysis.

Results. In the conditions of experimental polytrauma, there is a violation of the biliary function of the liver. It is manifested in the
period of an acute reaction to the trauma first (after 2 hours) by a significant it decreases, then (up to 1 day) development of polycholia
- 1.52 times increased of bile secretion. Also increased excretion of the main components of bile, with their subsequent decrease to 7
days, development of the period of temporary improvement in 14 days with the repeated of exacerbation period in 21 days and approach
to the norm - in 28 days.

The decrease in bile secretion corresponds to a period of shock, which is characterized by the centralization of blood circulation
and reduced blood supply to the organs of the gastrointestinal tract. Increased bile secretion and excretion of main bile components in
1 day after a severe injury is associated with the increased biliary polarity of hepatocytes and unloading of the liver from endotoxins.
It accumulates due to tissue damage, microcirculation, and hypoxia. Subsequently, the indicators of the biliary function of the liver
changed by the identified patterns of lipoperoxidation deviations, antioxidant protection, cytolysis, and endogenous intoxication. The
pathogenesis of biliary disorders is the damage of the endoplasmic reticulum membranes, where the synthesis of the main components
of bile. As well as the development of edema of the organ, which prevents the outflow of bile.

Conclusion. The dynamics of the development of functional liver failure due to polytrauma coincides with the general pattern
characteristic of the dynamics of other biochemical markers of traumatic disease. Namely: after 3 days of the post-traumatic period,
there was a phase of maximum deepening of deviations of the studied indexes. After 7-14 days there was noted a phase of temporary
improvement which is characterized by a change of indexes towards the norm. After 21 days there was a re-exacerbation of the
pathological process. After 28 days the indexes changed towards the norm, but for most cases do not reach it.

This means that in a critical state of the body the organs and systems coupling is getting worse, which are remote from the site of
injury. It can be considered as a factor of compensation and adaptation directed to the survival of the organism.

Keywords: rats, polytrauma, liver, bile

Relevance. In the structure of injuries in recent
years, there has been a stable tendency to increase
the frequency of combined injuries. It is 23.5-85.0%
accompanied by the development of traumatic illness,
and it is characterized by severe complications and
high mortality [7]. Despite significant advances in the
treatment of polytrauma victims, their effectiveness
remains unsatisfactory. Therefore, many authors refer a
comprehensive study of the pathogenetic mechanisms
of the multiorgan dysfunction formation in conditions
of polytrauma and traumatic illness to the main areas of
modern theoretical and practical medicine [5].

In our previous works on the developed model of
polytrauma [6], we showed that there is a pattern of the
following indexes deviation. They are the dynamics of
lipid peroxidation, antioxidant protection, cytolysis, and
endogenous intoxication in the dynamics of the early and

late manifestations of the traumatic disease. It consists
of the fact that after 3 days of the post-traumatic period,
there is a phase of maximum deepening of deviations
of the studied indexes. After 7-14 days there is noted a
phase of temporary improvement which is characterized
by a change of indexes towards the norm. After 21 days
there is a re-exacerbation of the pathological process.
After 28 days the indexes change towards the norm, but
for most cases do not reach it.

It is known that a set of systemic abnormalities on
the background of severe trauma are accompanied by
the development of multiple organ dysfunction and
insufficiency. Therefore, to increase the informativeness
of our model of polytrauma, there was a task of determine
its impact on the functional state of internal organs.
In several publications for this purpose use indexes of
a functional condition of a liver as a central body of
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detoxification of an organism which activity occurs in
close integration with other bodies and systems of an
organism. [2].

Objective is to find out the features of the biliary
function of the liver in the dynamics of the developed
model of polytrauma.

MATERIALS AND METHODS

The experiments were performed using 62 nonlinear
white male rats weighing 180-200 g, which were kept
on a standard diet into vivarium. All manipulations
with experimental animals were carried out following
generally accepted bioethical standards of humane
treatment of laboratory animals of international
and national regulations for animal experiments:
«European Convention for the Protection of Vertebrate
Animals for Research and Other Scientific Purposes»
(Strasbourg, 1986); «General ethical principles of animal
experiments» (Ukraine, 2001), the Law of Ukraine «On
protection of animals from cruel treatmenty Ne 3447-IV
(Ukraine, 2006).

Polytrauma was performed by our methodology
developed, under conditions of thiopental-sodium
anesthesia (40 mg 1kg-1 intraperitoneally). In surviving
animals, the biliary function of the liver was studied in
2 h, 1, 3,7, 14, 21, and 28 days after injury. For this
purpose, the common bile duct was catheterized,
and bile was collected for 1 hour in animals under
thiopental-sodium anesthesia (60 mg kg-1). The rate of

Kozak D.V.

bile excretion and the concentration of total bile acids,
cholesterol, direct and indirect bilirubin in the selected
portion of bile were determined. Based on these data, the
rate of excretion of the studied components of bile was
calculated. Euthanasia of rats throughout the experiment
was performed by total bloodletting from the heart after
previous thiopental-sodium anesthesia (60 mg kg-1
intraperitoneally).

The obtained digital data were subject to statistical
analysis. The significance of differences between
experimental and control groups was evaluated using the
program STATISTICA 10.0 (StatSoft, Inc., USA).

RESULTS AND DISCUSSION

The rate of bile excretion in 1 day of the post-traumatic
period was significantly reduced by 37.9% compared to
the control group by the influence of polytrauma (Table)
(p<0,001).

However, in 3 days this index increased sharply
by 51.5% relative to control (p <0.001) and more than
2 times relative to the previous observation period (p
<0.001). After 3 and 7 days, the rate decreased again and
was statistically significantly lower than in the control
(respectively by 11.7 and 9.8%, p <0.05) and compared
with 1 day of observation (respectively by 41.8 and 40,
5%, p <0.001). After 14 days, the rate increased slightly
and reached the level of control (p> 0.05). However, after
21 days there was a further decrease of 20.4% relative to
the control group (p <0,01). The index remained at the

Table
Dynamics of a biliary function of the liver in response to polytrauma (M=+m)

2 hour 1 day 3 day 7 day 14 day 21 day 28 day
(n=6) (n=6) (n=6) (n=6) (n=6) (n=5) (n=5)
The rate of bile excretion
Control = (2,6420,09) ml h kg (n=6)
1,64+ 4,00+ 2,33+ 2,38+ 2,44+ 2,10+ 2,34+
0,08""" 0,16"" 0,07" 0,04 0,11 0,14" 0,10”
The rate of bile acid secretion
Control = (5,67+0,20) mg h kg™ (n=6)
3,43+ 7,83+ 3,76+ 4,52+ 5,09+ 3,80+ 4,96+
0,29™" 0,49 0,177 0,16" 0,09 0,34 0,32"
Cholesterol release rate
Control = (1,1340,07) mg h ""kg™! (n=6)
0,534+ 1,65+ 1,13+ 0,75+ 0,94+ 0,98+ 0,92+
0,05 0,07 0,07 0,06 0,11 0,11 0,05"
The rate of excretion of total bilirubin
Control = (264,4%15,6) mkmol h ' -kg™" (n=6)
159,7+ 384,7+ 217,2+ 220,5+ 238,0+ 202,5+ 2283+

10,0 225" 10,17 8,7" 13,3 16,0" 7,7*
The rate of release of direct bilirubin
Control = (171,6£13,9) mkmol h "-kg™" (n=6)
93,6+ 208,5+ 110,3+ 116,7+ 145,9+ 98,8+ 128,1+
53" 12,8" 10,5 77" 11,5 9,9 8,1"
The rate of secretion of indirect bilirubin
Control = (92,84+6,2) mkmol h "-kg (n=6)
66,1+ 176,24 106,9+ 109,85+ 92,2+ 103,74 100,24
5,6 1,1 3,6" 7,8 6,5 6,3 9,6

Note: *# — significance of differences concerning the control group (¥ — p<0,05; ** — p<0,01; *** — p<0,001; # — p<0,10).
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same level after 28 days and was 11.4% lower than in
the control (p <0.01). It is noteworthy that, starting from
day 3 fluctuations in the value of the studied index in the
dynamics of the post-traumatic period was insignificant
(p> 0.05). It was statistically significantly different from
the same, which was observed after 2 hours and 1 day
after injury (p<0,05).

The rate of excretion of bile components is responsible
for the amplitude and vector at this rate of bile excretion.
Thus, the rate of excretion of total bile acids (Table)
in the acute period of injury (after 2 hours.) decreases
by 39.5% (p <0,001). After 1 day, this index increased
significantly in the control group (by 38.1%, p <0.01),
as well as the previous observation period (2.3 times, p
<0.001). After 3 days, the index was re-decreased and
was created by 33.7% less of control (p <0.001) and
by 52.0% regarding the previous observation period (p
<0.001). Then this index was increasing to 14 days, and
after 7 days it is significantly greater than after 3 days
(20.2%, p <0,05); after 14 days greater than after 7 days
(by 12.6%, p <0,05). In all these terms of observation, the
studied index was significantly lower than in the control
(after 7 days - by 20.3%, after 14 days - by 10.2%, p
<0.05). After 21 days, there was a new decrease in the
rate of excretion of total bile acids with bile by 25.3%
during the previous observation period (p <0.01), which
was 33.0% lower than in the control (p <0.001). After 28
days, this index was increased and had a slight tendency
to decrease according to the control (p <0.10). It
statistically significantly was above the same value after
21 days of the post-traumatic period (30.5%, p <0,01).

The rate of excretion of cholesterol with bile after
2 hours significantly decreased relative to the control
group (Table) by 52.8% (p <0.001). After 1 day, the
index increased significantly: concerning the previous
observation period 3.1 times (p<0.05), concerning control
by 46.0% (p <0.001). After 3 days, the rate decreased and
reached the level of control (p> 0.05). After 7 days, it
continuos decreased and its average became 33.6% lower
than in the control (p <0.001), and relative to the previous
observation period (p <0.05). After 14-21 days, the rate
increased and did not differ statistically significantly
from the control group (p> 0.05). After 28 days the phase
of the decline came again. The index was 18.6% lower
than the control (p <0.05). It should be noted that its
level after 7-28 day did not differ significantly despite
significant fluctuations in control (p>0,05).

Similar deviations were observed in the magnitude of
the rate of excretion of total bilirubin (Table). In 2 hours
there was a statistically significant decrease in the value
of this index relative to the control group (by 39.6%,
p <0.001). In 1 hour the index increased (by 45.5%
relative to the control, p <0.001, and 2.4 times relative
to the previous observation period (p <0.001). After 3-7
days, the index decreased again and became lower than
the control by 17.9 and 16.6% (p <0.05) After 14 days,
the index increased although this was not statistically
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significant compared to the previous observation period.
But it reached the level of control (p> 0.05). After 21
days it was less by 23.4% than the control (p <0.05), and
after 28 days - by 13.7% (p<0,10).

The rate of release of direct bilirubin (table) after 2
hours decreased relative to control by 45.5% (p <0,001).
After 1 day, it increased and exceeded the control
level by 21.5% (p <0.10) and the previous observation
period by 2.2 times (p <0.001). After 3 and 7 days, the
index again became less than the control (respectively
by 35.7 and 32.0%, p <0,01). After 14 days, the index
increased reaching the control level (p> 0.05) and then
decreasing after 21 days (by 47.6% relative to control,
p <0.01) and increasing after 28 days - by 29, 7%
relative to the previous observation period (p <0.01). In
the last observation period, the index was statistically
significantly lower than in the control (25.9%, p<0,05).

The rate of secretion of indirect bilirubin (Table)
was similarly statistically significantly lower than in
the control after 2 hours of the post-traumatic period
(28.8%, p <0,01). As in the previous terms, after 1 day
the index increased and exceeded the control of 89.9% (p
<0.001), and the previous observation period in 2.7 times
(p <0.001). Then the rate decreased and, starting from
3 days did not differ from the control level (p <0,05).
After 3-28 days, the index also did not differ between the
experimental groups (p> 0,05).

The obtained results indicate that the indexes of biliary
function are characterized by a significant decrease after
2 hours of the post-traumatic period relative to the control
group and a significant increase - after 1 day. It can be
interpreted as a syndrome of «polycholiay. The decrease
of bile secretion corresponds to the period of shock,
which is characterized by the centralization of blood
circulation and reduced blood supply to the organs of
the gastrointestinal tract [4]. Increased bile secretion and
excretion of the main components of bile in 1 day after
severe injury was observed in studies by other authors
[2]. They have associated it with increased permeability
of the biliary pole of hepatocytes and unloading of the
liver from endotoxins accumulated due to tissue damage
and microcirculation. Subsequently, the indexes of the
biliary function of the liver changed according to the
identified patterns of deviations of lipoperoxidation,
antioxidant protection, cytolysis, and endogenous
intoxication [6]. We can assume that in the pathogenesis
of biliary disorders is the damage of the endoplasmic
reticulum membranes, where the synthesis of the main
components of bile [8], as well as the development of
edema of the organ that prevents the outflow of bile [1].

Thus, in the conditions of the modeled polytrauma,
there is a development of functional insufficiency of a
liver. The formation of functional insufficiency of a liver
obeys the general law which characteristic of deviation
of other biochemical indicators (markers of a traumatic
illness) from the third day. We can assume that in the
critical state of the body the organs and systems coupling
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is getting worse, which are remote from the site of injury.
It can be considered as a factor of compensation and
adaptation directed to the survival of the organism.

CONCLUSION

In the conditions of experimental polytrauma, there
is a violation of the biliary function of the liver. It is
manifested in the period of an acute reaction to trauma
by the development of polycholia. Further decline of bile
secretion and excretion of main bile components is shown
up to 7 days. Their temporary improvement after 14 days
with repeated reduction after 21 days, and approaching
the norm in 28 days.

REFERENCES

1. Gudima A.A., Yarema V.V. [Dynamics of morphometric
parameters and their correlation with mortality in
animals with different metabolic capacity of the liver
in the early period of polytrauma]. Hospital Surgery.
2012; 4(60): 65-7. [in Ukrainian]. URL: https://ojs.
tdmu.edu.ua/index.php/surgery/article/view/2000

2. Gudima A.A., Yarema V.V. [Disorders of bile formation
and bile secretion in the early period of polytrauma in
animals with different metabolic capacity of the liver].
Achievements of clinical and experimental medicine.
2012; 2 (17): 48-52. [in Ukrainian]. URL: http://www.
irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.ex
¢?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S
21REF=10&S21CNR=20&S21STN=1&S21FMT=

Kozak D.V.

ASP meta&C21COM=S&2 S21P03=FILA=&2
S21STR=Zkem 2012 2 14

3. [Preclinical studies of drugs: guidelines]. Ed. by O.V.
Stefanov. Kyiv: Avicenna, 2001. 528 p. [in Ukrainian].
URL: https://www.twirpx.com/file/537410/

4. Yelsky VN., Klimovichsky V.G., Zolotukhin S.E.
[Selected aspects of the pathogenesis and treatment of
traumatic illness]. Donetsk: LLC «Swany», 2002. 360
p. [in Russian]. URL: http://catalog.odnb.odessa.ua/
opac/index.php?url=/notices/index/IdNotice:72801/
Source:default

5. Malysh L.R., Kozlov V.K., Zgrzheblovskaya L.V. [Profile
of circulating cytokines and their production by
mononuclear cells in the dynamics of the post-traumatic
period in patients with polytrauma]. Cytokines and
inflammation. 2007; 6 (3): 49-56. [in Russian]. URL:
https://cytokines.ru/russian/2007/3/Art9.php

6. Patent 63997 Ukraine, IPC G 09 B 23/28. [Method
of polytrauma modeling]. Kozak D.V.; applicant i
patent holder Gorbachevsky Ternopil State Medical
University. No. u 201104110; statements 05.04.11;
published 10/25/11, Bul. 20. [in Ukrainian].

7. Sokolova F.M., Toporuk T.G., Bersnev V.P. [Adaptive
possibilities of early rehabilitation in children with
severe TBI]. In: Actual problems of neurology and
neurosurgery. Collection of scientific papers. Rostov-
na-Don, 2005: 112-3. [in Russian].

8. Chekman 1.S., Posokhova K.A., Beregovaya E.G.
[Microsomal enzyme system of the body]. Kyiv, 1996.
80 p. [in Russian].

KoHdnikT iHTepecis: BiacyTHiN /
Conflicts of interest: authors have no conflict of interest to declare.
Hapinwna no pepakuii / Received: 02.08.2020

Micns poonpavoBaHHs / Revised: 11.09.2020
MpwiiHaTo fo apyky / Accepted: 21.09.2020

OCOBJHUBOCTI )KOBYOBUALJIbHOI ®YHKIII ITEYTHKA B TUHAMIII ITIOJITPABMHU B
EKCIIEPUMEHTI

Koszax /1.B. (https://orcid.org/0000-0002-5142-2057)

JIBH3 “Tepnoninbcokutl 0epaicasHuti MeOuyHul yHisepcumem
imeni I. A. T'opbauescokozo MO3 Yrpainu”, Tepnonine, Ykpaina
kozak@tdmu.edu.ua

AKTyaabHicTh. TsDKKa TpaBMa CyIPOBOIKY€ETHCSI PO3BUTKOM MOJIIOpraHHOT AUC(YHKIIT 1 HetocTaTHOCTI BHYTPINIHIX opraHiB. Cbo-
TOIHI HE JI0 KiHII BUBYEHA JHHAMIiKa 3MiHU (DYHKIIOHAIBHOTO CTAaHy IMEYiHKN — IIEHTPAIBHOTO OpraHa ICTOKCHKAIl OpraHi3My, JTisiib-
HICTb SIKOTO BiJOYBA€THCs y TiCHIH iHTerpauii 3 iHIIUMU OpraHaMu i CHCTeMaMH OpTraHi3My.

Merta: 3’sicyBaTH 0COOIMBOCTI YKOBYOBUILTBHOT (DYHKIIIT TEUiHKHU B JHHAMIII PO3POOICHOT MOJIEN IO TPaBMH.

Marepiaan Ta MmeTonu. Ha 62 HeniniitHux OUTHX 1rypax-camirsix, macoro 180-200 1, BUKOHYBaIH MONITPAaBMy B YMOBAaX TiONEHTa-

JI0-HaTpieBOro Hapko3y (40 Mrexr-1 BHYTpIIIHBOYEPEBUHHO). Y TBApUH, SIKI BUKMIIM, JIOCHIIKYBaJIH )KOBUOYTBOPIOBAIBHY (YHKIIIIO
neyinky yepe3 2 rox, 1, 3, 7, 14, 21 1 28 ni6 micns TpaBMH. 3 Ii€I0 METOO MiJ TIOMEHTAIO-HATPIEBUM 3HeuyneHHsM (60 mrexr-1) y
TBapHH KaTeTepH3yBaJN 3arajibHy JKOBYHY IIPOTOKY 1 30Mpasil sKoBY npotsiroM 1 roj. BuzHavany mBHIKICT )KOBYOBHIIICHHS Ta KOH-
LEHTPALiI0 y BHIUICHIA MOPILIi )KOBYI CyMapHUX KOBYHHUX KHCIIOT, XOJECTEPOIy, 3arajibHOro, MPSIMOTO 1 HempsiMoro Oimipy6iny. Ha
OCHOBI IIMX JITaHUX PO3PAX0OBYBAJIH IIBUAKICTh €KCKPELlii IOCIIDKYBAHIX KOMIIOHEHTIB »K0BYi. EBTaHa3it0 IIypiB MPOTATOM yChOTO eKc-
MIEPHMEHTY IIPOBOIMIIN HIISIXOM TOTAIEHOTO KPOBOITYCKAHHS 3 CEpIIs MICIIsl HONEePEAHBOTO TIONEHTAI0-HATPieBOTO HapKo3y (60 Mrekr-1
BHYTPIIIHbOUEPEBUHHO). OTpuMaHi M(POBI JaH1 MiAATaNd CTAaTUCTHYHOMY aHAIIi3y.

Pe3yabraT. B yMOBax ekcriepUMEHTAIBHOI OJITPAaBMH BUHHKAE MOPYIIEHHS MOKa3HUKIB )KOBYOBUIUIBHOT (yHKIIT MediHKy, o
MIPOSIBIISIETHCSI B TIEPIOJ] TOCTPOI peakiii Ha TpaBMy CIIOYATKy (depe3 2 TOJ.) CYTTEBUM iX 3HIKEHHSM, MOTIM (10 1 100M) po3BUTKOM
nomixodii — B 1,52 pa3u 301IbIIyETHCS IIBUAKICTD YKOBYOBHIIICHHSI, TIOCHITIOETHCS €KCKPEIIisi OCHOBHHX KOMITOHCHTIB JKOBYIi, 3 MOIaJIb-
MMM X 3HWKSHHSIM JI0 7 100U, pO3BUTKOM II€pioy THMYACOBOTO MOKPAIIECHHS depe3 14 11i0 3 TOBTOPHUM NepioioM 3aTOCTPEHHS Yepe3
21 noOy 1 HaONMKEHHAM 10 HOpMHU — uepes 28 11ib.
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3HIKCHHsI )KOBUOBH/IUICHHS BIAMOBIIa€ MEPiOAy IIOKY, SKOMY XapaKTepHO LEHTpasli3allis KPOBOOOIry Ta 3HIKEHHsI KPOBOIOCTA-
YaHHs OpraHiB NITyHKOBO-KHIIIKOBOTO TPaKTy. [1iABUIIIEHHS ’KOBUOBU/IIIEHHS Ta €KCKPEIlil OCHOBHIX KOMIIOHEHTIB jk0Bui depe3 1 100y
ITCIIS TSHKKOT TPaBMU OB’ S3aHO 13 301TBIIEHHSAM MPOHUKHOCTI O1T1apHOTO MOJIOCY TeMaTOLUTIB Ta PO3BAHTAKCHHSAM MEUiHKH BiJ €HI0-
TOKCHHIB, IKi HAKOITMYYIOTHCS BHACIIJOK HOIIKO/DKSHHS TKAaHWH, HOPYIICHHSI MIKPOLMPKYJIALIT Ta PO3BUTKY Tinokcii. B nogansuiomy
MMOKAa3HUKH YKOBUOBHAUTHHOT (DYHKIIIT MTEUiHKM 3MIHIOBAIIUCS, BiAMIOBITHO IO BUSIBJICHOI 3aKOHOMIPHOCTI BiIXMJIEHb MMOKA3HHUKIB JIMO-
HepoKcuallii, aHTHOKCHIAHTHOTO 3aXUCTY, LINTOJII3y Ta CHIOTeHHOT IHTOKCHUKALil. B maToreHesi mopyueHHs »KOBYOBHUIIICHHS JISKUTh
MOIIKO/DKCHHS. MeMOpaH eH/I0IIa3MaTHIHOTO PETHUKYIIYMY, ¢ BilOyBa€ThCs CHHTE3 OCHOBHUX KOMIIOHEHTIB JKOBYI, a TAKOXK PO3BHTOK
HaOpsIKy OpraHa, 10 MEePeLIKO/PKAE BITOKY JKOBYI.

BucnoBok. /lnnaMika po3BUTKY (yHKIIOHAJIBHOI HEIOCTATHOCTI NMEYiHKHM, BHACIIJIOK MONITPABMH, CIIIBIIAJAE 13 3araJIbHOIO 3aK0-
HOMIpHICTIO, XapaKTEPHOO IS IUHAMIKM 1HIIMX O10XIMIYHHX MapKepiB TpaBMAaTHYHOI XBOpoOH. A came: 4epe3 3 1o0u mocTTpaBma-
TUYHOTO MePioy HacTae (a3a MAaKCUMaJILHOTO MOTTMOICHHS BiIXMIICHB JOCITIDKYBaHUX MOKa3HUKIB. Uepes 7-14 116 BiaMivaeThes dasa
THMYACcOBOT0 OJIarononyyds, ska XapakTepu3yeThesi SMiHOIO MOKa3HUKIB y Oik Hopmu. Yepes 21 100y BUHHMKa€e MOBTOPHE 3arOCTPEHHS
narosioriysoro mpouecy. Yepes 28 1i6 moka3HUKH 3MiHIOIOTHCS B OiK HOPMH, IPOTE B OLIBIIOCTI CBOTH 11 HE JOCSTalOTh.

Lle cBimuuTh, 0 B yMOBaX KPUTHYHOTO CTAHy OPTaHi3My ITOITTHOIIOETHCS CIPSDKEHICTh MIXK OpraHaMH 1 CHCTeMaMH, BiJaIeHIMHI
BiJ MICIISI TOLIKO/DKEHHS, SIKY MOYKHA PO3LIHUTH K (haKTOp KOMIICHCALIIT Ta ajanTallii, CIpsSMOBaHWH HA BIKUBAHHS OpraHi3My.

KurouoBi ciioBa: 1gypu, nositpaBma, Iedilka, )KXOBYOBHIITICHHSI.

OCOBEHHOCTH KEJJYEBBIJIEJTUTEJIbHOW ®YHKIIAW MEYEHU B IMHAMUKE
NOJIMTPABMbBI B SKCIIEPUMEHTE

Ko3zax /I.B. (https://orcid.org/0000-0002-5142-2057)

I'BY3 “Teprononsckuii 20cy0apcmseeHHbLL MEOUYUHCKULL YHUBEPCUMEN
umenu U A. Topbauesckoco MO3 Vkpaunst”, Tepronons, Yxkpauna
kozak@tdmu.edu.ua

AKTyaJIbHOCTD. TsDKelast TpaBMa COIPOBOXKAACTCS PA3BUTHEM ITOJIHOPTAaHHON AUC(YHKIMU M HEOCTAaTOYHOCTH BHYTPEHHUX Op-
raHoB. CerojHs He 710 KOHIIA U3y4eHa JMHAMUKa H3MEHEHHs (QYHKIIMOHAIBHOTO COCTOSHHUS MEYEHH — IEHTPAIIbHOTO OpraHa JeTOKCHKa-
LU OPTaHU3Ma, JESITeIbHOCTh KOTOPOIro MPOUCXOAUT B TECHOM MHTErpaluy ¢ APYTUMH OpraHaMy M CUCTEMAaMHU OpraHu3Ma.

eab: BELICHUTS 0COOCHHOCTH JKETUEBBIACTUTEIbHON (DYHKIIMY MEUCHH B JUHAMUKE pPa3pab0TaHHOI MOIENH MOIUTPABMEIL.

Marepuanbsl 1 MeTonbl. Ha 62 HenmHeHHBIX OenbIX Kpblcax-camnax, Maccoid 180-200 T, BBITOIHSIN MOJUTPABMY B YCIOBHSIX
THOTIEHTAJI-HaTPHEBOTO Hapko3a (40 MI/Kr BHYTPHOPIOMINHHO). Y BBDKHBIIUX >KHBOTHBIX HCCIIEIOBAIN JKeTIe00pasyIoNnIyio (hyHKIHIO
nedeHu depes 2 4aca, 1, 3, 7, 14, 21 u 28 cyrok nocne tpaBmbl. C 3TOH LeNbIO HOJ THOIEHTAI-HATPHEBBIM HapKo3oM (60 Mr/kr) y
JKHBOTHBIX KaTeTEPH3UPOBAIIN OOIINIT JKEITYHBIN IIPOTOK U COOMpaIH JKeTdb B TedeHue 1 4. Onpenessui CKopoCTh JKeTICOTACICHUS H
KOHIIEHTPAIHIO B BBIICIICHHOHN MOPIHHN KETIH CyMMAapHBIX JKETUHBIX KUCIIOT, X0JIeCTepHHa, 00IIETo, MPSIMOTO U HETIPIMOTo OUIHpyOH-
Ha. Ha ocHOBe 3THX JaHHBIX PaCCUMTBIBAIN CKOPOCTh IKCKPELIUU U3y4aeMbIX KOMIIOHCHTOB XKeJIUd. DBTAHA3UIO KPbIC B TCUCHUE BCETO
9KCHEPUMEHTA IPOBOAMIIN ITyTEM TOTAIEHOTO KPOBOITYCKAHHS M3 CEp/la MOCie MPeAbIAYIIEro THONCHTAI-HATPUEBOT0 HapKo3a (60 mr/
Kr BHYTpHOpromHHO). [ToyueHHbIe 11(pOBbIe TaHHbIE MOUIEKAIN CTATHCTUIECKOMY aHAIIU3Y.

Pe3yabTarsl. B ycioBusax sKcIiepiMEHTAILHON ITOJIUTPAaBMBI BO3HUKAET HAPYIICHUE II0KA3aTeIICH JKeITUeBBIICITUTSILHON (QyHKIINN
MEeYeHH, KOTOPOE MPOSBIISIETCS B IEPHOJ] OCTPOI peakIy Ha TpaBMy CHavana (depe3 2 yaca) CyIIEeCTBEHHBIM X CHI)KEHNEM, 3aTeM (110
1 cyToK) pa3BUTHEM NONUXOIUU — B 1,52 pasa yBenMYMBACTCA CKOPOCTb KEIUCOTISNICHHS, YCUIIUBAETCS SKCKPELUs] OCHOBHBIX KOMIIO-
HEHTOB JKeJT4H, C TIOCIEAYIOIIIM UX CHIDKSHHEM 10 7 CyTOK, Pa3BUTHEM NEPHOJa BPEMEHHOTO YIIydIIeH:s yepe3 14 nHel ¢ MOBTOPHBIM
nepuoaoM obocTpeHust yepe3 21 1eHb U MPHOIMKEHHEM K HOpMe — uepe3 28 CyTOK.

CHIDKEHHE JKeTISOT/ACICHNS! COOTBETCTBYET ITEPHOJTY IIOKA, I KOTOPOTO XapaKTepHa IEHTPATN3aINsI KPOBOOOPAIIEHHS H CHIDKE-
HHE KPOBOCHA0XKEHHsI OPTaHOB JKEITYJJOUHO-KUILIEYHOTO TpakTa. [IoBbIIIeHNE KEeTIeOTeNeHUs] 1 SKCKPELINH OCHOBHBIX KOMITIOHEHTOB
XKeIIH depe3 | CyTKHM Iocie TSDKENOH TPaBMBI CB3aHO C yBEIMYEHHEM IPOHMIAEMOCTH OMIMApHOTO ITOJI0CA IelaToUTOB U C pas-
TPY3KOH MEeYeHH OT YHIOTOKCHHOB, KOTOPhIE HAKAIUIMBAIOTCS B PE3yNbTaTe MOBPEXICHUS TKaHEH, HapyIIEHHs MHUKPOLUPKYISINU U
Pa3BUTHS TMIIOKCHHU. B nanbHelIeM rmoka3arey jKelueBbIIeTUTeIbHOW (PYHKIMU IIeYeHH MEHSUINCH, B COOTBETCTBUH C BBISBICHHOM
3aKOHOMEPHOCTBIO OTKJIOHCHHUH ITOKa3aTelel TNIONepOKCHIalliH, AaHTHOKCUAAHTHOI 3aIUTHI, IUTOIN3A ¥ HAOTEHHON NHTOKCHKAIIHH.
B marorenese HapyHEHUs JKEITYCOTACTICHU JIC)KUT IOBPEKICHNUE MeM6paH OHAOIUIa3MaTUYCCKOr'o peTUKyiyma, rae npoucxoauT CuH-
T€3 OCHOBHBIX KOMIIOHCHTOB K€M, a TAKXKE Pa3BUTHE OTEKa OpPraHa, IPErsTCTBYIOLIETO OTTOKY JKEIYu.

BeiBoj. /lnnamuka pa3BUTHS (PyHKIIMOHAIBHOM HEOCTaTOYHOCTH MEUEHH, BCICACTBHE MOTUTPABMBI, COBIAAET ¢ OOIIEH 3aKOHO-
MEPHOCTBIO, XapaKTePHOH IS AMHAMUKH JIPYyTHX OMOXMMHYECKUX MapKepOB TPaBMAaTHIECKOH O0Ie3HN. A UIMEHHO: U4epe3 3 CyTOK I10-
CTTPaBMAaTUYECKOTO MEPHOA HACTyMaeT Ga3a MaKCHMAIBLHOTO YITTyOIeHUs OTKJIOHEHNH HCCllelyeMBIX Mokasareneid. Uepes 7-14 cyTok
orMeuaercs paza BpeMEHHOTO OJIaroroiydusi, KOTopas XapaKTepu3yeTcsl H3MeHEHHeM oKa3areiiell B CTopoHy HopMbl. Uepes 21 neHb
BO3HHUKAET IIOBTOPHOE 00OCTPEHNE MaToNOrHdeckoro nponecca. Yepes 28 cyTok Mmoka3aTesll H3MEHSIOTCS B CTOPOHY HOPMBI, OTHAKO
B OOJIBIINHCTBE CBOEM €€ HE JOCTUTAIOT.

DTO CBUJICTENBCTBYET, YTO B YCIOBHSIX KPUTHIECKOTO COCTOSTHUSI OpraHu3Ma yrTyOIIsieTCsl CONPSDKEHHOCTh MEX/Ty OpraHaMu U CH-
CTeMaMH, yIaJICHHBIMH OT MeCTa MOBPEXCHHUS, KOTOPYIO MOXHO PACIEHUTh Kak (paKTOp KOMIEHCALUH U aJaNnTaliy, HampaBIeHHbIH
Ha BBDKUBAHUE OpraHU3Ma.

KuroueBbie ci10Ba: KPBICHL, TOJIUTPABMA, TIEUCHD, KETICOTACICHNUE.
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Relevance. Everyday contact of the population with surfactants (SAS) in drinking water poses the problem of timely and prompt
substantiation of pre-nosological highly sensitive indicators of early manifestations of biological activity of detergents and operational
control over the health of the population and the environment. But today the mechanisms of biotransformation, toxicodynamics,
toxicokinetics and metabolic processes that underlie the formation of structural and metabolic disorders when exposed to a surfactant,
taking into account possible long-term effects, have not yet been fully elucidated.

Objective: to investigate the effect of nitrogen-containing surfactants on redox processes in the body of experimental animals.

Materials and methods. The experiments were carried out on 620, and acute experiments on 128 white rats (weight 180-220 g). We
used four ionic nitrogen-containing surfactants with specified technical and physicochemical characteristics: FOM 9, FOM 9-4, FOM
9-12 and FOM 9-20. Doses were chosen so as to determine the lethal effect in the lethal dose (LD) range from 0 to 100. The LD50 was
calculated. The substances were introduced into the stomach in pure form using a metal probe. The animals were observed for up to
15 days. The time of death of the animals and the total amount of the introduced substance were recorded. The animals were subjected
to postmortem examination. Redox processes were qualitatively assessed by the activity of enzymes: cholinesterase, cerulose plasmin,
lactate dehydrogenase, malate dehydrogenase, succinate dehydrogenase, peroxidase, catalase, cytochrome oxidase, by the content of
SH-groups in the blood, by the concentration of biogenic monoamines.

Results. Nitrogen-containing surfactants caused a change in peroxidase activity both upwards and downwards. In all cases, 1/1000
LD50 was inactive. On the 15th day of the experiment, neonol FOM 9-12 reduced the activity of the enzyme, and other substances
did not affect it. By the end of the subacute experiment, neonol FOM 9-4 and neonol FOM 9-12 were reduced, and neonol FOM 9-20
increased peroxidase activity. A similar effect was on the activity of catalase: in all groups, except 1/1000 LD50, on day 30 there was a
decrease in its activity. Cholinesterase activity increased. For the content of SH-groups in the blood on the 15th day there was a tendency
to decrease, which turned into significant differences on the 30th day in 1/10 LD50. The effect of 1/100 and 1/1000 LD50 did not violate
the content of SH-blood groups. A similar effect was on the content of glutathione in the blood. In a subacute experiment, in groups 1/10
and 1/100 LD50, the content of norepinephrine, tryptophan, serotonin in the liver increased and DOPA and dopamine decreased. The
dynamics of adrenaline did not change. The content of dopamine and norepinephrine increased to a lesser extent in the brain; DOPA
and adrenaline did not differ from the control; tryptophan increased only under the influence of FOM-9. 1/1000 LD50 did not affect the
dynamics of the content of biogenic monoamines. The tested drugs have a similar effect on the body.

Conclusions. A more toxic substance in a subacute experiment is FOM-9. The severity of violations in the dynamics of monitoring
the activity of enzymes has a close dose dependence. The effective dose is set at 1/10, the threshold — 1/100 and the inactive — 1/1000
LD50. Common features of the biological action of nitrogen-containing surfactants are the violation of redox processes, bioenergy,
oxidative phosphorylation, which under appropriate conditions lead to the pathology of vital organs, functions and systems of the body.

Key words: nitrogen-containing surfactants, oxidation-reduction processes, biological action, dose dependence.

Relevance. The problem of protecting centralized
surface sources of drinking water supply from pollution
with surface-active substances (SAS) has acquired
particular relevance today in Ukraine and requires
scientific substantiation and the development of new,
more stringent approaches to methods for assessing
the sanitary and ecological situation in the basins of
these reservoirs, as well as the introduction of effective
ecological hygienic measures to protect both water
sources and public health.

Everyday contact of the population with psychoactive
substances poses the task of timely and operational
substantiation of pre-nosological highly sensitive
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indicators of early manifestations of biological activity
of detergents and operational monitoring of the health
of the population and the environment for physicians
and biologists. The solution of these issues requires a
deep study of the mechanisms of biotransformation,
toxicodynamics, toxicokinetics and metabolic processes
that underlie the formation of structural and metabolic
disorders when exposed to surfactants, taking into
account possible long-term effects [6, 8].

Objective: to investigate the effect of nitrogen-
containing surfactants on redox processes in the body of
experimental animals.
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THE ACID-BASE PROCESSES' CHANGES IN THE BODY OF WHITE RATS UNDER
THE INFLUENGE OF NITROGEN-CONTAINING SURFACE-ACTIVE MATERIAL

MATERIALS AND METHODS

Four ionic nitrogen-containing surfactants with
specified technical and physicochemical characteristics
were used as research objects: FOM 9, FOM 9-4, FOM
9-12 and FOM 9-20 (FOM is the Mannich phenolic base).

In the experimental part of the work to obtain the
required actual material, 620 white rats were used.
128 acute rats (weight 180-220 g) were used in acute
experiments.

Experiments on white rats were performed by the
method of Behrens-Schlosser [2]. Doses were chosen
so as to determine the lethal effect in the range of LDO-
LD100. LD50 calculations were performed according to
Kerber, Behrens-Schlosser.

Substances were injected into the stomach in pure
form using a metal probe. The animals were observed
for up to 15 days. The time of death of animals and the
total amount of the injected substance was registered.
The results were evaluated on the basis of the average
effective time of death of the animals [4]. Dead animals
and survivors were subjected to pathological autopsy
during these observation periods.

Qualitative evaluation of redox processes was studied
by the activity of enzymes: ceruloplasmin, lactate
dehydrogenase (LDH), malate dehydrogenase (MDG),
succinate dehydrogenase (SDGQG), peroxidase, catalase,
cytochrome oxidase and others [5]. To determine the
activity of serum oxidase (ceruloplasmin), which
directly fixes oxygen, used the method of H.A. Ravin
in modification G.A. Babenka (1968) [4]. Cytochrome
oxidase activity was determined by G.A. Gudilova
and N.I. Sorokina (1968) by oxidation by cytochrome
oxidase of reducing cytochrome C [24]. The activity of
serum LDH was judged by the amount of pyruvic acid
formed, which was determined colorimetrically using
2,4-dinitrophenylhydrazine [3]. The MDG of malic acid
was determined by the Warburg test [7]. Determination
of blood catalase was performed by Bach and Zubkova
[7]. The content of SH-groups in the blood was detected
by the method of ampermetric titration with silver nitrate,

proposed by Kolthof and Harris, in the modification
of V.V. Sokolovsky [9]. The concentration of biogenic
monoamines was determined by the method of Y. Endo
and Y. Ogura, for their binding was used carboxymethyl
cellulose company «Reanaly.

RESULTS AND DISCUSSION

All test substances after the end of the subacute
experiment statistically significantly in 1/10 and
1/1000 LD50 reduced serum creatine phosphokinase
activity, increased the activity of lactate dehydrogenase,
asparagine and alanine aminotransferases, y-glutamate
transferase and Neonol FOM 9-20, neonol FOM 9-4 and
FOM 9-12 reduced the activity of o-hydroxybutyrate
dehydrogenase. In other cases, there was both an increase
and decrease.

In groups of animals under the influence of nitrogen-
containing surfactants in 1/10 and 1/100 LD50 there was
an increase in the activity of cholinesterase (HE) in serum
and acetylcholinesterase (AHE) — in the brain (Table 1).
1/1000 LD50 was inactive according to this indicator.

Cholinesterase is known to be found in the liver,
blood plasma and other tissues. In many ways, it is an
indicator of the functional activity of the liver and CNS.
Therefore, the observed increase in the activity of this
enzyme can be interpreted as the primary response of
the liver to the action of nitrogen-containing surfactants
and its participation in the formation of protective and
adaptive mechanisms and the action of xenobiotics.

An important place in the anti-radical protection of
the body belongs to peroxidase, which plays a leading
role in the decomposition of peroxides and free radicals.
Nitrogen-containing surfactants in the dynamics of
observation caused a change in the activity of this enzyme
both upwards and downwards. In all cases, 1/1000 LD50
was inactive (Table 2).

Thus, on the 15th day of the experiment, neonol FOM
9-12 reduced the activity of the enzyme, and the other
substances did not affect it. By the end of the subacute
experiment, neonol FOM 9-4 and neonol FOM 9-12 were

Table 1

Dynamics of XE and ACE activity in white rats in a subacute experiment
(Mzm), A pH/1 year

Observation period, days
Substance Dose, LDS0 HE (blood serum), pH/1 year AHE (brain)
15 days 30 days 30 days

Control 0,375+0,03 0,490+0,037 0,065+0,010 T

FOM-9 1/10 0,466+0,02 T 0,860+0,04 T 0,129+0,012 T

1/100 0,443+0,03 T 0,754+0,03 T 0,140+0,014 T

Neonol 1/10 0,526+0,03 T 0,931+0,14 T 0,960+0,009 T

FOM 9-4 1/100 0,429+0,01 T 0,820+0,07 T 0,156+0,023 T

Neonol 1/10 0,536+0,03 T 0,794+0,06 T 0,11240,005 T

FOM 9-12 1/100 0,487+0,02 T 0,916+0,08 0,136+0,090 T

Neonol 1/10 0,475+0,02 T 1,183+0,05 T 0,113+0,005 T

FOM 9-20 1/100 0,520+0,03 T 0,679+0,031 T 0,140£0,008 T
Note: T -increase activity, P<0,05
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Table 2
Dynamics of blood peroxidase activity (c) in a subacute experiment
Observation period, days
Substance Dose, LDS0 15 days 30 days
M+m P M:tm P
Control 80,83+5,83 52,50+2,14
FOM-9 1/10 98,32+4,72 >0,05 44,73+3,28 >0,05
1/100 96,15+6,13 >0,05 45,8142,17 >0,05
Neonol 1/10 67,40+3,15 >0,05 36,45+4,63 | <0,05
FOM 9-4 1/100 65,12+4,18 >0,05 37,29+2.85 | <0,05
Neonol 1/10 57,835,191 <0,05 40,26+3,17 | <0,05
FOM 9-12 1/100 68,74+4,60 >0,05 41,38+429 | <0,05
Neonol 1/10 80,55+2,46 >0,05 93,34+9.62 T <0,05
FOM 9-20 1/100 84,27+3,85 >0,05 95,8248,30 T <0,05
Note: T —increase activity; | — decrease activity
Table 3
Dynamics of blood catalase (C) activity in a subacute experiment
Observation period, days
Substance Dose, LDS0 15 days 30 days
M+m P M:=+m P
Control 80,83+5,83 52,50+2,14
FOM-9 1/10 98,32+4,72 >0,05 44,73+3,28 >0,05
1/100 96,15+6,13 >0,05 45,8142,17 >0,05
Neonol 1/10 67,40+3,15 >0,05 36,45+4,63 | <0,05
FOM 9-4 1/100 65,12+4,18 >0,05 37,29+2,85 | <0,05
Neonol 1/10 57,835,191 <0,05 40,26+3,17 | <0,05
FOM 9-12 1/100 68,74+4,60 >0,05 41,38+429 | <0,05
Neonol 1/10 80,55+2,46 >0,05 93,34+9.62 T <0,05
FOM 9-20 1/100 84,27+3,85 >0,05 95,8248,30 T <0,05
Note: T —increase activity; | — decrease activity
Table 4
The content of the SH group (mg%) in the blood of white rats
Observation period, days
Substance Dose, LDS0 15 days 30 days
M+m P Mzm P
Control 82,57+2,84 84,71+3,50
FOM-9 1/10 69,20+1,35 <0,05 62,17+2,11 <0,05
1/100 76,35+4,26 >0,05 79,15+3,86 >0,05
Neonol 1/10 78,52+3,64 >0,05 66,32+2,94 <0,05
FOM 9-4 1/100 80,38+5,16 >0,05 88,57+3,25 >0,05
Neonol 1/10 86,224+4,13 >0,05 64,25+3,17 <0,05
FOM 9-12 1/100 80,35+2,97 >0,05 87,19+4,61 >0,05
Neonol 1/10 85,4342,15 >0,05 70,38+2,26 <0,05
FOM 9-20 1/100 81,92+6,24 >0,05 89,63+4,35 >0,05
Table 5
The content of glutathione (mg%) in the blood of white rats
Observation period, days
Substance Dose, LDS0 15 days 30 days
M+m P Mz+m P
Control 13,70+2,24 12,68+1,93
FOM-9 1/10 12,1043,26 <0,05 8,74+1,66 <0,05
1/100 14,29+1,83 >0,05 14,72+2,25 >0,05
Neonol 1/10 11,74+3,46 >0,05 7,96+2,16 <0,05
FOM 9-4 1/100 12,15+1,92 >0,05 15,96+2,37 >0,05
Neonol 1/10 11,79+2,78 >0,05 10,4243,58 <0,05
FOM 9-12 1/100 14,1643,56 >0,05 14,134+2,74 >0,05
Neonol 1/10 10,23+43,74 >0,05 112,82+3,19 <0,05
FOM 9-20 1/100 15,48+1,87 >0,05 13,66+2,78 >0,05
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reduced, and neonol FOM 9-20 increased peroxidase
activity.

The studied nitrogen-containing surfactants had a
similar effect on catalase activity (Table 3). In all groups
of animals, except 1/1000 LD50, for 30 days there
was a decrease in its activity. The detected changes in
enzymatic activity may be associated with depletion of
function as a result of the accumulation in the body of
peroxides, hydroperoxides, free radicals.

It is known that surfactants, acting on the cell
membrane, disrupt the structure of unsaturated fatty
acids, which are sources of free radicals, and surfactants
themselves, metabolized in the body, form peroxides,
hydroperoxides, aldehydes, ketones. These are the
sources to quench the consumption of this enzyme. It
can be assumed that nitrogen-containing surfactants in
1/10 and 1/100 LD50 lead to the accumulation in the
body of underoxidized products in the form of peroxides,
hydroperoxides, aldehydes, free radicals, ketones and
others. FOM-9 and neonol FOM 9-4 had a stronger
effect on the state of the antioxidant system. Studies have
shown that surfactants to some extent in the tested doses
affect the content of SH-groups in the blood of white rats
(Table 4).

As can be seen from the table above, on the 15th
day of the experiment there was a tendency to decrease,
which turns into significant differences on the 30th day
of the experiment in 1/10 LD50. The effect of 1/100 and
1/1000 LD50 did not disrupt the dynamics of the content
of SH-blood groups. Redox processes in tissues and
organs are known to be maintained at a certain level by
the ratio of sulthydryl SH groups and disulfide SS groups
in proteins and especially in enzyme proteins. The
catalytic properties of many enzymes, such as f-amylase,
carboxylase, cholinesterase, and others, as well as the
processes of tissue respiration and detoxification of
poisons, are associated with free SH groups. Sulfhydryl
groups are the active principle of coenzyme A, which is
involved in many processes of intermediate metabolism.
Sulfur-containing enzymes lose catalytic activity when
blocking SH groups of proteins.

Thus, the reduction of sulfhydryl groups under the
influence of 1/10 LD50 nitrogen-containing surfactants
may indicate a violation of redox processes in animals
that have been seeded with this dose. Insignificant
increase of SH-groups under the influence of 1/100 LD50
can be considered as a compensatory-adaptive reaction.
The threshold, therefore, is 1/100 LD50.

Nitrogen-containing surfactants have a similar effect
on the dynamics of the blood content of the tripeptide —
glutathione and sulfhydryl groups (Table 5).

However, it should be noted that the severity of the
shifts is somewhat weaker in relation to the effect of
substances on blood glutathione. As can be seen from the
table, on the 15th day there was a tendency to reduce
it to 1/10 LD50 in all groups of animals. By the end of
the subacute experiment, the test compounds FOM-9 and
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neonol FOM 9-4 reduced this value in the blood, 1/100
LD50 led to its increase, although it is not statistically
significant that it should be considered as a protective
and adaptive response of the body to toxic surfactants.
threshold, and 1/10 LD50 — the current value.

In a subacute experiment in groups of animals exposed
to nitrogen-containing surfactants 1/10 and 1/100 LD50, a
change in the dynamics of biogenic monoamines and their
precursors in the brain and liver was detected. Thus, in the
liver there was an increase in noradrenaline, tryptophan,
serotonin and a decrease in DOPA and dopamine. The
dynamics of adrenaline did not change. In the brain, the
changes were less pronounced and were characterized
by an increase in dopamine and norepinephrine. Other
indicators (DOPA, adrenaline) did not differ from the
control. Tryptophan increased only under the influence
of FOM-9. 1/1000 LD50 did not affect the dynamics of
the content of biogenic monoamines and their precursors
in the liver and brain of experimental animals.

The results of the studies confirm that the tested drugs
have a similar effect on the body.

CONCLUSIONS

1 1. A more toxic substance in a subacute experiment
is FOM-9.

2. The severity of violations in the dynamics
of observation of enzyme activity has a close dose
dependence. The effective dose is set at 1/10, the
threshold - 1/100 and the inactive - 1/1000 LD50.

3. Common features of the biological action of
nitrogen-containing surfactants are violations of redox
processes, bioenergy, oxidative phosphorylation, which
under appropriate conditions lead to pathology of vital
organs, functions and systems of the body.
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3MIHHN OKUCJIIOBAJIBHO-BIJTHOBHUX ITPOLIECIB B OPTAHI3MI BIVIMX HIYPIB III [
BIIJINBOM A3O0TBMICHHUX IOBEPXHEBO-AKTUBHUX PEUOBUH

bBaoéienko B.B., Caxaposa I.B., /lanunvuenko JI.1.

Ooecvruti nayionanvrul meouunutl ynieepcumem, Qoeca, Yxpaina
gigiena@onmedu.edu.ua

AKTyaJabHicTh. [IOBCSKICHHHUI KOHTAKT HACEIICHHS 3 TIOBEPXHEBO-aKTUBHUMHE pedoBrHaMu (ITAP) y muTHii Boai CTaBUTh 3a/1a4qy
CBOEYACHOTO 1 OTMEPAaTHBHOIO OOIPYHTYBaHHS JJOHO30JOTTYHUX BUCOKOUYTIIMBUX IMOKA3HUKIB PAaHHIX MPOSIBIB 010JIOTIYHOI aKTUBHOCTI
JIETEPreHTiB 1 ONEepaTUBHOTO KOHTPOIIO 32 CTAHOM 3/I0pOB’S HACEJICHHS 1 HABKOJHMIIHBOTO CEpeNOBUINA. AJie ChOTOIHI IIe HE 10
KiHIIA 3’sICOBaHI MeXaHi3Mu 0ioTpaHchopMarlii, TOKCHKOTUHAMIKH, TOKCUKOKMHETUKN 1 METAOOMIUHHX MPOIIECIB, IO JIEKATh B OCHOBI
(dhopMyBaHHS CTPYKTypHO-METaOOIIUHIX IMOPYIIEHB MpH Aii Ha opraHizMm [IAP 3 ypaxyBaHHSIM MOKJIMBUX BiTaleHHX e(hEKTIB.

Mera: [0CHIIUTH BIUIMB a30TOBMICHHX IOBEPXHEBO-aKTUBHUX PEYOBHH Ha OKHCIIIOBAJIbHO-BIJHOBHI MPOLECH B OpraHimi
EKCIIepIMEHTAILHUX TBAapHH.

Marepianu ta meroau. locnian nposeaeHo Ha 620, a roctpi gocnian —Ha 128 6inmux mypax (maca 180-220 r). BukopuctoByBanu
YOTUPH IOHOTeHHUX a30TOBMiCHUX [TAP ¢ 3agaHumMu TexHIYHUME Ta Qi3uKO-XiMidHUMU XapakTepuctukamu: @OM 9, ©OM 9-4, DOM
9-12 Ta ®OM 9-20. o3 obupanu Tak, mod Bu3Ha4UTH JeTaibHuil edekt B inTepsaii JIJ0-J1/1100. PospaxoBysamm JIJ150. Pewosunu
BBOJMJIM B IUIYHOK Y YMCTOMY BHJI 3a JOIOMOIOI0 MeTaneBoro 30Hay. Crocrepiranu 3a TBapuHamu 10 15 nuiB. PeectpyBanu yac
3aru0esti TBApHH i CyMapHy KUIBKICTh BBEJICHOI PEUOBHHH. TBapHHU IiJUITaNN MaTOJIOTOAHATOMIYHOMY PO3THHY. SIKICHO OLiHIOBAIM
OKHCITIOBAJIbHO-BiTHOBIIOBaHI IPOLIECH 32 AaKTHBHICTIO (EPMEHTIB: XoliHecTepas3W, LepyI03IUIa3MiHy, JaKTaTAeriAporeHasH,
Masat/eriiporeHasy, CyKIMHATAETiIpOreHasn, MEepoKCHAa3y, KarajlasH, LUTOXPOMOKCHIas3H, 3a BmictoM SH-rpym y kposi, 3a
KOHIICHTpALi10 010reHHIX MOHOAaMiHIB (aApeHaliHy, HOpaJapeHaliny, Tpunrodany, cepotoniny, JJODA i nopaminy).

PesyabraTn. A3zotoBMmicHi [TAP BuKiMKaIy 3MiHy aKTHBHOCTI IEPOKCHIA3H SIK Y OiK MMiIBUILEHHS, TaK 1 3HIKEHHs. Y BCIX BHITAJIKax
1/1000 JIA50 Gymna mexitodoro. Ha 15 noGy nocnixy Heonoar @OM 9-12 3HIKyBaB aKTUBHICTE ()EPMEHTY, a PEIITa PSUOBHH HE IHHHIH
Ha HbOTO BIUIMBY. Jlo 3akiHueHHsI miarocrporo excriepumenty HeoHon ®OM 9-4 i neononr ®OM 9-12 3umxyBanu, a Heonon ®OM
9-20 migBUIIYBaB aKTHBHICTH NMepokcuaasu. [loxiOHuit BrukB OyB i Ha aKTHBHICTH KaTanasu: y BCix rpymax, kpim 1/1000 JIJ50, ra 30
100y crocTepiranocs 3HIWKEHHS i akTUBHOCTI. AKTHBHICTb XOJliHecTepasu minBumrysaiacs. st micty SH-rpym B kpoBi Ha 15 100y
BiJ[3HAYaNacs TCHIACHIIIS 10 1X 3HIDKCHHS, 1110 MEePEXOAnia B T0CTOBipHI BinMiHHOCTI Ha 30 100y B 1/10 JIZA50. Brumus 1/100 i 1/1000
JIA50 ve mopyuryBaB BMicT SH-rpym xpoBi. [ToniOHuMit BrumB OyB 1 Ha BMICT y KPOBi IIyTaTioHy. Y MiAroCTpoMy JOCTii, y Tpymax 1/10
i 1/100 JIJI50, B mewinmi 36i1bl1yBaBcs BMICT HOpaapeHaliny, Tpunrodany, cepotoHiny i 3umkysascs JJODA i nodaminy. nnamika
ajZipeHalliHy He 3MiHIoBajacs. B romoBHOMY MO3Ky B MEHIIIH Mipi 3011b0ryBaBCst BMIicT nodaminy ta Hopaapenaniny; JJODA i axpenanin
HE BiIPI3HSIHCS BiJl KOHTPOIIO; TpUnTodaH ke MmiABUIIyBaBcs Timbku mig BrumBoM GOM-9. 1/1000 JIZI50 He yuHUIA BIUIMBY Ha
JIMHAMIKy BMICTy Oi0reHHHX MOHOaMiHiB. BuripoGoByBaHi mpenapaTu MaroTh CXOXKy JIiI0 Ha OPTaHi3M.

BucHoBKH. BibIl TOKCHYHOIO PEYOBHHOIO B Tiarocrpomy gociini € ®OM-9. BupasHicTb mopymeHb B AWHAMILI CIIOCTEPEKCHHS
aKTHBHOCTI (DepMEHTIB Ma€ TiCHY I030BY 3aJIekHicTb. Jlitoua 103a Bu3HaueHa Ha piBHi 1/10, moporosa — 1/100 i Hexitoua — 1/1000 JII50.
CrinbHIMH 0COOIMBOCTAME 010JTOTIUHOT i a30TOBMICHHX MOBEPXHEBO-aKTUBHUX PEUOBHH € MOPYIICHHS OKHCIIOBAIBHO-BITHOBHIX
[poLEeCiB, O10EHEPIeTHKH, OKUCITIOBAILHOTO (hOChHOPUITIOBAHHS, SIKi 32 BiAIIOBIJHUX YMOB IIPU3BOMASATH JI0 ITATOJIOTI )KUTTEBO BAXKIIMBUX
opraHiB, QYHKIIH 1 CHCTEM OpraHi3My.

KutrouoBi ciioBa: a30TOBMIiCHI ITOBEPXHEBO-aKTHBHI PEYOBHHHU, OKHCIIOBAJIFHO-BIIHOBHI MpolecH, OiomoriyHa mis, J030Ba
3aJISXKHICTb.
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W3MEHEHHME OKHUCJNTEJIBLHO-BOCCTAHOBUTEJIBHBIX ITPOIIECCOB B OPTAHIU3ME
BEJBIX KPBIC MO/ BJMSIHUEM A30TCOJEPKAIIIMX MOBEPXHOCTHO-AKTUBHBIX
BEIECTB

baouenko B.B., Caxaposa U.B., /lanunvuenxo JI.H.

Ooecckutl HAYUOHATbHBIT MeOUYUHCKULL yHugepcumem, Ykpauna, Odecca, Yxpauna
gigiena@onmedu.edu.ua

AKTyaJIbHOCTD. [IOBCETHEBHBII KOHTAKT HACENICHUs C NOBEPXHOCTHO-akTHBHBIMH BemiectBamu (IIAB) B Bome craBut 3amauy
CBOEBPEMEHHOTO M ONEPATHBHOTO OOOCHOBAHUS JIOHO30JOTHYHHMX BBICOKOTYBCTBHTEIBHBIX IIOKa3aTeliedl paHHUX MPOSBICHHH
OMOJIOTNUECKON aKTHBHOCTH MOIOIINX CPE/ICTB M ONEPATHBHOTO KOHTPOJIS 38 COCTOSHUEM 3/10POBbsI HACEIICHUSI M OKPYIKAIOIIEH Cpebl.
Ho ceromus eme He 10 KOHIA BBISICHEHBI MEXaHH3MBI OHOTpaHC(HOPMaNUH, TOKCHKOJHHAMUKY, TOKCHKOKHHETUKH W METa0OIIMIeCKIX
[POLIECCOB, JISKAIIMX B OCHOBE (OPMHPOBAHHS CTPYKTYPHO-METAOOIMYECKUX HApyLICHHH Ipu BoszaeiicTBuu Ha opranusm ITAB c
YYETOM BO3MOKHBIX OTJaJIeHHBIX 2 (PeKTOB.

Henb: nccienoBaTh BIMSHHUE A30TCOACPKAIINX TTOBEPXHOCTHO-aKTUBHBIX BEIIECTB HA OKUCIHMTEIbHO-BOCCTAHOBHTEIBHBIE
IIPOLIECCHI B OPraHU3Me HKCIIEPUMEHTAIBHBIX AKUBOTHBIX.

Marepuajbl u MeToabl. OnbITE IpoBeeHB! Ha 620, a ocTpbIe ONBITH — Ha 128 Oenbix kpbicax (Macca 180-220 r). Mcnonb3oBanu
YeThIpe MOHOTEHHBIX a3oTcoaepxkammux [IAB ¢ 3ajaHHBIMM TEXHHYECKUMH M (HU3MKO-XMMHUYECKHMH Xapakrepuctukamu: OOM
9, ®OM 9-4, ®OM 9-12 u ®OM 9-20. 036! BEIOMpANN TaK, YTOOBI OIPENCIUTH JETaIbHbI d¢ddext B uaTepane JIJ0-JIJ[100.
PaccunteiBanu JI/150. BemecTBa BBOANIN B XKENyI0K B UHCTOM BHUJIE C TIOMOIIIBIO METAIINYIeCKOro 30H1a. Habmonanu 3a >kHBOTHBIMU
no 15 nmeii. PerucrpupoBany BpeMst rHOenn KHUBOTHBIX M CyMMapHOE KOJIMYECTBO BBE/ICHHOTO BellecTBa. JKMBOTHBIE IOICIKAIIH
MaTOJIOTOAHATOMUYECKOMY BCKPBITHIO. KadeCTBEHHO ONEHMBAIM OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIE MPOIECCH 110 aKTHBHOCTH
(hepMEeHTOB: XOJIMHACTEePa3bl, IIEPYII03IUIa3MHHY, TaKTaTIeTHAPOreHa3bl, MaIaTACT HAPOTreHa3bl, CYyKIIMHATIETHIPOTeHa3bl, IEPOKCHU a3k,
Karanassl, ITUTOXPOMOKCHIA3EI, MO coiepkaHuio SH-Tpynmm B KpoOBH, 1O KOHIEHTPAIMH OMOTEHHBIX MOHOAMHHOB (aapeHalliHa,
HOpajpeHanuHa, Tpuntodana, ceporonnna, JJODA u nopamuna).

Pesyabrarsl. Asorconepaxamue [IAB BbI3Bany U3MEHEHHE aKTUBHOCTHU IEPOKCUIA3bl KaK B CTOPOHY IIOBBILICHUS, TAK U CHIDKEHHUS.
Bo Bcex cmygaax 1/1000 JIJI50 Obuia memelictByromeid. Ha 15 cytku ombita Heonon @OM 9-12 cHmkan akTUBHOCTH (epMeHTa, a
OCTaJIbHbIE BELIECTBA HE OKAa3blBAJIM HAa HEro BIMAHMA. Jl0 OKOHYAHUS IOLOCTPOro 3xkcnepuMeHTa HeoHoa @OM 9-4 u neonon ®OM
9-12 camxany, a HeoHOT POM 9-20 nmoBkIImIan akTHBHOCTH Mepokcuasbl. [logoOHoe BiarsHUE OBIIIO M Ha aKTUBHOCTH KaTalla3bl: BO BCEX
rpynmnax, kpome 1/1000 JIZ50, na 30 cyTku HaOMOAAIOCh CHIDKEHHE €€ aKTMBHOCTH. AKTHBHOCTD XOJIMHACTEPa3bl MOBbIIAIACK. J{iis
cozepkanust SH-rpymm B kpoBH Ha 15 cyTkn oTMedasiach TeHACHINS K CHIKEHHUIO, TIePeXo/IsIas B JOCTOBEpHbIE pa3innyaust Ha 30 cyTku
B 1/10 JI/I50. Bausaue 1/100 u 1/1000 JIJI50 ve napymano conepxanue SH-rpymnmn kposu. [Tono6Hoe BiausiHEE OBUIO M Ha COAEPIKAHHE
B KPOBH DIyTaTHOHA. B momoctpom ombite, B rpymmax 1/10 u 1/100 JIJIS0, B nedenn yBennuuBaioCch cojep)kaHue HOpaapeHalHa,
TpunTodana, cepoToHnHa u cHIKanoch — JJODA u nodamuna. [[uHamrka agpeHannHa HE MEHSIACh. B TOIOBHOM MO3re B MEHbLICH
CTENEHH yBEINYUBAIOCH Collepikanue godamuHa u HopaapeHanuna, JJODA v afipeHaanH He OTIIMYAINCh OT KOHTPOJIS; TPUIITO(aH ke
moBbIIIaIcs TONbKO o BiustHueM @OM 9. 1/1000 JI/150 He oka3biBaa BIUSHHS HA THHAMUKY CONIEPKAHUS OMOTCHHBIX MOHOAMHUHOB.
HcnbiTyemble penaparsl 001a1a0T CX0KUM JICHCTBHEM Ha OPTraHH3M.

BriBonbl. Bonee TOKCHYHBIM BEIIECTBOM B TOJOCTPOM ombITe ecTh @®OM 9. BripakeHHOCTh HapyIICHUH B JHHAMUKE HAOIIONCHUS
AaKTHBHOCTH (DepMEHTOB MMEET TECHYIO JI030BYIO 3aBHCUMOCTB. JleiicTByromas no3a onpenenena Ha yposue 1/10, moporosas — 1/100
n HezeiictByromas — 1/1000 JIZ150. O6ummu 0coOeHHOCTSIMH OHOIOIHYECKOTO ICHCTBHS a30TCOACPIKAIINX MOBEPXHOCTHO-AKTHBHBIX
BEII[ECTB SBIIIETCS HAPYIICHNE OKUCINTEIFHO-BOCCTAHOBUTEIILHBIX ITPOLECCOB, ONOIHEPTETHKHI, OKHCIUTENHEHOTO (hoChOpUInpoBaHns,
KOTOPBIC IIPU COOTBETCTBYIOIUX YCIOBUAX IIPUBOAAT K ITATOJIOI'MU )KU3HEHHO BAXKHBIX OPraHOB, d)yH](L[PII?I 1 CUCTEM OpraHusMma.

KiroueBbie cioBa: a3oTcoiepikaliie HMOBEPXHOCTHO-aKTHBHBIC BELICCTBA, OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIC IIPOLECCHL,
61oT0rHUeCcKOe IEHCTBHE, 1030Bast 3aBUCHUMOCTb.
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Relevance. Investigation of polymorphism in a locus of CYP2EI as the prognostic factor of drug induced hepatotoxicity at anti-TB
therapy is significant due to the influence of CYP2E1 on drug metabolism.

The objective of investigation is to analyze association of rs2070676 CYP2E1 gene polymorphism with drug-induced hepatotoxicity
by means of the clinical-laboratory values of serum transaminases at anti-TB treatment.

Materials and methods. The study involved 47 patients with a drug susceptible tuberculosis first time discovered. 58 healthy
volunteers comprised a control group. Laboratory indices were determined in venous blood three times: before the treatment as baseline;
in 2 months of intensive therapy (isoniazid, rifampicin, ethambutol, pyrazinamide), then in 4 months of maintenance therapy (isoniazid,
rifampicin). Serum activities of enzymes ALT, AST and GGT were measured by standard algorithm on automatic analyzer BS-300.
Analysis of 1s2070676 polymorphism of CYP2E1 gene was performed by polymerase chain reaction using standard PureLink® Genomic
DNA Kit for Purification of Genomic DNA; Manufacturer of INVITROGEN (USA). For statistical processing, IBM SPSS Statistics 23
was applied.

Results. Investigation of serum ALT and AST in patients with major genotype CYP2E1 (C/C) showed the lower baseline ALT and
AST levels comparing to the control group, which might be caused by suppression of hepatocytes functions at development of disease.
Anti-TB treatment caused an increase in ALT and AST levels comparing to the baseline in patients with major CYP2E1 (C/C) genotype.
In the group with C/G polymorphism the baseline ALT level didn’t differ much from the baseline of the control group; it showed a
decrease after intensive therapy and returned back to initial level at maintenance therapy. This might be related to the certain protective
property of CYP2E1 gene polymorphism. The AST level was increased after intensive therapy (in smaller extend than for the patients
with major C/C genotype) and remained on the same level at maintenance therapy. Study of GGT showed a gradual increase regardless

of genotype.

Conclusion. According to the data of experiment the status of hepatocytes in patients with tuberculosis at baseline and during
treatment was different depending on CYP2E1 genotype. The results of experiment indicate that CYP2E1 gene polymorphism has a
certain protecting role. It reduces the level of drug metabolites and hepatotoxicity which cause the mitochondrial dysfunction.

Key words: transaminase, antituberculosis therapy, hepatotoxicity, mitochondrial dysfunction, polymorphism

Relevance. Tuberculosis is one of the major social
problems nowadays which concerns all countries in
the world including Ukraine. Modern antituberculosis
treatment requires to use the long-term chemotherapy (6-
20 month depending on the type and severity of disease).
Despite the high efficiency, the first line medications
(isoniazid, rifampicin, pyrazinamide, ethambutol) have
noticeable adverse effects, the most common of which is
hepatotoxicity [1, 2]. The mechanisms of drug-induced
hepatotoxicity ~ development, including isoniazid-
associated, are related to the toxicity of drug metabolites
[3-5] which are formed with involvement of cytochrome
P-450 enzymes [6]. The risk of hepatotoxicity development
depends on polymorphism of xenobiotic detoxification
genes. Mononucleotide polymorphisms have an influence
on the activity of cytochrome P-450 enzymes [7] which
specify the pathways of drug metabolism.
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The metabolic inactivation of drugs such as isoniazid
and rifampicin take place in presence of enzyme
CYP2EI, the component of cytochrome P 450. The
polymorphism of CYP2E1 (rs2070676) gene is related to
the replacement of Cytosine (C) with Guanine (G) in tenth
chromosome that may change the enzyme activity. The
large number of CYP2E1 gene mutations are described
[1, however its influence on the activity of enzyme
CYP2ET1 is not fully studied. This makes it important
to study the polymorphism in a locus of CYP2EI gene
as a prognostic factor of drug induced hepatotoxicity at
antituberculosis treatment.

The objective of the study is to analyze the association
of 152070676 CYP2E1 gene polymorphism in tuberculosis
patients with drug -induced hepatotoxicity by means of the
clinical-laboratory values of serum transaminases (ALT,
AST, GGT) at the time of anti-TB treatment.
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MATERIALS AND METHODS

The study involved 131 persons. Among them were
73 patients of a specialized anti-tuberculosis dispensary
with a drug susceptible tuberculosis first time discovered.
58 healthy volunteers comprised a control group.

Examination and treatment were carried with the
written mandatary consent of patient to participate in the
trial (protocol Ne 128, 23.12.2019, bioethics commission
of Bogomolets National medical university).

The patients were treated with a standard regimen
during 6 months: 2 months of intensive therapy (IT —
isoniazid, rifampicin, ethambutol, pyrazinamide), then
4 months of maintenance therapy (MT - isoniazid, —
rifampicin). Laboratory indices were measured in venous
blood three times: first time — before the treatment as
baseline; second time — in 2 months of intensive therapy,
third time — in 4 months of maintenance therapy. Only
47 patients were monitored in this way, others were
excluded from the study for different reasons. The median
age in the group of patients was 42,7 = 2,2 year; it was
comparable with the median age of the control group.
The group of patients contained a larger number of men
in comparison to the control group but the difference was
insignificant.

Serum activities of enzymes ALT, AST and GGT
were measured by standard algorithm with automatic
analyzer BS-300. Analysis of rs2070676 polymorphism
of CYP2EI gene was performed by polymerase chain
reaction using standard PureLink® Genomic DNA Kit
for Purification of Genomic DNA; Manufacturer of
INVITROGEN (USA). For statistical processing, IBM
SPSS Statistics 23 was applied. The data in the groups
were compared by means of univariate analysis with
non-parametric Kruskal-Wallis test. The diagrams were
presented with a confidence interval (95% confidence
interval).

Table 1
Analysis of distribution of alleles and genes of CYP2E1
in the control group and in a group of TB patients, %
(number of persons in a group)

Genetic marker/ | Control group, TB patients,
group n =58 n=73
C/C 74% (43) 75% (55)
C/G 26% (15) 25% (18)
G/G 0 0
C 87% (101) 87,6 % (128)
G 13% (15) 12,4% (18)
RESULTS AND DISCUSSION

The first step of research was an analysis of gene
CYP2E1 genotype distribution (table 1). The percentage
of gene polymorphism carriers was similar in the group
of TB patients and in the control group; it indicates that
there is no association of CYP2E1 gene polymorphism
with development of tuberculosis. Major C/C genotype
was found in % cases in both groups, heterozygous C/G
polymorphism was found in % cases. Homozygous
mutation G/G was not found.

Alanine aminotransferase (ALT) is an endogenic
enzyme of transferase group widely used in medical
practice as the marker in laboratory diagnostics of liver
damage. Investigation of serum transaminase activity
showed the median value of ALT in the control group
equal to 0,47 mkkat (27.6 U/l). It corresponds well to
the reference value of < 41 U/l for men and < 31 U/l
for women. The level of serum ALT in the group of TB
patients before treatment was 0.17 mkkat, 2.5 times
lower than in the control group (fig. 1A).

After treatment by the first line medications which
are potentially hepatotoxic the level of serum ALT
was elevated 2 times (it is commonly interpreted as
inflammation) but its absolute value remained within
the range of reference values (0.37 mkkat) and was still
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Fig. 1. Serum ALT levels in the control group and group of TB patients: baseline; in 2 months of intensive therapy; after
6 months of therapy. A - the overall group of patients; B - depending on CYP2EI genotype. * P <0,05 compared to the
corresponding category of the control group

ISSN 2664-472X. e ISSN 2664-4738. Medical science of Ukraine / Meouuna nayxa Yxpainu, 2020, Vol. 16, Ne 3

21



Natrus L.V., Gayova L.V., Gorkunenko O.O., Chernovol PA. Zelinska M.V.

B

mkKAT

CYP2E1

mKIKAT/I

1,204 —_—

1,00

0,80

AST

0,60

0,40

Mcc
Hce

1,00

AST

0,50

53]

fosst 037

T
KG BL 2men
TepMiH_nikyB

CronBuel owmbok: 95% [0B. WHT.

o
'Hl—i*
|

KG BL 2mon & mon

TepMiH_nikys

Cronbup ownbok: 95% fo8. WHT,

Fig. 2. Serum AST levels in the control group and group of TB patients: baseline; in 2 months of intensive therapy; after
6 months of therapy. A — the overall group of patients; B — depending on CYP2E1 genotype. * P <0,05 compared to the
corresponding category of the control group
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Fig. 3. De Ritis ratio (AST/ALT ratio) in the control group and group of TB patients: baseline; in 2 months of intensive therapy;
after 6 months of therapy. A - the overall group of patients; B — depending on CYP2E1 genotype. * P <0,05 compared to the
corresponding category of the control group

lower than in the control group of healthy volunteers. In
such case the comparison of ALT levels measured for
the group of TB patients with the value measured for the
control group of healthy volunteers looks unreasonable
because the risk of misinterpretation.

Antituberculosis treatment increased the ALT level in
the group of TB patients. After 6 months of treatment
(intensive and maintenance therapy) the ALT level
was 2 times higher than the baseline, that indicates
the development of hepatocytes inflammation. Such
response to the therapy was shown only by the carriers of
major C/C genotype (fig. 1B).

The level of aspartate aminotransferase (AST) is an
important biochemical criteria of hepatocytes status:
increased serum AST indicates the larger damage of

22

tissue due to the larger content of mitochondrial AST in
a cell. The baseline AST in the group of TB patients was
much lower comparing to the control group (fig. 2A).
After 2 months of intensive therapy it became 2 times
higher (but still lower than in the control group); at the
time of maintenance therapy it remained on the same
level. Thus, comparison of level of serum AST in the
group of TB patients with the control group of healthy
volunteers also looks unreasonable.

The AST level of patients with major C/C genotype
demonstrated large increase in the stage of intensive
therapy (4 times higher than the baseline). It is typical
for the mechanism of hepatotoxicity development related
to the processes in mitochondria. During maintenance
therapy the gradual decrease of AST was observed. In the
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Fig. 4. Serum GGT levels in the control group and group of TB patients: baseline; in 2 months of intensive therapy; after
6 months of therapy. A - the overall group of patients; B - depending on CYP2EI genotype. * P <0,05 compared to the
corresponding category of the control group

group of carriers of C/G genotype the AST level became
2 times higher after intensive therapy; its value remained
the same during maintenance therapy.

Study of De Ritis ratio in the group of TB patients
showed its increase almost 2 times after intensive therapy
(fig. 3A). Maintenance therapy returned the ratio back to
the normal value (1,33+0,42). The sharp increase of De
Ritis ratio during the stage of intensive therapy is typical
for the cell necrosis which cause a release of cytosolic and
mitochondrial AST into the serum. Analysis of De Ritis
ratio for the carriers of major C/C genotype showed an
increased level before the treatment and after intensive
therapy which was getting back almost to the normal
level at maintenance therapy. The carriers of C/G
polymorphism showed the abnormally low baseline
De Ritis ratio, which is more typical for inflammation.
The gradual increase of De Ritis ratio almost to the
normal level was observed during treatment (fig. 3B).
This demonstrates the difference in the mechanisms
of liver damage depending on the genotype and
indicates the certain protecting role of CYP2EI gene
polymorphism.

Gamma-glutamyl transferase (GGT) is used as the
laboratory marker of drug intoxication. The baseline GGT
in the group of TB patients was a slightly higher than in
the control group (fig. 4A). Anti-TB treatment caused the
graduate increase of enzyme activity. After completing
the treatment, the level of GGT was 2 times higher than
the baseline. Genotype didn’t affect the overall tendency,
the elevation of GGT was observed regardless to the
genotype of patients (fig. 4B).

There are numerous studies considering drug-induced
hepatotoxicity at anti-TB treatment however just in some
of it the baseline levels of biochemical markers measured
for TB patients were compared with the corresponding
values of healthy persons. The large deviations of
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baseline ALT in patients (without co-diseases) were not
observed [9, 10] or it was reported the moderate increase
of ALT associated with the larger risk of hepatotoxicity
development [11]. An exception is the study [12], where
it was mentioned a low baseline ALT (7.543.5 U/l) which
corresponds well with our data.

The factors affecting ALT and AST levels are age
[13] and gender. In our study the median age and gender
distributions in the group of TB patients were comparable
with those in the control group. Transaminase level also
correlates with the body mass index (BMI) and lean mass
index (LMS) [14, 15], the larger BMI is associated with
larger ALT and AST. It was also reported that elevated
ALT can be associated with alterations in glucose and
lipid metabolism: reduced insulin sensitivity and glucose
tolerance, increased fatty acids and triglycerides content
[16]. Since in this study the BMI of TB patients was not
taken into consideration, we cannot estimate its effect on
baseline ALT level.

The low baseline level of transaminases in the group
of TB patients might be related to the changes in fatty acid
profile of hepatocyte membrane caused by development
of tuberculosis. In detailed review [17] it was generalized
that development of tuberculosis is accompanied by
disorders of lipid metabolism: increased LDL, decreased
HDL, changed ratio of free to esterified cholesterol.
Similar observations were made by the authors of
[18] which noted decreased free cholesterol, HDL,
albumin and free fatty acids in TB patients. Disorders
of lipid metabolism, its influence on the composition of
lipoproteins and phospholipid profile of cell membranes
worth the further study because the previous were
mostly focused on the other aspects of the problem: on
investigation of metabolism, transport and functions of
lipids in mycobacteria cell wall, on the mechanisms of
cholesterol and fatty acid utilization [19, 20].
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We suppose that the low baseline level of ALT and
AST observed in the group of TB patients might be
explained by suppression of hepatocyte functions at
disorder of lipid metabolism, although this question
requires further study.

According to the results of experiment the carriers
of C/G polymorphism had higher baseline ALT which
didn’t differ much from ALT level of the control group.
Intensive therapy reduced the enzyme activity 2 times;
maintenance therapy returned it at initial level. It might
indicate that CYP2E1 heterozygous mutation provides
the lower hepatocytes damage and associates with better
regenerative ability.

The AST level of the carriers of major genotype
was sharply increased after therapy that shows the
high response of hepatocytes to the toxicity of first-
line antituberculosis drugs. The carriers of C/G
polymorphism demonstrated the smaller increase
of AST comparing to the carriers of major allele.
It might be assumed that the small variations of
transaminase levels indicate the less intensive damage
of mitochondria in the cell. The presence of gene
polymorphism can be regarded as a protecting factor
which provides the less intensive development of
mitochondrial dysfunction.

Thus, the low baseline level of ALT in TB patients
might be caused by suppression of hepatocyte functions
at disorder of lipid metabolism. The use of transaminase
values measured for healthy volunteers as baseline may
mask the manifestation of hepatotoxicity development
in TB patients. The mechanisms of hepatocytes
damage before the treatment and during therapy were
different depending on the gene CYP2E1 genotype.
The heterozygous mutation contributed to the smaller
hepatocytes damage at anti-TB treatment.

CONCLUSIONS

Distribution of gene CYP2E1 polymorphism in the
group of healthy volunteers and in the group of TB patients
were similar; it indicates that there is no association
of CYP2E1 gene polymorphism with development of
tuberculosis. Every fourth person had heterozygous
polymorphism C/G. Homozygous mutation G/G was not
found.

According to the experimental data the risk of drug-
induced hepatotoxicity development was higher among
the carriers of major C/C genotype. The patients with
heterozygous gene CYP2E1 C/G polymorphism had
lower extend of hepatocytes damage.

CYP2E1 gene polymorphism probably carries a
certain protecting role: it reduces the level of drug
metabolites and hepatotoxicity which cause the
mitochondrial dysfunction.

The research was funded by the Ministry of Health
of Ukraine from the state budget (Ne of state registration
0118U001214)
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CYP2E1-3AJIEXKHI BIIMIHHOCTI YIIKOAKEHHS I'EITATOLHUTIB I YAC JIIKYBAHHS
TYBEPKYJIbO3Y

Hampyc JL.B., Iatiosa JI.B., I'opxynenko 0.0., Uepnoeon I1.A., 3enincoxa M.B.
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AxTyanabHicTs. Jlocnimkenss nmoaiMopdizmy sokycy CYP2EL, sik mporaocTrdHOro (hakTopy po3BHTKY TelIaTOTOKCHYHHX PeaKIii
i1 9ac MPOTUTYOEPKYIBO3HOT Tepartii € akTyaapHuM uepes 3HauHuil BB CYP2E1 Ha MeTabomi3M JlikapchKuX 3ac00iB.

Meroro nocaimkenns O0yB anaii3 acouianii nonimopgizmy rs2070676 reny CYP2E1 y xBopux Ha TyOepKyib03 i3 pO3BUTKOM rera-
TOTOKCHUYHOCTI 32 KIIIHIKO-JIaOOpaTOPHUMH ITOKa3HUKAMH TpaHCaMiHa3 KpoBi Ha (OHI MPOTUTYOEpKYIILO3HOT Tepartii.

Marepiaan Ta Mmetoau. B nocmipkenHi nmpuiiMany y4qacTtb 47 MalieHTiB 3 4yTIHBOIO (OPMOIO TyOepKyIb0o3y BIIEpIIE BUSBICHI.
KonTtponbHy rpyIy IOpiBHSIHHS CKJIQaIH 58 310pOBUX 100pOBOIBIIB. JlaGopaTopHi MOKa3HUKY BU3HAYAIIH B BEHO3HIN KPOBI: 10 ITOYaT-
Ky JIKyBaHHS SIK 0a30BHIA piBEHb; Yepe3 2 MicsAld IHTEHCUBHOI Teparlii; uepes 4 micsus miarpumyiodoi Tepamii. AKTUBHICTE (epMEHTIB
AJIT, ACT ta I'TT B cupoBatiii KpoBi BU3HAYAIIN 32 CTAHAAPTHUMH METOJIMKAaMU Ha aBTOMaTHYHOMY aHaiizatopi BS-300. Anasi3 noi-
Mopdizmy 152070676 rena CYP2E1 nmpoBoanim MeTOIOM MOTiMEpa3HO1 JTAaHIFOTOBOT PeakIlii 3 BUKOPUCTaHHIM CTaH/IAPTHHX PEaKTHBIB
«PureLink® Genomic DNA Kit For Purification of Genomic DNAy; Bupo6uux INVITROGEN (CILIA). [{ns cratucTudHoi 00poOKu
BuKopHcTOoByBany rnaketr IBM SPSS Statistics 23.

PesyabraTn. Buuenus cupoBarkoBoi aktuBHOCTi (epmenTiB AJIT ta ACT y xBopux Ha TyOepKys1b03 MOKa3alo 3HMKEHHS 0a30-
Boro piBag AJIT ta ACT BigmoBigHO 10 PiBHS KOHTPOJIBHOI IPYIH, 10 MOKE OYTH IOB’S3aHO 3 NMPUTHIYCHHSIM (DYHKIIN TeaTonuTiB
ITi/T 9ac PO3BUTKY 3aXBOPIOBAHHA. Y MMHAMIII JIIKyBaHHS NalieHTiB HOCIiB MaskopHoro renoturry CYP2E1 (C/C) cnocrepiranocs 30i1b-
miennst aktuBHOCTI AJIT Ta ACT BignosiaHo 10 6a30Boro piBHs. Y HOCITB mogiMopdizmy C/G 6a3oBa akTuBHICTH pepmenty AJIT mMano
BiJJPi3HSIACH BiJ] aHAJIOT1YHOTO MOKA3HUKA KOHTPOJIBHOI TPYIH Ta IEMOHCTPYBaJIa TOMITHE 3HIKCHHS B XOJIi IHTCHCUBHOI Tepamii i BilI-
HOBJIGHHSI /10 0a30BOT0 PiBHsI Ha CTaAil MiATPUMYIOUOT Tepartii, [0 MOXKe CBITYUTH MPO MEBHI MPOTEKTOPHI BIACTHBOCTI MOIiMOpdizmy
reny CYP2EI. Piens aktuBHOCTI ACT y HOCIiB moniMop¢i3zmy 3011bIIyBaBCs Ha CTaAii iIHTEHCHBHOI Tepartii, ajie He Tak 3Ha9HO, SIK IS
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HOCITB M@)XOPHOTO T'€HOTHILY, Ta Mojai 3aiuiaBcs HeaminauM. J{ocmimkenns piBas [TT — nokas3ano nOCTynoBe MiIBUILICHHS PiBHS
(epMeHTy He3aJIeKHO BiJ] TEHOTHITY.

BucHoBoK. 3a nannMu 1ociipkeHHs (yHKIIOHATBHUI CTaH renarouuTiB y XBopux Ha Th Biapi3HsABC, K Ha 6a30BOMY PiBHI, TaK
1y BIAIIOBIIb Ha Teparito, B 3aexHocTi Bif reHotuny reny CYP2EL. [onimopgizm reny CYP2E] BukoHye neBHY IPOTEKTOPHY POJlb,
3MEHIIY€ KUTBKICTh METa0OMITIB MPOTUTYOEPKYIBO3HHUX JIIKIB 1 T€MaTOTOKCHYHICTD, SIKA PEai3y€eThesl 32 PaXyHOK MiTOXOHAPIialbHOT
JCchYHKIIIT.

Korouosi c1oBa: TpancaMinasu, NpoTHTYOSpKYIbO3HA TEpallis, FeNaTOTOKCHYHICTh, MITOXOHAPianbHa AUCOYHKIIIS, TTOTiMOpdi3M

CYP2E1-3ABUCHUMBIE OTJIMYHUS [TOBPEXIAEHUSA T'EITATOLIMTOB ITPU JIEYEHUN
TYBEPKVJIE3A

Hampyc JL.B., Iaesas JI.B. I'opxynenxo O.A., Yepnoeon II.A., 3enunckan M.B.

Hauunonanbuelil MeguuuHckuil yauepcuteT umenu A.A. boromonbiia, Kues, Ykpanna
Inatrus777@gmail.com

AxTyaabHocTh. HccrenoBanne nomumopdusma stokyca CYP2E]L, kak mporaHoctTHdeckoro (hakropa pa3BUTHS TeIaTOTOKCHYECKUX
peaxknuii Ipu aHTUTYOEPKYIE3HOM TEpamny, SBISETCSA aKTyallbHBIM BCIESICTBHE 3HAYUTENbHOTO BiusHus akTiBHOCTH CYP2E] Ha me-
TabOoJIN3M JICKAPCTBEHHBIX MIPENapaToB.

Heabio uceaenoBanus ObUT aHATH3 accoruayy nomumopdmma 152070676 rena CYP2E1 y 6onbpHBIX TyOepKyIe30M ¢ pa3BHTHEM
TeNaTOTOKCMYHOCTH MO KIIMHUKO-1a00paTOPHBIMU MTOKA3aTelsIM TPAaHCAMHHA3 KPOBU Ha ()OHE MPOTHBOTYOEPKYIE3HON Tepanum.

Marepuaiabl U MeToAbl. B nccnenoBanny npuHuMann ydactue 47 NMAlMeHTOB ¢ YyBCTBHUTEIBHON (OpMOH TyOepkynesa BIep-
BbI€ BBIIBIICHHBIE. KOHTpONMbHAS TpyMIa CpaBHEHUSI BKIIIOYana 58 370pOBEIX 100poBOIbIEB. JlabopaTopHbIe MOKA3aTEeH OMPEaeTaIn
B BEHO3HOH KPOBH: JI0 Hayaja JIeYeHHUs Kak 0a30BBIil ypOBEeHB, Yepe3 2 Mecsilia MHTCHCHBHOM Tepariy, dyepes 4 Mecsia mocie noajaep-
skuBaronieid Tepanuu. AKTHBHOCTE (epMeHTOB AJIT, ACT u ['TT B CHIBOPOTKE KPOBH OMPEACISIIN MO CTAHAAPTHBIM METOAMKAM Ha
aBroMaTH4eckoM ananuzarope BS-300. Ananus nomumopdusma rs2070676 rena CYP2E] npoBeneH MeTo10M MOJIMMEPa3HOM IeMHOM
PEaKINHK ¢ UCIOIb30BaHUEM CTaHAapTHEIX peakTBoB «PureLink® Genomic DNA Kit For Purification of Genomic DNA»; npon3Bozan-
tenb INVITROGEN (CILA). Ins ctatuctuaeckoii 06padoTku ncrnons3zosain naket IBM SPSS Statistics 23.

Pesyabrarsl. 13ydyenue ceiBopotouHoit aktuBHOCTH (GepmenToB AJIT n ACT y nmauneHToB ¢ TyOepKyIe30M MOKa3aa0 CHHKEHHE
6azoBoro ypoBHs AJIT u ACT 1o cpaBHEHHUIO ¢ KOHTPOJIBEHOHN TPYIION, YTO MOKET OBITH CBSI3aHO C yTHETEHHEM (PyHKIUH IenaTonuToB
IpU Pa3BUTHUH 3a00JI€BaHMSL.

B mpomnecce nedenns y nanuenToB Hocurenel maxkopHoro renotuna CYP2E1 (C/C) mabmonganocs yBenmaenue aktuBHocTH AJIT 1
ACT cpaBHenuio ¢ 6a30BbIM ypoBHeM Ha (oHe aHTUTYOepKy/I€3HOM Tepanuu. Y Hocutenei nonumopdusma C/G 6a3oBast akTHBHOCTh
¢epmenta AJIT mano oTIHYanachk OT aHAJOTUYHOTO ITOKA3aTelIsi KOHTPOIBHOM IPYIIIBL; IEMOHCTPHPOBAJa 3aMETHOE CHIDKEHHE B XOZIe
WHTEHCHUBHOHU TepaIriy 1 BOCCTAHOBJIEHHE /10 6a30BOTO YPOBHS Ha CTAANH TOJICP>KUBAIOIEH TEParnH, YTO MOXKET yKa3bIBaTh Ha OMpe-
JIeJICHHBIC IPOTEKTOPHBIE cBoiicTBa onmMmopdusma rena CYP2E1. Yposens aktiuBHocTr ACT yBenHuMBaiCs Ha CTaIUl HHTCHCUBHOU
Teparnuy, HO He TaK CHJIBHO, KaK JUIs HOCUTENIEH Ma)KOPHOTO T'eHOTHIIA, U JajbllIe OCTaBajIcs HeM3MeHHBIM. MccnenoBanue ypoBas I'TT
— MOKA3aJI0 TIOCTENEHHOE TOBBIIICHHE YPOBHS (pepMEHTa He3aBUCUMO OT FeHOTHIIA.

BeiBoabl. CoracHo pesyibraraM HCCleoBaHus, (QYHKIMOHAIBHOE COCTOSHUE TeIaTOUTOB Y MAIEHTOB C TyOepKy/Ie30M OTIH-
4ajuoch KaKk 710 Hayasa JICYCHHUs, TaK B OTBET Ha Tepamuio B 3aBHcuMocTH oT reHotuna reny CYP2E1. ITomumopdusm rena CYP2E1
UTpaeT OMpeJIeNICHHYIO IPOTEKTOPHYIO POJIb, CHIKACT KOJIMYECTBO METa0OIMTOB IPOTUBOTYOEPKYIIE3HBIX JIEKAPCTBEHHBIX MPENapaToB
1 TeMaTOTOKCHIHOCTh, KOTOPask Pean3yeTcs 3a CUeT MUTOXOHAPHAIBHON ANC(YHKIHN.

KoroueBble ciioBa: TpaHcaMHHa3bl, IPOTHBOTYOSPKYJIE3HAs Tepariys, FeHaTOTOKCHYHOCTb, MUTOXOHAPHAIIbHAS IUCHYHKLUS, 110~
TuMophu3M
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Relevance. In diabetes mellitus (DM), atherosclerotic plaques contain more fat, are more inflammatory and show a higher risk
of thrombus formation than in individuals without diabetes. One of the significant factors in the development and progression of
atherosclerosis in these patients is atherogenic dyslipidemia, which includes a wide range of disorders and often precedes the onset
of diabetes for several years. Therefore, it is relevant to study the features of dyslipidemia in patients with diabetes after myocardial
infarction (MI).

Objective: to study changes in blood lipid spectrum parameters, including Apolipoproteins (Apo A-1, Apo B) and lipoprotein (a),
in postinfarction patients with type 2 DM.

Materials and methods. 119 patients (77 men and 42 women; mean age 61.09 £+ 0.92 years) were examined, of which 42 were
patients with coronary heart disease (CHD) who suffered from MI and type 2 diabetes (main group), 39 patients with a history of MI
without concomitant diabetes (comparison group I) and 38 patients with type 2 diabetes without MI (comparison group II). The control
group consisted of 30 healthy individuals, comparable in age and sex. Total cholesterol (TC), triglycerides (TG) and high-density
lipoprotein cholesterol (HDLC) were determined in venous serum by enzymatic colorimetric method. According to the formulas, the
level of cholesterol in very low density lipoproteins (VLDLC) was calculated; cholesterol in low-density lipoprotein (LDLC), coefficient
of atherogenicity (CA). The level of lipoprotein (a) — LP (a), Apo A-1 and Apo B was determined by immunoturbidimetry. Blood
sampling in patients was performed on an empty stomach.

Results. In the main group, significantly higher rates of TC, TG, LDLC, VLDLC, AF, Apo B and the ratio of Apo B/Apo A-1,
compared with non-diabetic postinfarction patients. At the same time, there was a significantly lower concentration of HDLC, Apo
A-1 and LP (a) — in patients with a history of diabetes mellitus. When comparing the indicators of patients in the main group with
patients with isolated type 2 diabetes, there were significantly higher levels of LDL cholesterol and CA, as well as significantly lower
concentrations of HDL cholesterol and apo A-1 in patients of the main group. The analysis of lipid metabolism in the comparison groups
revealed a difference in the level of TG, LDL cholesterol and Apo B, which have higher levels in patients with isolated type 2 diabetes,
and the level of LP (a) — significantly higher in postinfarction patients, in contrast to diabetics. The results indicate deeper disorders
of lipid metabolism in post-infarction patients with diabetes than in non-diabetic post-infarction patients, which may be due to insulin
resistance, hyperinsulinemia and hyperglycemia.

Conclusions. Dyslipoproteinemia in postinfarction patients with type 2 diabetes is characterized by a decrease in the content of
antiatherogenic HDL cholesterol and its protein Apo A-1, moderate hypertriglyceridemia, increased levels of LDL cholesterol, VLDL
cholesterol and Apo B, which causes higher values of cholesterol and increases AF. Elevations in lipid profile parameters such as TG,
LDL cholesterol, and Apo B are more associated with diabetes, while higher concentrations of LP (a) are characteristic of postinfarction
non-diabetic patients.

Key words: type 2 diabetes mellitus, postinfarction cardiosclerosis, dyslipoproteinemia.

Relevance. The population of patients with type 2
diabetes mellitus (DM) is growing steadily, doubling
every ten years [6]. The risk of developing coronary heart
disease (CHD) in type 2 diabetes is 2-3 times higher
in male patients and 3-7 times higher in women [5].
Patients with type 2 diabetes have a 2-4 times higher
risk of dying from coronary heart disease than non-
diabetic patients [1].

Atherosclerosis, which is the morphological basis
of coronary pathology, develops in patients with
type 2 diabetes 10-15 years earlier than in the general
population, progresses rapidly and more often leads to
complications [3, 14]. It is among these patients that
the risk of developing myocardial infarction (MI) is 3-5
times higher, depending on gender, higher than in the
non-diabetic population [2]. It is among patients with
type 2 diabetes mortality during the first year after M1 is
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15-34%, reaching 45% in the next 5 years, which is twice
as high as in the general population. Despite significant
advances in the treatment of coronary heart disease and
its consequences, patients with type 2 diabetes remain
the most vulnerable group, as the reduction in mortality
among them is insignificant [15].

Such disappointing prognosis for patients with type
2 diabetes is associated primarily with the accelerated
development of atherosclerosis of large subepicardial
vessels and its rapid progression [ 1]. The results of studies
have shown that in diabetes atherosclerotic plaques
contain more fat, are more inflammatory and show a
higher risk of thrombosis than in people without diabetes
[17]. One of the important factors in the development
and progression of atherosclerosis in these patients is
atherogenic dyslipidemia, which includes a wide range
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of disorders and often precedes the onset of diabetes for
several years [8].

Therefore, based on these data, we decided to
investigate the features of dyslipidemia in patients with
type 2 diabetes who suffered MI.

Objective: to study changes in blood lipid spectrum
parameters, including Apolipoproteins (Apo A-1, Apo B)
and lipoprotein (a), in postinfarction patients with type
2 DM.

MATERIALS AND METHODS

119 patients (77 men and 42 women, mean age of
patients — 61.09 + 0.92 years) were examined, of which
42 were patients with coronary heart disease who had MI
and had type 2 diabetes (main group), 39 patients with
History of MI without concomitant diabetes (comparison
group I) and 38 patients with type 2 diabetes without MI
(comparison group II). The control group consisted of
30 healthy individuals, comparable in age and sex. The
general clinical characteristics of the examined patients
are given in table 1.

All patients included in the study were tested for
total cholesterol (TC), triglycerides (TG) and high-
density lipoprotein cholesterol (HDLC) in the serum of
venous blood by enzymatic colorimetric method using
reagent kits «Human» (2000 Germany) bio (Germany,

2000), the results were expressed in mmol/l. The level
of cholesterol in very low density lipoproteins (VLDLC)
was calculated by the formula: TGx0.45 (mmol/l);
cholesterol in low-density lipoprotein (LDLC) was
calculated by the formula of Friedwald W.T. [12]:
LDLC = TC - HDLC - VLDLC. The coefficient of
atherogenicity (CA) was calculated according to the
generally accepted formula [7]: CA = (HDL - HDLC)/
HDLC. The level of lipoprotein (a) — LP (a), Apo A-1 and
Apo B was determined by immunoturbidimetry using the
test system Roshe Diagnostics (Switzerland) on a Cobas
6000 analyzer (Switzerland). Units of measurement for
LP (a) — mg/dl, and for Apo A-1 and Apo-B — g/I. Blood
sampling in patients was performed on an empty stomach
(last meal — more than 10 hours before blood sampling).

The research results are processed using the methods
of variation statistics. Significance of differences when
comparing the mean values was determined using
Student’s t-test (p). The difference was considered
significant at p<0.05. The values of the studied indicators
are presented in the form of M = m, where M is the
arithmetic mean, m is the standard error.

RESULTS AND DISCUSSION

The analysis of the obtained data in the main group
of patients revealed significantly higher rates of TC

Table 1
General clinical characteristics of the examined patients
Main group Isolat'ed coronary he.art dlsea§ © Isolated type 2 diabetes
. = postinfarction cardiosclerosis . _
Indicator (n=42) (n=39) mellitus (n=38)

Age, Mtm years 61,66£1,78 61,17£1,08 60,04£1,16

Gender, male 27 (64,3%) 26 (66,7%) 24 (63,2%)

n (%) female 15 (35,7%) 13 (33,3%) 14 (36,8%)

Prescription of IM, Mtm 4,9340,38 5,28+0,55 -

years

Prescription of DM, Mtm 8,34+0,67 - 7,6610,71
years

Note: the difference between the groups is statistically insignificant (p>0,05).

Table 2

Indicators of lipid metabolism in patients with CHD who underwent MI and patients with type 2 DM in comparison
with patients with MI without DM and patients with history of type 2 DM without MI (M + m)

. Main group Is?lated coronary hefart Isolated type 2 diabetes
Indicator (n=42) disease: postinfarction mellitus (n=38)
cardiosclerosis (n=39)
TC, mmol/l 5,99:£0,29%44 4,92+0,20 5,32+0,22
TG, mmol/l 2,76+0,28%44 1,43+0,1577 2,57+0,28
HDLC, mmol/l 0,93+0,0422% 1,13+0,06 1,07+0,04
LDLC, mmol/l 3,810,277 3,13+0,20 3,07+0,19
VLDLC, mmol/l 1,24+0,13% 0,64+0,077" 1,16+0,12
CA 5,57+0,36" Sk 3,62+0,33 4,05+0,27
Apo A-1, g/l 1,290,052 1,42+0,03 1,40+0,03
Apo B, g/l 1,24+0,08" 1,06+0,04" 1,23+0,08
Apo B/Apo A-1 0,94+0,06*** 0,72+0,03 0,81+0,06
LP (a), mg/dl 23,29+4,28 2 42,177 317 18,10+4,90

Notes:  — p<0,05, “* — p<0,01, *** — p<0,001 compared with patients with MI without DM;
* — p<0,05, ** — p<0,01, ***~ p<0,001 n comparison with patients with DM without a history of MI;
- p<0,05, #_ p<0,01, _ p<0,001 compared with patients with DM without MI.
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(p <0.001), TG (p <0.001), LDLC (p <0.05), LDLC
(p<0.05), CA 0.001), Apo B (p <0.05) and the ratio of
Apo B/Apo A-1 (p <0.001), compared with non-diabetic
postinfarction patients. There was a significantly lower
concentration of HDLC (p <0.01), Apo A-1 (p <0.05) and
LP (a) — p <0.05 in patients with a history of diabetes
mellitus ).

When comparing the studied indicators of patients of
the main group with patients with isolated type 2 diabetes,
significantly higher values of LDLC (p <0.05) and CA (p
<0.001), as well as significantly lower concentrations of
HDLC (p <0.01) and apo A-1 (p <0.05) in patients of the
main group.

In the analysis of lipid metabolism of the comparison
groups, the difference in the level of TG (p <0.001),
LDLC (p <0.001) and Apo B (p <0.05), which have
higher levels in patients with isolated type 2 diabetes, is
noteworthy. , and the level of LP (a) - p <0,01, which is
significantly higher in postinfarction patients, in contrast
to diabetics.

Thus, the results indicate deeper disorders of lipid
metabolism in postinfarction patients with diabetes than
in non-diabetic postinfarction patients, which may be
explained by insulin resistance, hyperinsulinemia and
hyperglycemia, which are the pathogenetic basis of type
2 DM. It is known that insulin resistance [13] in the fat
cell activates lipolysis, which leads to the release of large
amounts of free fatty acids (FA) into the bloodstream.
Further, there is an increase in the synthesis of TG and
LDL due to the availability of their main substrate, as
well as a decrease in the degradation of Apo B. Excessive
production of LDL with increased secretion of TG and
Apo B leads to the formation of small dense particles
of LDL. This subtype of LDL plays an important role
in atherogenesis, being more prone to oxidation under
conditions of impaired antioxidant defense mechanisms
in diabetics [10]. Both LDL and LDL residues and
particles carry the Apo B molecule, so such dyslipidemia
is characterized by an increase in serum Apo B
concentration. Apo B levels are more closely associated
with diabetes and insulin resistance than LDL and
HDL because they are found in the most atherogenic
particles of lipoproteins, and therefore can better predict
cardiovascular events in such patients and are recognized
as a valuable marker of CVD [20]. Regarding the
antiatherogenic class of HDL, recent studies have shown
that patients with diabetes not only have a quantitative
decrease in these lipoproteins, but also may lose their
protective function due to disruption of the structure of
protein constituents on the background of prooxidant
and proinflammatory phenotype [18]. Thus, HDL in
diabetics is less effective in preventing LDL oxidation.
Determining the level of Apo A-1 as the main protein of
HDL, according to epidemiological and interventional
studies, in addition to determining Apo B, allows you
to more accurately predict cardiovascular risks than the
assessment of conventional lipid parameters [20]. In
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addition to insulin resistance, hyperglycemia also has
a direct negative effect on lipid metabolism in these
patients. It was found that the level of modified LDL
increases significantly as a result of their glycosylation,
which significantly enhances the atherogenic potential of
lipoproteins [17].

Therefore, not only quantitative but also qualitative
changes of lipids and lipoproteins are used, which
increase their proatherogenic effects with corresponding
clinical consequences. Thus, routine determination of
general lipid profile parameters cannot provide complete
information on atherogenic potential in a particular
disease.

Today, hypertriglyceridemia in patients with diabetes
is considered as a multifactorial process, with each
injection of LCD from the periphery into the liver due to
insulin resistance is only one component of this process.
The decrease in HDL levels in these patients, which is
often due to an increase in TG levels and the transition
of TG to HDL (in exchange for cholesterol), is likely to
be more complex, as the decrease in HDL at normal TG
concentrations often changes [9].

Thus, not all pathogenetic mechanisms of diabetic
dyslipidemia have been elucidated to date, and this is the
subject of further study.

The results also show more pronounced atherogenic
changes in the lipid spectrum of the blood in patients
with type 2 DM who had a history of MI, compared with
patients without MI. The results of the well-known British
study UKPDS [19] showed that an increase in LDL
cholesterol by 1 mmol/l is associated with an increase in
the frequency of CVD endpoints by 57%, and an increase
in HDL cholesterol by 0.1 mmol/l — with a decrease
in CVD endpoints at 15%. Thus, our data confirm the
fact that the increase in the degree of atherogenicity of
lipid changes causes cardiovascular events. Therefore,
it is important to timely and adequately influence the
altered lipid profile in patients with type 2 DM to prevent
complications of coronary heart disease and improve
cardiovascular prognosis.

The difference in the comparison groups, namely
between patients with isolated type 2 diabetes and
postinfarction cardiosclerosis without diabetes, in
terms of TG, LDL cholesterol and Apo B is explained
by the pathogenetic mechanisms of dyslipidemia in
diabetes, which were discussed above. As for LP (a), it
is considered to be one of the most studied, but still a
mysterious lipoprotein. Despite decades of research, the
normal physiological role of LP (a) is still unclear. As
for pathophysiology, there is more clarity. LP (a) can
cause cardiovascular pathology due to proatherogenic
LDL cholesterol and stimulate thrombosis due to the
thrombogenic properties of Apo A, which are part of it.
Thus, numerous studies suggest that high levels of LP
(a) are an independent risk factor for atherogenesis and
thrombogenesis. The amount of LP (a) is more than 90%
determined genetically and depends mainly on the rate

29



Altunina N.V.

30

of Apo A biosynthesis and, unlike most lipid risk factors,
does not depend on age, sex, diet, living conditions and is
very poorly corrected by medication [4, 11, 16].

Thus, going back to our data, we can assume that

most patients who suffered from MI and did not have
diabetes had a genetically determined high risk of acute
coronary complications.

CONCLUSIONS

1. Dyslipoproteinemia in postinfarction patients with
type 2 DM is characterized by a decrease in the
content of antiatherogenic HDL cholesterol and its
protein Apo A-1, moderate hypertriglyceridemia,
increased levels of LDL cholesterol, VLDL
cholesterol and Apo B, which causes higher values
of cholesterol and increases CKD.

2. Elevations in lipid profile parameters such as
TG, LDL cholesterol, and Apo B are more
associated with the effects of diabetes, while
higher concentrations of LP (a) are characteristic
of postinfarction non-diabetic patients.
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OCOBJIMBOCTI JUCJINONPOTEIHEMIi Y XBOPUX HA IIYKPOBHUI JIABET 2 TUITLY, SIKI
HEPEHECJ/IA IHO®APKT MIOKAPAY

Anmynina H.B.

Hayionanonut meouunuii ynisepcumem imeni O.0. Boeomonvys, Kuis, Ykpaina
nmu.vamed4@gmail.com

AxTtyaabHicts. [Ipu uykpoBomy aiaberi (L[J]) arepockiepoTnyHi OMSIIIKH MICTSTH Oiblie KUPY, B OLIBLIOMY CTYINEHI 3amajb-
HO3MIHEHI i IMOHCTPYIOTh BHIIHIA PU3UK TPOMOOYTBOPEHH:I, HiXK B 0ci0 0e3 L[J]. OqauM 3 Baromux (pakTopiB pO3BUTKY Ta IPOTPECy-
BaHHS aTePOCKIEPO3y y IUX XBOPHUX € aTepOreHHA AMCIIMiJEeMis, sIka BKIFOYAE ITHPOKUH CIIEKTpP MOPYIIEHb 1 YacTO Mepeaye BHHHUK-
HenHro 1J] Ha nexinbka pokiB. ToMy € akTyaabHUM JZOCIIJDKEHHS 0COONMBOCTI auciimigemii y xBopux Ha L[/, siki nepeneciy iHpapkt
Mmiokapaa (IM).

MerTa: BUBYNTH 3MiHH OKA3HHUKIB JIMIHOTO CIIEKTPY KPOBi, BKJIIOUaro4n anoninonporeinn (Amno A-1, Ano B) Ta ninonporeiu (a),
y nocringapkTHUX XxBopuXx 3 LIJ] 2 Tumy

Marepiaau ta Mmeroau. Ob6ctexeno 119 xBopux (77 yonoBikiB Ta 42 xiHku; cepenniil Bik 61,09+0,92 p.), 3 sxux 42 — maieHTH
3 imeMiuHOr0 XBopoboro cepus (IXC), siki mepenecnu IM Ta xBopitoTh Ha L/ 2 Tumy (ocHoBHa rpyma), 39 xBopux 3 IM B aHaMHe3i
6e3 cymytaboro LIJ] (I rpyna nopiBasHHs) Ta 38 mamientiB 3 LIJ] 2 tumy G6e3 mepenecenoro IM (Il rpyna nopiBasHH:). KoHTpOmsHY
rpyny ckiaiau 30 mpakTU4HO 30pPOBHX OCi0, 3iCTABHUX 3a BIKOM Ta cTarTio. BusHavyanu 3aransuit xonecrepun (3XC), Tpurninepuan
(TI") Ta xonecrepuH minonporeinis Bucokoi miimsrocTi (XC JIIIBIL) B cuposarii BeHO3HOT KpoBi (hepMEHTATHBHUM KOJIOPHMETPUIHIM
MeTozIoM. 3a GopMysTaMu 00UMCITIOBAIN PIBEHB XOJIECTEPHUHY B Jinonporeinax ayxe Hu3bkoi minpHocti (XC JIITIHIL); xonecrepun B
ninonporeinax Hu3bKoi mitsHOCTI (XC JIITHIL), koedinienT areporennocrti (KA). Pisens minonpoteiny (a) — JIII (a), Ao A-1 Ta Amo
B BuzHavanu MeTonoM iMmyHOTYpOinimMeTpii. 3abip KpoBi y MaImieHTiB 3AiHCHIOBABCS HATIIECEPIIE.

Pe3ynbTarn. B ocHOBHIl rpyri BUsiBIICHO A0CcTOBIpHO BHIi okaszHuku 3XC, TT, XC JITHIL, XC JIITIHIL, KA, Ano B ta criBBin-
HomeHHS Ano B/Ano A-1, OpiBHSHO 3 HeAlaOeTHIHUMH TOCTiH(GapKTHUMH TanieHTamMu. [Ipu nboMy BigMidanachk JOCTOBIPHO HIDKYA
xonuentpais XC JINIBIL, Ao A-1 ta JIIT (a) — y xBopux Ha L/] 3 IM B anamue3i. [Ipu criBcTaBieHHI MOKAa3HUKIB MAlli€HTIB OCHOBHOT
TpyIH 3 XBOpUMH Ha i3oimboBanuii 11/ 2 tumy crocrepiramucsk gocroBipHo Bumii nmokasnuku XC JITTHII[ ta KA, a Takox J0CTOBIpHO
Hwk4i KoHueHTpanii XC JIIIBIII i ano A-1 y xBopux ocHOBHOI rpyn. [Ipu aHami3i MOKa3HUKIB JMiTHOTO OOMiHY TPy MOPIBHSAHHS
BUsIBJICHA BinMiHHICTG 3a piBHem TT, XC JITTJIHIL i Ao B, mio maroTh BuIli piBHI y MAli€HTIB 3 i30mbp0BanuM [[/] 2 Tumy, Ta piBHEM
JIIT (a) — mo mocToBipHO BHII Mif Y TOCTIH()APKTHUX XBOPHX, HA BiIMiHY Bix miabetuunux. OTpUMaHi pe3yibTaTd CBiqUaTh Ipo OUIbII
DMOOKI TOPYIISHHS JiIiHOro 0OMiHY y TOCTIH(GApPKTHUX XBOPUX 3a yMOBM HasiBHOCTi [|JI, HiX y HeniabeTHYHHX MOCTiH(APKTHUX
TAIIIE€HTIB, 10 MOXKE TTOSICHIOBAaTUCH 1HCYIIHOPE3UCTEHTHICTIO, TIMEPIHCYIIHEMIEIO T TIIEPIIIIKEMI€TO.

BucHoBku. [{ucninonporeinemist y noctinpapkrHux xBopux 3 LI/1 2 Ty XxapakTepu3yeThest 3HIKSHHSIM BMICTY aHTHATEPOreHHO-
ro XC JITIBII ra iforo Ginka Ao A-1, momipHOI0 Tineprpuniinepuaemiero, 36iapmennsM pisast XC JIITHILL, XC JIITAHII ta Ano B,
o 3ymoBiroe By 3HaueHHsA 3XC Ta 30inbirye KA. IlinBummeHHs Takux mokasHukiB mimigorpamu, sk TT, XC JIITAHLI ta Ao B, B
OinbIIOMY CTyIeHi, ToB’si3aHi 3 BiumBoM LI/, B Tol yac sik Bunyi konuenTpauii JITT (a) xapakrepHi ai1st moctindapkTHUX HeiaOeTHIHNX
XBOPHX.

KutrouoBi ciroBa: 1ykpoBwii tiabet 2 Tumy, moctiHdapkTHHIT KapioCKIepo3, AUCTIMONPOTeTHEMIsI.
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OCOBEHHOCTHU JUCIUIIONMPOTENHEMMUSA Y BOJIbHBIX CAXAPHBIM JIMABETOM 2 THUIIA,
NEPEHECIHINX UH®APKT MUOKAPIA

Anmynuna H.B.

Hayuonanvnwiti meouyuncrui ynusepcumem umenu A.A. boeomonvya, Kues, Yxpauna
nmu.vnmed4@gmail.com

AxTyaabHocTs. [Ipu caxapnom gnabere (CJ]) arepockiiepoTraeckue OISIIIKY cofepiKaT O0JIbIIe XKUPa, B OOJIbIIEH CTEIICH! BOCIa-
JIUTEIBHO U3MEHEHBI M IEMOHCTPUPYIOT OoJiee BRICOKMIT prCK TpoMOooOpazoBanus, yeM y aull 6e3 CJI. OnHuM U3 BeCOMBIX (pakTOpPOB
Pa3BHUTHS U IPOTPECCHPOBAHUS aTEPOCKIIEPO3a Y STUX OONBHBIX SIBISIETCS aTePOTreHHast JUCIUIUAEMHUSI, KOTOpasi BKIIIOYAeT IIUPOKHUI
CIEKTp HAapyIICHUH U 9acTO Ha HECKOJIBKO JIET MpeAmecTByeT BosHukHOBeHHIO C/l. [ToaToMy akTyanbHO McciieioBaHHE OCOOCHHOCTH
mucnunuaemud y 6onsbix CJI, nepenecuinx unpapkt muokapaa (MM).

Leanb: n3yunTs M3MEHEHNMS TOKa3aTes el JTUIHIHOTO CIIEKTpa KPOBH, BKIIIOUAst allOJUIIONPoTenHBI (Ao A-1, Aro B) n numonpore-
uH (a), y noctuH(papKTHBIX 00mbHBIX ¢ CJ] 2 THma

Marepuaisl u MeToabl. O6ciieioBano 119 6onbHbIX (77 My»X4uH 1 42 KeHIMHBI, cpeHuit Bozpact 61,09+0,92 r), u3 koTopbix 42
— MaIMeHTHl ¢ ueMudeckoi 6onesnsio cepana (MbC), neperecmmx UM u crpanaromux C/I 2 Tuma (ocHOBHas rpymma), 39 O0JIbHBIX ¢
UM B anamuese 6e3 conytcrByromiero CJ1 (I rpynmna cpaBuenust) u 38 narentos ¢ CJ1 2 tumna 6e3 nepenecennoro VIM (11 rpynma cpas-
nenust). Kontponsayto rpynmny coctaBuiy 30 MpaKTUYECKH 30POBBIX JIUII, COIIOCTABIMBIX 110 BO3pacTy U moiy. Onpenersin oOmuii
xonectepuH (OXC), punmunepust (T1) u xonecrepun aunonporennoB Bbicokoi mnotHocTH (XC JITIBII) B CBIBOPOTKE BEHO3HOM KpO-
BU (hepPMEHTATHBHBIM KOJOPHUMETPHIECKUM MeTonoM. 1o GopMymam BEIMHCIISUTN YPOBEHb XOJIECTEPHHA B JINIIONPOTEHHAX OYEHb HU3-
xoii motHoctH (XC JITIOHIT), xonectepun B nmunonporenHax Hu3koi miotHoctd (XC JIITHIT), koad¢umment areporennoctu (KA).
VYposens sunonporenHa (a) — JIIT (a), Ao A-1 u Ano B onpenensiiim MeTooM MMyHOTYpOuaANMETpUH. 3a00p KPOBH Y Tal[HEHTOB
OCYIIECTBILIICS HATOMIAK.

Pe3yabTarsl. B 0cHOBHOI rpynme BbISBIEHBI JOCcTOBEpHO Oonee Bricokue nokasarenu OXC, TT, XC JIITHIL, XC JIIIOHII, KA,
Amno B u cootnomenne Ano B/ Ano A-1 1o cpaBHEHHIO ¢ HeJHAOSTHIECKIMU TTOCTUH()APKTHBIMHE ITariueHTaMu. [1pu 5ToM oTMedanach
nocroBepHo Oonee Hu3kas konnentpauus XC JIIIBIL, Ano A-1 u JIII (a) — y 6onpueix CZl ¢ UM B anamuese. [Ipu conmocraBnennn
NoKa3aresie MalueHTOB OCHOBHOI IpymIisl ¥ 00BHBIX TonbKo ¢ CJ1 2 Tura HabIoaaIuch JOCTOBEpHO Ooliee BhICOKHE rokasarenn XC
JITTHIT n KA, a taxxe noctoBepHo Oonee Hu3kue koHneHTpamn XC JIIIBIT u Ao A-1 y 00IbpHBIX OCHOBHOM rpymmsl. [Ipn ananmze
roKasaTesieil IMMUAHOro 0OMeHa TPy CpaBHEHHMs BbIsiBiIeHb! oTin4ust 1o ypoBHio TT, XC JITIOHIT u Ao B — Gosnee Bricokue ypoBHH
UX y TanueHToB ¢ n3onuposaHHeiM C/1 2 tuma; u ypoHeM JIII (a) — 1OCTOBEpHO BBINIE Y MOCTHH(APKTHBIX OOJIBHBIX, B OTIIMYUE OT
nuabetndeckux. [TomydeHHble pe3yabTaThl CBUIETEIBCTBYIOT O OoJiee ITyOOKHX HAPYIICHUSX JUINAHOTO OOMEHa Y MOCTHH(APKTHBIX
GonbHBIX 11pH Hanmmunn CJI, yeM y HexmabeTHYecKnX MOCTHH(APKTHHIX MAIEHTOB, YTO MOXXET OOBSCHATHCS MHCYIHHOPE3UCTECHTHO-
CTBIO, TUIIEPUHCYJIMHEMHUEN U THIIEPITIMKEMUEH.

BeiBonbl. lucaunonporenHemMus y mocTHHGApKTHBIX 001bHBIX ¢ C/l 2 THMa XapaKTepu3yeTcsl CHIDKEHHEM COIepIKaHus aHTHaTe-
porennoro XC JITIBII u ero 6enxa Amo A-1, ymepeHHOH runeprpurinnepuaemuei, nopsimenneM yposas XC JIITHII, XC JIIIOHIT
Amno B, uto npuBoaut k 6osnee BoicokuM 3HaueHUAM OXC u yBenuuuBaeT KA. IloBbiienne Takux nokasareneil JMIUA0TPaMMBbI, KaKk
TT, XC JIIIOHIT n Ano B, B 6ombuieit crenenu, cszansl ¢ BiustaneM CJI, B To BpeMst kak Beicokue KoHnenTpannu JIIT (a) xapakTepHsI
U TOCTHH(APKTHBIX HEeINA0eTHIECKUX OOJBHBIX.

KoroueBsie citoBa: caxapublii 1uader 2 THIia, TOCTUH(APKTHBINA KapAHOCKIEPO3, AUCIUIIONPOTCHHEMHSI.
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Relevance. Although monotherapy with a gluten-free diet (BGD) for celiac disease is highly effective, it does not in all cases
achieve complete remission of the disease. Therefore, an additional comprehensive examination of patients for the purpose of prescribing
reasonable therapy is relevant.

Objective: to study the causes of persistence of clinical symptoms in patients with celiac disease who are on a gluten-free diet for
6 months.

Materials and methods. Patients with celiac disease (n = 41) who were on a gluten-free diet (GFD) for 6 months were studied.
The average age is 35.42 + 0.45 years. Group 1 (n = 17) — patients who subjectively noted a positive dynamics of treatment and with a
significant improvement in general condition, but without complete clinical remission. Group 2 (n = 24) — patients with unsatisfactory
treatment results, no clinical effect from treatment or weak positive dynamics on the background of GFD. The study included two stages:
1) assessment of patients’ compliance and their diet (through the analysis of food diaries) in order to identify disorders of gluten-free diet
as the main cause of persistence of clinical symptoms; 2) identification of other causes of persistence of symptoms: exocrine pancreas
insufficiency (EPI), lactase deficiency (LD) and the syndrome of increase bacterial growth (SIBR). A C13 triglyceride breath test (IRIS
analyzer) was performed to diagnose EPI. To diagnose LD and SIBR in the small intestine, hydrogen breath tests (Micro H2-meter
analyzer) were used — a test with lactose and D-xylose, respectively. Also, the titer of antibodies to tissue transglutaminase (TTG) to
deaminated gliadin peptides (DPG) was determined in all patients, and their DPG/TTG ratio was calculated.

Results. The main reason for the ineffectiveness of treatment is a violation of gluten-free diet, found in 63.4% of subjects (incompletely
formed mushy stool, polyfaeces, steatorrhea; recurrent abdominal pain, bloating, flatulence). Revision of food intake and elimination of
sources of latent gluten from the diet of patients with celiac disease allowed to achieve complete serological remission (normalization
of titers specific for celiac disease antibodies) in all patients, but complete clinical remission was achieved in only 34.6%. Therefore, it
is concluded that there are other causes of incomplete remission of celiac disease associated with concomitant diseases of the digestive
tract. Using carbon and hydrogen breath tests, it was found that, in addition to diet, the reasons for the lack of complete remission in
patients with celiac disease are EPI (19%), SIBR in the small intestine (16%), LD (47%) and a combination of EPI with SIBR.

Conclusion. The inclusion of respiratory tests (C13-triglyceride, hydrogen with lactose and D-xylose) in a comprehensive
examination of patients with celiac disease can significantly improve treatment outcomes and reduce the duration of clinical remission.

Key words: celiac disease, gluten-free diet, breath tests, C13-triglyceride, hydrogen with lactose and D-xylose

Relevance. Celiac disease (gluten enteropathy) and lifelong adherence to the GFD, successfully treated

is the most studied disease of the small intestine to
date, the prevalence of which, according to the World
Organization of Gastroenterology (OMGE), averages
1% of the general population. As you know, the only
treatment for celiac disease is a gluten-free (agliadin)
diet (GFD), based on the complete exclusion from the
patient’s diet of all foods containing the main protein
of cereals (wheat, rye, barley and oats) gluten. The
purpose of prescribing GFD is to stop the pathological
autoimmune process in the body of a patient with celiac
disease in response to the exclusion of gluten from the
diet, leading to a gradual restoration of the structure of
the affected mucous membrane of the small intestine, and
then - the disappearance of clinical manifestations of the
disease, normalization of the patient’s general condition
and prevention of possible complications [1]. With strict
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patients become practically healthy.

The high efficiency of a gluten-free diet allows it
to be used in monotherapy, as a method of «standard»
treatment of a celiac patient and, as a rule, does not
require additional inclusion of drugs in the complex
therapy. Therefore, traditional attempts at starting (in
combination with a gluten-free diet) prescribing drugs
without appropriate medical indications (no concomitant
diseases) are often unjustified. However, the existing
experience in the management of patients with celiac
disease indicates that not in all cases doctors are able
to achieve complete remission of the disease, which
prompts additional examination and, if the reasons are
identified, justified therapy.

These methods, which allow to optimize the treatment
of patients with gluten enteropathy, today are breath tests,
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which are widely used in the clinic of internal medicine,
especially in gastroenterology. Carbon breath tests have
long been known and are used to diagnose Helicobacter
pylori infection (test with urea), pancreatic diseases
(triglyceride, amylase), liver detoxification function
(metacetin), to determine the motor-evacuation function
of the stomach (octanoic), etc. [2, 3, 4, 5]. The use of
hydrogen breath tests became available somewhat later,
but they also took their place in the diagnosis of diseases
of the digestive system and are widely used to diagnose
enteropathies, disaccharidase deficiency, syndrome of
bacterial overgrowth in the small intestine, etc. [6].

Several attempts have been made to use hydrogen
breath tests in the diagnosis of celiac disease [7, §].
This concerned various tests - with lactulose, D-xylose,
sorbitol, etc. an early peak in hydrogen concentration
has been reported on a lactulose breath test in patients
with celiac disease [9]. Described the use of a hydrogen
test with D-xylose for the diagnosis of celiac disease in
different age groups [10]. It has been established that
this test can be used to improve screening for celiac
disease (namely, to identify the consequences of atrophy
of the mucous membrane of the small intestine and
malabsorption) [11]. Used lactose hydrogen breath test to
assess the effectiveness of celiac disease treatment [12].
The place of the hydrogen test with sorbitol has been
reported both in the diagnosis of celiac disease (since
the latter reflects the severity of atrophic damage to the
mucous membrane of the small intestine) and in assessing
the effectiveness of a gluten-free diet. According to
research results, the sorbitol test reflects the stage of
restoration of the structure of the mucous membrane
against the background of a diet, which means that it
can be recommended as a simple, affordable method for
assessing the effectiveness of treatment [13, 14].

Objective: To study the causes of persistence of
clinical symptoms in celiac patients on a gluten-free diet
for 6 months.

MATERIALS AND METHODS

The study included celiac patients (n = 41) who had
been on a gluten-free diet for 6 months. The average age
of those included in the study was 35.42 + 0.45 years.
Women prevailed over men, accounting for a quantitative
ratio of 1.6 : 1.

All patients showed positive dynamics of treatment:
clinically — an improvement in the general condition, a
decrease in the frequency of defecation, a tendency to
normalize stool (a decrease in the frequency of bowel
movements up to 3.5 times a day) in the absence of a fully
formed stool (mostly mushy, a tendency to polyfecalia,
steatorrhea), stabilization of body weight, increased
BMI, 30% had recurrent abdominal pain, bloating,
flatulence); laboratory — normalization/reduction of
antibody titers at least three times (antibodies to tissue
transglutaminase (TTG), to deaminated peptides of
gliadin (DPG) were determined, the DPG/TTG ratio
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was calculated). Thus, the persisting symptoms and the
absence of complete laboratory remission (normalization
of serological biomarker titers for celiac disease) did not
allow the treatment results to be regarded as satisfactory
and required identification of possible causes.

The included patients were divided into two groups.
Group 1 (n = 17) was represented by patients who
subjectively noted positive dynamics of treatment and
with a significant improvement in their general condition,
but without complete clinical remission. Group 2 (n =
24) - patients with unsatisfactory results of treatment, no
clinical effect of treatment, or weak positive dynamics
against the background of GFD.

The research program included two main stages:

1 — assessment of compliance of patients and their
diet (through analysis of food diaries) in order to
identify violations of a gluten-free diet as the main
cause of persistence of clinical symptoms,

2 — identification of other causes of persistence
of symptoms, namely, exocrine pancreatic
insufficiency (EPI), lactase deficiency (LD) and
syndrome of increase bacterial growth (SIBR)
using modern carbon and hydrogen breath tests.

In order to diagnose EPI, a C13 triglyceride breath test
was performed. The technique of the test is that before
the test, the intake of enzyme preparations is stopped
for at least 72 hours before the test. The procedure is
performed in the morning on an empty stomach. The
subject makes the first exhalation into a sealed, plastic
bag. After that, a so-called «test» breakfast is eaten,
consisting of 100 g of white bread, butter in terms of 0.25
g/kg of body weight, to which C13-labeled triglycerides
were previously added at the rate of 4 mg/kg of patient
weight. Subsequent samples of exhaled air are collected
in bags every 30 minutes for 6 hours, and then analyzed
on an infrared spectrometer by IRIS by Wagner Analysen
Technik (Germany).

Indicators of the maximum concentration of CO2,
recorded between 150 and 210 minutes of the test, above
8%, as well as the cumulative dose of released 13CO2
above 23% for the entire period of the test, indicate
normal exocrine function of the pancreas. The maximum
concentration of 13CO2, recorded after 210 minutes (in
our study — by 271 = 16 minutes), at a normal cumulative
dose of 13CO2, indicates a latent EPI. The reduced
maximum concentration of 13CO2, which was 4.7 +
1.4% and recorded between 150 and 210 minutes of the
test, with a reduced cumulative dose of 13CO2 released
(18.1 £ 5.9%), indicates a moderate EPI. A decrease in
the maximum concentration to 4.8 + 1.3%, recorded at
275 + 27 minutes, with a cumulative dose of 16.7 + 3.5%,
indicates a pronounced EPI.

To diagnose lactase deficiency and SIBR in the small
intestine, we used hydrogen breath tests (Micro H2-meter
analyzer) — a test with lactose and D-xylose, respectively.
The principle of carrying out hydrogen tests is that the
hydrogen formed in the intestine by its microflora is
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included in the intestinal gases. On an empty stomach,
hydrogen is formed in the large intestine in a small amount
(0.24 ml/min.), After a meal, its production increases 7-20
times [15, 16, 17]. Approximately 15% of the generated
hydrogen is excreted by the lungs after being absorbed
into the blood. Based on the concentration of hydrogen in
the exhaled air, conclusions are drawn about its amount
in the intestine [18, 19, 20]. To conduct hydrogen breath
tests, we used the techniques [19, 20], based on the
determination of the concentration of hydrogen in the air
exhaled by the subject before and after a special food
load. The methods for conducting hydrogen tests are of
the same type. The average test duration is 2-3 hours.
Diagnosis of lactase deficiency (test with lactose) is
based on the fact that lactose, entering the intestine, under
the influence of bacteria, promotes the additional release
of hydrogen, which, after absorption, also enters the
bloodstream, and then reaches the lungs with gases and is
exhaled. An increase in the concentration of lactose in the
exhaled air above 20 ppm from the initial one indicates
the presence of lactose malabsorption [20]. The D-xylose
breath test was used to diagnose SIBR. Interpretation of
the results: the D-xylose test was considered positive
when the hydrogen concentration in the patient’s exhaled
air increased by 20 ppm from baseline in 40-60 minutes
and indicated the presence of SIBR in the small intestine.
The results were statistically processed.

RESULTS AND ITS DISCUSSION

In group 1 (patients with incomplete clinical
remission), the results of serological analysis made it
possible to divide patients into subgroups (Fig. 1):

1A (n = 8) — patients with elevated antibody titers, or
seropositive patients (SPP);

1B (n = 9) — patients with complete normalization of
serological parameters, or seronegative patients (SNP).

In subgroup 1A, the analysis of the reasons for the
persistence of clinical symptoms was carried out, which
indicated periodic disturbances in the diet and (or)
contamination of foods with gluten (based on the analysis
of food diaries), which was reflected in the absence of
normalization of antibody titers against the background
of the received treatment. The analysis of the diet of
patients of subgroup 1B testified to strict adherence to
the diet, which was confirmed by the indicators of the

immunological response and the complete normalization
of antibody titers. Patients in subgroup 1B had a high
compliance, strictly followed the recommendations,
however, it was not possible to achieve complete
remission during the follow-up period.

In group 2 (patients with unsatisfactory treatment
results), no significant clinical dynamics was observed
during the observation period, both according to the results
of an objective examination of patients and according to
their subjective assessments. Group 2, depending on the
dynamics of the immunological response to treatment,
was also divided into two subgroups (Fig. 1):

2A (n = 18) — seropositive patients;

2B (n = 6) — seronegative patients.

As can be seen from Figure 1, the same pattern
of distribution into subgroups was revealed in both
groups. Namely: the dependence of treatment results
on compliance, fulfillment of the requirements of
the agliadin diet and, as a result, normalization of
antibody titers. 26 (63.4%) patients from the general
group included in the study were dieting, which was
determined by the leading cause of persistence of
clinical symptoms. The results obtained correspond
to modern ideas about the possibility of achieving
a positive immunological response and restoration
of antibody titers only in response to the complete
elimination of gluten from the diet [1], and the gluten-
free diet itself is the main decisive factor in achieving
complete clinical and laboratory recovery. 15 (36.6%)
examined (subgroups 1B and 2B) did not break the
diet, which was confirmed by serological remission.

Therefore, the first step in correcting the persistence
of clinical symptoms in patients with celiac disease of
subgroups 1A and 2A (n=26) was the actual correction of
the diet based on the revision of food diaries and the search
for possible sources of food contamination with gluten.
As a result of the revised dietary recommendations, in 9
(34.6%) patients, antibody titers completely normalized
over 3 months of treatment, complaints disappeared,
which indicated that a complete clinical and laboratory
remission was achieved. In 17 (65.4%) patients, as a
result of diet correction, antibody titers also returned to
normal, however, complete clinical remission was still
not achieved (clinical symptoms persisted) (Fig. 2).

Included in the study (n=41)

Group 1(n=17)

/\

/\

Group 2 (n=24)

/\

1 A (n=8) — SPP 1 B (n=9) — SNP

2 A (n=18)-SPP || 2B (n=6)— SNP

Fig. 1. Distribution of celiac disease patients with persistent clinical symptoms depending on the serological response to
treatment (SPP - seropositive patients; SNP - seronegative patients)
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Fig. 2. Results of diet correction in celiac patients with persistent clinical symptoms (n=26)

CUBP+BIMHK ﬂ 2
CUEP - - 5
JH - 15
BHITK - - 6
BCEro -

32

0 10

20

30 40

Fig. 3. The structure of the identified causes of persistence of clinical symptoms in seronegative celiac patients (n=32)

Thus, a violation of the diet is the first, but not the
only reason for the persistence of clinical symptoms in
celiac patients and requires a search for other causes. To
resolve this issue, we conditionally combined patients of
the first and second stages of the study, forming a group
(n = 32) of seronegative patients, which included 15
seronegative patients (subgroups 1B and 2B) who did
not break the diet and were identified in the first stage
of the study, and 17 SNPs with persistence of symptoms,
which persisted despite the correction of the gluten-free
diet and restoration of antibody titers.

We made the assumption that the possible reasons
for the persistence of clinical symptoms in SNP with

36

persistence of symptoms could be exocrine pancreatic
insufficiency, lactase deficiency and syndrome of bacterial
overgrowth in the small intestine. Diagnosis of the above
pathology was carried out using C13-triglyceride carbon
and hydrogen breath tests with lactose and D-xylose,
according to the methods described above.

As a result of the study, it was revealed that 6 patients
(19%) had exocrine pancreatic insufficiency, verified by
the results of the C13-triglyceride breath test. As a result
of the hydrogen test with lactose, lactase deficiency
was detected in 15 (47%) of the examined. SIBR was
established in 5 (16%) patients. In two patients of this
group, a combination of severe exocrine pancreatic
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insufficiency with a syndrome of bacterial overgrowth
in the small intestine was revealed, which was the
objective reason for the lack of effect of the agliadin diet
in monotherapy (Fig. 3)

Correction of concomitant diseases of the
gastrointestinal tract revealed during the study
(prescribing enzyme preparations in adequate doses,
lactose-free diet in combination with prescribing lactase
preparations and sanitation of the small intestine with
the prescription of rifaximin in standard doses), made it
possible to achieve complete clinical remission within
one month of treatment.

So, as a result of our study, we investigated the causes
of persistence of clinical symptoms in 41 celiac patients
who had been on a gluten-free diet for 6 months. The
main reason for the lack of effectiveness of treatment is
the violation of a gluten-free diet, identified in 63.4% of
the examined. Revision of food intake and elimination
of hidden gluten sources from the diet of celiac disease
patients made it possible to achieve complete serological
remission (normalization of the titers of celiac disease-
specific antibodies) in all patients, however, complete
clinical remission was achieved only in 34.6%. As
a result, we drew conclusions about the existence of
other causes of incomplete remission of celiac disease,
most likely associated with concomitant diseases of the
digestive tract.

Using modern carbon and hydrogen breath tests
(C13-triglyceride for the diagnosis of EPI, lactose for
detecting lactase deficiency, and the D-xylose test used
for diagnosing SIBR), a further analysis of the causes
of persistence of clinical symptoms in patients strictly
adhering to the requirements of a gluten-free diet was
carried out. As a result, it was found that, in addition to the
violation of the diet, the reasons for the lack of complete
remission in patients with celiac disease are exocrine
pancreatic insufficiency (19%), bacterial overgrowth
syndrome in the small intestine (16%), lactase deficiency
(47%) and the combination of EPI with SIBR.

CONCLUSIONS

The inclusion of breath tests (C13-triglyceride,
hydrogen with lactose and D-xylose) in a comprehensive
examination of celiac disease patients can significantly
improve the results of treatment and shorten the onset of
clinical remission.
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CYYACHI MOKJHABOCTI MOJIMIIEHHSA E@EKTUBHOCTI JIKYBAHHA HEJIAKIT

I'yocvka O.10., HYuuyna 10.B., Cuzenko I'K., Kynuux JI.M.
Hayionanvnuti meouunuu ynigepcumem imeni O.0. Boeomonvys, Kuis, Yrpaina
gubskao@gmail.com

AKTyaJapHicTh. Xo4a MoHOTepartis 6e3rmoTeHoBoo aietoro (BI/I) mpu memaxii i € BHCOKOS(EKTHBHOIO, ajle BCE JK TaKU HE Y BCIX BHIIAIKaX J03BOILIE
JIOCSITTH TTOBHOI peMicii 3aXBopioBaHHs1. TOMy aKTyaJbHIM € JOTAaTKOBE KOMIUIEKCHE OOCTEKEHHsI XBOPHX 3 METOIO IIPH3HAYCHHS 00IPyHTOBAHOI Teparii.

Meta: BUBYUTH NPUYMHH TIEPCUCTEHLIT KIIHIYHOT CHMITOMATHKH Y XBOPUX Ha IIEJIaKiI0, 110 3HAXOAATHCS Ha OE3MIIOTEHOBIN JieTi 6 MicsLiB.

Martepiaan ta Mmetoau. [lociipkeHi xBopi Ha neniakiio (n=41), mo 3Haxoxwncs Ha Oe3MMIOTeHOBIH aieTi 6 micsiui. CepenHiit Bik — 35,42+0,45
pokiB. I'pyna 1 (n=17) — nanieHTy, ski cy0’€KTHBHO BiJ3HAYaJlU MO3UTHBHY JMHAMIKY JiKyBaHHS i JOCTOBIpHE MOJIIMIIEHHS 3aralbHOTO CTaHy, aje 0e3
MOBHOI KIiHIYHOI pemicii. [pyna 2 (n=24) — nauieHTH 3 He3aJ0BIIbHIMH pe3yJIbTaTaMy JiKyBaHHs, BiICYTHICTIO KIIHIYHOTO eeKTy Bij JIiKyBaHHS a0o
c11abKOI0 MO3UTHBHOIO JuHaMiKkoo Ha i BIJ]. JlocmipkeHHs BKIIOYaIo Ba eTanu: 1) omiHKa KOMIUIalieHca MAIieHTiB Ta iX parioHy xapdyBaHHS (3a
JIOTIOMOT'OI0 aHai3y XapyOBHMX LIOJICHHUKIB) 3 METOI BUSIBJICHHS MOPYLICHHS OC3IIIOTEHOBOT JI€TH, K OCHOBHOI MPUYMHU MEPCUCTEHIT KIIHIYHOT
CHMIITOMAaTHKH; 2) BUSBJICHHS IHIIMX IPHYNH IEPCHCTEHL] CHMITOMATHKH: 30BHINIHBOCEKPETOPHOI HEJOCTATHOCTI MmifuuIyHKkoBoi 3ano3u (3HIDK),
naktaszHoi HepoctarHocTi (JIH) i cunapomy HaumikoBoro 6akrepianbHoro pocty (CHBP). 3 meroro miarnoctuku 3HITK Bukonysascest C13-Tpuriine-
puaHuid quxaneHuit Tect (anamizarop IRIS). s niarnoctuku JIH i CHBP B ToHKI# KuIIni 3acTOCOBYBaIN BOAHEBI ANXaJbHI TecTH (aHamizatop Micro
H2-meter) — Tect 3 1akT03010 i D-KCHMI103010, BiAnoBiqHO. Takoxk y BCIX MallieHTIB BU3HAYAIN TUTP aHTHUTLI 10 TKaHUHHOI Tpancriytaminasu (TTI), no
ne3aminipoBanux nentuis rmiaguny (A1), pospaxoByBanu ix criBeignomenus AT/ TTT.

Pesyabrarn. OCHOBHOIO NPHYNHOIO HEJOCTATHEOI €()EKTUBHOCTI JIIKYBaHHS € MOPYIICHHS OE3NIIOTCHOBOI Mi€TH, BUsBICHE Y 63,4% 00CTeKEHHX
(He B TOBHOMY 00cCs31 C()OpPMOBaHUIT KAIIKOMOAIOHMH CTielb, noidekanis, creatopest; peuuBytoda Oillb B )KMBOTI, 34y TTs, Quarynenuis). [lepermsan
CIIOXKHUBAHHX IPOIYKTIB XapuyBaHHS | BUKIIOUCHHS 3 PAlliOHYy XBOPHUX HA IIEJIaKilo JHKepel MPUXOBAHOTO IIIOTEHY JI03BOJIMB JIOCSATTH IIOBHOI CEpOIIO-
riuHoi pemicii (Hopmaizarii THTPiB crienudiYHUX JUIs 1Ieiakii aHTUTT) y BCIX MAlli€HTiB, OJHAK TOBHA KIIiHIYHA peMmicis Oyia AOCSTHYTa TiJIbKU Y
Tinbku 34,6%. Tomy 3po0ieHi BUCHOBKH PO iCHYBAHHSI IHIINX MPHYMH HEMOBHOI peMicii Lesiakil, ToB’si3aHuX 13 CyMyTHIMH 3aXBOPIOBAHHSIMU OpPraHiB
TPaBHOTO KaHAIy. 3a JOIIOMOTOI0 BYIJICLIEBOTO 1 BOAHEBUX JUXAIBHIX TECTIB BCTAHOBIICHO, 1[0, KPIM OPYIICHHS I€TH, IPUYHHAME BiICyTHOCTI IIOBHOT
pewmicii y xBopux Ha nemiakito € 3HIDK (19%), CHBP B Tonkiit kumii (16%), JTH (47%) i kom6inaris 3HIDK 3 CHBEP.

BucHoBoK. BriroueHHsI B KOMIUIEKCHE 00CTEKSHHS XBOPHX Ha IleJliakio auxaiabHuX TecTiB (C13-TpuniinepuaHoro, BOJHEBOTO 3 J1aKT03010 i D-kcn-
JI03010) MOYKE€ 3HAUHO MOJIMIINTH Pe3yIbTaTH JIIKyBaHHS 1 CKOPOTHTH TEPMiHHM HACTaHHS KJIIHIYHOI pemicii.

Kurrouogi ciioBa: nemiakisi, 6e3n1I0TeHOBA Ji€Ta, AnxaibHi TecTH, C13-Tpuriinepuanuii, BOJHEBHI 3 JIakTO3010 1 D-Kcmio3010

COBPEMEHHBIE BO3MOKHOCTH NOBBIINEHUSA YOPEKTUBHOCTHU JIEYEHUSA EJINAKUHN

Iyockaa E.FO., Quuyna IO.B., Cuzenxo A.K., Kynuux JI.M.
Hayuonanvnouii meduyunckuil ynueepcumem umenu A.A. Bocomonvya, Kues, Ykpauna
gubskao@gmail.com

AKTyaJbHOCTb. X0Ts1 MOHOTepanus Oe3rnoreHoBoit aueroit (BI'/1) npu nenanakuu u siBisiercs BbICOKOA()(HEKTUBHOM, HO BCE %ke HEe BO BCEX
Cllydasix MO3BOJISIET IOCTHYb HOIHONW peMuccuu 3a0o0seBanus. [109ToMy aKTyaJlbHBIM SIBISETCS IOTIOJHUTEIbHOE KOMIUIEKCHOE 00CIe[OBaHIe
OOJIBHBIX C LEJIbI0 Ha3HAYEHHsT 000CHOBAaHHOM TEpPaItu.

Heab: M3yunTh NPUYUHBI IIEPCUCTCHINY KIMHIYECKON CHMITOMATHKH Y OOJIBHBIX IENIMAKNCH, HaXOIAIIUXCsS Ha OS3NIIOTCHOBOM uere 6
MECSILIEB.

Marepuansl u MeToabl. VcciieoBans! 6onbHbIE Lenuakueil (n=41), HaxoxuBIINecs Ha OE3MIIOTCHOBOM auere 6 mecsueB. CpeHuil BO3-
pact — 35,42+0,45 net. I'pynna 1 (n=17) — naiueHTsl, CyObEKTUBHO OTMEUABLINE MOJIOKUTEIIBYIO TMHAMUKY JICUSHHUS U C JTOCTOBEPHBIM yITyd-
IICHUEM OOILEro COCTOSHMUS, HO 0e3 MOJIHOM KIMHUYECKOH pemuccuu. ['pynna 2 (n=24) — nalueHTsl ¢ Hey10BICTBOPUTEILHBIMHU PE3yJIbTaTaMu
JICUCHHUSI, OTCYTCTBHEM KIMHHYECKOro d(dekra oT nedeHus win ciaboil mo3uTuBHOM auHamukoil Ha ¢one BIJ]. MccnenoBanue BKIIOUANo
JiBa drana: 1) OleHKa KOMIUIaleHCca MAlMeHTOB M MX PAlMOHA MUTaHus (IIOCPEACTBOM aHAJIM3a MHUIIEBBIX JHEBHHKOB) C LIEIbIO BBISBICHHS
HapylIeHHUs OE3MTIOTEHOBOM AUETHI, KaK OCHOBHOM MPUYMHBI HEPCUCTECHIIMN KIIMHUYECKOH CUMIITOMATHKH; 2) BBISBICHHUE JIPYTHX IPUYHH I1Ep-
CHCTEHIIMH CHUMIITOMATHKH: BHEIIHECCKPETOPHOH HEAOCTATOUHOCTH MOmKenyouHo xenessl (BHIDK), nakrasnoit Hemocrarounoctu (JIH) u
cuHapoMa n3dbITogHoro 6akrepuansHoro pocra (CUBP). C uensto auarHoctukn BHIDK Bemonssiics C13-TpumiinepuaHblid IbIXaTeIbHbIN
tect (ananusarop IRIS). Jlns niuarnoctuku JIH 1 CUPB B TOHKO# KHIlIKe IPUMEHSITH BOZOPOIHBIC JbIXaTeNbHbIe TecThl (aHann3arop Micro H2-
meter) — TeCT ¢ JIAKTO30M 1 D-KCHi1030i, cOOTBETCTBEHHO. TaKke y BCeX MAI[MEHTOB ONPEACISIM TUTP aHTUTEN K TKAHEBOI TpaHCIITyTAMUHA3E
(TTT), x nezamuHupoBaHHEIM ntenTraaM muaauHa ([I1I0), paccunTeiBamy nx coornomenne AIIT/TTT.

Pesyabrarbl. OCHOBHOI MPUYMHON HEIOCTATOYHON 3P PEKTHBHOCTH JICUCHHUS SIBIISCTCS HapyLIeHHE Oe3MTFIOTEHOBOMN JHMEThI, BHISIBICHHOE
y 63,4% o0cneoBaHHbIX (HE MOIHOCTHIO C(hOPMHUPOBAHHBII KalMeoOpa3Hblil CTYII, MoNMuQeKaus, cTeaTopes; peluauBIpYoLas 00Jb B HKH-
BOTe, B3/yTHE, (raryneHiws). [lepecMOTp mOTpeOIsieMbIX MPOAYKTOB MUTAHUS U UCKIIOUEHUE U3 pallioHa OOJbHBIX LETHAKHEH NCTOYHHKOB
CKPBITOTO IIIIOTEHA TTO3BOJIMI JJOCTHYb MOJIHOH CEePOIIOrMYECKOH PeMHUCCHH (HOPMAIU3ALUK TUTPOB CHEU(MUUHBIX [UIS LIEJIMaKUU aHTUTEN) Y
BCEX MALUEHTOB, OTHAKO MOJIHAS KIMHAYECKasi PeMUCCHs ObLIa JJOCTUIHYTA TOJIIBKO y TONBKO 34,6%. [103TOMY ClienaHbl BBIBOJIBI O CYLIECTBO-
BaHUM JIPYTHX NPUYMH HENOJIHOW PEMUCCHU LIEHAKHH, CBA3aHHBIX C CONYTCTBYIOLIMMH 3a00JICBAaHUSIMU OPTaHOB NHUILEBAPUTEILHOIO KaHa-
na. [Ipu momomy yrieposHOro ¥ BOJOPOIHBIX JbIXaTEJIbHBIX TECTOB YCTAHOBJICHO, YTO, IIOMUMO HapyIICHHS JHEThl, IPHYMHAMH OTCYTCTBHS
MOJIHOH pemuccun y 6onbHbIX Henuakuei spistoress BHITDK (19%), CUBP B Tonkoi kumke (16%), JIH (47%) u xomOunauums BHIDK ¢ CUBP.

BoiBoa. Britouenue B koMIuiekcHOe 00ciieioBaHue OONBHBIX LeIHaKuei apixaresbHblX TecToB (C13-TpHrniepuHoro, BOXOPOIHOTO ¢
JIaKTO30# U D-KCHII030#1) MOXKET 3HAYUTEIBHO YIIyUIIHTh PE3YJIbTATHI JICUSHHUs U COKPATHUTh CPOKU HACTYIUICHHS KIIMHUYECKOH PEMUCCHH.
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Relevance. Chronic diseases have a long duration and rather slow progression, and people who have such diseases want not only to
live longer, but also to live better. Therefore, quality of life (QOL) is one of the most important health issues for the treatment of chronic
diseases.

Objective: to determine the features of QOL in patients with chronic kidney disease (CKD) stage II-IV.

Materials and methods. In 171 patients with CKD of II-IV centuries, in addition to general clinical and laboratory studies, QOL
was studied using a questionnaire to assess the quality of life of SF-36. The questionnaire contains 36 questions of the main module,
supplemented by multi-point scales aimed specifically at patients with CKD. The answers were evaluated in points - from 0 to 100.
The higher the score, the better the patient’s QOL. The total components were also calculated: physical total component, mental total
component, total points. The obtained research data were subjected to statistical processing, which included parametric (t-test for samples
with unrelated variants) and non-parametric (Mann-Whitney method) methods, correlation analysis was used.

Results. Most QOL indicators worsen significantly with the progression of CKD. The indicators of total QOL, as well as the indicator
«the impact of the disease on everyday life» are most significantly reduced. Age correlates as much as possible with most indicators of
QOL in patients with CKD. With age, the QOL of patients decreases, but the manifestations of the disease increase and the mental and
physical condition of patients deteriorates. QOL parameters are probably directly and moderately correlated with hemoglobin levels.
Most QOL parameters are significantly moderately correlated with systolic blood pressure and diastolic blood pressure. It is assumed
that the correction of anemia and blood pressure control, in addition to a positive effect on disease progression and the occurrence and
development of complications, will also improve QOL. There were no significant differences in the assessment of QOL in men and

women.

Conclusions. QOL indicators decrease with the progression of CKD. Age, hemoglobin level, blood pressure affect QOL.
Key words: chronic kidney disease, progression, quality of life, SF-36 questionnaire.

Relevance. Increasing life expectancy and advances
in medical science have led to problems related to
chronic diseases in many countries, including Ukraine.
Chronic diseases have a long duration and rather slow
progression, and people who have such diseases want
not only to live longer, but also to live better. Therefore,
quality of life (QOL) is one of the most important health
issues for the treatment of chronic diseases.

Itis advisable to study the QOL of patients with kidney
disease as a typical example of a chronic disease. The
daily life of patients with kidney disease is often limited
to factors that are common to other chronic diseases, and
these factors can easily reduce QOL. In addition, the
number of patients with chronic kidney disease (CKD)
is growing worldwide [1, 2], in particular in Ukraine
[3]. Researchers at the United States Renal Data System
Coordinating Center predict that in the coming years,
712 290 patients will have end-stage renal disease each
year, 136,166 new cases of CKD and 107 760 cases of
death from CKD will be reported [4].
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Previous studies of QOL in patients with kidney
disease have mainly focused on dialysis patients [5, 6].

Objective: to determine the features of QOL in
patients with chronic kidney disease (CKD) stage II-IV.

MATERIALS AND METHODS

The observational study included 171 patients
with stage II-IV CKD (59 people with CKD stage II,
57 people with CKD stage 111, 55 people with CKD
stage 1V), aged 24 to 75 years, including 87 men
and 84 women. All patients were treated at the Kyiv
City Research and Practice Center for Nephrology
and Hemodialysis of the Kyiv City Clinical Hospital
Ne 3, which is the clinical base of the Department of
Efferent Technologies of the Institute of Nephrology
of the National Academy of Medical Sciences of
Ukraine.

All subjects, in addition to the generally accepted
clinical, laboratory and instrumental research methods,
were studied for QOL indicators.
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The QOL study was performed using the SF-36
quality of life questionnaire [7]. The questionnaire
contains 36 questions of the main module, supplemented
by multi-point scales aimed specifically at patients with
CKD.
All examined patients filled out a questionnaire with
a consistent factor-by-factor evaluation of the results and
the calculation of the individual QOL in points (the higher
the score, the better the QOL of the patient). Responses
were evaluated in points (from 0 to 100).
The results are obtained on scales:
symptom/problems (symptoms of kidney disease) —
«symptoms of kidney disease» (12 points: NeNe
17-28);

the impact of kidney disease on everyday life — «effect
of kidney disease» (8 points: NoNe 29-36);

severity of the disease — burden of kidney disease (4
points: NeNe 13-16);

SF-12 (NeNe 1-12) is a short form of general health

assessment.
Also calculate the following total components:
physical total component — «Physical health

composite» (NeNe 1-5, 8);
mental total component — «Mental health composite»
(NeNe 6-7, 9-12);

the total amount of points.

The obtained research data were subjected to
statistical processing, which included parametric (t-test
for samples with unrelated variants) and nonparametric
(Mann-Whitney method) methods, correlation analysis
was used. Data were processed on a personal computer
using computer applications: Microsoft Excel 2007,
Statistica 7.0 and the standard version of SPSS 16.0
(USA). Data are presented as mean (M) £ mean deviation
(SD). The difference was considered significant when the
significance level p <0.05 was reached.

RESULTS AND DISCUSSION

The study examined the relationship between quality
of life and its components with disease progression,
as well as the relationship with clinical and laboratory
parameters such as age, sex, hemoglobin Ievel,

glomerular filtration rate (GFR), systolic blood pressure
levels. (SBP) and diastolic blood pressure (DBP).

At the same time, it was found that most QOL
indicators significantly deteriorate with the progression
of CKD (Table 1). The indicators of total QOL, as well as
the indicator «the impact of the disease on everyday life»
are most significantly reduced.

It was found that age is most significantly correlated
with most indicators of QOL (Table 2).

Table 2
The results of the correlation analysis between SF-36 and
the age of patients

Indicators of SF-36 r P
Total QOL -0,32 0,001
Symptoms of kidney disease -0,33 0,001
The impact of the disease on everyday _o1 05
life ’ ’
The severity of the disease -0,08 0,6
SF-12 -0,38 0,001
Physical total component -0,41 0,001
Mental total component -0,42 0,001

According to the obtained research results, with age
the QOL of patients decreases, but the manifestations
of the disease increase and the mental and physical
condition of patients deteriorates (p <0.05).

Differences in the quality of life index depending on
the sex of patients were studied (Table 3).

It should be noted that no significant differences in
the assessment of QOL in men and women in our study
were found (p0,05).

Anemia significantly affects the progression of CKD
and overall and cardiovascular mortality. We studied the
relationship between QOL and hemoglobin levels. The
results of the correlation analysis of the relationship
between QOL and hemoglobin levels are presented in
table 4.

The obtained data show that QOL parameters are
probably and directly moderately correlated with
hemoglobin levels. That is, in patients with more severe
anemia, the QOL values are the lowest.

Table 1
Indicators of SF-36 with the progression of CKD
. Stages of CKD
Indicators of SF-36 I I v p

Total QOL 79,4+12,8 74,4+13,6 70,7+11,6 0,001
Symptoms of kidney 85,2+12,1 79,5+13,9 74,0+10,9 0,001
disease

The impact of the disease 86,9+13,2 83,1412,9 75,7+14,5 0,001
on everyday life

The severity of the disease 79,7+13,7 72,7+15,1 59,6+£12.8 0,001
SF-12 68,1+10,2 62,1+11,5 56,4+10,8 0,001
Physical total component 51,3+10,1 49,8+10,6 41,5+11,5 0,001
Mental total component 40,4+9,8 37,9+10,5 35,1+10,3 0,021

Note: data are presented as M + SD
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Table 3
Dependence of QOL indicators on the sex of patients
Scales SF-36 . Points "
in men in women
Total QOL 74,6+13,1 74,9+12,6
Symptoms of kidney disease 79,4+12.4 80,6+12,1
The impact of the disease on everyday life 82,8+14.3 84,4+13,1
The severity of the disease 74,8+11,1 76,6+13.9
SF-12 68,6+9,8 64,1£14,2
Physical total component 49,8+12,3 49,6+11,8
Mental total component 37,2+10,2 39,6+£10,6
Table 4 Table 5

Results of the analysis of correlations between SF-36 and
hemoglobin levels

Results of correlation analysis of the relationship between
SF-36 and GFR

Indicators of SF-36 r p Indicators of SF-36 r p

Total QOL 0,45 0,001 Total QOL 0,44 0,001
Symptoms of kidney disease 0,31 0,02 Symptoms of kidney disease 0,38 0,001

T_he impact of the disease on everyday 0,34 0,002 The impagt of the disease on 0.16 0.06

life everyday life

The severity of the disease 0,38 0,001 The severity of the disease 0,25 0,03
SF-12 0,34 0,007 SF-12 0,45 0,001
Physical total component 0,6 0,001 Physical total component 0,39 0,001
Mental total component 0,51 0,001 Mental total component 0,41 0,001

Table 6 Table 7

Results of correlation analysis of the relationship between
SF-36 and SBP

Results of correlation analysis of the relationship between
SF-36 and DBP

Indicators of SF-36 r p Indicators of SF-36 r p
Total QOL -0,34 | 0,001 Total QOL —0,48 | 0,001
Symptoms of kidney disease —0,28 | 0,001 Symptoms of kidney disease -0,31 | 0,001
;I;Ee impact of the disease on everyday 0,16 | 0,08 ;li"?ee impact of the disease on everyday ~027 | 0.06
The severity of the disease -0,23 | 0,02 The severity of the disease -0,29 | 0,02
SF-12 -0,4 0,001 SF-12 -0,47 | 0,001
Physical total component -0,36 | 0,001 Physical total component -0,46 | 0,001
Mental total component -0,37 | 0,001 Mental total component -0,41 | 0,001

The results of the study of the correlations between
the level of GFR and QOL indicators are given in table 5.

The obtained data correlate with the results obtained
in the study of changes in QOL indicators with the
progression of CKD, and show that most of the QOL
indicators are likely and directly moderately correlated
with GFR. That is, patients with more preserved renal
function have the highest QOL.

The results of the study of the correlations between
the levels of SBP and DBP, on the one hand, and QOL
indicators, on the other, are presented in Tables 6 and 7.

The obtained data show that the majority of QOL
indicators are significantly moderately correlated with
SBP and DBP.

Thus, the obtained data suggest that the correction of
anemia and blood pressure control, in addition to a positive
effect on disease progression and the occurrence and
development of complications, will also improve QOL.

CONCLUSIONS

Most quality of life indicators deteriorate significantly
with the progression of chronic kidney disease. The
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indicators of the total quality of life, as well as the
indicator «the impact of the disease on everyday life» are
most significantly reduced.

Age is most significantly correlated with most
indicators of quality of life in patients with chronic
kidney disease. With age, the quality of life of patients
decreases, but the manifestations of the disease increase
and the mental and physical condition of patients
deteriorates.

Quality of life indicators probably and directly
moderately correlate with hemoglobin levels.

Most quality of life indicators are significantly
moderately correlated with systolic blood pressure and
diastolic blood pressure.

The data suggest that the correction of anemia and
blood pressure control, in addition to a positive impact on
disease progression and the occurrence and development
of complications, will also improve the quality of life.
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MOKA3HHMKHU SIKOCTI )KUTTH Y XBOPUX HA XPOHIYUHY XBOPOBY HUPOK II-1V CTAIII
Hyoap 1.0., Jlo6ooa O.M., Kpacwk I.B., Anekceecea B.B.

Y «Incmumym nepponozii HAMH Yxpainuy, Kuis, Ykpaina
’Hayionansnuti meouunuii ynieepcumem imeni O.0. Boeomonvys, Kuis, Yxpaina
irina_d@ukrnet

AKTYyaJbHicTh. XPOHIYHI 3aXBOPIOBaHHS MArOTh JIOBTY TPHUBANICTh 1 JOCUTH MOBIIbHE MPOTPECYBAHHS, 1 JIOAH, SIKI MAlOTh TaKi
3aXBOPIOBaHH, 0a)KAIOTh )KUTU HE TIJIbKU JIOBIIE, aie if xuTH Kpaie. Tomy skicTb xkuTTs (S10K) mocrae ogHuM 3 HalOLIBII BaXKIIMBUX
IIUTaHb Y chepi OXOPOHH 3X0POB’S JUTS JIIKYBAaHHS XPOHITHUX 3aXBOPIOBAHb.

Mera: Bu3HauuTu ocobnuBocti nokazuukis XK y xsopux Ha xponiuny xBopoOy Hupok (XXH) II-IV crazii.

Marepiaan Ta metogu. Y 171 xBoporo va XXH II-IV cT., 0kpiM 3araJibHOKJIIHIYHOTO Ta JaOOPATOPHOTO JOCIHIKEHHs, Oyiia BHB-
yeHa S1)K 3a 10rmoMororo onuTyBaJbHUKA OIIIHKK SKOCTI KUTTSA SF-36. OnuTyBanbHUK MiCTUTh 36 THTaHb OCHOBHOTO MOJYJIS, IOTIOBHE-
HUX 0araTonyHKTOBHMH IIKAJIaMH, HALIICHUMH KOHKpeTHO Ha XxBopux 3 XXH. Bignosiai oninroBamu B 6amax — Big 0 g0 100. Yum
Bummi 6ai, Tum inme 2K xBoporo. Takok po3paxoByBaiii CyMapHi KOMIIOHEHTH: (i3UUHHIA CyMapHHI KOMIIOHEHT, ICHUXI9HUIA cyMap-
HUI KOMIIOHEHT, 3arajbHy cyMmy 0aiiB. OTpuMaHi AaHi JOCHiKeHb Oy MiAaHi CTaTUCTUYHIE 00poOL, 110 BKJIIOYaIa apaMeTpHYHi
(t-rect urs BUOIpOK 3 He3B’sI3aHMMHM BapiaHTaMH) 1 HemapameTpuuHi (MeToq MaHHa-YiTHI) METOIH, 3aCTOCOBYBABCSI KOPEIISIIIHHIN
aHami3.

Pesyabrarn. bibiicts nokaszuukis SIJK moctoBipHO moripiryroTsest 3 mporpecyBaHHsaM X XH. HailOinbln cyTTeEBO 3HMKYIOTBCS
noka3HuKH cymapHoi SI)K, a Takok MOKa3HUK «BIIMB 3aXBOPIOBAHHS HA IOBCSIKACHHE JKUTTD». Bik MakcHMaIbHO 3HAYMMO KOPEIIOE 3
GinburicTro mokazHukiB SK xBopux Ha XXH. 3 Bikom K narieHTiB 3MeHIIy€ThCS, TPOTE 301IBIIYIOTHCS IPOSIBU 3aXBOPIOBAHHS Ta 110-
TipIIyeThCS IICUXIYHAHN Ta Qi3udHMA cTaH narieHTiB. [Tokasauku SIK BiporigHO Ta MpsMO MOMIPHO KOPEIIOIOThH i3 piBHEM TeMOTTIO0IHY.
Binpicts mokazHukiB SIJK 10CTOBIPHO MOMIPHO KOPEIIOIOTH i3 CHCTOJMIYHUM apTepialbHUM THCKOM Ta IiacTONYHUM apTepiaibHHM
TUCKOM. [IpumycKaeThes, 10 KOpeKmis aHeMil Ta KOHTPOJIb apTepialbHOro THUCKY, OKPIM MO3UTHUBHOTO BILIMBY HAa IPOTPECYBAHHS 3a-
XBOPIOBAHHS Ta BUHUKHEHHS Ta PO3BUTOK YCKJIAJHEHb, TAKOXK 103BOJITH nominmuty SDK. He BusiBIeHO OCTOBIPHUX BiAMIHHOCTEH B
ominIi 510K y 4omoBikiB Ta KiHOK.

BucnoBku. [Tokazauku S10K 3HmKYyI0TRCS 3 iporpecyBaHHsM X XH. Bik, piBeHb reMor1o0iHy, apTepialibHOrO TUCKY BILTHBAIOTh Ha
SDK.

Korouosi ci1oBa: XxpoHiuHa XBopoOa HUPOK, MPOTPECYBAHHS, SKICTh )KUTTS, OMUTYBaJIbHUK SF-36.
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MOKA3ATEJH KAYECTBA KU3HH Y BOJLHBIX XPOHUUYECKOI BOJIE3HBIO MOYEK II-IV
CTAINU

/yoape H.A., JIo6ooa A.H., Kpacwk U., Anexceeséa B.B.

TV « Unemumym nepponocuu AMH Yipaunwi», Kues, Ykpauna
’Hayuonanvrutl meouyunckuil ynusepcumem umenu A.A. bocomonvya, Kues, Ykpauna
irina_d@ukr.net

AKTYaJbHOCTBh. XpOHHYECKHE 32001€BaHMUS UIMEIOT OOJIBILYIO ITPOAOJDKUTEIIBHOCTD U JIOBOJIBHO MEJICHHOE IIPOrpecCUpOBaHKe, U
JIFOAN, KOTOPBIE HMEIOT TaKHe 3a00JIeBaHMs, XOTAT XKUTh HE TOJIBKO JOJIbIIE, HO H JKUTB Jydte. [Toatomy kagectso xu3uu (KXK) BoicTy-
MaeT OJJHUM U3 Hanbolee BaXKHBIX BOMPOCOB B cepe 3APABOOXPAHEHUS ISl T€USHUS] XPOHUIECKUX 3a00/IeBaHNI.

Heas: onpenennts ocodeHHocty nokaszarenei KK y 6osbHBIX Xxporndeckoii 6ome3nbio nouek (XBIT) 1I-1V cragnm.

Marepuainst u Mmetoasl. Y 171 6omsroro XBIT II-IV cT., Kpome 00MIEKITMHIYIECKOTO U 1a00PaTOPHOTO UCCIIENOBAaHUS, ObIIIO H3yYCHO
KoK ¢ momomuipto onpocHuKa OLEHKH KadecTBa >ku3HU SF-36. OnpocHUK comepkuT 36 BOIPOCOB OCHOBHOTO MOYJISI, JOIOJIHEHHBIX
MHOTOITYHKTOBBIMH IIIKAJIaMH, HalleJIeHHBIMA UMEHHO Ha 0ombHBIX ¢ XBII. OtBeThl onennBamyu B 6amiax — ot 0 mo 100. Yem BbIme
6a1, Tem ayuie KK GombHoro. Taroke paccUMThIBAIM CyMMapHbIe KOMIOHEHTBI: (PU3UUECKUH CyMMapHBIil KOMIIOHCHT, TICHXUYECKHUii
CyMMapHBIH KOMITOHEHT, 00IIyI0 cyMMy 0aintoB. [loyueHHbIe JaHHBIC UCCIIeI0BAHNIT OBIIH ITOABEPTHYTHI CTATHCTHIECKOH 00paboTke,
BKJTIOHAOIEH MapaMeTpudeckue (t-TecT A BEIOOPOK C HECBSI3aHHBIMHU BapUaHTaMH) M HemapaMeTpHyeckue (MeTon MaHHa- YUTHN)
METO/bl, IPUMEHSIICS KOPPEIALMOHHBIN aHaIN3.

PesyasTarsl. bonpmmHcTBO Mokazateneid KXK mocroBepHo yxynmmatorcs ¢ mporpeccupoBanneM XbBII. Hambonee cymiecTBeHHO
CHIDKaroTcsl nokasarenu cymmapHoil KOK, a taxxke mokasatenb «BiIusSHHE 3a00JI€BaHUS HA MIOBCEAHEBHYIO JKHU3HBY». Bo3pact makcu-
MaJIbHO 3HaYUMO Koppenupyet ¢ 6onbmmHcTBoM okasareneil KOK 6onpabix XBII. C Bo3pactom KOK nmannueHTOB yMEHBIIAETCS, OTHAKO
YBETMYNBAIOTCS MPOSIBICHUS 3a007I€BaHNS U YXY/IIAeTCs MCHXUueckoe U husndeckoe coctosiuue manuenTos. [Tokaszarenn KK nocro-
BEPHO U MPSIMO YMEPEHHO KOPPEINPYIOT C YpoBHEM remoriobuna. bonsmmacTBo nokasareneit KJK mocroBepHo ymepeHHO Koppeiu-
PYIOT C CHCTOIHYECKUM apTepHATbHBIM JaBICHHEM U AUACTOIMYECKUM apTepHATbHBIM JaBlIeHUEM. [Ipeanonaraercs, 9T0 KOPPEKIH
aQHEMHH U KOHTPOJIb apTEPHAILHOTO JIABJICHHMS, KPOME MOJIOKHUTEIBHOTO BIMSHHS Ha IPOTrPEeCcCHpoBaHue 3a00IeBaHuUs M BOSHUKHOBEHHE
U pa3BUTHE OCIOKHEHUI, Taroke Mo3BomT ymydmuts KK, He BbIsBICHO 10CTOBEpHBIX paszinnuuii B oneHke KK y My 4IHH 1 SKeHIINH.

BruiBoawbl. [Tokazarenu KK cumxatores ¢ nporpeccupoBanueM XbII. Bo3pact, ypoBeHb reMornio0HHa, apTepUalbHOIO AaBICHUS
BausatoT Ha KOK.

KitroueBblie ci1oBa: xponnueckasi 00J€3Hb MOYEK, IPOrPECCHPOBAHNE, KAYECTBO KHU3HHU, ONPOCHUK SF-36

ISSN 2664-472X. e ISSN 2664-4738. Medical science of Ukraine / Meouuna nayxa Yxpainu, 2020, Vol. 16, Ne 3 43



ornsan / REVIEW

DOI: https://doi.org/10.32345/2664-4738.3.2020.08
UDC 616.12-005.4:616.132.2]-089

OPERATIVE TECHNIQUES AND APPROACHES IN COMPLETE
ARTERIAL REVASCULARIZATION IN MULTIVESSEL CORONARY
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Relevance. Multi arterial bypass surgery comprises nearly 10% of the overall operations for ischemic heart disease. Multiple studies
proved the superiority of arterial grafts for multivessel coronary artery disease. Nevertheless, the vast majority of conduits utilized for
multiple bypasses are saphenous vein grafts. With the increasing popularity of radial artery utilization, the gastroepiploic artery remains
a faded option. So more studies should be conducted for evaluation of the benefits from the gastroepiploic artery in the setting of the
multi-arterial revascularization.

Objective. Presentation of approaches and operative techniques for complete arterial revascularization in patients with multivessel
coronary artery disease.

Methods. Analytical review of literature on keywords in international scientometric databases Pub Med, Scopus, Web of Science.
Search depth 12 years: from 2007 to 2018.

Results. Current paper presents operative techniques and approaches to complete arterial revascularization in patients with multivessel
coronary artery disease. Internal mammary artery remains the “gold standard” for left anterior descending artery anastomosis site. Multiple
arterial grafting is superior in terms of overall and cardiac survival. Emerging evidence of radial artery high term patency suggest the
use of this arterial graft. Bilateral internal artery utilization provides long-term survival. Supplemental radial artery grafting to bilateral
internal mammary provides complete arterial revascularization and can be safely used in routine cardiac surgery practice. Gastroepiploic
artery proved superior patency rates, compared to saphenous vein grafts. Right coronary artery territory is ideal anastomotic site for
gastroepiploic artery grafting. Inferior epigastric artery may be used in addition to others arterial grafts as free graft or as y- or t-graft in

setting of multivessel coronary atherosclerotic lesions.

Conclusion. Complete arterial revascularization provides symptomatic relief from coronary artery disease provides superior patency

rates and lowers incidence of major adverse cardiac events.

Key words: coronary artery bypass grafting, multivessel coronary disease, surgical revascularization, atherosclerosis, ischemic
heart disease, radial artery, left internal mammary artery, right internal mammary artery, bilateral internal mammary artery, multiarterial
coronary artery bypass grafting, gastroepiploic artery, inferior epigastric artery.

Relevance. Cardiovascular mortality in Ukraine
remains the prevalent cause of death. Unpromising
statistics of mortality from -cardiovascular diseases
illustrates the need for implementing effective treatment
strategies and solutions. Coronary revascularization
provides symptomatic relief from coronary artery disease
and improves short and long-term outcomes.

Multi arterial bypass surgery comprises nearly 10%
of the overall operations for ischemic heart disease.
Multiple studies proved the superiority of arterial grafts
for multivessel coronary artery disease. Nevertheless, the
vast majority of conduits utilized for multiple bypasses are
saphenous vein grafts. With the increasing popularity of
radial artery utilization, the gastroepiploic artery remains
a faded option. More studies should be conducted for
evaluation of the benefits from the gastroepiploic artery
in the setting of the multi-arterial revascularization.

Objective. Presentation of approaches and operative
techniques for complete arterial revascularization in
patients with multi-vessel coronary artery disease.

METHODS

Analytical review of literature on keywords in
international scientometric databases Pub Med, Scopus,
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Web of Science. Search depth 12 years: from 2007 to
2018.

RESULTS AND DISCUSSION

Long-standing high-grade stenosis multivessel
coronary artery disease eventually leads to heart failure
with systolic dysfunction. Surgical revascularization may
restore ejection fraction by elimination of myocardial
hibernation. Despite common use of saphenous vein
grafts, recent scientific publications recommends
utilization of multiple arterial grafts in patients of all age
groups [15]. Internal mammary artery (IMA) has patency
rates in the region of 90-95% ten to fifteen years after
CABG [16]. Based on superior long-term results of the
internal mammary artery (IMA), other arteries are being
used in CABG.

Complete arterial revascularization usually achieved
using the following arterial grafts: left internal mammary
artery (LIMA), right internal mammary artery (RIMA),
bilateral internal mammary arteries (BIMA), radial artery
(RA), gastroepiploic artery (GEA) and inferior epigastric
artery (IEA) (Fig. 1). Multiple arterial grafts should be
utilized in setting of diffuse varicose vein disease during
complex cardiac surgery procedures, where PCI option
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is failed, as well as ascending aorta calcification with
diffuse atherosclerotic plaques. Different locations of
arteries harvesting also have potential benefit in high-
risk patients in terms of deep sternal wound infection
(DSWI).

Fig. 1. Arteries commonly used for complete arterial
revascularization

IMA harvesting technique:

Internal mammary artery (IMA) runs bilaterally from
subclavian arteries medially to the anterior scalenus
muscle and is accompanied by two veins. The free
margin of IMA bifurcates at the level of sixth intercostal
space into superior epigastric and musculophrenic
arteries. The main blood supply to the sternum, derived
from sternal and perforating branches of IMA. There are
two techniques of IMA harvesting for CABG: pedicled
and skeletonized. Dissection of the IMA as a pedicle
includes harvesting with its surrounding fascia and both
veins. It has been proposed that such preservation of its
surrounding tissues provides a homeostatic milieu for
the IMA, helping it retain its function once harvested [1].
The skeletonized technique was developed to preserve
sternal perfusion and minimize trauma from pedicled
IMA harvesting [4]. This involves dissection of the IMA
from its accompanying venous drainage, innervation,
lymphatics, muscle, and fascia from the top of the first
rib to its bifurcation with branches of the IMA clipped
and divided [2] (Fig. 2).

The wall of the IMA has the same 3 wall layer,
which composed of intima, media and adventitia. It
has a discontinuous internal elastic lamina and is less
prone to spasm and arteriosclerosis [3]. Nitric oxide
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Fig. 2. Skeletonized left internal mammary artery with
clipped perforating branches. Distal portion of IMA
divides into superior epigastric and musculophrenic

arteries

production is greater in the IMA than in the radial artery
and long saphenous vein, and is associated with reduced
smooth muscle proliferation, less intimal thickening,
and improved long-term patency [4]. According to case-
control study of 1526 patients, RIMA as a second conduit
did not increase the operative risk including sternal
wound complications and improved long term outcomes
including overall survival when compared to RA [5]. The
advantage of utilizing the RA in patients with diabetes
mellitus and obesity in this cohort is straightforward.
These findings strongly support RIMA as the first choice
second arterial conduit in CABG [5].

Radial artery (RA) became important arterial conduit
for coronary bypass grafting. Five-year patency rates in
more recent studies are similar to IMA [18]. RA patency
rates are superior to those of the saphenous vein grafts,
particularly in the midterm and long term [6]. RA grafting
has fewer major adverse events, similar patency to RITA,
and improves survival in older and COPD patients [7].
Appropriate patient selection, coronary arteries target
territory and high-grade stenosis are key parameters that
influence RA patency rates.

RA harvesting technique

After collateral hand circulation assessment
using modified Allen test a linear skin incision from
the midpoint of elbow crease to the lateral margin
of wrist crease is made. Skin incision line may be
differentiated by palpating the radial pulse distally on
the wrist and proximally by identifying aponeurosis of
biceps brachii on the flexion. The fascia overlying the
RA is incised distally as the RA emerges to become a
subcutaneous structure. The fascia is divided more
proximally with cautery, separating the muscle bellies of
the brachioradialis muscle and the flexor carpi radialis
muscle. Distally, the fascia is carefully divided with
scissors due to the close proximity of the underlying RA
[8]. There are two nerves that should be avoided during
the RA harvest: the lateral antebrachial cutaneous nerve
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and the superficial radial nerve. These nerves provide
cutaneous innervation to the volar forearm, portions of
the thumb and the dorsum of the hand [8]. Based on own
experience RA harvesting with both veins that run along
the artery is safer than skeletization (Fig. 3). Once the RA
mobilized we apply clamp proximally for confirmation a
retrograde flow from the ulnar artery supply, the vessel
is ligated and transected. Similar actions provided to
distal portion of RA. After the vessel is flushed with
vasodilating solution, proximal and distal stumps are
sewed with 5.0 polypropylene sutures. The arm is closed
with cosmetic skin suture. Subcutaneous tissue and
deeper fascia layers are left unapproximated to minimize
the risk of compartment syndrome and nerve injury. Early
career surgeons should be aware that patients with long-
standing diabetes are prone to arterial calcification and
occasionally, intraluminal calcium cannot be palpated
during initial evaluation of RA graft.

Fig. 3. Radial artery exposed and is harvesting with
cautery

The right gastroepiploic artery (GEA) was used
for indirect myocardial revascularization (Vineberg’s
procedure) for the posterior or inferior wall of the heart
in the late 1960s by Bailey et al. [9] and its angiographic
patency was demonstrated in 1969 by Hirose et al. With
the development of coronary artery bypass grafting
procedures, direct anastomosis of GEA to the right
coronary artery was attempted by Sterling Edwards in
early 1970s, but there was no exact documentation of the
procedure. The GEA graft already has a 27-year history
in CABG, and its clinical results are excellent, without
an increase in perioperative risk. The reported cumulative
patency rate of the GEA graft was 98.5% at 1 month, 93.7%
at 1 year, 86.2% at 5 years, and 70.2% at 10 years [10].

Gastroepiploic artery harvesting technique

There are two gastroepiploic arteries: right and left:

* Left gastroepiploic arises from splenic artery;

* Right gastroepiploic artery, arises from

gastroduodenal branch of proper hepatic artery.

It can be easily found between the layers of the
greater omentum. For gastroepiploic artery harvesting
the median sternotomy is extended just few centimeters
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below to the umbilicus with peritoneum opening. The part
of stomach is delivered into the margin between thorax
and abdomen by fenestrated atraumatic clamp, and the
GEA is palpated along its greater curvature. GEA and
surrounding tissue is detached from the greater curvature
as a pedicled graft with no risk of subsequent gastric
ischemia. GEA is delivered into the pericardial cavity by
small incision in the diaphragm and is carefully placed
on the anterior surface of the stomach (Fig. 4). The GEA
is skeletonized and divided distally with intraluminal
papaverine injection.

\ )

J
‘ \J
N

[ (// "

Fig. 4. GEA is detached from the greater curvature as a
pedicled graft

Arterial grafts and target coronary arteries:
LIMA, RIMA patency are similar for most coronary
artery territories. In setting of multivessel CAD: triple-
vessel disease, with major stenosis in right coronary
artery (RCA), left main coronary artery (left main
LCA), proximal to distal left anterior descending artery
(LAD), including diagonal branch and hemodynamically
significant stenosis in the circumflex coronary artery (Cx)
territory the following approaches may be recommended:
« LIMA - LAD, RIMA — RCA (including terminal
divisions, if sufficient graft length, if insufficient
- for distal RCA: RIMA may be anastomosed end
—to end with RA), LIMA — RA (y- graft) — Cx. (Fig. 5)
+ RIMA - LAD, RIMA — RA (y — graft) — RCA,
LIMA - Cx.
« LIMA - LAD, GEA — RCA, LIMA — RIMA (y-
graft) — Cx.
« LIMA - LAD, GEA — RCA, LIMA - IEA (y -
graft) — Cx.
« RIMA-LAD, LIMA — Cx, aorta — RA (free graft)
—RCA (Fig. 6)
» Aorta— RA-LAD, GEA —RCA, aorta— [EA - Cx.
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 LIMA - LAD, LIMA — RIMA (y — graft) - Cx —
RCA (sequential graft).

« LIMA - LAD, GEA — RCA, LIMA — RA (y —
graft) — Cx.

« LIMA - LAD, LIMA — RA (proximal y- graft) to
RCA and Cx (sequential, distal grafting)

« GEA-LAD, GEA — RA (y — graft) - RCA, GEA
— RA (y — graft) — Cx.

Fig. 5. Proposed method of revascularization in setting
of triple-vessel CAD, right internal mammary artery
anastomosed with posterior descending artery (RCA),
using end to end anastomosis with radial artery; left
internal mammary artery anastomosed with left anterior
descending artery, radial artery anastomosed as y- graft
with left internal mammary artery to obtuse marginal
artery of Cx system.

AD

Fig. 6. Proposed method of revascularization in setting
of triple-vessel CAD, right internal mammary artery
anastomosed with left anterior descending artery; left
internal mammary artery anastomosed with obtuse
marginal artert of Cx system; radial artery anastomosed
as free graft, proximally with aorta, distally with posterior
descending artery (RCA).
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Coronary revascularization in complex cardiac
surgery procedures

Insetting of complex cardiac surgery procedures (valve
replacement/valve reconstruction, aortic procedures)
and concomitant hemodynamically significant coronary
artery stenosis, arterial grafting remains preferred option
for revascularization [18]. Nevertheless, high grade
stenosis for RCA > 90 % and for left-main with major
distributions of LCA > 70% of stenosis are the key
parameters for long-term arterial graft patency.

i -
\:’\ y-graft: b P
\IMA/RA/IEA W Ve

’ 4 Y, b e )i /”—_
4 e M i /

Fig. 7. Proposed method of revascularization in complex
cardiac surgery procedures: aortic valve replacement
with high-grade stenosis of left-main coronary artery: left
internal mammary artery anastomosed with left anterior
descending artery, for arterial y-graft, the following
arteries may be utilized: right internal mammary artery/
radial artery/inferior epigastric artery anastamosed with
obtuse marginal artery of Cx system

Pharmacological agents used for spasm prevention

Many surgeons are reluctant utilizing multiple arterial
grafts in their routine practice for higher harvesting
precision, longer duration and properties of arterial
grafts, which are prone to spasm. However, there are
numerous pharmacologic agents, used for this particular
issue. All pharmacologic vasodilator drugs relax the
vessel through specific mechanisms, and therefore, there
is no perfect, single best vasodilator to prevent or treat
spasm of the arterial graft against all mechanisms of
contraction [14]. The standard papaverine solution, used
for spasm prevention, may be supplemented by calcium
channel blockers — verapamil. Decision on intraluminal
injection or gentle external irrigation left for surgeon
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competency. However free grafts, such as RA, GEA and
IEA are highly recommended for intraluminal injection
for resting blood flushing. Phosphodiesterase inhibitors —
milrinone, are highly effective in spasm prevention [19].
According to own experience, patients who underwent
complete arterial revascularization should receive
calcium — channel blockers (dosage, calculated according
to patient’s blood pressure) on the first postoperative day
and subsequently next six month after operation.

CONCLUSIONS

The superiority of arterial grafts for myocardial
revascularization led surgeons to commonly use both
internal thoracic arteries and increasingly frequent use
the gastroepiploic artery to graft (reach) coronary arteries
on the inferior ventricular wall. The radial artery has
been assuming an increasingly prominent role in arterial
revascularization, often being used when additional
arterial conduits are desired in conjunction with the
internal mammary arteries. Inferior epigastric artery
graft is good alternative arterial graft for patients, who
previously underwent chest radiotherapy or blunt thoracic
trauma. IEA graft may serve as a complement of the
myocardial revascularization in patients over 70 years old
for better clinical results because of intact IMAs without
comprising sternal blood supply. Preferential non aortic
(no — touch aorta) manipulation is highly recommended,
however there are no statistically significant data on risk
in long-term results of such method.

Complete  arterial revascularization  provides
symptomatic relief from coronary artery disease provides
superior patency rates and lowers incidence of major
adverse cardiac events.
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IHOBHA APTEPIAJIbHA PEBACKYJISIPU3AIIISI MIOKAPIY: OIIEPATUBHI IIPUIOMH Y
HAIIEHTIB 3 MYJAbTUCYJIMHHUM YPA)KEHHSAAM KOPOHAPHUMX APTEPINU. Orasin

Cmyrkos IO. IO.

Hayionanvnuti incmumym cepyeso-cyounnoi xipypeii in. M. Amocoea HAMH Yxpainu, Kuis, Yxpaina
amosov.surgery@gmail.com

AKTyaJbHicTh. MynbTHapTepiaibHe MIyHTyBaHHs CKilaaae Maibke 10% 3aranpHux onepartiiil mpu imemidniit xBopo0i cepiist. Myiib-
THUIEHTPOBI JOCIIDKEHHS JIOBEJIM IIepeBary apTepialbHUX TPAHCIUIAHTATIB IIPU MYJIBTHCYIUHHOMY YPa)KeHHI KOPOHApHHX apTepiil.
TuMm HE MeHIIIe, TepeBaXKHa OIIBLIICTh IIYHTIB, 1II0 BAKOPUCTOBYIOTHCS MIPU OTEpallii IIYHTYBaHHS KOPOHAPHUX apTepiii, € TpaHCIIIaH-
TaTaMM MiIIKIPHUX BeH. 31 301IbIIEHHSM ITOMYIIPHOCTI BUKOPHCTAHHS IIPOMEHEBOT apTepil apTepis gastroepiploica 3anumaeTses He-
BU3HAYCHUM BapiaHnToM. Came ToMy HEOOXiJHO IPOBECTH OUNIbIIE AOCIIIKEHb IS OL[IHKH IiepeBar aprepii gastroepiploica mpu Myib-
THapTepianbHill peBacKymsipu3arii.

Mera: npes3eHTalis MmiAX0/AiB Ta ONEPaTUBHUX METOIB JUls OBHOI apTepiaibHOl peBacKy/sipu3alii y XBOPUX 3 MYJIBTUCYTHHHUM
YPaXXEHHSIM KOPOHAPHUX apTepiid.

MeToan. AHANITHIHUH OIS JIITEPATypH 3a KIIOYOBIMH CIIOBAMH Y MDKHAPOJHUX HayKoMeTprniHHuX 06azax Pub Med, Scopus, Web
of Science. I'mnOuna nmomryky 12 pokis: 3 2007 p. 1o 2018 p.

PesyabraTrn. YV naniii poOOTi MpeACTaBIeHI METOAN BUIUICHHHS apTepiajJbHUX KOHIYITIB Ta MiIXOAH O HOBHOI apTepialbHOI pe-
BAaCKyJIsIpu3alii y XBOPUX MPU MYJIBTUCYIHHHOMY BPa)KCHHI KOPOHAPHHX apTepiil. BHYTpIIIHS Ipy/Ha apTepis 3aIUIIa€ThCs «30JI0THM
CTaH/aPTOMY JUIsl aHACTOMO3Y 3 IEPEeIHBOI0 MIXKIUTYHOUKOBOIO T'iJIKOIO JIiBOT KOPOHApHOT apTepii. Y mamieHTiB MOJIOAOTO BiKy PEKo-
MEHIY€EThCSl MyNIbTHAapTepiabHe NIyHTyBaHHS. OCTaHHI JTepaTypHi JaHi BKa3ylOTh HAa BHCOKI ITOKA3HHKH IIPOXIJHOCTI IIPOMEHEBOT
aprepii. binarepanbHe BUKOPUCTaHHS BHYTPIIIHIX TPyAHUX apTepii 3a0e3neuye TpUBaIUN TEPMiH KUTTS MALI€HTIB MICIsA KOPOHAPHOTO
LIyHTYBaHHS. BUKoprcTaHHS NpOMEHEeBOI apTepii, y- abo t-rpadToM, HormoBHEHe OilaTepaabHUMU BHYTPIIIHIMU IPYJHUMH apTepisiMu,
3a0e3MeunTh TIOBHY apTepialbHy peBACKYIAPH3ALilo 1 Moke OyTH O€3NeYHO BUKOPHCTAHO B PYTHHHIM MPaKTUI CEpEeBO-CyIHHHOT
Xipyprii. Arteria gastroepiploica Mae BHIIli TOKa3HUKH IIPOXiTHOCTI, TOPIBHSIHO 3 ayTOBEHO3HUMH TpaHCILUIaHTaTaMu. TepuTopis npaBoi
KOPOHAPHOT apTepii € iJieaTlbHUM MiclleM aHacTOMO3y JJIsi IIyHTYBaHHS aprepiero gastroepiploica. Arteria epigastrica inferior moxkxe
OyTH BUKOpPHCTaHA B J0JATOK [0 IHIINX apTepiajibHUX TPAHCIUIAHTATIB Y BUIVISI BUTBHOTO TpaHCIUIaHTara abo sk y- abo t-rpadra npu
MYJIBTHCYIMHHHX KOPOHAPHHX aTepPOCKICPOTHIHNX YPAKSHHSIX.

BucHOBOK: MoBHa apTepiaibHa peBACKYIIAPH3aLlis MiOKap/y, OKpiM YCYHEHHSI CHMITOMIB iIeMi4HOI XBOpoOH ceplis, 3abe3neuye
TpUBAJIMH Yac (yHKIIOHYBaHHS IIYHTIB, @ TAKOXK 3HMKYE YaCTOTY 3HAUHHUX CEPLEBHUX yCKJIAIHCHb.

Kuio4oBi cs10Ba: aopTOKOpOHApHE IIYHTYBaHHS, MYJIBTHCYANHHA YPa)KCHHS KOPOHApHHMX apTepiil, XipypriuHa peBacKylsipH3a-
1isl, aTepOCKIIepo3, ileMidHa XBOpoOa ceplist, IpOMEHeBa apTepis, JiBa BHYTPILIHS IpyAHA aprepis, arteria gastroepiploica, arteria
epigastrica inferior
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IMOJIHASI APTEPUAJIBHASI PEBACKYJIAPU3ALIUMUA MUOKAPIA: OITEPATUBHBIE ITIPUEMA Y
MAIIMEHTOB C MYJIBTUCOCYJIUCTBIM IMTOPA’JKEHUEM KOPOHAPHBIX APTEPUIA. O630p

Cmykos IO. IO.

Hayuonanvuwiii uncmumym cepoeuno-cocyoucmoii xupypeuu um. M. Amocosa AMH Ykpaunei, Kues, Yxpauna
amosov.surgery@gmail.com

AKTyaJabHOCTh. MynbTHApTEpHAIbHOE IIYHTUPOBaHUE cocTaBisieT rmoutd 10% oOmux omepanuii npu HIieMudeckoil 6oie3Hn
cepana. MynbTHIICHTPOBBIC HCCIICAOBAHUS JOKA3AIN MPEHMYIIECTBO apTEePHATBHBIX TPAHCIUIAHTATOB MPH MYIBTHCOCYAUCTOM Opa-
JKEHHU KOPOHApHBIX apTepuil. TeM He MeHee, MOAABIIoNIee OOJMBIIMHCTBO IIYHTOB, UCIIONB3YEMBIX MPH ONEPalMH HIyHTHPOBAHHS
KOPOHAPHBIX apTEePHH, SBISIETCS TPAHCILIAHTATaMH MOAKOKHBIX BeH. C yBEINYeHHEM ITOMYISPHOCTH UCTIOB30BAHMS JTyYeBOI apTepuu
aprepus gastroepiploica ocraercsi HeonpeeIeHHbIM BapuaHToM. [103TOMY HE0OX0IUMO MTPOBECTH OOJIbIIE UCCIISIOBAHUM ISl OLIEHKH
MIPEHMYIIECTB apTepuH gastroepiploica mpy MynsTHapTEPHATLHON PeBACKYISIPU3ALIUHL.

LeJsb: mpe3eHTanys MOIX0A0B U ONIEPATHBHBIX METOIOB IS TIOJTHOM apTepuaibHON peBACKYIAPH3ALNH Y OOJIBHBIX ¢ MYJIBTHCOCY-
JIICTBIM IIOPa)KEHUEM KOPOHAPHBIX apTepHid.

MeTtoabl. AHaTUTHYECKUI 0030p JIUTEPATyphl MO KIIOYEBBIM CIIOBAM B MEXIyHapOTHBIX HayKoMeTpuyeckmx Oazax Pub Med,
Scopus, Web of Science. ['y6una moucka 12 ner: ¢ 2007 r. 1o 2018 1.

Pe3yabTarsl. B nannoi pabore mpeacTaBiIeHbl METOIBI BBIICICHHS BEIIECTB aPTEPHAIBLHBIX KOHIYUTOB U TIOAXO/BI K IOJIHOH ap-
TepUaNbHON pPeBaCcKyJSIpU3aMU Y OOMBHBIX IPU MYJIBTHCOCYAHCTOM MOPaKEHUN KOPOHAPHBIX apTepuil. BHyTpeHHs rpyaHas aprepus
OCTAETCsI «30JIOTHIM CTAHIAPTOMY JUISI QaHACTOMO3a C HEePEAHEeH MEXOKETyJ0YKOBOH BETBBIO JIEBOH KOPOHAPHOU apTepyH. Y IaIlMeHTOB
MOJIOZIOTO BO3pacTa PEKOMEHIYETC s MyJAbTHAPTEPUANBHOE IYHTHpOBaHKe. [Tocenane nurepaTypHble JaHHBIC YKa3bIBAIOT Ha BBICOKHE
MOKa3aTeIH IPOXOJUMOCTH JIydeBOH apTepuu. bunarepaabHoe HCIIOIb30BaHHE BHYTPEHHUX IPYIHBIX apTepuii o0ecreurnBaeT JTHTelb-
HBII CPOK KHM3HHU MAIIMEHTOB MOCIEe KOPOHAPHOTO IIyHTUPOBaHUs. VICIIONIBE30BaHUE JIyUeBOM apTepHH, y- THO0 t-rpadT, TOMOTHEHHOE
OusaTepanbHBIMU BHYTPEHHUMHU TPYIHBIMH apTepHsIMH, 0OSCIICUHUT TIOIHYI0 apTepUaIbHYI0 PEBACKYIISIPU3ALIUI0O U MOXET ObITh 0e3-
OIIACHO WUCIIOIB30BAaHO B PYTHHHOH IPAKTHKE CEpAEYHO-COCYAUCTON XHpyprud. Arteria gastroepiploica MMeeT BBICOKHE MOKa3aTelH
MIPOXOIUMOCTH 10 CPABHEHHIO C ayTOBEHO3HBIMH TPAaHCILIAHTAaTaMU. TeppUTOpHs MPaBoil KOPOHAPHOU apTepHH SBISETCS MICATbHBIM
MECTOM aHACTOMO3a JJIs IIYHTHPOBAHUS apTepueii gastroepiploica. Arteria epigastrica inferior MOXeT ObITh UCIIOJIb30BaHA B JIOTIOIHE-
HUE K JIPYTUM apTepHalbHBIM TPAaHCIUIAHTaTaM B BHJIE CBOOOTHOTO TPAHCIUIAHTATA WM KaK Y- WIH t-TpadThl IPU MYIBTHCOCYIUCTHIX
KOPOHAPHBIX aTePOCKICPOTHUSCKHUX MOPAKSHUSIX.

BrIBop: nmonHas aprepuanibHas peBaCKyJLIPH3AIHI MUOKap/a, KpOMe YCTPaHSHUS! CHMITOMOB HIIEMHYECKOH Ooe3Hu cep/ua, ooe-
CIEYMBACT JVTUTEIbHOE BpeMs (PyHKIIMOHUPOBAHUS LITYHTOB, a TAKXKe CHIKAET YaCTOTY 3HAYUTEIbHBIX CEPICUHBIX OCIOKHEHUH.

KonroueBnle c10Ba: aOpTOKOPOHAPHOE ITYHTHPOBAHHE, MYIBTHCOCYIUCTBIE MOPAKEHHSI KOPOHAPHBIX apTepHi, XHpypruyeckas
peBacKyIApH3aLus, aTepOCKIEpo3, UIIeMHYecKas OONe3Hb CepAla, JydeBas apTepus, JieBas BHYTPCHHsS TPyQHAs apTepus, arteria
gastroepiploica, arteria epigastrica inferior
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Resume. The article presents a description of the main puncture and drainage interventions, indicating the method of their
implementation, techniques, materials used for their implementation. The own experience of application of the specified minimally
invasive interventions in treatment of a syndrome of mechanical jaundice of benign and malignant genesis, acute cholecystitis, acute
pancreatitis and its complications, hepatic abscesses, limited liquid accumulations of an abdominal cavity and retroperitoneal space is
described. The advantages and disadvantages are noted, a comparative assessment is made and recommendations are given for the use
of different puncture and drainage interventions depending on the type of pathology in which they are used.
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An important achievement of the twentieth century
was the widespread introduction of new technologies
in medicine, including surgery. Traditional operations
have been replaced by minimally invasive minimally
invasive laparoscopic, X-ray endovascular, endoscopic
and percutaneous interventions, which can significantly
affect the results of treatment of a wide range of surgical
diseases [6, 7]. The combination of ultrasound imaging
with invasive interventions has been called ultrasound
diapeutics in the scientific literature. It took years to
overcome the traditionally conservative psychology of
surgeons to achieve recognition of the effectiveness of
puncture-drainage invasions of the biliary tract, limited
fluid and purulent foci of the liver, pancreas and abdomen
under ultrasound control [10, 11].

Most invasive percutaneous interventions are
performed under the control of ultrasonic devices
equipped with convex and linear sensors 3.5 MHz - 5
MHz, using puncture nozzles or the method of «free
hand» (free hand method) and are used mainly for
punctures and drainage of large demarcated fluid cavity,
pleural cavities, liver biopsy, percutaneous endobiliary
interventions [11, 13].

An important advantage of ultrasound-guided
percutaneous interventions over X-ray-controlled
interventions is the absence of significant radiation
exposure to the patient and medical staff, as well as the
possibility of dynamic monitoring of the patient.

Invasive interventions on the technique of execution
are divided into punctures and drainage, which, in turn,
is divided into two-moment and one-moment. Two-stage
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drainage includes drainage according to Seldinger’s
method, one-stage drainage includes stiletto catheter
drainage and trocar method.

For punctures flexible needles of various design, 15-
25 centimeters long, with a diameter of 16-23 g (1,6-0,6
mm) are used. The choice of design, diameter and length
of the needle depends on the purpose and intended depth
of the puncture. The flexibility and fineness of the needle
allow you to puncture organs that are in physiological
motion without any significant risk of damage. Needles
with diameters of 16-19 g (1.6-1.1 mm) are used for
punctures of liquid formations. For this purpose, Chibs
needles are most often used, which are a hollow structure,
ultrasonic visualization of which is achieved by the
presence of a mixture of air, liquid and tissues in its
lumen. Its tip is visualized as a single echo. All invasive
interventions are performed under local anesthesia in
accordance with the rules of asepsis and antiseptics, less
often (in children and restless patients) - under short-
term intravenous anesthesia [5, 7, 8].

Various modifications of X-ray contrast catheters are
used for percutaneous drainage, most often with the help
of outer diameters of lumens 5-15 F on the Charrier scale
(corresponds to 1.7-5.0 mm), approximately on the type
of «pigtail» with white holes; catheter styles are used for
one-stage drainage (Fig. 1). The drainage kit also includes
angiographic flexible conductors of various diameters,
up to 70 centimeters long (straight and J-type) and soft
plastic dilators with a central channel of increasing
diameter (7-10 F) to expand the lumen of the channel to
the required drainage. Nowadays, disposable sterile kits
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Fig. 1. Set for a through catheter (1 - a catheter like Pigtail, 2 - a direct catheter, 3 - a two-component needle).

(needle, conductor, drainage, additional accessories) of
various foreign manufacturers (Cook, Somatex, Balton,
etc.) are widely used [6, 7].

For the endoprosthesis of the biliary tract uses a
set developed by prof. Ivshin VG (Fig. 2), as well as
metal mesh braided stents with Wallstent memory with
Permalume coating (without WallFlex coating) and
delivery system Unistep Plus (Boston Scientific, USA)
and Hanarostent Biliary Non-covered, Shim-Hanarostent
covered and Hanarostent Biliary

Hilar (MI Tech, Korea) complete with a delivery
device with a diameter of 8-10 mm, a length of 50-120
mm (Fig. 3).

ZW}"”?F |
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Fig. 2. Set for endoprosthesis of bile ducts (A, B, C,
D - endoprosthesis for the right lobe of the liver; D -
endoprosthesis for the left lobe of the liver;

E - angiographic flexible conductor; F - screwdriver)

Fig. 3. Set for endobiliary stenting Hanarostent Biliary (M.I. Tech, Korea) and kit for endobiliary stenting Wallstent (Boston
Scientific, USA)

Preparation of patients is carried out according to the
generally accepted method for ultrasound examinations.
Punctures are performed in the position of the patient on
his back or side in accordance with the rules of asepsis
under local anesthesia.

The contents obtained by puncture or drainage are subject
to cytological, biochemical, bacteriological examination,
determination of sensitivity to antibiotics, etc.

In recent decades, in most industrialized countries of
the world there has been a steady increase in the incidence
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and prevalence of gallstones, especially its complicated
forms (choledocholithiasis, mechanical jaundice,
acute cholecystitis, purulent cholangitis, stricture of
the terminal duodenal cholecystitis etc.), damage and
strictures of the bile ducts, benign and malignant tumors
of the pancreas, duodenum, bile ducts, liver, etc., which
usually also cause obstruction of the biliary tract with the
development of mechanical jaundice, purulent cholangitis
and other complications (in 20.1- 80.5% of patients with
choledocholithiasis, 30-50% - with tumor lesions of the
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hepatopancreatoduodenal area, 50-7.20% - with strictures
of the extrahepatic bile ducts, etc.) [1, 2, 6, 8].

Mechanical jaundice - is a symptom complex
caused by disruption of the natural passage of bile due
to obstruction of the biliary tract of benign or tumor
origin, which results in cholestasis, biliary hypertension,
microcirculation disorders, dystrophy and focal necrosis
in the liver parenchyma leading to liver failure. ,
barrier, synthetic and other liver functions, as well as
progressive toxemia due to the entry of toxic products
of bile breakdown into the systemic bloodstream,
microbial contamination and translocation of intestinal
microflora into the portal system with the subsequent
implementation of multiorgan failure syndrome, which
is one of the most common causes of death [6].

In 23.4-50.1% of patients with MJ (Mechanical
Jaundice) is accompanied by purulent cholangitis, which
is a consequence of prolonged cholestasis. Given the
real threat of the spread of the inflammatory process to
numerous, even the smallest bile ducts, acute cholangitis
can be manifested by a septic condition, which in
biliary hypertension often causes the development of
intrahepatic cholangiogenic abscesses, biliary sepsis,
resulting in high mortality, resulting in high mortality.
data from various authors, in the range of 12.1-31.3%.
Its main cause in this category of patients is progressive
liver and kidney failure [6, 14].

With complete biliary obstruction of any genesis,
rapidly = progressing intraductal hypertension s
accompanied by the rapid development of endotoxemia,
purulent cholangitis, biliary sepsis, bacterial-toxic shock,
progressive hepato-renal failure, which necessitates the
urgent implementation of surgical with serious metabolic
disorders in 50% or more causes death [13, 14, 16].

Today, according to most leading biliary surgeons in
the world, the method of choice in the surgical treatment
of patients with MJ (Mechanical Jaundice) benign and
tumor origin is a two-stage surgical tactic, which involves
performing in the first stage of decompression of the
biliary tract one of the minimally invasive (endoscopic
retrograde or transdermal) in combination with active
conservative therapy, and at the II stage - radical surgical
intervention aimed at eliminating the main cause of
biliary hypertension.

Decompression of the biliary tract is the most
important stage in the treatment of severe forms of MJ
(Mechanical Jaundice). The nature of the main disease of
the Hepatoduodenal area, which led to the development
of MJ (Mechanical Jaundice), and its location are crucial
in choosing the method and method of restoring bile
passage, the arsenal of which in recent decades, especially
with the introduction of endoscopic and antegrade
endobiliary technology has increased significantly.

Since the mid-1970s, endoscopic retrograde
interventions have taken the leading place in the
diagnosis and treatment of choledocholithiasis, primarily
endoscopic retrograde cholecystopancreatography with
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endoscopic papillosphincterotomy (over 30 years).
For the first time this method of minimally invasive
biliary decompression, independently of each other,
was performed in 1974 in Germany by M.Classen and
L.Demling, as well as in Japan by K.Kawai and co-
workers. This low-trauma, highly effective and relatively
close to physiological intervention quickly became
widespread in most of the world’s leading surgical clinics.
In recent decades, in order to decompress the biliary tract
and eliminate biliary hypertension, it is performed in
72.4-85.2% of patients with MJ (Mechanical Jaundice)
due to choledocholithiasis, limited strictures of the
terminal choledochus, duodenum, chronic indurative
pancreatitis and more. However, the use of this technique
is limited by high rates of complications and mortality,
which are 3.3-8.8% and 0.4-1.3%, respectively. The
most severe of them are bleeding from papillotomy
(1.4-4.0%), the development of acute cholangitis,
pancreatitis (0.9-6.3%), perforation of the duodenum
(0.2-0.5%), requiring immediate open surgery to correct
complications and others [3, 6, 7].

Atthe present stage of development of biliary surgery,
among the various methods of biliary decompression,
one of the leading places is beginning to be occupied
through skin and transhepatic techniques of reproduction
of the biliary tract under ultrasound control. Among
them, the most common is due to cutaneous-hepatic
cholangiostomy, the results are shown in MJ (Mechanical
Jaundice) with high and medium registration of bile flow
(choledocholithiasis, strictures, training and tumors of
the main bile ducts, duodenum, pancreas, etc.).

Performing cutaneous-hepatic cholangiostomy is a
priority in cicatricial stricture of the distal choledochus
in combination with purulent cholangitis, which allows
for antegrade rehabilitation of bile ducts and their
preparation for subsequent dilatation of the stricture,
endoprosthesis or stenting [7, 9, 10]. Increasingly
common in biliary surgery for MJ (Mechanical Jaundice),
acute cholecystitis is cutaneous-hepatic cholangiostomy
for biliary decompression, as well as rehabilitation of the
gallbladder in patients with extremely severe somatic
condition, which becomes an obstacle to more complex
surgery [12, 15, 16, 17] (Fig. 5).

Antegrade percutaneous-transhepatic  endobiliary
interventions are a set of minimally invasive techniques,
each of which involves solving a specific diagnostic or
therapeutic goal, and their use in various combinations
- to eliminate MJ (Mechanical Jaundice) and prepare
for palliative or radical treatment of patients, and may
be the final method of treatment inoperable patients with
malignant lesions of the hepatopancreatoduodenal area.

These techniques differ favorably from open surgical
interventions with laparotomy access with low trauma,
lower incidence of complications. The use of antegrade
endobiliary interventions makes it possible to perform
cholangiography, which allows to determine the level,
length and nature of obstruction of the biliary tract.
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Fig. 4. Percutaneous-transhepatic cholangiostostomy under ultrasound control
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Fig. 5. Percutaneous-transhepatic cholecystostomy under ultrasound control

Therefore, endobiliary puncture interventions are 2. Multivariate percutaneous-transhepatic cholangio-
divided into diagnostic and therapeutic, among which stomy;
there are: 3. Percutaneous-transhepatic cholecystostomy;
1. Percutaneous-transhepatic puncture cholangio- 4. Antegrade bile duct endoprosthesis;
graphy; 5. Antegrade stenting of the bile ducts.
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Depending on the direction of bile drainage (outside
or in the lumen of the gastrointestinal tract) after the
intervention, as well as taking into account the time
interval (duration) - simultaneously or delayed, there are:

1. External drainage.

2. One-time internal drainage.

3. Delayed internal drainage.

Performing percutaneous-transhepatic cholecysto-
stomy under ultrasound control, according to most biliary
surgeons, is a priority in the localization of the biliary
block distal to the confluence of the gallbladder into the
common bile, provided that the patency of the first of
them under the following conditions (Fig. 6.):

» with slight dilatation of the bile ducts, which
complicates the performance of percutaneous-
hepatic cholangiostostomy;

« with a significant increase in the size of the
gallbladder;

» with a perfect fit of the gallbladder to the lower
surface of the liver.

The method of performing percutaneous-transhepatic
cholecystostomy under ultrasound control, which 1is
successful in the vast majority of patients, is a simple
and minimally traumatic method of biliary tract drainage,
which can be effectively used in inoperable patients with
MJ at high risk of any other surgery to provide temporary
or permanent decompression of the biliary tract.

In patients with MJ (Mechanical Jaundice) tumor
origin, which is due to different in nature and prevalence
of malignant neoplasms, the tactics of antegrade
endobiliary interventions involve achieving biliary
decompression during the preparation of the patient for

Cholecystostomy

—7

Concrement of the distal
part of choledochus

Fig. 6. Percutaneous-transhepatic cholecystostomy,
fistulography. Choledocholithiasis, a stone of the distal
choledochus

radical or palliative surgery (or may be the final method
of treatment).

Irrespective of the reasons which have caused MJ
(Mechanical Jaundice), medical tactics usually assume
performance of antegrade external drainage (ED) of
bilious channels. After achieving biliary decompression,
the mode of ED can be switched to the mode of internal
drainage (ID). In 1978, F. Burcharth proposed a
method of transpapillary antegrade endoprosthesis, and
subsequently introduced endobiliary ante- and retrograde

Tumor of the
head of the pancreas

Fig. 7. Percutaneous-transhepatic cholecystostomy, fistulography. Cancer of the head of the pancreas with a block at the level of
the upper third of the choledochus
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prosthesis of the bile ducts under X-ray television,
ultrasound or choledochoscopic control.

Biliary prostheses are a segment of a polymer tube
made of synthetic materials - Teflon, polyurethane
and other materials of sufficient length to restore the
passage of bile into the duodenum from the part of the
choledochus, which is above the site of obstruction.
Teflon and polyurethane endoprostheses have better
characteristics (better slip, inlay resistance, etc.).

Endoprosthesis (EP) of the bile ducts is performed
in order to restore the natural passage of bile in the
gastrointestinal tract, eliminate the inconvenience of
catheter drainage and improve the quality of life of the
patient (Fig. 8).

Indications for EP are:

1. predicted life expectancy of patients with
malignant tumors of the biliopancreatoduodenal
area, not more than 6 months;

2. old age, and / or exhaustion, and / or severe
condition of the patient;

3. complete pathomorphosis of a malignant tumor
after radiation therapy or combination therapy.

Endoprosthesis has a number of advantages over
external drainage of the biliary tract:

« no risk of complications, educational injections of

the proximal end of the drainage of the external
(pain, infection of the wound at the injection
and fixation of drainage, bile infection and
the development of cholangitis, dislocation or
accidental removal of drainage of another);

* o need for daily repeated inspection for drainage
and the place of its introduction;

* lack of negative psychological impact on the
patient by reminding him of the presence of
permanent drainage, serious illness and future
surgery;

* ensuring a more efficient digestive process by
restoring the physiological passage of bile into the
duodenum.

The accumulated experience in the use of antegrade
endoprosthetics and stenting of the biliary tract indicates
their high efficiency as a method of restoring bile
outflow in MJ of benign and tumor origin. In some cases,
arthroplasty is an alternative to palliative surgery, which
is especially important for elderly and senile patients
with metastatic cancer of the pancreas, duodenum, etc.

Antegrade decompression of the bile ducts allows
to eliminate cholemia in 90% of patients, exceeds the
results of the surgical method in terms of complications,
mortality, life expectancy, reduces the patient’s stay in
the hospital. Until recently, mortality from complications
of interventional drainage of the bile ducts reached 20-
30% of cases, in recent years did not exceed 3-4.2%,
which was made possible by improving the technique of
interventions and the quality of postoperative care.

Thus, in wide clinical practice today many effective
methods of antegrade decompression of a biliary tract
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at MJ (Mechanical Jaundice) of any genesis are widely
enough used.

Among the problems of emergency surgery of the
abdominal cavity, one of the leading places is acute
cholecystitis (AC), which is second only to acute
appendicitis. Its frequency, at present, reaches 17-18%
of all cases of diseases of the abdominal cavity, which
necessitate emergency surgery [16, 17]. About 40% of
such patients are people older than 60 years. Although
today the algorithm of surgical tactics in the treatment of
this pathology is clearly defined, which provides priority
for cholecystectomy, the question of determining the
amount of primary surgery in elderly and senile patients
with severe comorbidities, which causes the progression
of the syndrome of mutual burden significantly increases
the operational and anesthetic risk [14, 18]. The situation
is complicated by the rapid increase in destructive
changes in the gallbladder, which further exacerbates the
already serious condition of patients. Effective in such
cases is the decompression of the biliary tract due to
percutaneous-transhepatic cholecystostomy in patients
with preserved patency of the vesical duct (Fig. 9).

HOLEDOH

Blurred posterior
wall of the gallbladder

Duodenum [l

Fig. 9. Microcholecystostomy in a patient with acute
calculous cholecystitis, gallbladder empyema

Most intensively, in recent years, percutaneous
interventions in combination with video laparoscopic
and other minimally invasive interventions are used
in the treatment of complications of acute destructive
pancreatitis, dramatically changing the situation in the
tactics of management and treatment of this pathology.

Acute pancreatitis is one of the most severe in the
clinical course and consequences of surgical diseases
of the abdominal cavity, which is still accompanied by
high mortality (25-41%), which does not tend to decrease
due to the complexity of pathogenesis, difficulties in
diagnosis and treatment. 18% of patients with acute
destructive pancreatitis develop phlegmon of the
retroperitoneal space, 10% - pseudocyst of the pancreas,
5% have bleeding into the cavity of the omental sac
with the formation of hematomas, 1-9% - an abscess is
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Brilliance 6

DFOV 499.0 mm

Fig. 8. Stages of antegrade endobiliary stenting in
a patient with Klatskin’s tumor (1 - percutaneous-
transhepatic cholangiostomy; 2 - tumor recanalization;
| 3 - delayed external-internal drainage; 4 - stent installed
in the common hepatic duct; 5 - computed tomography

)
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B SR after 2 months after stenting)
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formed. Crucial in the treatment of this pathology is the
timely implementation of adequate surgery [4, 8, 10, 11].
However, today there is no single concept in determining
the timing and scope. Most researchers are inclined to
think about the ineffectiveness of early laparotomies,
which in most cases usually end in simple drainage of the
omental sac, abdominal cavity and retroperitoneal space.
On the other hand, the rapid development of endogenous
intoxication syndrome and, as a consequence, the threat
of such a formidable complication as multiple organ
failure, force the surgeon to perform surgery with a
significant risk to the patient’s life. Based on the above,
a possible way to solve this problem, in parallel with
intensive care, is to perform percutaneous minimally
invasive interventions under ultrasound control, which
can mostly ensure the aseptic nature of pancreatic
necrosis, reduce the possibility of bacterial translocation
to the destruction zone.

The appearance of effusion in the parapancreatic zone
in acute pancreatitis, in combination with unclear course
of the disease, is an indication for percutaneous puncture
followed by examination of the aspirate to determine the
aseptic or infected phase of the disease. The following
cytological, bacteriological and biochemical researches
allow to establish the diagnosis with accuracy to 100%, to
correct medical tactics at various stages of development
of acute pancreatitis, to predict and prevent development
of various complications.

In edematous acute pancreatitis, percutaneous
interventions are used only for diagnostic purposes
(obtaining an aspirate for laboratory tests), as well
as to combat severe pain (chemical denervation by
alcoholization of the solar plexus).

Puncture techniques for limited complications of
acute pancreatitis are used:
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One of the most serious and formidable complications
of acute pancreatitis is the formation of false cysts of
pancreatogenic origin. If surgical tactics in the case of
formed pancreatic cysts are quite clearly defined today,
in the case of unformed pseudocysts the possibility and
necessity of their surgical treatment have been actively
discussed recently. If until recently the indications for the
use of diabetic technology were traditionally considered
suppuration, compression, pain and biliary syndromes, a
rapid increase in the size of the cyst, recently a growing
number of pancreatologists are inclined to believe that
the question of timing of surgery to diagnose acute
pancreatitis decided in favor of its puncture and drainage,
even in the uncomplicated course of the cyst. It is during
the formation of the cyst capsule (3-6 months) most
often the development of life-threatening complications
(suppuration, bleeding).

Pseudocysts of small volume (50-350 ml) and
diameter (6-7 cm) can be cured by aspiration-puncture
method, regardless of the nature of the pathological
process (infected or aseptic). Typically, a small volume
of pseudocyst indicates no connection to the pancreatic
duct (Fig. 10).

Drainage of cysts at an earlier date can prevent
potentially life-threatening complications (rupture of
the pseudocyst with the appearance of its contents in
the abdominal cavity, bleeding into the cyst cavity,
suppuration of the cyst).

Transcutaneous  treatment  interventions  and
established pseudocysts may be effective if they have no
connection to the ductal system of the gland.
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Fig. 10. Puncture of the cyst of the head of the pancreas
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Purulent complications of necrotic pancreatitis
remain the leading cause of death in this disease. As the
echosemiotics of pancreatic necrosis and its complications
have been studied in depth, the first reports of the possibility
of ultrasound-guided puncture interventions in limited
purulent postnecrotic formations have emerged.

Percutaneous interventions are relatively safe, highly
effective in the diagnosis and treatment of patients
with extensive purulent-inflammatory processes of the
pancreas, allow to obtain good results in the treatment
of patients at increased surgical risk, and in some cases
avoid surgical treatment or relaparotomies.

Quite often phlegmons of retroperitoneal tissue, by
the end of the 2nd week of their development, cause
the formation of small or large intestinal fistulas. Prior
to the introduction into clinical practice of minimally
invasive techniques that allow X-ray examination of foci
of destruction of retroperitoneal tissue, intestinal fistulas
were considered rare complications of destructive
pancreatitis. The use of percutaneous interventions for
large retroperitoneal phlegmons is the primary surgical
manipulation, which allows, first of all, to clarify the
diagnosis (bacteriological studies and correction of
antibacterial therapy, contrast studies to determine the
length of foci of destruction and their possible connection
with the abdominal cavity). Opportunities to stabilize
the patient’s condition (puncture and drainage of foci
available for interventions) with subsequent surgical
treatment in a more favorable period.

Analysis of research shows that, despite the high
level of development of modern purulent surgery, the
development of new methods of surgery, a powerful
arsenal of highly effective antibacterial drugs, improving
the basic principles of antiseptics and preventive
measures, the treatment and prevention of limited
purulent foci of the abdominal cavity. resolved [10,
11]. However, in a significant percentage of cases,
traditional surgical interventions for abscesses may be
limited to the rehabilitation and external drainage of
the abscess, which is almost indistinguishable from the
ultimate goal of percutaneous interventions. Performing
medical punctures involves maximum removal of the
abscess, repeated remediation of cavities with solutions
of antiseptics and the introduction of broad-spectrum
antibiotics (until receiving an antibioticogram), and
then, as with drainage, etiotropic antibacterial therapy.
In some cases (in the presence of thick manure or small
sequesters) transdrainage administration of proteolytic
enzymes is used.

The choice of drainage method, two-time according
to the method of Seldinger, or one-time according to the
method of a stiletto catheter, depends on the location
and size of the purulent focus. It is possible to correct
the number and location of drainages during treatment,
which is an important feature of this method of treatment.

Control over the dynamics of the hearth is carried
out using ultrasound, less often - by performing
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abscessography or computed tomography (Fig. 11).
If necessary, Seldinger drainages can be replaced with
drainages of larger or smaller diameter, their location can
be corrected during treatment.

Liver
abscesses

Fig. 11. Abscesses of the right lobe of the liver. Puncture
and drainage of abscesses. Abscessography

Criteria for the effectiveness of this method of
treatment is the stabilization of the general condition
of the patient, a sharp decrease or disappearance of
secretions or the most pathological formation in the
control study.

Criteria for treatment and cessation of treatment are
as follows:

1. Reduction of the residual cavity to 1/3 of the

original.

2. A small amount of discharge from the cavity or its

complete absence.

3. Change in the nature of secretions (from purulent

to serous).

4. Stabilization of the general condition of the patient.

5. Steady tendency to normalization of laboratory

parameters.

6. Negative results of control bacteriological research.

7. Disappearance or reduction in the volume of

reactive effusion in the abdominal or pleural
cavities.

At the sizes of abscesses to 4-5 centimeters preference
is given to puncture treatment. The size of the abscesses
is more than 5 centimeters, the presence of several foci or
the ineffectiveness of puncture treatment are indications
for percutaneous drainage or a combination of techniques.

In the treatment of long-term abscesses with a
thickened capsule, thick contents, the presence of
sequesters, as well as the presence of several connecting
cavities, trans-drainage administration of protein
enzymes is effective, which can reduce drainage time by
4-5 gains.
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Appendicular
abscess

Fig. 12. Appendicular abscess. Puncture of the abscess

Due to skin intervention, they have also been shown
to be effective in the treatment of post-traumatic,
primarily unorganized or privately organized hematomas
of the liver, post-traumatic white and bone livers, which
are bent.

At extraorganic localization of the limited purulent
pathology (abscess) the choice of a technique is defined
by an arrangement of the purulent center concerning
abdominal organs, ie degree of its availability and the
sizes.

The subphrenic location of the abscess is an indication
for drainage by one of the methods, most often a stylet
catheter with the preferred installation of two catheters
or double lumen drainage for permanent irrigation of the
pathological cavity. Terms of drainage at this pathology
fluctuate from 7 to 21 days.

At a subhepatic arrangement or interloop localization
of abscesses medical punctures are used because most
often these abscesses of the small sizes with limited
availability to them (loops of intestines). The number
of interventions varies in the amount of 1-3 - in the
subhepatic location, and 3-6 - in inter-loop abscesses
(Fig. 12).

Thus, percutancous interventions are highly
effective minimally invasive methods of surgical
treatment of various postoperative formations of
purulent-inflammatory origin (bile inflows, unorganized
hematomas, abscesses), and which in 51.4-65% of
cases may become the final method of their treatment.
Percutaneous echo-controlled invasions are used to
eliminate unlimited intra-abdominal and retroperitoneal
fluid accumulations (ascites, reactive pleurisy), primarily
with small amounts of fluid, which makes it difficult
and dangerous to use traditional techniques. These
interventions are an effective method of treating early
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postoperative complications in abdominal surgery, which
requires widespread clinical use in surgical hospitals in
the country.

Punctures and drainage under the control of
sonography should be considered the method of choice
in the treatment of a number of surgical diseases of the
abdominal cavity, retroperitoneal space.

The total positive effect in the form of complete healing
of abscesses and other fluid postoperative formations of
the abdominal cavity and its organs by percutaneous
interventions under the control of ultrasound is about
85-97%.

Comparative  safety, speed of  execution,
informativeness and efficiency, high economic efficiency
- determining factors for wide clinical introduction
in domestic medicine of a method of percutaneous
interventions under the control of ultrasound. However,
it should be noted that the implementation of these
interventions under the control of ultrasound requires
strict adherence to the indications, the technique of
execution. They must be performed by highly qualified
specialists with knowledge of the basics of radiation
diagnostics, surgery, topographic and ultrasound anatomy
in a specialized surgical hospital equipped with modern
equipment and tools.

Clinic of the Department of Surgery Nel Bogomolets
National Medical University has experience in the
successful treatment of more than 1,000 patients with
diseases of the abdominal cavity, in which puncture
methods of surgical treatment were used.

CONCLUSIONS

1. Percutaneous-transhepatic interventions under
ultrasound control are one of the most effective methods
of biliary decompression in MJ (Mechanical Jaundice)
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of tumor and benign origin, in the treatment of intra-
abdominal abscesses and other fluid accumulations of the
abdominal cavity, retroperitoneal space, etc.

2. Diagnostic punctures under the control of ultrasound
- a method of differential diagnosis of limited pathology
of the abdominal cavity and its organs, which increases
the efficiency of detection of purulent pathology to 100%.

3. Bacteriological examination of the obtained
aspirate allows to determine the microflora, sensitivity to
antibacterial drugs and to conduct etiotropic therapy.

4. Clear definition of access for percutaneous
interventions under the control of ultrasound, compliance
with all techniques, complete rehabilitation of the biliary
tract or purulent foci in combination with comprehensive
conservative treatment of patients - the main components
of achieving a positive result.
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JOCBIJ BUKOHAHHS NYHKIIMHUX TA IPEHYIOUUX XIPYPITUHUX MIHITHBASUBHUX
BTPYUAHD 1T YJIBTPABBYKOBHUM KOHTPOJIEM Y JIATHOCTHIII TA JIIKYBAHHI
3AXBOPIOBAHb OPTAHIB YEPEBHOI IOPOKHUHHU TA HNICJASAONEPALIMHUX YCKJIAJTHEHbD.
Orunsn

3axapaw M.IL., 3axapaw FO.M., Cmensmax A.1., Mopo3 B.B.

Hayionanonuti meouunuu ynieepcumem imeni O.0. Boeomonvys, Kuis, Yxpaina
morozviadislav2@gmail.com

Pestome. Y CTaTTi pecTaBIeHO ONMMCAHHS OCHOBHUX ITyHKUIHHUX Ta APEHYIOUMX BTPY4YaHb 3 YKa3aHHSIM METOAMKH iX BUKOHAH-
Hsl, TEXHIKH, MaTepiaiB, sIKi BAKOPUCTOBYIOTHCS IS 1X BUKOHAHHS. OIMCaHO BIACHHN JOCBIJ 3aCTOCYBaHHS BKa3aHUX MiHIIHBa3UB-
HUX BTPYYaHb Y JIKyBaHHI CHHAPOMY MEXaHIYHOI KOBTSHUII JOOPOSAKICHOTO Ta 3JIO0SKICHOTO T€HE3Y, TOCTPOTO XOJICHUCTHUTY, TOCTPOTO
HaHKpeaTUTy Ta HOro ycKJaJHeHb, NeUiHKOBHX abcueciB, 0OMEKEHNX PIIUHHUX CKYITYeHb YEPEBHOI IIOPOKHUHH Ta 3a04E€PEBHHHOTO
mpocTopy. BiaMideHo mepeBaru Ta HEIONIKH, POBEACHA MOPIBHSIIbHA OIiHKA Ta HAJaHI PEKOMEHMAIll MIO0 3aCTOCYBAHHS PI3HUX
IYHKLIHHO-APEHYIOUHX BTPyYaHb 3aJI€XKHO BiJl BUY IATOJIOTIi, IPH SIKHX BOHH BUKOPHCTOBYIOTBCS.

KorouoBi cioBa: MexaHiuHa KOBTSHHIS, €HIOOLTIapHI BTPYYaHHS, Yepe3IIKIPHO-UepE3NeUiHKOBa XOJIAHTIOCTOMIS, Yepe3IIKip-
HO-Yepe3NediHKOBa XOJICIUCTOCTOMIs, MiCIAONepalliiiHi PiAUHHI CKYTUSHHS.

OIIBIT BBIITOJIHEHUSA ITYHKIIMOHHBIX U JIPEHUPYIOIIUX XUPYPIHYECKHUX
MAJIOMHBA3HUBHBIX BMEIIATEJIBCTB 11O/ YJIBTPA3BYKOBBIM KOHTPOJIEM B
JUATHOCTHUKE U JEYEHUU 3ABOJIEBAHUI OPTAHOB BPIOIIIHOM MMOJOCTH U

MOCJIEOIEPAIIMOHHBIX OCJIOKHEHMIA. 0630p

3axapaw M.IL., 3axapawi FO.M., Cmenvmax A.U., Mopo3 B.B.

Hayuonanvnwiii meouyunckuii ynusepcumem umenu A.A. boecomonvya, Kues, Yxpauna
morozvladislav2(@gmail.com

Pe3iome. B crarbe mpezncTaBieHs! ONMMCaHNE OCHOBHBIX ITyHKIIHOHHBIX M JPEHUPYIOIINX BMEIIATEIbCTB C YKa3aHHEM METOINKU
UX BBITIOHEHMs, TEXHUKH, MaTepPUaiOB, UCIIOIb3yEeMbIX JUIi UX BbINONHEHUS. OnucaH cOOCTBEHHBIH OIBIT MPUMEHEHHs yKa3aHHBIX
MHHHUHMHBA3WBHBIX BMEIIATEIHCTB B JICUCHUN CHHAPOMAa MEXaHHYECKOH JKENTyXH JOOPOKaYeCTBEHHOTO M 3J0KaYeCTBEHHOTO I'eHesa,
OCTPOTO XOJELUCTHTA, OCTPOTO MAHKPEATUTa U €r0 OCIOKHEHHH, MeYeHOUHBIX a0CIeCCOB, OTPAaHUIEHHBIX KHUIAKOCTHBIX CKOTICHHH
OPIOLIHOM MOJIOCTH M 3a0PIOMIMHHOIO HpocTpancTBa. OTMEUeHbI IPEUMYIIECTBAa U HEIOCTAaTKHU, IIPOBE/ICHa CPABHUTEIIbHAS OLICHKA U
JTaHBI PEKOMEHIAIIH 110 IIPUMEHESHHUIO Pa3INIHbIX TyHKIIHOHHO-IPEHUPYIOMINX BMEIIATEIbCTB B 3aBUCHMOCTH OT BHJIa ITATOJIOTHH, IPH
KOTOPBIX OHU UCTIOIb3YIOTCSL.

KonroueBnie ciioBa: MexaHHYecKas JKENTyXa, €HJOOMINApHBIE BMENIATENbCTBA, YPECKOKHO-UEPE3eUeHOUHAs! XOIaHTHOCTOMUS,
YPECKOKHO-UEPE3NEeUEHOUHAs XONEIMCTOCTOMUS, TIOCIEONEPAIMOHHbIE )KUIKOCTHBIE CKOTITICHHS.
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SOFT PALATE DURING ITS NONUNION DEPENDING ON THE
MYOGENIC POTENTIAL OF STEM CELLS. Review

Kharkov L.V., Egorov R.1.
Bogomolets National Medical University, Kyiv, Ukraine
DHSTI1994@Gmail.com

Relevance. Today there are more than 150 methods for eliminating congenital defects of the hard and soft palate. However, these
techniques do not always lead to high functional results, which leads to repeated surgical interventions and long-term speech therapy
rehabilitation. Therefore, there is a problem of prognosis of such treatment. The search for a marker for assessing the prognosis of surgical
intervention is relevant. One of these markers may be the state of the myogenic potential of stem cells.

Objective: to analyze the possibility of preliminary assessment of muscle regeneration, depending on the myogenic potential of stem
cells, in order to increase the effectiveness of treatment of children with non-union of the soft palate.

Method. An analytical review of the literature on keywords from the scientometric databases PubMed, Scopus, Web of Science.

Results. Satellite cells represent an adequate system model for studying the biology of adult stem cells. Satellite cells can be
considered candidates for cell therapy in muscle regeneration. First, they are one of the most abundant and most accessible cells in our
body. Secondly, there is a panel of specific markers that can be used to isolate satellite cells. Third, satellite cells are localized within clear
boundaries of the anatomical niche, and signaling mechanisms are currently being studied. Fourth, there is the possibility of recreating
muscle injuries in which satellite cells can be studied. Future research aimed at increasing the purification of satellite cells so as to
maintain their low differentiation, increase the engraftment potential, as well as new approaches aimed at obtaining satellite cells from
iPS cells, will help accelerate the progress and development of drugs for cell therapy in the treatment of muscle degenerative diseases.

Conclusions. The data on the myogenic potential of stem cells, in muscle regeneration, obtained on satellite cell models, can be used
to increase the effectiveness of the treatment of children with nonunion of the soft palate.
Key words: nonunion of the upper lip and palate, muscle injury, satellite stem cells, engraftment, myofibrils, marker

Relevance. Nonunion of the upper lip and palate
is the most common congenital malformation of the
maxillofacial region. There is a tendency to an increase
in the birth rate of children with this pathology. The
incidence of lip and palate unions is approximately 1:
500-1: 1000 live births.

The anatomy of deformation disorders of the
maxillofacial region with non-union of the upper lip and
palate reflects not only the different length and size of
the defect that arose during embryonic development,
but also the long-term consequences of a violation
of the growth model of development in the absence
of intact labial muscles and structural support by the
bone arch, the presence of a message between the
mouth and nose [9].

There are more than 150 methods for eliminating
congenital defects of the hard and soft palate. Surgical
treatment of congenital nonunions of the palate is
carried out by moving the mucoperiosteal flaps. Over the
years, the authors have proposed using various surgical
techniques to optimize the ratio of the length of the soft
palate and the width of the mesopharygus.

However, these techniques do not always lead to
high functional results, which leads to repeated surgical
interventions and long-term speech therapy rehabilitation.

There is a problem of choosing the most adequate
technique for each specific case. Therefore, the actual
issue is the search for a marker when choosing a
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technique. One of these markers may be the state of the
myogenic potential of stem cells.

Objective: to analyze the possibility of preliminary
assessment of muscle regeneration, depending on the
myogenic potential of stem cells, in order to increase the
effectiveness of treatment of children with non-union of
the soft palate.

METHOD

To analyze the possibility of preliminary assessment
of muscle regeneration, depending on the myogenic
potential of stem cells, in order to increase the
effectiveness of treatment of children with non-union of
the soft palate.

RESULTS AND DISCUSSION

The effectiveness of primary uranostaphyloplasty is
diverse. Thus, cicatricial of the tissues of the soft palate
and its shortening were observed in 19-68% of patients
operated on according to known methods. The main
indicator of the functional efficiency of the performed
uranostaphyloplasty is good pharyngeal closure. It is it
that largely determines the «purity» of speech [23].

The muscles of the soft palate (5 pairs) form an
aponeurosis in the center of the soft palate. The lack of
connection to the skeleton at one end contributes to the
development of static contractions and high tension. The
main function of the soft palate in humans is to control
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the flow of air through the mouth or nasopharynx during
a conversation and to protect against the ingress of food
and liquid into the nasal cavity during swallowing. It
also plays an important role in middle ear breathing
and ventilation. For the normal functioning of the
palatopharyngeal ring, the muscles of the soft palate
contract as synergists, and if they do not join, this is
not, since they have a pathological attachment, namely:
the muscles are attached to the posterior surface of the
hard palate. Accordingly, the muscles do not work,
and we can talk about dystrophy of muscle fibers and
a decrease in myogenic potential. Surgical treatment
aimed at eliminating anatomical and functional defect,
which should subsequently improve speech quality and
feeding. However, problems often persist after surgery.
After surgery, scar tissue is formed, which subsequently
causes problems with the function of the muscles of
the soft palate, namely: it disrupts the organization and
construction of new muscle fibers, and the connections
between them [8].

By histochemical reaction to myofibrillar ATPase
(mATPase), two main types of muscle fibers are
distinguished - type I and II. Type II fibers are classified
into type IIA, IIAB, IIB and IIC depending on the dye
density after acidic preincubation. The additional type of
IM fibers is usually present in the muscles that close the
jaw of a person. mATPase is located on the myosin heavy
chain (MyHC), a molecule that is the main contractile
protein in muscles [22]. The main MUNS isoforms that
are expressed in human limb muscles are slow MyHC,
fast AMyHC and fast X MyHC. Slow MyHC is present in
type I fibers and co-expressed with fast MyHC in type 11C
fibers. Fast A MyHC is mainly present in type IIA fibers,
and fast X MyHC, but not B MyHC, in type IID fibers.
Additional MyHC isoforms such as fetal, embryonic,
a-cardiac, and slow tonic are usually not expressed in
muscle fibers of adult limbs, but are present in cranial
muscles and intrafusal fibers of muscle spindles [23].

It has been established that each muscle of the soft
palate has characteristic differences and that they are
more similar to the muscles of the face than the limbs. The
palatopharyngeal (palatopharingeus) and lingular (uvula)
muscles contain the highest proportion of type II fibers
among human muscles (only the facial m. Zygomaticus
minor is comparable), which are characterized by fast
contractility with a large high threshold of motor units.
In contrast, the levator and tensor veli palatini muscles
contain predominantly type I fibers.

Fetal-myosin MyHC is present in a small number
of fibers in all muscles of the palate. In the limbs, fetal-
myosin is only expressed during early fetal muscle
development. The muscles of the palate are characterized
by the presence of small fibers of less polygonal shape
and a higher content of connective tissue. The same
morphology is characteristic of the human facial muscles.
Their fiber diameter is smaller and exhibits significant
variability. All muscles have a high capillary density and
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an unusually high activity of mitochondrial enzymes
in type II fibers. This indicates a high potential for
aerobic metabolism and therefore resistance to fatigue.
The absence of conventional muscle spindles indicates
a special system of proprioceptive control, which is
usually mediated by muscle spindle receptors. The
absence of muscle spindles is important for regulating
the tension and rate of contraction in the limb muscles.
In the masticatory muscles, numerous muscle fibers are
observed, while in the facial muscles they are completely
absent [19].

A number of pathological conditions, including
congenital myopathies, dystrophies, are associated with
progressive loss of muscle mass and strength, and may
also be accompanied by a decrease in the number and
proliferative potential of satellite cell muscles. The main
mechanisms responsible for these changes in the affected
muscles have not yet been elucidated, but may be associated
with internal changes, namely: the inclusion of proliferative
stress associated with the need for repeated muscle
regeneration in response to chronic degenerative conditions.
However, in addition to internal deficits, environmental
changes can occur that can affect the pools and suppress the
myogenic activity of these cells.

Children with various types of congenital defects,
which include congenital nonunion of the palate, in
which the functional state of the muscles is of paramount
importance, are also a problem. However, at the moment
there is no idea about the primary state of the muscles
of the soft palate in such patients. Therefore, the reasons
for the unsatisfactory results of surgical treatment can be
both congenital myopathy of the muscles of the soft palate
or a decrease in the myogenic potential before surgery,
due to atrophy caused by pathological attachment, and
improper functioning of these muscles.

Regeneration of skeletal muscles is of great clinical
importance in muscular dystrophies and various injuries;
it depends on the cambial reserve formed by myosatellite
cells [4].

Satellite cells — mononuclear myogenic stem cells
located between the basal lamina and the cell membrane
(sarcolemma) of skeletal muscle fiber, are the main
participants in postnatal muscle growth. Satellite cells
were first described in 1961 by Mauro A. This discovery
made it possible to solve a long-term problem: why
is the number of nuclei and the size of myofibrils
growing without visible nuclear divisions? As a result
of subsequent electron microscopic studies, resting cells
lying on the surface of the muscle fiber under its basement
membrane were called satellite. They make up 2-5% of
the subluminal nuclei and are mitotically inert under
normal conditions, but they are activated to proliferate
during postnatal growth and muscle regeneration in
response to injury or exercise and begin to divide, passing
through self-renewal and differentiation into a mature
muscle cell. With age, the ability of skeletal muscles to
regenerate decreases [18].
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Typically, stem (progenitor) cells are characterized
by molecular markers typical for each stage of their
development. Satellite cells resting in normal adult
muscle can be activated, divide, forming myoblasts,
which then undergo the stages of proliferation,
committing (preparation) for differentiation, and
fusion into immature myocytes, which form myofibrils
after maturation [14]. The activation of satellite cells
is accompanied by a transition to the expression of
the marker MyoD, and the expression of myogenin
corresponds to commitment to differentiation. As
the transcription factor Pax7 decreases and the myo-
specific transcription factors MyoD and myogenin grow,
myoblasts enter the phase of differentiation [14]. The
manifestation of cells expressing Pax7, but not MyoD,
indicates a self-renewing population of satellite cells [5].
Expression of MLC3F-tg is typical of many structural
muscle genes, such as skeletal muscle actin and MyHC
myosin, which characterize sarcomeres in the late stages
of differentiation.

Since satellite cells move from their immediate position
under the basal lamina during muscle regeneration, this
formally contradicts their status as stem cells. Direct
evidence of the functioning of satellite cells as myogenic
progenitors was first obtained using labeled thymidine
in growing or regenerating muscles and then on isolated
myofibrils, which led to the general acceptance of the ability
of satellite cells to give rise to myoblasts differentiating into
multinucleated myofibrils [15].

One of the most important characteristics of stem
cells is the ability to self-renew in vivo — long-term
proliferation ~ without concomitant differentiation.
Therefore, in order to reasonably define one of the
subpopulations of myosatellitocytes as myogenic stem
cells, most researchers are trying to establish their ability
to multiple division [3].

Self-renewal of satellite cells can occur during the
initial asymmetric division of the satellite cell and/
or upon the return to a dormant state of the myoblasts
formed by these cells.

A small number of muscle nuclei can also be
formed at the expense of non-satellite cells (interstitial
or circulatory), but the possibility of them creating
proliferating myogenic progenitors has not yet been
established.

The recent transplantation of such single myofibrils
into muscle was a good confirmation of the fact that
satellite cells are indeed myogenic stem cells that form
new myofibrils, as well as new satellite cells [17].

Until recently, satellite cells were considered as
unipotent myogenic precursors, because their myogenic
potential was manifested on isolated myofibrils. However,
it turned out that satellite cells can leave the myogenic
pathway (exhibit plasticity) when treated, for example,
with adipogenic factors. In addition, the expression of
osteogenic and adipogenic markers was found in the
culture of satellite cells from a single myofibril [6].
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When satellite cells isolated from mouse myofibrils
were cultured, both myogenic and non-myogenic clones
were obtained in blood serum, and only myogenic clones
expressed myogenic transcription factors with further
myofibril formation. A model of mesenchymal plasticity
of skeletal muscle satellite cells is proposed. According
to this model, satellite cells located in the corresponding
myogenic environment enter myogenic differentiation,
forming myoblasts, which turn into myofibrils. Another
subpopulation of satellite cells undergoing de-homing,
i.e. losing the myogenic environment, they follow a
different path — mesenchymal alternative differentiation
(MAD), giving non-myogenic cells like adipocytes and
osteoblasts [21]. Thus, the multipotency of satellite cells
is fully proven.

Adult muscle tissue can repair itself in response to
direct injury, neurological dysfunction, and genetic
defects. The regeneration process begins with the
activation of satellite cells. Once activated, satellite cells
divide, differentiate into specific types of muscle tissue,
and ultimately fuse with the tissue being repaired [1].

Skeletal muscle can be damaged by injury, illness,
and certain types of exercise. The lesions go through the
following phases: necrosis/degeneration, inflammation,
repair and scarring (fibrosis). Necrosis/degeneration
is accompanied by the destruction of the plasma and
basement membranes, the entry of extracellular calcium
and the subsequent destruction of the myofibril. First,
the surface is filled with inflammatory cells (monocytes,
macrophages and T-lymphocytes. Subsequent secretion
of growth factors and cytokines causes blood flow to the
site of injury and intensifies the inflammatory response.
Muscle regeneration begins after phagocytes clear it of
necrotic tissue, therefore blocking inflammatory cells (for
example, non-steroidal anti-inflammatory drugs) slows
down the regeneration process, since factors secreted
by macrophages may play a role in the proliferation and
differentiation of myoblasts. Active muscle regeneration
usually lasts 2-3 weeks after injury.

It is known that stem cells do not exist in the body
by themselves, they are located in a microenvironment,
which is usually denoted by the term «niche». At present,
this term is usually understood as a combination of factors
that ensure the viability and self-reproduction of stem
cells, and the differentiation of transient daughter cells.
For satellite cells, these factors include the presence of
the basement membrane, extracellular matrix molecules,
and the presence of neighboring cells that produce growth
factors and various regulatory molecules.

Niches are part of the structural and functional units
that make up tissues, and stem cells are firmly anchored
in the niche with the help of adhesion molecules, for
this purpose, in particular, a class of adhesion molecules
called integrins is used.

Animportant component of the satellite cell stemniche
is the basal lamina, which consists of matrix proteins —
laminin, collagen and proteoglycans, interacting with
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membrane proteins of the satellite cell, and is a reservoir
for some growth factors. In addition, the activity of
satellite cells is influenced by other types of cells from
the local environment (for example, fibroblasts secreting
paracrine factors, nerves acting through the myofibril,
endothelial cells secreting growth factors, immune cells
that promote muscle regeneration through phagocytic
activity and cytokine secretion).

This anatomical position of the satellite cell niche
determines the combination of signals from the myofibril,
blood circulation, and extracellular matrix, which control
dormancy, activation, and proliferation of the satellite
cell.

Various strategies have now been tried in order to
optimize and improve muscle regeneration. Injections
of growth factors and transplantation of satellite cells
(myosatellites) have been used with different results
[8]. These approaches can be combined to optimize the
treatment of muscle injuries. However, treatment still
faces challenges.

Satellite cells must be isolated from cultured prior to
transplantation, resulting in a loss of myogenic potential.
In addition, satellite cells have low survival rates and
limited migration after transplantation [16].

A number of studies and clinical trials have tested
the efficacy of cell therapy for muscle regeneration and
have met with rather disappointing results, namely low
engraftment rates and minor improvements in muscle
function [11].

Improved clinical outcomes can be achieved by
using more primitive satellite cells freshly isolated from
donor tissue. Nevertheless, this approach introduces
its limitations due to the scarcity of satellite cells in
normal skeletal muscles, relatively laborious currently
methods of access to extract them from tissues, and the
impossibility of increasing these cells in vivo without a
strong decrease in their ability to self-renewal [7].

Thus, the effective use of the regenerative potential
of satellite cells during transplantation still requires the
development of new strategies that support the increase
in the number of these cells while maintaining their
functional engraftment potential. These factors prevent
the use of stem cell therapy for muscular dystrophy.

The age characteristics of satellite cells and their
regeneration capabilities should also be noted.

Several studies have shown that the decrease in
muscle regeneration, the number of satellite cells and
the decrease in function is directly related to age [2]. In
newborn mice, satellite cell nuclei make up about 30%
of myofibrils, but their number decreases with maturity,
and only about 5% of the nuclei in satellite cells in the
muscles of adult mice [19].

The number of cells associated with muscle fibers
decreases with age [10], accompanied by a relative
increase in the frequency of muscle resident FAP cells,
which usually form adipose and scar tissue, as well as the
time of myogenesis [20].
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It was shown that the regeneration of muscle fibrils
ceases to be dependent on Pax7 progenitor cells after
21 days of postnatal development. It is at this period of
development that the formation of the structure of the
muscle fiber is completed, the nuclei are distributed and
the resting myosatellite cells are isolated. It was found
that the Pax7 protein functionally not only coordinates the
survival and proliferation of myosatellite cells, but also
prevents their differentiation and fusion into muscle fiber,
preserving the potential for regeneration in myosatellite
cells. The critical period of dependence on Pax7 was also
determined during the transition from myosatellitocytes
to the state of stem cells, which provide skeletal muscles
with the ability to regenerate. This period in mice ends on
day 21 after birth. The integral role of Pax3 and Pax7 for
embryonic muscle progenitors is shown, and the role of
only one Pax7 for perinatal. It has also been shown that
adult satellite cells do not require either Pax3 or Pax7
for muscle regeneration. This finding contradicts the
generally accepted concept that «regeneration repeats
development.» Changes in the genetic program of muscle
stem cells during the transition from the embryonic
stage to the juvenile stage and further to the adult stage
prompts caution in applying the knowledge gained from
embryonic research to the biology of adult stem cells.
Age-dependent changes in the properties of stem cells
suggest the need for a thorough analysis of the age of
the cell material used in transplantation in regenerative
medicine [12].

A strategy for obtaining a rapidly dividing population
of human skeletal myogenic progenitor cells derived
from induced pluripotent stem (iPS) cells is described.
iPS cells have all the potential of embryonic stem
(ES) cells, but are produced by reprogramming skin
cells (fibroblasts). They can be patient-specific, which
reduces the likelihood of immune rejection, and does not
heighten the ethical concerns surrounding the killing of
human embryos. To achieve these results, the scientists
genetically modified two well-studied human iPS cell
lines and a human embryonic stem cell line with the
PAX7 gene. This allowed them to regulate the levels of
the Pax7 protein, which is necessary for the regeneration
of skeletal muscle tissue after injury. The researchers
found that this regulation stimulates the differentiation of
naive ES and iPS cells into muscle-forming cells. Thus,
the PAX7 gene - introduced at exactly the right time —
helped shape the fate of human ES and iPS cells, pushing
them to differentiate into muscle progenitor cells.

Once the researchers were able to pinpoint the
optimal timing of differentiation, the cells became fully
functional for the resumption of muscle growth needed to
treat conditions such as muscular dystrophy. Moreover,
Pax7-induced progenitor cells have been shown to be
much more effective in improving muscle function than
human myoblasts, which have been shown in clinical
trials to persist after transplantation.
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The first model for soft palate regeneration after
surgical injury is presented. Studies show that the
anatomy and histology of the muscles of the soft palate
of rats are in many ways comparable to humans. The
widespread use of rodents in biomedical research
provides specific immune antibodies for staining. The
combination of ease of handling and low cost makes rats
the most suitable animal models. The model includes an
isolated non-union of the soft palate. Pax7-, Muod- and
MyoG-positive cells were found at the wound edges, the
presence of activated SatCs and myofibril differentiation
was demonstrated.

The results of the research carried out are relevant
and important for solving the problems of modern
maxillofacial surgery. This is especially true of congenital
pathology of the maxillofacial region, since a congenital
anomaly of development leads to deformation of the
middle third of the face, disharmony in the development
of the facial skeleton, grossly disrupts the functions of
various vital organs and systems, of the facial aesthetics
and negatively affects the formation of the psycho-
emotional status of the child.

CONCLUSIONS

Satellite cells represent an adequate system model
for studying the biology of adult stem cells, as well
as potential candidates for cell therapy in muscle
regeneration. First, they are one of the most abundant and
most readily available cells in our body. Second, there
is a panel of specific markers that can be used to isolate
satellite cells. Third, satellite cells are localized within
distinct anatomical niches, and signaling mechanisms are
currently being studied. Fourth, there is the possibility
of reconstructing muscle injuries in which satellite cells
can be studied. Future research aimed at increasing
the purification of satellite cells so as to maintain their
low differentiation, increase the engraftment potential,
as well as new approaches aimed at obtaining satellite
cells from iPS cells, will help accelerate the progress and
development of drugs for cell therapy in the treatment of
muscle degenerative diseases.
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MOXJIMBOCTI PETEHEPAIIIl M’SI31B M’SIKOT'O HEBA ITPH MOI'O HE3POIIEHHI 3AJIEJKHO
BIJI MIOI'EHHOTI'O ITIOTEHHIAJTY CTOBBYPOBHUX KJIITUH. Orasn
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Pe3tome. BariHiT € 3aranbpHOI0 poOIeMOI0 JUIs KiHOK Y BCbOMY CBiTi, 3 OararbMa nobiuHnMu eexramu. BariHit — ogHa 3 HaitO11b-
mAKTyansHicTh. ChOro/iHi iCHYIOTh OibI 150 MeTOAMK yCYyHEHHS BPOJDKEHUX Ne(EeKTiB TBEpJOro ta M’skoro mixHeOinHs. OnHak mi
HNPUHAOMH HE 3aBX/H MPUBOAATE 10 BUCOKHX (YHKIIOHATBHUX PE3YJbTATiB, [0 HPU3BOIUTH 0 MOBTOPHHUX ONEPATHBHUX BTPYYaHb i
TpuBaoi soroneanyHoi peabinirauii. Tomy icHye npoGiaemMa IPOrHo3y Takoro JiKyBaHHS. AKTyaJbHHM € TOLIyK MapKepa JUIsl OLiHKH
IIPOTHO3Y XipypriuHoro BTpydanHs. OJJHIM 3 TAKHX MapKepiB MO)ke OyTH CTaH MiOT€HHOTO MOTEHIiay CTOBOYpPOBHX KIIITHH.

Mera. [IpoananizyBaTi MOXJIMBICTh MONIEPEAHBOI OLIHKH (Ha TOXIpYpridHOMY €Talli) pereHepanii M’s3iB, B 3aJ€KHOCTI BiJ Mio-
TEHHOTO MOTEHINI ATy CTOBOYPOBUX KJIITHH, 3 METOIO MiIBUIICHHS ¢(DEKTUBHOCTI JIIKYBaHHSI JITEH 3 HE3POIICHHSIM M’ SKOTO ITiTHCOIHHSI.

Mertoa. AHaTITHYHUH OTJIA JIITepaTypH 3a KIFOYOBHMH CJIOBaMHU 3 HaykoMmeTpiuekix 6a3 PubMed, Scopus, Web of Science.

Pesynpratu. CateniTHI KIITHHA MOXYTh PO3DIISAAATHCS, SIK KaHIUIATH I KIITHHHOI Teparii B M’s130Biii perenepartii. [lo-mepie,
BOHH OJIHI 3 HAMITOIMMPEHIMHX i HAWOUIBII TOCTYMHUX KIITHH B Hamomy oprasi3mi. [lo-apyre, € maHenh KOHKPETHHX MapKepiB, sKi
MOXYTb OyTH BUKOPHUCTaHI JUlsl BUIUICHHSI KIITHH-catemiTiB. [o-Tpere, caresiTHI KIIITHHM JIOKaIi30BaHi B YITKUX MeXax aHATOMIYHOI
HiIlN, 1 CUTHAJIBHI MEXaHI3MH B JaHUH Yac BUBYEHI. [lo-dyeTBepTe, € MOXKIMBICTD BIITBOPEHHS M’S30BHX TPaBM, IPH SKUX CaTEJNITHI
KIIITHHU MOXYTh OyTH BuUBUeHi. MalOyTHI TOCIi/KEHHS, CIPSMOBaHI Ha MiJBUILICHHS OYMIIEHHS CATENITHUX KJIITHH TaKUM YHHOM,
06 30epiranacs IXHE HU3bKE TU(PEPCHIIIFOBAHHS, ITiIBUIIYBABCSI MOTCHIIIAJ MPHKUBIICHHS, & TAKOXK HOBI IMiJIXO/IHM, CIPSIMOBaHI Ha OT-
pUMaHHS CaTeNiTHUX KIITHH BifJ iPS-KITiTHH, TOTTOMOXYTh IPUCKOPUTH POTPEC 1 pO3pOOKY JIiKiB s KIITUHHOT Tepartii IpH JTiKyBaHHI
M’SI30BUX JIeTCeHEPATHBHUX 3aXBOPIOBAHb.

BucHoBok. CareiTHi KIIITHHU € aJICKBaTHOI MOJICIITFO CUCTEMH ISl BHBYCHHSI G10JIOTIT TOPOCIHX CTOBOYPOBUX KITITHH.

KitrouoBi cioBa: He3poOIIeHHS BEpXHBOi I'yOr Ta mifHeOiHHs, M s130Ba TPaBMa, CaTeNiTHI CTOBOYpOBI KJIITHHHU, IPYKUBICHHS, MiO-
Gbi6punn, Mapkep.
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BO3MOKHOCTHU PEITEHEPALIN MbIUI MAT'KOI'O HEBA ITPU ETO HECPALLIEHUH B
3ABUCUMOCTH OT MUOTEHHOTI'O ITIOTEHIIUAJIA CTBOJIOBBIX KJIETOK. O630p

Xapwvkoe JI.B., Ezopoe P.H.

Hayuonanvuwiti meouyunckuu ynusepcumem um. A.A. bocomonvya, Kues, Ykpauna
DHST1994@Gmail.com

AkTyaabHOcTh. Cerofss cymecTByloT Ooee 150 METOMK yCTpaHSHUs BPOXKICHHBIX 1e(heKTOB TBEPIOTO ¥ MATKoro Heba. OHako
9THU MIPUEMBI HE BCET/Ia MPUBOJAT K BHICOKUM (PyHKIIMOHAIIBHBIM PE3yJIbTaTaM, YTO MPUBOAUT K MOBTOPHBIM ONEPaTHBHBIM BMEIIATEb-
CTBaM M IPOJIOKUTEIBHOH JToroneanueckol peadbmurarmu. [lostoMy cyniecTByeT npodiema nporHo3a Takoro JiedeHus. AKTyaJIbHbIM
SIBJISIETCS TIOUCK MapKepa JUisl OLICHKH POTrHO3a XUPYPrUYeCKoro BMeaTenscrsa. OTHUM U3 TAKUX MapKEPOB MOXET OBITh COCTOSHUE
MHOT€HHOTO NOTEHIHaNIa CTBOJIOBBIX KIETOK.

Hens. [Tpoananm3upoBaTh BO3MOXKHOCTH ITPEABAPUTEIILHON OIEHKH (Ha JOXUPYPIHUECKOM dTalle) pereHepaIiy MBI, B 3aBUCH-
MOCTH OT MUOTE€HHOTO NOTEHIIHaJIa CTBOJIOBBIX KJICTOK, C IEJIbIO MOBBIICHUS () )EKTUBHOCTH JICUSHHS IeTeil ¢ HeCPaIleHHEM MSTKOTO
Heba.

MeTtoa. Aranutudeckuii 0030p TUTEpaTyphI MO KIFOYEBEIM CIIOBaM M3 HaykoMeTpudekux 6a3 PubMed, Scopus, Web of Science.

Pe3ynbraThl. CaTeIMTHBIC KIETKA MOTYT PAacCMaTpPUBAThCS, KaK KaHIUIAThl IS KIETOUHOI Tepariy B MBIIICYHOW pereHeparnm.
Bo-nepBbIx, OHM OHM M3 CaMBIX PacIpOCTPAHEHHBIX M HanboJee JOCTYIHBIX KJICTOK B HAIlleM opraHu3Me. Bo-BTOPBIX, €CTh IaHEb
KOHKPETHBIX MapKepOB, KOTOPbIE MOTYT ObITh HMCIOJIb30BAHBI JUISl BBIJICICHUS KIICTOK-CATeIUIMTOB. B-TPEeTbUX, CaTEIINTHBIE KICTKH
JIOKJIM30BaHbI B YETKUX pe/ieaX aHaTOMUYECKOH HUIIH, U CUTHAJIbHBIE MEXaHU3MBI B HACTOSIIIIEE BPEMsI H3yUeHEL. B-ueTBepThIX, ecTh
BO3MOXKHOCTb BOCCO3/IaHHUsI MBILICYHBIX TPABM, IIPU KOTOPBIX CATEJUIMTHBIC KICTKH MOTYT OBITh M3yYeHbI. Byayliue nccienoBaHus,
HaIpaBJICHHBIE Ha TTOBBINICHNE OYHMCTKU CATEJUIMTHBIX KJIETOK TaKUM 00pa3oM, YTOOBI COXpaHsulach WX HH3Kas aAn(depeHInpoBKa,
MOBBILIAJICS MOTEHIIMAN MPHKUBICHHS, a TAK)KE HOBBIC TIOJXO/IbI, HAITPABJICHHBIC Ha MOJTYyYEHHE CATEJUTUTHBIX KJIETOK OT iPS-KIIeToK,
HOMOT'YT YCKOPUTB POTPEecCe U pa3pabOTKy JICKAPCTB A1 KJICTOYHOH TepaIny IPH JICYCHUH MBIILICUHBIX JICTeHEPaTHBHbIX 3a00JIeBaHUN.

BeiBon. CatemuTHEIE KIICTKU NPEACTABISIIOT COO0M aJeKBaTHYIO MOAEIb CUCTEMBI ISl N3Y9eHHsI OMOJIOTHH B3POCIIBIX CTBOJIOBBIX
KJICTOK.

KoroueBsle ci1oBa: HecpalieHne BepXHei ryObl 1 HeOa, MbIILICYHAs! TPaBMa, CaTEIUIUTHBIC CTBOJIOBBIC KIICTKH, IIPHIKUBIICHUE, MH-
opHUOPUILITBI, MapKep

ISSN 2664-472X. e ISSN 2664-4738. Medical science of Ukraine / Meouuna nayxa Yxpainu, 2020, Vol. 16, Ne 3 69




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /a_GroticRough-Bold
    /Academy
    /AcademyACTT-Bold
    /AcademyACTT-Italic
    /AcademyACTT-Regular
    /Academy-Bold
    /AcademyC
    /AcademyC-Bold
    /AcademyC-Italic
    /Academy-Italic
    /AcademyItalic-BoldItalic
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeDevanagari-Bold
    /AdobeDevanagari-BoldItalic
    /AdobeDevanagari-Italic
    /AdobeDevanagari-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeGurmukhi-Bold
    /AdobeGurmukhi-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeNaskh-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AdverGothicC
    /AdverGothicCamC
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-ItalicOsF
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramond-Regular
    /AGaramond-RegularSC
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGaramond-SemiboldItalicOsF
    /AGaramond-SemiboldSC
    /AGaramond-Titling
    /AGAvalanche-Plain
    /AGBengaly
    /AGBengaly-Bold
    /AGBengaly-Roman
    /AGCenturionBold
    /AGCenturionItalic
    /AGCrown
    /AGCrown-Oblique
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGForeigner-Bold
    /AGForeigner-BoldItalic
    /AGForeigner-Italic
    /AGForeignerLight-Bold
    /AGForeignerLight-BoldItalic
    /AGForeignerLight-Italic
    /AGForeignerLight-Roman
    /AGForeigner-Plain
    /AGForeignerUltraBlack-Italic
    /AGForeignerUltraBlack-Roman
    /AGFriquerBoldItalic
    /AGFriquerItalic
    /AGFriquerPlain
    /AGGloria-Bold
    /AGGloria-Roman
    /AGHelvetica-Bold
    /AGHelvetica-BoldItalic
    /AGHelveticaCyrRoman
    /AGHelvetica-Italic
    /AGHelvetica-Plain
    /AGKornelia
    /AGKornelia-Bold
    /AGMelanie-Bold
    /AGMelanie-Roman
    /AGOptimaBold
    /AGOptimaBoldItalic
    /AGOptimaItalic
    /AGOpus-Bold
    /AGOpus-BoldOblique
    /AGOpus-Roman
    /AGOpus-RomanOblique
    /AGPalatial-BoldItalic
    /AGPalatial-Italic
    /AGPresquire-BoldOblique
    /AGPresquire-Demi
    /AGPresquire-Oblique
    /AGPresquire-Roman
    /Aharoni-Bold
    /Aksent
    /AksentNormal
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldCn
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Cn
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightCn
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdCn
    /AkzidenzGroteskBE-MdCnIt
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AkzidenzGroteskBE-XBd
    /AkzidenzGroteskBE-XBdCn
    /AkzidenzGroteskBE-XBdCnIt
    /Alaska-Plain
    /AmbassadoreType
    /AmbassadoreType-Italic
    /American-Uncial-Normal
    /AncientKyiv
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /AnnaC
    /AnnaC-Bold
    /AnnaCTT
    /AnnaCTT-Bold
    /AnnaLightC
    /AnnaLightCTT
    /AnnaX-Bold
    /AnnaX-Plain
    /Antiqua
    /Antiqua-Bold
    /Antiqua-BoldItalic
    /AntiquaExpanded
    /AntiquaHo
    /Antiqua-Italic
    /AntiquaThin
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arbat
    /Arbat-Bold
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /ArialCyrMT
    /ArialCyrMT-Bold
    /ArialCyrMT-BoldItalic
    /ArialCyrMT-Italic
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /ArtsansC
    /ArtsansC-Bold
    /ArtsansC-BoldItalic
    /ArtsansC-Italic
    /ArtScript
    /ArtScript-Plain
    /Astra
    /AstronC
    /AstronCTT
    /AstronCyrillic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGardeCTT
    /AvantGardeCTT-Bold
    /AvantGardeCTT-BoldItalic
    /AvantGardeCTT-Italic
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeGothicC-Book
    /AvantGardeGothicC-BookOblique
    /AvantGardeGothicC-Demi
    /AvantGardeGothicC-DemiOblique
    /AvantGardeGothicC-Oblique
    /AXP-BalticaCItalic
    /AXP-BodoniCBold
    /AXP-BodoniCBoldItalic
    /AXP-BodoniCItalic
    /AXP-CompactCBold
    /AXP-CompactCBoldItalic
    /AXP-CompactCItalic
    /AXP-FuturisShadowC
    /AXPFuturisVolumeC
    /AXP-FuturisXCondCBold
    /AXP-LazurskiCBold
    /AXP-LazurskiCBoldItalic
    /AXP-LazurskiCItalic
    /AXP-MonoCondensedCBold
    /AXP-MonoCondensedCBoldItalic
    /AXP-MonoCondensedCItalic
    /AXP-MyslCBold
    /AXP-MyslCBoldItalic
    /AXP-MyslCItalic
    /AXP-PetersburgCBold
    /AXP-PetersburgCBoldItalic
    /AXP-PetersburgCItalic
    /AXP-SchoolBookCBold
    /AXP-SchoolBookCBoldItalic
    /AXP-SchoolBookCItalic
    /AXP-TextBookCBold
    /AXP-TextBookCItalic
    /BabyTeet-Plain
    /Baltica
    /BalticaBold
    /Baltica-Bold
    /Baltica-BoldItalic
    /BalticaC
    /BalticaC-Bold
    /BalticaC-Italic
    /BalticaCTT
    /BalticaItalic
    /Baltica-Italic
    /BalticaPlain
    /Banco-Plain
    /BangkokPlain
    /BankGothicCLtBT-Light
    /BankGothicCMdBT-Medium
    /Bard-Normal
    /BaskervilleCyr-Bold
    /BaskervilleCyrillic
    /BaskervilleCyrillic-Bold
    /BaskervilleCyrillic-Italic
    /BaskervilleCyr-Inclined
    /BaskervilleCyr-Upright
    /Bastion-Bold
    /Bastion-BoldItalic
    /Bastion-Italic
    /BastionKontrast-Plain
    /Bastion-Plain
    /BastionX-Italic
    /BastionX-Plain
    /Batang
    /BatangChe
    /BauhausC-Bold
    /BauhausC-Demibold
    /BauhausC-Heavy
    /BauhausC-Light
    /BauhausC-Medium
    /BauhausC-Plain
    /BauhausCTT
    /BauhausCTT-Bold
    /BauhausLightC-Plain
    /BauhausLightCTT
    /BauhausLightCTT-Bold
    /BauhausXC-Bold
    /BauhausXC-Plain
    /Beauty-Bold
    /Beauty-Normal
    /Beauty-Normal-Italic
    /BeeskneesC
    /BeeskneesCTT
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /Bengaly-Bold
    /Benguiat
    /BenguiatGothicC-Bold
    /BenguiatGothicC-BoldItalic
    /BenguiatGothicC-Book
    /BenguiatGothicC-BookItalic
    /BenguiatGothicCTT
    /BenguiatGothicCTT-Bold
    /BenguiatGothicCTT-BoldItalic
    /BenguiatGothicCTT-Italic
    /BenguiatGothicHeavyC
    /BenguiatGothicHeavyC-Bold
    /BenguiatGothicHeavyC-BoldItalic
    /BenguiatGothicHeavyC-Italic
    /Benzion
    /BermudaLP-Squiggle
    /BernhardC
    /BetinaScript
    /BetinaScriptBold
    /BetinaScript-Bold
    /BetinaScriptC
    /BetinaScriptCBold
    /BetinaScriptC-Bold
    /BetinaScriptCTT-Bold
    /BetinaScriptCTT-Regular
    /BetinaScriptExtraC
    /BetinaScript-Plain
    /BetinaScriptXC
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /Binner-Plain
    /BirchC
    /BirchCTT
    /BirchStd
    /BlackadderITC-Regular
    /BlackGroteskC
    /BlackGroteskC-Italic
    /BlackoakStd
    /Blagovest
    /BlocC
    /BlocExtCondC
    /BlocHeavyC
    /Bloknot-Bold
    /Bloknot-BoldItalic
    /Bloknot-Italic
    /Bloknot-Plain
    /BloknotX-Italic
    /BloknotX-Plain
    /Bodoni
    /Bodoni-Bold
    /BodoniBoldCyrillic
    /Bodoni-BoldItalic
    /BodoniBoldItalicCyrillic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniC
    /BodoniCameoC
    /BodoniCameoCTT
    /BodoniC-Bold
    /BodoniC-BoldItalic
    /BodoniCCond-Plain
    /BodoniC-Italic
    /BodoniCondC
    /BodoniCondCameoC
    /BodoniCondCTT
    /BodoniCTT
    /BodoniCyrillic
    /BodoniCyrillicFWF
    /BodoniCyrillicFWF-Bold
    /BodoniCyrillicFWF-BoldItalic
    /BodoniCyrillicFWF-Italic
    /BodoniItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /Bodoni-Poster
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanC-Demi
    /BookmanC-DemiItalic
    /BookmanC-Light
    /BookmanCTT
    /BookmanCTT-Bold
    /BookmanCTT-BoldItalic
    /BookmanCTT-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Borjomi-Bold
    /Borjomi-Plain
    /Boyarsky-Plain
    /BradleyHandITC
    /Breeze-Bold
    /Breeze-Plain
    /BroadwayC-Plain
    /Broadway-Normal
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScript-Plain
    /BrushScriptStd
    /BrushType-Bold
    /BrushType-BoldItalic
    /BrushType-Italic
    /BrushType-Plain
    /BrushType-SemiBold
    /BrushType-SemiBold-Italic
    /BruskovayaCond-Plain
    /Bruskovaya-Plain
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Calligraph
    /Calligraph-Plain
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CaslonOpenFace
    /Castellar
    /Century725BT-RomanCondensed
    /Century751BT-BoldB
    /Century751BT-BoldItalicB
    /Century751BT-ItalicB
    /Century751BT-No2ItalicB
    /Century751BT-RomanB
    /Century751BT-RomanNo2B
    /Century751BT-SemiBold
    /Century751BT-SemiBoldItalicB
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchlbkCyrillicBT-Bold
    /CenturySchlbkCyrillicBT-BoldIt
    /CenturySchlbkCyrillicBT-Italic
    /CenturySchlbkCyrillicBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChanceCyrillic
    /Chancellor-Plain
    /ChanceScript-Plain
    /Chaparral-Display
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-LightIt
    /ChaparralPro-Regular
    /Charlemagne-Plain
    /CharlemagneStd-Bold
    /ClarendonBT-Black
    /ClarendonBT-Bold
    /ClarendonBT-Light
    /ClarendonBT-Roman
    /Classic-Bold
    /Classic-BoldItalic
    /Classic-Italic
    /Classic-Plain
    /Collins-Plain
    /ComicSansMS
    /ComicSansMS-Bold
    /CommonBulletsNormal
    /Compact
    /Compact-Bold
    /Compact-BoldItalic
    /CompactC
    /CompactC-Bold
    /CompactC-BoldItalic
    /CompactC-Italic
    /CompactCTT
    /CompactEx
    /CompactEx-Bold
    /CompactEx-BoldItalic
    /CompactEx-Italic
    /Compact-Italic
    /CompactWd
    /CompactWd-Bold
    /CompactWd-BoldItalic
    /CompactWd-Italic
    /Condens-Bold
    /Condens-BoldItalic
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Corrida
    /Corrida-Bold
    /CorridaC
    /CorridaCTT
    /Corrida-Plain
    /Cottonwood
    /CougelBold
    /CougelPlain
    /Cougel-Plain
    /Courier
    /CourierC
    /CourierC-Bold
    /CourierC-BoldOblique
    /CourierC-Oblique
    /CourierMCY-Bold
    /CourierMCY-BoldObli
    /CourierMCY-Ligh
    /CourierMCY-LighObli
    /CourierNew
    /CourierNewBold
    /CourierNewBoldItalic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CrashC
    /Cricket
    /Cricket-Bold
    /CricketNormal
    /Critter
    /CurlzMT
    /Cutout
    /CyrillicGoth
    /CyrillicGothMedium
    /CyrillicOld
    /CyrillicSans-Bold
    /CyrillicSans-BoldOblique
    /CyrillicSans-Medium
    /CyrillicSans-Oblique
    /CyrillicSerif-Bold
    /CyrillicSerif-BoldItalic
    /CyrillicSerif-Italic
    /CyrillicSerif-Roman
    /DaggerC
    /DaunPenh
    /David
    /David-Bold
    /Decor
    /Decor-Bold
    /DecorC
    /DecorCTT
    /DecorCyrillic
    /Decor-Italic
    /DeVinneBT-Text
    /DFGothic-EB-WIN-RKSJ-H
    /DFKaiSho-SB-WIN-RKSJ-H
    /DFKaiShu-SB-Estd-BF
    /DFMincho-SU-WIN-RKSJ-H
    /DFMincho-UB-WIN-RKSJ-H
    /DFMincho-W5-WIN-RKSJ-H
    /DFPOP1-W9-WIN-RKSJ-H
    /Didona
    /DidonaC
    /DidonaCTT
    /Didona-Plain
    /Digital-Plain
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DINCondensedC
    /Dixieland-Normal
    /DokChampa
    /DoloresCyr-Black
    /DoloresCyr-Bold
    /DoloresCyr-ExtraBold
    /DoloresCyr-Light
    /DoloresCyr-Regular
    /Dotum
    /DotumChe
    /DrunkC
    /DSSofachrome-Italic
    /DublonBrusC
    /DublonBrusC-Bold
    /DublonBrusLightC
    /DublonC
    /DublonC-Bold
    /DublonLightC
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EmbassyBT-Regular
    /Encyclopaedia-Bold
    /Encyclopaedia-BoldItalic
    /Encyclopaedia-Italic
    /Encyclopaedia-Plain
    /EngraversGothicBT-Regular
    /EngraversMT
    /EpsilonC
    /EpsilonCTT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /Eskiz-Plain
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /Europe
    /Europe_Ext
    /Europe_Ext-Bold
    /Europe_Ext-Bold-Oblique
    /Europe_Ext-Oblique
    /Europe-Bold
    /Europe-Bold-Italic
    /EuropeCond
    /EuropeCond-Bold
    /EuropeDemiItalic
    /EuropeDemiNormal
    /Europe-Italic
    /EuroStyleNormal
    /Everest-Bold
    /Everest-Demi
    /Everest-Plain
    /Everest-Ultra
    /Exotic350BT-Bold
    /Exotic350BT-DemiBold
    /ExPonto-Regular
    /ExposureCOne
    /ExposureCOutline
    /ExposureCThree
    /ExposureCTwo
    /FangSong
    /FatFaceC
    /FatFaceCTT
    /FelixTitlingMT
    /FencesPlain
    /Feodorov-Plain
    /FixSysC
    /Flash-Plain
    /FloraC
    /FloraC-Bold
    /Flori
    /ForteMT
    /Fraktura
    /FranklinGothic-Book
    /FranklinGothicBookC
    /FranklinGothicBookC-Italic
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothicDemiC
    /FranklinGothicDemiC-Italic
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothicHeavyC
    /FranklinGothicHeavyC-Italic
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothicMediumC
    /FranklinGothicMediumC-Italic
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /Freehand521BT-RegularC
    /FreeSetBlackC
    /FreeSetBlackC-Italic
    /FreeSet-Bold
    /FreeSetC
    /FreeSetC-Bold
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FrenchScriptMT
    /FrizQuadrataC
    /FrizQuadrataC-Bold
    /FrizQuadrataC-BoldItalic
    /FrizQuadrataC-Italic
    /FuturaBookC
    /FuturaBookC-Oblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-Light
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /FuturaDemiC
    /FuturaDemiC-Oblique
    /FuturaEugenia
    /FuturaEugeniaC
    /FuturaEugeniaCTT
    /FuturaEugeniaCyrillic
    /FuturaEugenia-Italic
    /FuturaLightC
    /FuturaLightC-Oblique
    /FuturaMediumC
    /FuturaMediumC-Oblique
    /FuturisC
    /FuturisCTT
    /FuturisLightC
    /FuturisShadowC
    /FuturisVolumeC
    /FuturisVolumeCYrillic
    /FuturisX-Bold
    /FuturisXC
    /FuturisXCameoC
    /FuturisXCondC
    /FuturisXCondC-Bold
    /FuturisXCondCTT
    /FuturisXShadowC
    /FuturisXShadowCTT
    /Gabriola
    /Galleria-Normal
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Gals-Light
    /Garamond
    /GaramondAZPSBold
    /GaramondAZPSBold-Italic
    /GaramondAZPSNormal
    /GaramondAZPSNormal-Italic
    /GaramondBE-Bold
    /GaramondBE-BoldOsF
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumItalic
    /GaramondBE-Regular
    /Garamond-Bold
    /GaramondBoldBold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /GaramondBookC
    /GaramondBookC-Bold
    /GaramondBookC-BoldItalic
    /GaramondBookC-Italic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /GaramondBookNarrowC
    /GaramondBookNarrowC-Italic
    /GaramondC-Bold
    /GaramondC-BoldItalic
    /GaramondCCond-Bold
    /GaramondCCond-BoldItalic
    /GaramondCCond-Italic
    /GaramondCCond-Plain
    /GaramondC-Italic
    /GaramondC-Light
    /GaramondC-LightItalic
    /GaramondCondBold
    /Garamondcond-Bold
    /GaramondCondBold-Italic
    /Garamondcond-BoldItalic
    /Garamondcond-Bold-Italic
    /GaramondCondLight
    /Garamondcond-Light
    /GaramondCondLight-Italic
    /Garamondcond-LightItalic
    /Garamondcond-Light-Italic
    /GaramondC-Plain
    /GaramondCTT
    /GaramondCTT-Bold
    /GaramondCTT-BoldItalic
    /GaramondCTT-Italic
    /Garamond-Italic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNarrowBold
    /GaramondNarrowC-Bold
    /GaramondNarrowC-BoldItalic
    /GaramondNarrowC-Light
    /GaramondNarrowC-LightItalic
    /GaramondNarrowCTT
    /GaramondNarrowCTT-Bold
    /GaramondNarrowCTT-BoldItalic
    /GaramondNarrowCTT-Italic
    /GaramondNarrowItalic
    /GaramondNarrowPlain
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondNo4CyrTCY-Medi
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /GaramondRomanLight
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic-Black
    /GarthGraphic-BoldCondensed
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /Gatineau-Bold
    /Gatineau-BoldItalic
    /Gatineau-Italic
    /Gatineau-Normal
    /Gautami
    /Gautami-Bold
    /GazetatitulBold
    /GazetatitulBoldItalic
    /GazetatitulItalic
    /GazetatitulPlain
    /GazetteLH-Bold
    /GazetteLH-Italic
    /GazetteLH-Roman
    /GeographicSymbols-Normal
    /Geometric212BT-BookCondensed
    /Geometric212BT-HeavyCondensed
    /Geometric415BT-BlackA
    /Geometric706BT-BlackCondensedB
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /GiddyupStd
    /Gigi-Regular
    /GilbertUltraBold-Normal
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-Plain
    /GillSansSA-Bold
    /GillSansSA-Regular
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Gisha
    /Gisha-Bold
    /Glacier-Italic
    /Glacier-Normal
    /GlasnostDemiboldFWF
    /GlasnostExtraboldFWF
    /GlasnostLightFWF
    /Glasten-Plain
    /GloucesterMT-ExtraCondensed
    /Glypha-Black
    /Glypha-BlackOblique
    /Glypha-Light
    /Glypha-LightOblique
    /Glypha-Thin
    /Glypha-ThinOblique
    /GoldenOldStyle-Bold
    /GoldenOldStyle-Normal
    /GoldMine-Normal
    /Gonez-01
    /Gonez-03
    /Gonez-1
    /Gonez-3
    /Gothic-Plain
    /GothicRusMedium
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-BoldItalicOsF
    /Goudy-BoldOsF
    /Goudy-ExtraBold
    /Goudy-Heavyface
    /Goudy-HeavyfaceItalic
    /Goudy-Italic
    /Goudy-ItalicOsF
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /Goudy-SC
    /GoudyStout
    /GoudyTextMT
    /GoudyTextMT-Dfr
    /GoudyTextMT-LombardicCapitals
    /Graffiti1C
    /Graffiti2C
    /Graffiti3C
    /Graffiti4C
    /Graffiti5C
    /Granit-Plain
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB
    /Griffon-Normal
    /GriffonShadow-Normal
    /GrotesqueMT
    /GrotesqueMT-Black
    /GrotesqueMT-Bold
    /GrotesqueMT-BoldExtended
    /GrotesqueMT-Condensed
    /GrotesqueMT-ExtraCondensed
    /GrotesqueMT-Italic
    /GrotesqueMT-Light
    /GrotesqueMT-LightCondensed
    /GrotesqueMT-LightItalic
    /Guardi-Black
    /Guardi-BlackItalic
    /Guardi-Bold
    /Guardi-BoldItalic
    /Guardi-Italic
    /Guardi-Roman
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Helios
    /HeliosBlack
    /HeliosBlack-Italic
    /Helios-Bold
    /Helios-Bold-Italic
    /HeliosCompressed
    /HeliosCond
    /HeliosCondBlack
    /HeliosCondBlack-Italic
    /HeliosCond-Bold
    /HeliosCond-Bold-Italic
    /HeliosCond-Italic
    /HeliosCondLight
    /HeliosCondLight-Italic
    /HeliosCondThin
    /HeliosCondThin-Italic
    /HeliosExt
    /HeliosExtBlack
    /HeliosExtBlack-Italic
    /HeliosExt-Bold
    /HeliosExt-Bold-Italic
    /HeliosExt-Italic
    /HeliosExtLight
    /HeliosExtLight-Italic
    /HeliosExtraCompressed
    /HeliosExtThin
    /HeliosExtThin-Italic
    /Helios-Italic
    /HeliosLight
    /HeliosLight-Italic
    /HeliosThin
    /HeliosThin-Italic
    /HeliosUltraCompressed
    /Helvetica
    /Helvetica_cyr-Oblique
    /Helvetica-2-UltraLight
    /Helvetica-2-UltraLight-Italic
    /Helvetica-3-Thin
    /Helvetica-3-Thin-Italic
    /Helvetica-4-Light
    /Helvetica-4-Light-Italic
    /Helvetica-5-Normal
    /Helvetica-5-Normal-Italic
    /Helvetica-6-Medium
    /Helvetica-6-Medium-Italic
    /Helvetica-7-Bold
    /Helvetica-7-Bold-Italic
    /Helvetica-8-Heavy
    /Helvetica-8-Heavy-Italic
    /Helvetica-9-Black
    /Helvetica-9-Black-Italic
    /HelveticaNeueCyr-Black
    /HelveticaNeueCyr-BlackItalic
    /HelveticaNeueCyr-Bold
    /HelveticaNeueCyr-BoldItalic
    /HelveticaNeueCyr-Heavy
    /HelveticaNeueCyr-HeavyItalic
    /HelveticaNeueCyr-Italic
    /HelveticaNeueCyr-Light
    /HelveticaNeueCyr-LightItalic
    /HelveticaNeueCyr-Medium
    /HelveticaNeueCyr-MediumItalic
    /HelveticaNeueCyr-Roman
    /HelveticaNeueCyr-Thin
    /HelveticaNeueCyr-ThinItalic
    /HelveticaNeueCyr-UltraLight
    /HelveticaNeueCyr-UltraLightItalic
    /Hermes
    /HermesC
    /Herold
    /Herold-Bold
    /HeroldC
    /HeroldC-Bold
    /HoboStd
    /Hover-Plain
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521CBT-UltraBold
    /Humanist531CBT
    /Humanist531CBT-Black
    /Humanist531CBT-Bold
    /Humanist531CBT-UltraBlack
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-LightB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Impact
    /ImprintMT-Shadow
    /InformBold
    /Inform-Bold
    /InformC
    /InformCBold
    /InformC-Bold
    /InformCTT-Bold
    /InformCTT-Regular
    /Inform-Plain
    /InformShadowC
    /InformShadowCTT-Regular
    /IrinaC
    /IrinaCTT
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /ISOCPEUR
    /Izhitsa
    /IzhitsaC
    /IzhitsaOS
    /IzhitsaShadowC
    /IzhitsaShadowOS
    /JakobC
    /JakobC-Bold
    /JakobCTT-Bold
    /JakobCTT-Regular
    /JakobExtraCTT-Regular
    /JakobXC-Plain
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jikharev
    /JournalBold
    /Journal-Bold
    /JournalBoldCyrillic
    /JournalC
    /JournalC-Bold
    /JournalC-Italic
    /JournalCSans-Bold
    /JournalCSans-BoldItalic
    /JournalCSans-Italic
    /JournalCSans-Plain
    /JournalCTT
    /JournalCTT-Bold
    /JournalCTT-Italic
    /JournalCyrillic
    /JournalItalic
    /Journal-Italic
    /JournalItalicCyrillic
    /JournalPlain
    /JournalSans
    /JournalSans-Bold
    /JournalSansBoldCyrillic
    /JournalSans-BoldItalic
    /JournalSansC
    /JournalSansC-Bold
    /JournalSansC-Italic
    /JournalSansCyrillic
    /JournalSans-Italic
    /JournalSansItalicCyrillic
    /KabelC-Bold
    /KabelC-Book
    /KabelC-Demi
    /KabelCDemi-Bold
    /KabelCDemi-Plain
    /KabelCLight-Bold
    /KabelCLight-Plain
    /KabelC-Medium
    /KabelCTT-Book
    /KabelCTT-BookBold
    /KabelCTT-Medium
    /KabelCTT-MediumBold
    /KabelCTT-Ultra
    /KabelC-Ultra
    /KabelCXCond-Plain
    /KabelCX-Plain
    /KaiTi
    /Kaliakra-Plain
    /Kalinga
    /Kalinga-Bold
    /Karelia-Bold
    /Karelia-Plain
    /KarinaC
    /KarinaCBold
    /KarinaC-BoldItalic
    /KarinaC-Italic
    /KarollaC
    /KarollaCTT-Regular
    /Kartika
    /Kartika-Bold
    /KaufmannBT-Regular
    /Khaki-Two
    /KhmerUI
    /KhmerUI-Bold
    /Kibit
    /KibitCyr
    /KibitCyrTCY
    /KibitExcl
    /Klarendon-Bold
    /Klarendon-BoldItalic
    /Klarendon-Italic
    /Klarendon-Plain
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KorinnaBlackC
    /KorinnaBlackC-Heavy
    /KorinnaBlackC-Kursiv
    /KorinnaBlackC-KursivHeavy
    /KorinnaC
    /KorinnaC-Bold
    /KorinnaC-BoldItalic
    /KorinnaC-Italic
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KremlinC
    /KremlinCTT
    /Kudriashov
    /Kudriashov-Bold
    /Kudriashov-BoldItalic
    /Kudriashov-Italic
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWideC-Plain
    /LazurAntiqDisplayC-Bold
    /LazurAntiqDisplayC-Regul
    /LazurAntiqTextC-Bold
    /LazurAntiqTextC-Regular
    /Lazurski
    /Lazurski-Bold
    /LazurskiBoldCyrillic
    /Lazurski-BoldItalic
    /LazurskiBoldItalicCyrillic
    /LazurskiC
    /LazurskiC-Bold
    /LazurskiC-BoldItalic
    /LazurskiC-Italic
    /LazurskiCTT
    /LazurskiCyrillic
    /LazurskiEngravedC
    /LazurskiExpOdC
    /LazurskiExpOdC-Bold
    /LazurskiExpOdC-BoldItalic
    /LazurskiExpOdC-Italic
    /Lazurski-Italic
    /LazurskiItalicCyrillic
    /LazurskyBold
    /LazurskyBoldItalic
    /LazurskyItalic
    /LazurskyPlain
    /Leelawadee
    /Leelawadee-Bold
    /LegendeC-Bold
    /LegendeC-BoldItalic
    /LegendeC-Italic
    /LegendeC-Plain
    /LetterGothic
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LetterGotLCY-Bold
    /LetterGotLCY-Medi
    /LevenimMT
    /LevenimMT-Bold
    /LGamePi-ChessDraughts
    /LGamePi-DiceDominoes
    /LGamePi-EnglishCards
    /LGamePi-FrenchCards
    /Lidia-Plain
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LiteraturnayaBold
    /Literaturnaya-Bold
    /LiteraturnayaBoldItalic
    /Literaturnaya-BoldItalic
    /LiteraturnayaC
    /LiteraturnayaC-Bold
    /LiteraturnayaC-BoldItalic
    /LiteraturnayaC-Italic
    /LiteraturnayaItalic
    /Literaturnaya-Italic
    /LiteraturnayaPlain
    /Literaturnaya-Plain
    /Lithos-Black
    /Lithos-Bold
    /Lithos-Plain
    /LithosPro-Black
    /LithosPro-Regular
    /Lithos-Regular
    /LotusLineDraw
    /Luchtein
    /Luchtein-Bold
    /LuchteinLight
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /LucidaSanTCY-Roma
    /MachineC
    /MachineC-Bold
    /MagistralBlackC
    /MagistralC
    /MagistralC-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MartenCyr-Grotesque
    /MartenCyr-GrotesqueRough
    /MartenCyr-Regular
    /MartenCyr-Rough
    /MatterhornC
    /MatterhornCTT
    /MaximaCyrTCY-LighComp
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MGillSans
    /MGillSans-Bold
    /MGillSans-BoldCondensed
    /MGillSans-BoldItalic
    /MGillSans-Condensed
    /MGillSans-ExtraBold
    /MGillSans-Italic
    /MGillSans-Light
    /MGillSans-LightItalic
    /MGillSans-UltraBold
    /MGillSans-UltraBoldCondensed
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Minion
    /MinionC-Italic
    /MinionC-Plain
    /MinionCyr-Italic
    /MinionCyr-Regular
    /Minion-Italic
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral-Plain
    /Mode-Plain
    /Mojo
    /MongolianBaiti
    /MonoCondensed
    /MonoCondensed-Bold
    /MonoCondensed-BoldItalic
    /MonoCondensedC
    /MonoCondensedCBold
    /MonoCondensedC-Bold
    /MonoCondensedCBoldItalic
    /MonoCondensedC-BoldItalic
    /MonoCondensedCItalic
    /MonoCondensedC-Italic
    /MonoCondensedCTT
    /MonoCondensed-Italic
    /MonotypeCorsiva
    /Montblanc
    /MontblancC
    /MontblancC-Italic
    /Montblanc-Italic
    /MoolBoran
    /MotterTekturaC-Plain
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MurmanskFWF
    /MVBoli
    /MyriadArabic-Bold
    /MyriadArabic-BoldIt
    /MyriadArabic-It
    /MyriadArabic-Regular
    /Myriad-Bold
    /Myriad-BoldItalic
    /MyriadHebrew-Bold
    /MyriadHebrew-BoldIt
    /MyriadHebrew-It
    /MyriadHebrew-Regular
    /Myriad-Italic
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Myriad-Tilt
    /Mysl
    /Mysl-Bold
    /Mysl-BoldItalic
    /MyslC
    /MyslC-Bold
    /MyslC-BoldItalic
    /MyslC-Italic
    /MyslCTT
    /Mysl-Italic
    /Narkisim
    /New_Zelek
    /NewBaskervilleC-Bold
    /NewBaskervilleC-BoldItalic
    /NewBaskervilleC-Italic
    /NewBaskervilleC-Roman
    /NewBaskervilleCTT
    /NewBaskervilleCTT-Bold
    /NewBaskervilleCTT-BoldItalic
    /NewBaskervilleCTT-Italic
    /NewBaskervilleExpOdC-Bold
    /NewBaskervilleExpOdC-BoldItalic
    /NewBaskervilleExpOdC-Italic
    /NewBaskervilleExpOdC-Roman
    /NewBaskervilleExpScC-Roman
    /NewjournalBold
    /NewJournalC
    /NewJournalC-Bold
    /NewJournalC-Italic
    /NewjournalItalic
    /NewjournalPlain
    /News701BT-BoldA
    /News701BT-ItalicA
    /News706BT-BoldC
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Light
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewStandardC
    /NewStandardC-Bold
    /NewStandardC-BoldItalic
    /NewStandardC-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /NewtonXC
    /NewtonX-Plain
    /NewYorkC-Plain
    /NimbusRomDCY-Bold
    /NimbusRomDCY-BoldItal
    /NimbusRomDCY-Regu
    /NimbusRomDCY-ReguItal
    /NinaC
    /NinaCTT
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuevaStd-Bold
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /NuevaStd-Italic
    /Nyala-Regular
    /Nyx
    /OCRA-Alternate
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OdessaScriptFWF
    /OfficinaSansACC-Bold
    /OfficinaSansACC-BoldItalic
    /OfficinaSansACC-Book
    /OfficinaSansACC-BookItalic
    /OfficinaSansC-Bold
    /OfficinaSansC-BoldItalic
    /OfficinaSansC-Book
    /OfficinaSansC-BookItalic
    /OfficinaSansCTT
    /OfficinaSansCTT-Bold
    /OfficinaSansCTT-BoldItalic
    /OfficinaSansCTT-Italic
    /OfficinaSerifC-Bold
    /OfficinaSerifC-Book
    /OfficinaSerifCTT
    /OfficinaSerifCTT-Bold
    /OfficinaSerifCTT-BoldItalic
    /OfficinaSerifCTT-Italic
    /OldScript-Plain
    /OldTownC-Plain
    /OlgaC
    /OlgaCTT
    /OliverNew
    /OliverNew-Bold
    /OliverNew-Italic
    /Optima
    /Optimal-Bold
    /Optimal-BoldItalic
    /Optimal-Italic
    /Optimal-Plain
    /Optima-Plain
    /OratorStd
    /OratorStd-Slanted
    /Ornament1-Plain
    /Ouch
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Paladin-Plain
    /PalatinoC-Bold
    /PalatinoC-BoldItalic
    /PalatinoC-Italic
    /PalatinoC-Plain
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /ParagonC-Plain
    /ParkAvenue-Plain
    /ParsekC
    /ParsekCTT
    /Parsek-Plain
    /Pasma-Bold
    /Pasma-BoldItalic
    /Pasma-Italic
    /Pasma-Plain
    /Penta-Bold
    /Penta-Light
    /PentaLight-Plain
    /Penta-Plain
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Perspective-Plain
    /Peterburg
    /Peterburg-Bold
    /Peterburg-BoldItalic
    /Peterburg-Italic
    /PetersburgC
    /PetersburgC-Bold
    /PetersburgC-BoldItalic
    /PetersburgC-Italic
    /PetersburgCTT
    /PetersburgCTT-Bold
    /PetersburgCTT-BoldItalic
    /PGDidonaCyrIllic
    /PlainScriptC
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /Poetica-ChanceryI
    /Pollock2C
    /Pollock3C
    /Pollock4C
    /Pollock5C
    /Pompeia-Inline
    /PoplarStd
    /PosterBodoniBT-Roman
    /Postino-Italic
    /Pragmatica
    /PragmaticaBold
    /Pragmatica-Bold
    /PragmaticaBoldCyrillic
    /PragmaticaBoldItalic
    /Pragmatica-BoldItalic
    /PragmaticaBoldItalicCyrillic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Italic
    /PragmaticaCondC
    /PragmaticaCondC-Bold
    /PragmaticaCTT-Bold
    /PragmaticaCTT-BoldItalic
    /PragmaticaCTT-Italic
    /PragmaticaCTT-Regular
    /PragmaticaCyrillic
    /PragmaticaItalic
    /Pragmatica-Italic
    /PragmaticaItalicCyrillic
    /PragmaticaLightC
    /PragmaticaLightC-Bold
    /PragmaticaPlain
    /PragmaticaRoman
    /PragmaticaShadowC-Bold
    /PragmaticaShadowC-BoldItalic
    /PresentScript_cyr
    /PrestigeEliteStd-Bd
    /Prestige-Plain
    /Pristina-Regular
    /Propisi
    /ProunBC
    /ProunBC-Bold
    /Proun-Bold
    /Proun-Plain
    /ProunX-Bold
    /ProunX-Plain
    /Pump-Plain
    /QuantAntiquaC
    /QuantAntiquaCBold
    /QuantAntiquaC-Bold
    /QuantAntiquaCItalic
    /QuantAntiquaC-Italic
    /QuantAntiquaCTT
    /QuantAntiquaCTT-Bold
    /QuantAntiquaCTT-Italic
    /Raavi
    /RageItalic
    /Repriza-Bold
    /Repriza-Plain
    /Revue-Plain
    /Ribbon-Plain
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RodchenkoC
    /RodchenkoInlineC
    /Romic-Plain
    /RonInset-Plain
    /RosewoodStd-Regular
    /RoslynGothic-Plain
    /Rubic-Plain
    /SakkalMajalla
    /SakkalMajallaBold
    /Sans-Bold
    /SansLight-Plain
    /Sans-Plain
    /SansX-Plain
    /Sanvito-Light
    /Sanvito-Roman
    /Sapphir-Plain
    /SchadowBT-Bold
    /SchadowBT-Roman
    /SchoolBold
    /SchoolBoldItalic
    /SchoolBook
    /SchoolBookAC
    /SchoolBookAC-Bold
    /SchoolBookAC-BoldItalic
    /SchoolBookAC-Italic
    /SchoolBookAC-Regular
    /SchoolBook-Bold
    /SchoolBook-BoldItalic
    /SchoolBookC
    /SchoolBookCBold
    /SchoolBookCBoldItalic
    /SchoolBookCItalic
    /SchoolBookCTT
    /SchoolBook-Italic
    /SchoolItalic
    /SchoolPlain
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /Serpentin-Plain
    /Shelley-AllegroScript
    /ShonarBangla
    /ShonarBangla-Bold
    /Shruti
    /Shruti-Bold
    /Shuriken-Boy
    /SimHei
    /SimonciniGaramond
    /SimonciniGaramond-Bold
    /SimonciniGaramond-Italic
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /Sinaloa-Plain
    /SkazkaForSergeMedium
    /Skazka-Plain
    /Skoropys-XVII
    /Slavanskay
    /Slavjanic
    /SlavonicCond-Plain
    /SlavonicGothic-Plain
    /Slavonic-Plain
    /Slipstream-Plain
    /SourceSansPro-Black
    /SourceSansPro-BlackIt
    /SourceSansPro-Bold
    /SourceSansPro-BoldIt
    /SourceSansPro-ExtraLight
    /SourceSansPro-ExtraLightIt
    /SourceSansPro-It
    /SourceSansPro-Light
    /SourceSansPro-LightIt
    /SourceSansPro-Regular
    /SourceSansPro-Semibold
    /SourceSansPro-SemiboldIt
    /Souvenir-Bold
    /Souvenir-BoldItalic
    /Souvenir-Italic
    /Souvenir-Plain
    /SpumoniLP
    /Square721BT-Bold
    /Square721BT-BoldCondensed
    /Square721BT-Roman
    /Square721BT-RomanCondensed
    /StandardPoster
    /StandardPosterC
    /StarC
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StenbergC
    /StenbergInlineC
    /StencilStd
    /Sten-Plain
    /Stop-Plain
    /StudioScriptC
    /StudioScriptCTT
    /SvetlanaC
    /SvetlanaC-Bold
    /SvetlanaC-BoldItalic
    /SvetlanaC-Italic
    /SvobodaFWF
    /SvobodaFWF-Bold
    /SvobodaFWF-BoldOblique
    /SvobodaFWF-Oblique
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldItalic
    /Swiss721BT-Heavy
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Sylfaen
    /Symbol
    /symbol
    /SymbolMT
    /TagirC
    /TagirCTT
    /Tahoma
    /Tahoma-Bold
    /TatianaC
    /TauernC
    /TauernC-Italic
    /TauernCTT
    /TauernCTT-Italic
    /TauernEC
    /TauernEC-Italic
    /TauernECTT-Italic
    /TauernECTT-Regular
    /TauernEngravedC
    /TauernEngravedC-Italic
    /TauernIC
    /TauernIC-Italic
    /TauernInlineC
    /TauernInlineC-Italic
    /Taurus-Bold
    /TaurusHeavy
    /TaurusHeavyNormal
    /Taurus-Light
    /TaurusLightNormal
    /Taurus-Plain
    /TaurusX-Bold
    /TaurusX-Plain
    /TechnoNormal
    /Techno-Plain
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TenseC
    /TenseC-Bold
    /TenseC-BoldItalic
    /TenseC-Italic
    /Teslic`sDocument
    /TextBook
    /TextBook-Bold
    /TextBookBoldCyrillic
    /TextBook-BoldItalic
    /TextBookC
    /TextBookCBold
    /TextBookC-Bold
    /TextBookCItalic
    /TextBookC-Italic
    /TextBookCTT
    /TextBookCyrillic
    /TextBookItalic
    /TextBook-Italic
    /TextBookItalicCyrillic
    /TiffanyC-Plain
    /TimelessTCY-Ligh
    /TimelessTCY-LighItal
    /TimesDL
    /TimesDL-Bold
    /TimesDL-BoldItalic
    /TimesDL-Italic
    /TimesET
    /TimesET-Bold
    /TimesET-BoldItalic
    /TimesET-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TimesNRCyrMT
    /TimesNRCyrMT-Bold
    /TimesNRCyrMT-BoldInclined
    /TimesNRCyrMT-Inclined
    /TimesUD
    /TimesUDBold
    /TimesUDBoldItalic
    /TimesUDItalic
    /Tokio-Plain
    /Tornado-Plain
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro3-Bold
    /TrajanPro3-Regular
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Traktir
    /TraktirNormal
    /Traktir-Plain
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Treffi-Plain
    /TrixieCyr-Cameo
    /TrixieCyr-Light
    /TrixieCyr-Plain
    /TrueGritC
    /Trump-Plain
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypeWriter-Bold
    /TypeWriter-Plain
    /TypoUprightBT-Regular
    /Uk_Beton
    /Uk_Inform
    /UkrainianAntique
    /UkrainianBaltica
    /UkrainianBalticaBold
    /UkrainianBalticaItalic
    /UkrainianBodoni
    /UkrainianBodoniBold
    /UkrainianBodoniBoldItalic
    /UkrainianBodoniItalic
    /UkrainianBrushScript
    /UkrainianDecor
    /UmbrellaC-Plain
    /UnicornUkrainian
    /University-Plain
    /Utopia-Italic
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /VantaBlack
    /VantaBold
    /VantaLight
    /VantaPlain
    /VantaThin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vetren-Bold
    /Vetren-Plain
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /VinetaBT-Regular
    /Viola
    /Viola-Plain
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /WellaCorporateCY
    /WellaCorporateCY-Bold
    /Willow
    /WindC
    /WindsorC-Plain
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /XeniaC
    /XeniaCameoC
    /XeniaCompact-Plain
    /XeniaCondensedC
    /XeniaCond-Italic
    /XeniaCond-Plain
    /XeniaExtendedC
    /XeniaExtendedC-Bold
    /Xenia-Plain
    /XeniaWesternC
    /XeniaWesternC-Italic
    /XeniaX-Bold
    /XeniaX-Plain
    /Yakutovych-Black
    /YanusC
    /YanusC-Bold
    /YanusC-BoldItalic
    /YanusC-Italic
    /ZapfChanceCItalic
    /ZapfChancer
    /ZapfChancery_cyr
    /ZapfChanceryC
    /ZapfChanceryC-MediumItalic
    /ZapfChanceryCTT
    /ZhikharevC
    /ZhikharevCTT
    /Zhikharev-Plain
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


