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K CBEJEHHIO ABTOPOB!
[Tpu HampaBiIeHUH CTaThU B PEJAKIMIO HEOOXOAMMO COOIONATh CIIEAYIOIIUE MTPaBUIIa;

1. CraTbs 1omKkHa OBITH IPEJCTABICHA B IBYX SK3EMIUIPAX, HA PYCCKOM MJIM AHIIMHCKOM SI3bI-
Kax, HareyaTaHHas Yepe3 MoJITOpa HHTEPBasia Ha 0HOI CTOPOHE CTAHAAPTHOIO JIMCTA ¢ IMPUHOM
JIEBOTO MOJIsI B TP caHTHMeTpa. Mcrmonp3yemblil KOMITBIOTEPHBIH WPUQT I TEKCTa Ha PYCCKOM U
aHTmiickoM si3pikax - Times New Roman (Kupuiiauma), s TeKCTa Ha TPY3WHCKOM SI3BIKE CIIEAYET
ucrons3oBath AcadNusx. Pazmep mpudra - 12. K pykonucu, HarieyaraHHON Ha KOMIIBIOTEPE, TOJDKEH
ob1Th ipuitosker CD co craTbeit.

2. Pa3mep craTbu 107KEH OBITH HE MEHEE IeCATH U He OoJiee 1BaALATH CTPAHUI] MALIMHOIINCH,
BKJIIOYAs yKa3aTelb JINTepaTyphl H pe3ioMe Ha aHTIIMICKOM, PyCCKOM U TPY3MHCKOM SI3bIKaX.

3. B crarbe 10omKHBI OBITH OCBELICHBI aKTYaJIbHOCTh IAHHOTO MaTepraa, METOAbI U PE3YJIbTaThl
UCCIIEIOBAHUS U UX 00CYyKACHHE.

IIpu nmpencTaBneHny B re4aTh HAYIHBIX IKCIIEPUMEHTATLHBIX pab0T aBTOPHI IOJIKHBI YKa3bIBaTh
BUJ U KOJIUYECTBO SKCIIEPUMEHTAIBHBIX KUBOTHBIX, IPUMEHSIBIIMECS METOABI 00€30011BaHUs H
YCBIJICHHUS (B XOJ€ OCTPBIX OIIBITOB).

4. K crarpe IOMKHBI OBITH MPHIIOKEHBI KPATKOE (HA MOJICTPAHMUIIBI) PE3IOME Ha aHTIINHCKOM,
PYCCKOM U Ipy3UHCKOM $I3bIKaX (BKJIIOUAIOIIEe CIEAYIONINE Pa3ieibl: IeJb UCCIEIOBAHNS, MaTepral u
METOJIbI, PE3yJIBTAThl M 3aKIIFOYCHUE) U CITUCOK KITFoUeBbIX ciioB (key words).

5. Tabnmuip! HEOOXOIUMO MIPEACTABISTE B ITe4aTHOH popme. DoTokonnu He TpuHUMaroTcs. Bee
nu(ppoBbIe, UTOTOBbIE U MPOLEHTHBIE JAHHbIE B TA0JHIAX J0JKHBI COOTBETCTBOBATh TAKOBBIM B
TeKcTe cTaThbu. Tabnuibl U rpad)uKu TOJKHBI OBITH 03araBeHbI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300pakeHUH. PUCYHKH, 9epPTEXH 1 AUAarpaMMBbI CIIEAyeT 03aIIaBUTh, IPOHYMEPOBATh M BCTABUTH B
COOTBeTCTBYMOIIEE MecTo TekcTa B tiff hopmare.

B noanucsx k MukpodoTtorpadusM ciienyeT yKasblBaTh CTEIICHb YBEIMUYESHUS YePEe3 OKYIISP HIIH
00BEKTHB U METOJI OKPACKH MIJIM UMIIPETHAIINN CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOMAATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHnn crareid B xypHanm MHI mpocum aBTOpOB cobmronars
HpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKONHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMUTETOM PEIAKTOPOB MEAMIMHCKUX JKYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B xoHIIe Ka)X10l OpUTMHAIBHON CTaThy NpUBOAUTCS Onbimnorpaduueckuii cnucok. B cnimcok naurepa-
TYpPBI BKJIIFOUAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKM B TeKcTe. CIHCOK COCTaBIIsIeTCs B
andaBuTHOM MOpsAAKe U HymMepyeTcs. JlutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUruMHana. B
CIMCKE JINTEPATyPhl CHavYajIa IPUBOISTCS PaOOThI, HAIIMCAHHBIE 3HAKAMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupuuien u naruauneil. CChUIKM Ha IUTUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIAPaTHBIX
CKOOKax B BU/IC HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOW padoThI B CITUCKE TUTEpaTypbl. bospmmn-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 MOCTCAHNUE S5-7 JIET.

9. ns momydeHHs MpaBa Ha MyONHMKALMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEKJICHUS BU3Y U COIPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAalledaTaHHbIC Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIyKeOHBIN M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBILIATH IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCIPaBIsTh cTarbi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTMO HampaBlieHHE B PEJAKIINIO paldOoT, MPEACTABICHHBIX K TeYaTH B WHBIX
M3aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3AHUSX.

Hpﬂ HApymI€HUH YKa3aHHbIX IMPaBUJI CTATbU HE PaCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or compu-
ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, and 1.5 spacing
between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to Georgian and Russian
materials). With computer-printed texts please enclose a CD carrying the same file titled with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink (or
black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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3HAYEHUE METAJJIOITIPOTEMHA3 KPOBHU B IIATOT'EHE3E SIIMTEJIHUAJILHBIX OITYXOJIEN
KOXH U BO3MOXXHOCTb UX XUPYPITMUECKOI KOPPEKIIUU

Macasikos B.B., Kum JI.M.

Yacmuoe obpazoseamenvroe yupedcoenue gvicuieco 0opazosanus « Capamosckuti meouyunckuil ynusepcumem « PEABH 3y,
Munucmepcmea gvicute2o obpasosanusi u nayku P®, Capamos, Poccus

37I0Ka4eCTBEHHBIC OIYyXOJH KOKM 3aHUMAIOT OIHO U3 BEIy-
mux Mect B oHkosoruu [1-3,5,7,8]. CrtocoOHOCTh K MHBa3UH
OKpY)KAaIOIUX TKaHEeH M MeTacTasHpOBAHUIO B OTJaJICHHEBIC
OpTaHbl — OTHO U3 (hyHJAaMEHTAIbHBIX CBONHCTB 3JI0Ka4eCTBEH-
HBIX oIryxoied. Ha Bcex oramax MHBa3MM M MeTacTa3HPOBAHHS
SMHTEINAIBHAS OITyX0JIeBasi KJIeTKa HAXOAUTCS B TECHOM KOH-
TakTe C BHeKJIeTouHbIM MarpukcoM (ECM), mostomy ocHOB-
HBIM MOJICKYJSIDHBIX MEXaHH3MOB, OIPEICIISIONINM J[aHHEIC
MIPOLIECCHI, CYUTACTCS pa3pylIeHue 6a3albHOH MeMOpaHbI AIIH-
tenmst 1 ECM nporeazamu, acCOIMMPOBAHHBEIMU C OITYXOJBIO.
OHI0NpPOTEea3bl yYacTBYIOT TAKXKE B OITyXOJIEBOM HEOAHTHOTE-
Hese, CII0COOCTBYsSI PaCIpOCTPAHEHUIO HOBBIX Karmuuisipos. Je-
rpaganuss ECM - HeoTbemileMas 4acTb HE TOJBKO OIIyXOJEBOM
MIPOTPECCUH, HO W MHOTHX 3alpOrpaMHPOBAHHBIX (DH3HOIO-
THYEeCKUX TPOIECCOB: POCTA Pa3BUTHSA U PETreHEpaluyl TKaHU.
Ho B nponecce kanneporesesa perynauus ECM, kak npasuio,
HapyIIaeTcss ¥ UMEET MECTO IaTOJOTHYeCKast HKCIPECcCus pe-
TYISTOPHBIX, B YaCTHOCTH, aATE3MBHBIX OEJIKOB, YTO ITOMOTa-
€T OITyXOJICBOH KJIETKE IPOWUTH BCE DTAIlbl METacTa3HMPOBAHHS
[4]. Wnrnbutops! maTpukcHbIX MertayuronporenHas (TIPMs)
cOaIaHCUPOBAHHO PETYIUPYIOT aKTHBHOCTH MATPHKCHBIX Me-
taonporenHas (MMP), mponcxoauT ne3uHTErpamys co 3710-
KaueCTBEHHO TpaHC(OopMaIHei, a Takke HHrHOUINS aronTo3a
OITyXOJIEBBIX KIIETOK C YBEJIMUCHHEM MHTOTHYECKOH aKTHBHO-
cru [10,11]. Mcxons U3 BBILIEH3II0KEHHOIO, BBICKA3aHO IIpel-
TIOJIOXKEHHE, UTO TKaHeBBIH mHruourop MMP-1 moxer urparsb
JIBOMHYIO pOJb B PETYISIIMH Ipoliecca M METacTa3oB, Oolee
TOTO, OTCYTCTBYIOT JIaHHbIC 00 M3MEHEHUH ToKa3areneii MMP
Ipu Ga3MINOME KOXKH.

Lens wcciieioBaHUs - ONPENEINTD PEAKINI0 METAIOIPOTe-
MHA3 KPOBU IIPU aTUIINYHOM (PSHOTHIIE paKa KOXKH B PA3INIHEIC
CPOKU [10CIICONEPALIMOHHOIO [IEPUOA.

Martepuan u MeToABbI. VcciienoBaHbI CIIeIyIONINe TI0Ka3aTeln:
MMP-1, MMP-2, MMP-7 u MMP-9. U3menenuss MMP nzyuamu y
98 OONBHBIX PA3TMYHBIMU (OPMAMH paKa KOKH, CPEITHUI BO3pACT
— 5543 ner. U3 nux 6asansHOKIeTOUHBIH pak (BKP) koxxu BeIsIBICH
y 39 GonbHbIX, mTockokIeTouHbIH pak (ITKP) xoxu —y 39. T'ncto-
JIOTHYIECKUM HCCIIEIOBAHNEM YCTaHOBJIEHO, uTo npu BKP mpeo6-
JIaAroT MOBEpXHOCTHBIE hopMbI (75%), y3noBas popma BKP Be-
sieiieHa B 25% HaOmonenui (puc. 1).

B ciryuasx ¢ IIKP B 16% cityuasx oTMeueHa BEpETCHOKIIETOU-
Hast opMa, B OCTANIBHEIX 84% MMarHOCTHPOBAaHA aKAHTOJIUTHU-
geckas (opma (puc. 2).

HccnenoBanust IpOBOMITICEH JI0 ONIEPATHBHOTO BMEIIATEIHCTRA,
Ha l, 3,5, 7,10 cyrku nocne onepaiuu u cirycts 18 mecsiues. st
CpaBHEHUsSI N3y4EeHBI Te e IToKa3areiy 17 30pOoBBIX JOOPOBOIb-
e (I rpyrma cpaBHennst) u 20 GOIBHBIX, OIIEPHPOBAHHBIX 10 IO~
Boxty nepmarodubpomsl (11 rpyrmma cpaBHEHMS), TOTO JKe BO3pacTa
u iona. Bo Bcex HaOMrOEHUSX ObLIa BBIsIBIICHA TIpocTast GuoOpo3-
Hasl THCTHOIMTOMa (nepMaropubpoma) (puc. 3). Msydenwe mo-
Kasareneil npu gpuOpoMe MPOBOAMIOCH B Te ke CPOKH. Jlparnos

© GMN

BepH(DUIIMPOBAH THCTOIATOJIOTHYECKH N0 oreparnun. Oneparms
TIPOBOJIMIIACK ITOJT MECTHOM aHECTE3UEH, IIPH paKe - IMHPOKOE MCce-
YeHHE 00JIACTH OITYXOITH, TIPH (PHOPOME — ICCEUCHUE 00pa30BaHUsL.

Puc. 1. basanvnoknemounviii pax kooicu. OKpacka 2emamox-
CUTUHOM U DO3UHOM, X] 00

s 2 iy g
W A& Ny A
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>
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%

Puc. 2. Akanmonumuueckas gpopma paxa kodicu. Okpacka ee-
MAMOKCUTUHOM U S03UHOM, X100

,'\-

F-l;“f:;s:' 4 ‘%' ;..';‘7 TS
Puc. 3. ﬂepMamodmﬁpoma OKpaCKa 2eMAMOKCUIUHOM U D0~
sunom, X100

KputepueM BKIIOYEHHS B UCCIIEIOBAHUE SBUIOCH HAINYUE HE-
orutasuu koxu coorsercrByromee T1-2NOMO no BO3. Kpurepus-
MU UCKJIFOUCHUS] - AUCCEMUHALUS IIPOLlecca, Hallu4ue MEeTacTa3oB
B JIMM(ATHUIECKHe Y3IIbI 1 BHyTPEHHUE OPTaHbl, XUMUO- U JIydeBast
Teparvist, HH(APKTH MAOKap/ia FJIM TOJIOBHOTO MO3Tra B aHaMHE3e.
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OT manueHToB MOJIyYeHO HH(OPMHUPOBAHHOE MHCHMEHHOE
corlacue Ha y4acTHe B HCCIIEIOBAHMU COIIACHO XEJIbCUHKCKOH
Jexnapatmu  BcemupHolt mequuuHckoi accormaimu  (WMA
Declaration of Helsinki — Ethical Principles for Medical Research
Involving Human Subjects, 2013). MccnenoBanue o100peHo ko-
MHUCCHEH yHUBEpCHUTETA 110 OHO3THKE.

YpoBeHb HHTHOUTOPA METAIIIONPOTENHA3- 1 ONpeessuIcs M-
MyHO(EPMEHTHBIM METOJIOM C IIPUMEHEHHEM peakTnBoB R&D
Diagnostics Inc. (CHIA). [erexunto MMP npoBonuinu ¢ mo-
MOILBIO CTaHIAPTHBIX HAOOPOB VIS IPSIMOTO0 KMMYHO(DEPMEHT-
Horo aHanmm3a: «Human/Mouse/Rat MMP-2 (total)», «Human
MMP-7 (total)», «Human MMP-9 (total)» (Bce Quantikine®,
«R&D Systems», USA) B COOTBETCTBUH ¢ HHCTPYKLHUSIMHU TIPO-
HU3BOOUTECIIA. I/I3MepeHl/15[ IIPOBOJAMJIN HA aBTOMAaTUYE€CKOM YHU-
BepcajbHOM puaepe st mukporutanmera ELX800 («Bio-Tec
Instruments, Inc.», USA).

Pesynbrarsl HccieI0BaHUs CTATUCTUUECKH 00pabOTaHbI C HC-
MOJIb30BaHKEM mporpaMm «Statistica 6.0» u «Excel» (Microsoft,
2003).

Pe3yabTarsl 1 uX 00cy:xkIeHUe. Pe3ynbraTsl Hcciie10BaHUH
npu 6333.HI/IOMC KOXH U I'PYIIIbI CPaBHCHUSA IIPEACTABJICHLI B
Tabmuue 1.

W3 nansbix Tabnuubl 1 sIBCTBYET, YTO 10 Hayaja ONepaluu
B 06e1/1x rpynmnax oTMedalioch 3HAYUTCIBbHOE, CTaTUCTUYCCKU
JIOCTOBEPHOE YBEIIMYCHHE BCEX HCCIICIYeMBIX IOKa3areiel B
CpaBHEHUU C NJAaHHBIMH, ITOJYYEHHBIMH B I'DYIIIIC OTHOCHUTEIIb-
HO 3710pOBBIX Jinll. HeoOxoaumo orMeTuts, uto B rpymme ¢ BKP

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

KO)KU Ha IIPEAONEPALluOHHOM 3TAIle ATU [10KA3aTeIN 3HAYUTEIIb-
HO, OoJiee ueM B TpU pa3a, ObUI BBIIIE AHAIIOTMYHBIX [TOKA3aTe-
JIeH, TIOJIyYeHHBIX B TPYIIIE MALUEHTOB ¢ NPOCTOi (Gprudpo3Hoii
TUCTHOLIUTOMOM.

Ha mniepBble mocieonepanoHHble CyTKH CYIIECTBEHHBIX W3-
MEHEHHUH B aHAIN3UPYEMBIX ITOKa3aTelsIX 00enX CpaBHUBAEMbBIX
IPYII HE BBISBICHO, MOKA3aTeIM HE OTIMYAIKNCH OT JaHHBIX,
MIOJTy4EHHBIX J10 Hadyajia ONEepPaTUBHOIO JICUCHUS.

Ha 3 cyTku mociie oneparyu BhISIBICHO: B TPyIIe OOJIbHBIX C
BKP cymecTBeHHBIX CABUIOB HE BBIABICHO, UCCIEIyeMbIe I0-
Ka3arejy MOYTH He OTIMYAIUCh OT JAHHBIX, HOJNYYEHHBIX pa-
Hee. B Toxe Bpewmsi, B rpymme ¢ puOpoMoii KOKH UMENI0 MECTO
CTaTUCTUYECKH JIOCTOBEPHOE CHIDKEHHE aKTHMBHOCTH WHTHOM-
pytoutero dakropa TIPMs-1, koTopslii ObUT B COOTBETCTBHU C
JTaHHBIMU, NOJIy4eHHBIMU B | rpymnne cpaBuenus. [Ipoucxoanio
cHmkeHue nokazareneid TIPMs-1 u MMP-2, MMP-7 u MMP-9,
OJJTHAKO OHM COXPaHMJIMCh HA CTATUCTUYECKU JOCTOBEPHO BBICO-
KOM YPOBHE B CPAaBHEHHUH C JAHHBIMH Y 310POBBIX JIHI] (Tabnuia
2).

Ha 5 cytku mocie omepanuu B rpymrne ¢ GuOpoMoil Koxku
OTMEYaeTCs] BOCCTAHOBIICHUE BCEX HMCCIIEAYEMBIX MOKa3arelei
JI0 YPOBHs y 310poBbIX Juil. B rpynme 6onbubix BKP ormeya-
JIOCh CHWKeHME mokasareiss TIPMS-1, onHako, oH ocTaBacs
Ha CTaTUCTUYECKH JIOCTOBEPHO BBICOKOM YPOBHE B CPaBHEHUH
¢ naHHbIMU | Tpynnsl cpaBHeHHs. OcTanbHbIE MOKa3aTeIn Cy-
IIECTBEHHO HE OTIMYAINCH OT JaHHBIX, TOJYYSHHBIX Ha 3 CYTKH
nocJje oneparuu (tadnuma 3).

Tabnuya 1. [lokazamenu mxauneoeo uneubumopa memanionpomeunas-1, MMP-2, -7, -9
6 kposu y nayuenmos ¢ BKP xooicu u depmamoghubpomoii 0o nauana onepayuu (M=m)

Pe3ysbTaThl B rpynmnax
Hccaenyemble nokasaresin KpOBH
BKP (n=39) 3gopoBble (n=17) ¢pudpoma koxu (n=20)
TIPMS-1, ar/mn 1234,1+0,3* 789+0,4 881+0,2*
MMP-2, ar/mn 423+0,2* 25440,3 321+0,3*
MMP-7, ar/mi 8,4+0,3* 3,8+0,2 4.2+0,1*
MMP-9, ar/mn 678+0,2* 396+0,2 423+0,2*

npumeyanue: * — cmamucmudecku docmosepHuie paziuyus (p<0,05) ¢ OanuviMu y 300p0O8bIX Ul

Tabnuya 2. [lokazamenu mxaneo2o uneubumopa memanronpomeunas-1, MMP-2, -7, -9
6 kposu y nayuermos ¢ BKP xoxcu u depmamogubpomoii na 3 cymku nocne onepayuu (M=m)

Pe3yabTarsl B rpynmnax
HccaenyeMble nmokazarem KpoBH BKP (n=39) 310posie (n=17) qmﬁl()r(:r;ol)comn
TIPMS-1, ur/ma 1235,3+0,3* 789+0,4 784 +0,2
MMP-2, ar/mn 426+0,2* 254+0,3 289 +£0,3*
MMP-7, ur/mn 8,6+0,3* 3,8+0,2 4,1+0,1*
MMP-9, ur/mi 681+0,2%* 396+0,2 403 £0,2*

npumeyanue: * — cmamucmudecku docmosepHule pasiuvus (p<0,05) ¢ Oanuvimu y 300p0o8bIX Ul

Tabnuya 3. [loxkazamenu mxanegozo uneudbumopa memannonpomeunas-1, MMP-2, -7, -9 ¢ kposu
y nayuenmos ¢ BKP koorcu u depuamogpudopomoui na 5 cymxu nocie onepayuu (M=+m)

Pe3yjbTaThl B rpynnax
Hccenenyemble nokasaren KpoBU
BKP (n=39) 310poBbie (n=17) ¢pudpoma xoxu (n=20)
TIPMS-1, Hr/mn 893,3+0,3* 789+0,4 784 +0,2
MMP-2, ar/ma 424+0,2* 254+0,3 256+0,3
MMP-7, ur/mn 8,5+0,3* 3,8+0,2 3,7+0,1
MMP-9, ur/mn 683+0,2* 396+0,2 394+0,2

npumeyanue: * — cmamucmudecku docmosepHule pasiuvua (p<0,05) ¢ dannvimu y 300p0o8uIX Uy
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Ha 7 cytku mocie omepanuu B rpymrne ¢ GuOpoMoil Koxu
CYLIECTBECHHBIX CIABUIOB B [IOKA3aTENSIX HE BBIABICHO, JaHHbBIC
IPAKTUYECKU UICHTHYHBI Pe3yJIbTaTaM, IOJIy4YeHHBIM Ha 5 CyT-
ku. [Ipu BKP koxu npoucxoannu ciienyronye CABUIM: oKa3a-
tenb TIPMS-1 He n3meHusIcs U ocTajcs Ha ypOBHE NPembILy-
KX CYTOK, noka3arenu MMP-2, MMP-7 u MMP-9 causunucs,
OHAKO OBUIM CTaTUCTUYECKU JIOCTOBEPHO IOBBIIICHHBIMU B
CpaBHEHMU ¢ AaHHBbIMU | rpymnmnsl cpaBHeHus (Tabauua 4).

Ha 10 cyTtku nocine onepauuu 1 B 6osiee OTJaJICHHOM IOCTO-
HEPAIIOHHOM NEPHOJIE CYLIECTBEHHBIX OTKJIOHEHHH B HCCIIEy-
eMBIX [OKa3atTeJIsIX He OTMEUEHO, B 00€HX TPYIIax Pe3y/IbTaThl
UJIEHTHYHBI TIOJTy4E€HHBIM Ha 7 CyTKM HaOIIO/IEeHUSL.

Taxum 00pa3om, POBEIEHHBIC UCCIICAOBAHUS MMOKA3BIBAIOT,
yto BKP K01 CONpoBOKAAETCS YBETMUEHHEM YPOBHS KaK UH-
rHOUTOpa TKAHEBBIX METAJUIONPOTEHHA3-1, Tak U MAaTPUKCHBIX
METaJIONPOTENHA3 B KPOBU.

Pesynprarsl nccnenoBanuii 3H10reHHOro Tkanesoro TIPMS-1

¥ MaTpuKCHbIX MMP Ipu MI0CKOKJIETOYHOM pake KoXH (CKBO-
MO3HBIH THIT) B TPYIIIaX CPAaBHEHHS [IPE/ICTABICHBI B TAOIHUIIE 5.

W3 naHHbBIX, IPEICTABICHHBIX B TAOJIHIE 5, CIEAYET, YTO IPH
nepmatohudpoMe B TIEPHOL 10 Hayasia ONIEPATHBHOTO JICUCHUS
OTMEYAETCSl YBEIWYECHHE BCEX MCCIICAYEMBIX IIOKa3aresieil B
1,5 pasza B cpaBHEHHH C JJaHHBIMU OT 370poBbIX Juil. [Ipu ITKP
KOJKH OTMEYaeTCs 3HaYUTEJIbHOE YBEJIMUCHHUE BCEX MTOKa3aTeel
B CPAaBHEHHMH KaK CO 3/I0POBBIMHU JIMLIAMH, TaK U C JAHHBIMH, 10~
JIy4eHHBIMH TIpH iepMaToGudpomMe, 4To yKa3bIBaeT Ha HaINYUE
NaTOreHeTUYECKOM CBS3U U3MEeHEHU B rokazareinsix TIPMS-1 u
MMP-2, MMP-7 u MMP-9 nipu pazsutuu IIKP koxu.

B nepBble cyTku nociie onepanuy B rpyImie onepupoBaHHBIX
no nosoxy [IKP koxu 3aperucTpupoBaHO CTaTHCTUUECKU JO-
CTOBEpHOE YBEJIMYCHHE BCEX MCCIICAYEMBIX IIOKa3areleil B
CpaBHEHMH C JAHHBIMU 3[J0POBBIX JuIl. B rpynme ¢ nepmaropu-
OpoMOI BCe TOKa3aTesy MPaKTUYECKU WACHTHYHBI TAKOBBIM 10
HauaJjia ornepaTuBHOrO jedeHus (Tabnuua 6).

Tabnuya 4. [lokazamenu mxanegozo uneubumopa memanionpomeunas-1, MMP-2, -7, -9
6 kposu y nayuenmos ¢ BKP xooicu u 0epmamoghubpomoii na 7 cymru nocie onepayuu (M+m)

Pe3yJibTaThl B rpynmnax
Hccaenyemble nokasaresi KpoBH
BKP (n=39) 3gopoBble (n=17) ¢udpoma koxu (n=20)
TIPMS-1, ar/mn 893,3+0,3* 789+ 0,4 784 +0,2
MMP-2, ar/mn 314 +£0,2* 254+ 0,3 256 +0,3
MMP-7, ur/mn 4,5+0,3* 3,8+0,2 3,7+0,1
MMP-9, ur/mi 433 £ 0,2* 396 +0,2 394+0,2

npumeyanue. * — cmamucmudecku oocmosepHule paziuyus (p<0,05) ¢ danubiMU Y 300POBbIX TUY

Tabnuya 5. [loxkazamenu mxanegozo uneubumopa memanionpomeunas-1, MMP-2, -7, -9
6 kposu y nayuenmos ¢ IIKP koowcu u depmamoghudbpomoti 00 Hauana onepamuerozo aevenus (M=xm)

Pe3yabTaThl B rpynmnax
Hccienyemsie mokasarein KpoBH
IIKP (n=39) 3g0poBblie (n=17) ¢udpoma koxxu (n=20)
TIPMS-1, ar/mn 1457,3+0,3* 789+ 0,4 879 +£0,2*
MMP-2, ur/mn 616 +0,2* 254+0,3 312+0,3*
MMP-7, ur/mn 10,4 +0,3* 3,8+0,2 4,1+0,1%*
MMP-9, ur/mn 864 £ 0,2* 396 +0,2 412 +0,2%*

npumeyanue. * — cmamucmudecku oocmosepHule pasiuyus (p<0,05) ¢ danuvimu Y 300pP0O8bIX Ul

Tabnuya 6. Ilokazamenu mrane6o2o uneubumopa memannonpomeunas-1, MMP-2, -7, -9
6 kpogu y nayuenmog ¢ ITKP kodcu u depmamoghubpomoti 6 nepsvle cymru nocie onepayuu (M=+m)

Pe3ynbTaTsl B rpynmax
Hccnenyemble moka3arean KpoBU
IIKP (n=39) 3p0poBbie (n=17) ¢udpoma koxu (n=20)
TIPMS-1, ur/mn 1986,4+0,3* 789+ 0,4 880 £ 0,2%
MMP-2, ur/mn 741 +£0,2% 254+0,3 315+0,3*
MMP-7, ur/mi 12,3+0,3* 3,8+0,2 43+0,1%*
MMP-9, ur/mn 952 +£0,2* 396 £0,2 414 £0,2%

npumeuanue: * — cmamucmuuecku oocmosepnvle paziudus (p<0,05) ¢ dannvimu y 300posuIx auy

Tabnuya 7. [lokazamenu mxanegozo uneubumopa memanronpomeunas-1, MMP-2, -7, -9
6 kposu y nayuenmos ¢ IIKP koocu u depmamoghubpomoti na 3 cymru nocie onepayuu (M+m)

Pe3ynbTarsl B rpynnax
Hcciienyembie noka3arein KpoBu
IIKP (n=39) 3nopoBblie (n=17) ¢udpoma koxu (n=20)
TIPMS-1, ar/mn 1986,4+0,3* 789 £ 0,4 787 £0,2
MMP-2, ar/mn 741 £0,2* 254+0,3 299 +0,3*
MMP-7, ar/mn 12,3 +£0,3* 3,8+£0,2 42 +0,1%*
MMP-9, ur/mn 952 £0,2* 396 +£0,2 401 +0,2%*

npumeuanue: * — cmamucmuuecku oocmosepvle paziudus (p<0,05) ¢ dannvimu y 300pobIX Uy

© GMN




MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

Tabnuya 8. Iokazamenu mraneeo2o uneubumopa memanronpomeunas-1, MMP-2, -7, -9
6 kpogsu y nayuenmog ¢ ITKP kodcu u depmamoghubpomoti na 5 cymxu nocie onepayuu (M+m)

PesyabTarhl B rpynmnax
HccaenyeMble nmokazarean KpoBH
IKP (n=39) 3n0poBblie (n=17) ¢udpoma koxu (n=20)
TIPMS-1, ur/mn 1986,4+0,3* 789 +0,4 787 +0,2
MMP-2, ur/mi 741 £ 0,2* 254+0,3 249+0,3
MMP-7, ar/mn 12,3+£0,3* 3,8+0,2 3,6+0,1
MMP-9, ur/mn 952 £0,2* 396 +0,2 391+0,2

npumeuanue: * — cmamucmuyuecku oocmosepnule paziudus (p<0,05) ¢ Oannvimu y 300posuIx 1uy

Tabnuya 9. Hokazamenu mrane6oeo uneubumopa memanronpomeunas-1, MMP-2, -7, -9
6 kposu y nayuenmos ¢ IIKP kooicu u doepmamoghubpomoti cnycms 10 cymok nocne onepayuu (M+m)

Pe3yabTarsl B rpynnax
Hccenenyemble nokasarean KpoBU
IKP (n=39) 310poBblie (n=17) ¢udpoma koxxu (n=20)
TIPMS-1, ar/ma 1454,2+0,3* 789+ 0,4 787+0,2
MMP-2, ur/mn 612 +0,2* 254+0,3 249+£0,3
MMP-7, ur/mn 10,2 +0,3* 3,8+£0,2 3,6+0,1
MMP-9, ar/™mn 862 +0,2%* 396 +0,2 391+0,2

npumeyanue: * — cmamucmudecku docmosepHule paziuyus (p<0,05) ¢ OanubiMU Y 300pP0OGbIX Ul

Ha 3 cyTku nmocie onepamuu npu CKBOMO3HOM pake KOXH Cy-
IIECTBEHHBIX U3MEHEHUH He BbLABIEHO. [Ipu nepmarodudpome
OTMEUEHO CTATHCTUYECKH HOCTOBEPHOE CHIKEHUE MOKa3aTens
TIPMS-1, KOTOpBIf COOTBETCTBYET JaHHBIM B | rpymme cpaBHe-
Hus. CHIDKAeTcs Takke M0Ka3aTesb TKAaHEeBOIO MHIMOUTOpA M
MMP-2, -7, -9, oqHako OHU OCTAIOTCS TOCTOBEPHO MOBBILIECH-
HBIMH B CPaBHEHUH C JaHHBIMU Y 37I0POBBIX JIUI] (Tabnuma 7).

Ha 5 cytku nocine onepauuu B rpynmne ¢ IIKP koxu msme-
HEHUI B aHANN3UPYEMbIX MIOKa3aTeNsX He BhIABIEHO. B rpymme
GONIBHBIX JepMaTOpUOPOMOI OTMEUYaNOCh CTATHCTUYECKH IO0-
cToBepHOe cHIkeHne MMP-2, -7 u -9, cooTBecTBylOILIEe TaH-
HBIM Yy 37I0pOBBIX JIUII (Tabnuna 8).

CylIecTBEeHHBIE CIBUTH B YPOBHE HCCIIEAyEMBIX MTOKa3aTeNnei
B JIByX CPaBHUBA€MbIX I'PYyMNMax Ha 7 CyTKU MOCIE ONepaliu
HE OTMEYEHO, MOKAa3aTelM COOTBECTBOBAIM pPe3ylbTaTaM, IO-
Jy4eHHBIM Ha 5 CyTku. B rpymnmne nanueHToB, onepupoBaHHBIX
1o moBoay (pudpomsl koxu ciycts 10 cyTok mocie ornepaiu
M3MEHEHUH He BbLiBIEHO, B rpymne ¢ I[IKP xoxu orMeuanoch
CHIDKEHHE YPOBHs BCEX HCCIIETyeMBIX MoKa3aTesnel, OfHaKo
OHU OBLTH BBIIIE JaHHBIX B | rpymme cpaBHeHus (Tabmuua 9).

B ornanenHom mocneonepaliMOHHOM NEPUOJE U3MEHEHUN
B aHAJIU3UPYEMbIX MOKA3aTeNsAX y OONBHBIX JBYX IPYII He
BBISIBIIEHO.

Takum 00pa3oM, B pe3yabTaTe MCCIIENOBAHMS YCTaHOBIEHO,
4ro B narorenese pa3putus [IKP koxxu ocoboe 3HadeHHe OTBO-
JIUTCS U3MEHEHHUSAM B mokazareisix TIPMS-1, MMP-2, -7 u -9.
OneparuBHOE yaaneHue J00POKAYECTBEHHBIX OIYXOJICH Ipu-
BOAMT K KOPPEKLIUH JaHHBIX MTOKA3aTel B MOCIEONEPalliOHHOM
nepuoze, npu BKP koku — K CHHKEHHIO HCCIIeyeMBbIX ITOKa3e-
tenel, a npu [IKP He mpuBoauT K HOpMaNU3alMK JaHHBIX IO-
Kazaresiell, KOTOpble ObLIM MOBBIIICHHBIMU KaK B ONKaiIiem,
TaK U B OTAAJIEHHOM MOCIIEONEPAIOHHOM MEePHOJIE.

IIpoBesieHHBIE HCCIIENOBAHNS BBIIBUIIM, YTO TIPU SMUTEIHATb-
HBIX M ME3MHXUMAaJbHBIX ONyXO/siX Inokasarend MMP umeror
BaXHOE 3HAUEHME, OCOOEHHO B IATOICHE3e PAa3BUTUS SMUTEIH-
anpHbIX omyxonei. YBenuuenue TIPMS-1 u MMP-2, -7 u -9 ot-
MEUEHO B IMOCIIEONEPAMOHHOM MepHOJe Kak B CIyuyae 3J0Kade-
CTBEHHOTO0, TaK U JOOPOKa4eCTBEHHOTo pocTa. CienyeT OTMETUTD,
YTO yBEJIMYEHUE JAHHBIX MOKa3aTeNel 3aBHCHT OT 3J10KaueCTBEH-
HOCTHU OIyXoiu. B rpymme ¢ 100pokadecTBeHHbIME 00pa30BaHHU-
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MU KOXKH yBeJIM4eHHe ObUIO MUHMMallbHOE, a B rpymme ¢ [TKP
KOXHU — MakCUMasbHOe. MICXo/sl, U3 MOMyUeHHBIX JaHHBIX CIeTy-
eT MPEATOIOKUTh, YTO KakJIas OIMyXOJib MPOAYLHPYET B KPOBb
TIPMS-1, MMP-2, MMP-7 1 MMP-9 1 uX KOJMYECTBO 3aBUCUT
OT XapakTepa 370KaueCTBEHHOCTH OIMyXonH. B Xoze nposeneHHo-
TO HCCIIeI0BaHUsI YCTAHOBIIEHO, UTO XHPYPrUUECKOe JISUEHHE MPH
JI0OPOKAYECTBEHHBIX OITYXOJISIX MPUBOAUT K KOPPEKLIMH U HOpMa-
JIM3alMH JAHHBIX TOKa3aTeseil: Mpu MOBEPXHOCTHBIX U Y3JIOBBIX
¢dopmax BKP koxu - nuib K yactTuaHOMy ymenbiiennio MMP, a
HPH BEPETCHOKIICTOYHOM 1 akaHTomuTHIeckor opmax [TKP ko
TIOKa3aTeIM OCTAOTCS 0€3 U3MEHEHHI, CIIeZI0BATEIBHO, JIUIIb XU-
PYPrU4EcKoe JICUCHHE MPH 37I0KAYECTBEHHBIX HOBOOOPA30BAHUSX
KOXXHU HE CIIOCOOCTBYET MOJIOKUTEIBHOMY pe3ynbTary. TkaHeBble
koyutareHassl — MMP-1 runponusyror komtared 1V tuna — ocHo-
By 0a3aJIbHOM IUIACTUHKM B JEPMOSNHACPMAILHOM COEIHHEHHH,
CIOCOOCTBYS HHTPA3IUTENNAIbHOM U NTyOoKoi nHBa3uun. MMP-2
1 MMP-9 paspymatot komnares IV tuma, 4to cnmoco0cTByeT Nity-
OOKOMY NMOPAKEHUIO SMUTENHAIBHBIX KIETOK OT MEMOpaH U cocy-
quctoii nHBasun. MMP-2 1 MMP-9 BbICBOOOXKIAIOT Takxke Psifl
AHTHOTeHHBIX (hakTopoB, B ToM uncie MMP-9, VEGF, koropsrii
CUYNTAETCS] OCHOBHBIM OJHKIOHATBHBIM HHIYKTOPOM aHTHOTeHe-
3a. AKTUBHOCTH MMP B TKaHSX peryaupyercsi TKaHeBBIMH aKTHBA-
Topamu 1 urruduropamu - TIPMS [9]. HeoOxomumeim ycioBrem
HOPMAJIGHOTO MPOTEKaHUs (DM3HOIOTHYECKHX MPOLECCOB B MEXK-
KJIETOYHOM MaTpPHKCE SBIISETCS TMOANEPKaHNE PABHOBECHUST MEK LY
akTuBHOCTBI0O MMP 1 nx unrnéuropos. Hapy1enue 3toro paBHoO-
BECHSI MOKET OKa3bIBAaTh ITyOOKOE BO3JEHCTBHE HA COCTAB MEX-
KJIETOYHOTO MaTPUKCA M BIIMSATH HA Pa3i4Hble (PYHKIHU KIETOK,
BKJTFOYAsT a/ITe31I0, MUTpaLHIo U auddepeHimarmio [6].

BoiBonp!l. 1. B marorenese pa3sBUTHS SIUTENINATIBHBIX U ME3UH-
XHUMAaJTbHBIX OITyX0JIell BayKHOE 3HaUYeHHe UMEET yBEINYeHNE MOoKa-
sareneit MMP, TIPMS-1 u MMP-2, -7 u -9, yBenu4eHne JaHHBIX
THoKa3aresiell 3aBHCHUT OT 370Ka4€CTBEHHOCTH OITYXOJH, YTO MOXKET
CITY)KUTB U151 (U(depeHIIaTbHOM TUArHOCTHKHU OITyXOJIH KOXKH.

2. Xupypruueckoe JiedeHue Ipu A00POKauYECTBEHHBIX OITy-
XOJISIX TMPUBOAUT K KOPPEKIUH M HOPMAIHM3AIMU JAHHBIX MOKa-
3aTeneil: mpu MOBEPXHOCTHBIX M y310BHIX (opmax BKP koxku
- IUILb K YaCTUYHOMY yMeHblIeHnto MMP, a nipu BepeTeHokIe-
TOUHOI 1 akanTonmutHueckor popmax IIKP koxu mokazarenu
OCTAIOTCs 0€3 N3MEHEHUI.
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SUMMARY

VALUE OF METALPROTEINASES OF BLOOD IN
PATHOGENESIS OF EPITELIAL SKIN TUMORS AND
THE POSSIBILITY OF THEIR SURGICAL CORREC-
TION

Maslyakov V., Kim L.

Private educational institution of the higher education “Saratov
medical university “REAVIZ”, Ministry of higher education and
science, Saratov, Russia

Research objective - to carry out studying of changes of met-
alproteinases of blood at patients with epitelial cancer of skin in
the postoperative period.

Changes of TIMP-1 and MMP-2, MMP-7 and MMP-9 of
blood it has been studied at 98 patients with various cancer of
skin whose age was 55+3 years. From them bazalnokletochny
cancer of skin — at 39 people, planocellular cancer is skin —at 39
patients. Researches were conducted before expeditious treat-
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ment, in the first postoperative days, for the fifth, seventh, tenth
postoperative days and in 18 months after the undergone opera-
tion. For comparison at 20 patients operated with skin fibroma.
Studying of indicators was carried out for the same days. At
all patients the diagnosis is confirmed morphologically before
performing expeditious treatment. Expeditious treatment was
carried out under local anesthesia, at cancer broad excision of
education was carried out, at fibroma — education excision.

The conducted researches of indicators of inhibitor of metalpro-
teinases-1, matriksny metalproteinases of blood at patients with
various skin tumors show that in pathogenesis of development of
a tumor of epitelialny tumors the great value is given to increase
in inhibitor of metalproteinases-1, matriksny metalproteinases of
blood. So, it is established that prior to expeditious treatment in all
groups, both malignant, and good-quality increase in all studied in-
dicators has been registered. It should be noted that increase in these
indicators depended on malignancy of a tumor. So, in group with
good-quality formations of skin this increase was minimum, and in
group with planocellular cancer of skin — maximum. It is possible to
assume that each tumor produces in TIMP-1, MMP-2, MMP-7 and
MMP-9 blood, and this quantity depends on the nature of malig-
nancy of a tumor. Besides, in the course of the research it has been
established that performance of surgical treatment at benign tumors
is led to correction of this indicator that it is shown by normalization
of these indicators. At the same time at bazalnokletochny cancer of
skin only to partial decrease in an indicator, and at planocellular
cancer of skin these indicators didn’t change. From this it is pos-
sible to make the conclusion that surgical treatment doesn’t lead
to correction of these indicators at malignant new growths of skin.

Keywords: endotelial skin tumors, inhibitor of metalproteinas-
es-1, matrix metalproteinases of blood, postoperative period.

PE3IOME

3HAYEHUE METAJIJIONPOTEMHA3 KPOBHU B TIA-
TOTEHE3E DIIUTEJUAJIBHBIX OTYXOJIEN KOXKHA
U BO3MOXXHOCTH MX XWUPYPITHYECKOW KOP-
PEKLIAM

Macasikos B.B., Kum JI.M.

Yacmuoe obpazosamenvioe yupedicoeHue 8blcuieco 0opazoeams
«Capamoeckuii meduyurnckuil ynusepcumem «PEABH3», Munu-
cmepcemea svicuiezo obpaszosanus u Hayku P®, Capamos, Poccus

Lenb ucciienoBanust - ONPEIESIUTh U3MEHEHHST METaJJIONPO-
TC€UHA3 KPOBHU Y 60J'lel)IX OIUTECIIMAJIBHBIM PAKOM KOXXU B I10-
CJICOTNIEPALIIOHHOM IIEpHOJIE.

W3menenust MaTpukcHbIX MeTayutonporenHas (MMP) kposu
u3yueHsl y 98 GOJIbHBIX B Bo3pacTe 5543 jeT ¢ pa3nuuHbIM (e-
HOTHUIIOM paka Koxxu. ba3aibHOKIETOUHBIH pak KOXKH OIpelie/IeH
y 39, MJIOCKOKJIETOYHBIN paK KOXKH — Takke y 39 nanueHTos.
HccnenoBanus npoBOAWIMCh 10 omnepanuy, B 1,3,5,7,10 cyTku
nocie onepauuu u ciycts 18 mecsues. [{nsa cpaBHeHus odcie-
noBaHo 20 OOJBHBIX, OHEPUPOBAHHBIX IO MOBOAY JepModu-
OpOMBI, KOTOPBIM MTPOBOWINCH UIACHTUYHBIE UCCIICAOBAHMS. Y
BCECX 60J'lel)IX JUarHo3 MnmoATBEPXKIACH 'MCTONATOJIOI'MICCKUA 10
onepauuy. OnepaTrBHOE JICUCHUE BBIIOIHSIOCH 10| MECTHOM
aHeCTe3UeH, IPH pake NPOBOAUIOCH LIMPOKOE UCCeYeHue oopa-
30BaHus, P GUOPOME — HCCEUCHHE TOIBKO 00pa3oBaHusI.

[IpoBencHHBIC HCCIICAOBAHUS —IMOKa3aTejaed HMHIHOMTOpA
MMP-1, a taxxxke MMP npu pa3znuuHbIX OIyXossiX KOXKH IO-
KasaJid, 4YTO B IIaTOIrC€HE3€ Pa3BUTHSA SIUTCIIMAJIbHBIX onyxoneﬁ
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0OJIBIIIOE 3HAYCHHE MIPUIACTCS BO3PACTAHUIO YPOBHS TKAHEBBIX
uHruouTopoB MMP-1. YetaHOBIEHO, YTO /10 ONEpalliy BO BCEX
rpynnax, KaK C 3JIOKQ4Y€CTBCHHbIMHU, TaK H ﬂOGpOKa‘IeCTBCHHbI—
MM HOBOOOPa30BaHHUSIMH 3apErUCTPUPOBAHO ITOBBILICHHE YPOB-
HS BCEX I/ICCJ'le)IyeM])IX noxasaTeneﬁ, HE3aBUCUMO OT CTCIICHHU
3JI0KaUeCTBEHHOCTH OITyXOJIH.

B nporecce nccneoBanus yCTaHOBIEHO, YTO XUPYPrHUECKOe
JICUEHUE TPHU J0OPOKAYECTBEHHBIX OIYXOJISIX KOXKH MPUBOAMUT K
Koppekuu nokaszareseit MMP, uto nposiBiiseTcs B HopMasin3a-
Uy ux cojepxanus. [Ipu 0a3aabHOKIETOUHOM pake KOXKH Ha-
OiroiaeTest JINIIb yacTHyHoe cHibkeHne MMP, B ciyuasx mio-
CKOKJIETOYHOT'O paKa KOXH JJaHHbIE IT0KA3aTeIN HE U3MEHSIUCH.
CrnenoBareibHO, IMPU  3JI0KAYECTBEHHBIX HOBOOOPA30BaHHSIX
KOXHU xnpypmt{ecxoe JICUCHHUEC HE l'[pI/IBOJII/IT K Hopmanmaul/m
nokasaresieil MaTpMKCHBIX METaJIONPOTEHHA3, OCHOBHOTO Be-
IIECTBA B CTPYKTYPE KOXKH.
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USING OF NOVEL DOUBLE INVAGINATED PANCREATOJEJUNOSTOMY TECHNIQUE
WITH TRANSANASTOMOTIC STENTING AND EXTERNAL PANCREATIC DUCT DRAINAGE:
PRELIMINARY REPORT

'Kiladze M., *Mizandari M., 'Kepuladze O.

!Georgia-Israel Joint Clinic “Gidmedi’

Despite the fact, that pancreatic duct (PD) is definitely diffi-
cult and complex surgical technique still associated with high
mortality and morbidity, this operative procedure remains to
be the treatment of choice and the best chance for manage-
ment and survival in patients with resectable periampullary
and pancreatic head tumors. Following the PD the pancre-
atic anastomosis, which is the most important component of
reconstruction, carries the highest risk of leak and cause of
morbidity and mortality. The incidence of postoperative pan-
creatic fistula (POPF) rate is estimated to be 5% to 30% and
so, the pancreatic anastomosis is still “Achilles” heel of pan-
creatic surgery [3,7,11,18].

More than 80 different methods of pancreaticoenteric re-
construction from very simple to more elaborate multi-layer
anastomosis have been proposed, illustrating the complexity of
surgical techniques as well as the absence of the “ideal” pan-
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creatic anastomosis and gold standard [2,11,18]. Recently after
the overall and systematic review of special literature of evo-
lution of pancreato-digestive anastomosis following PD it was
concluded, that achieving a “zero percent”’of POPFrate remains
a “dream” of every pancreatic surgeon [3].

Material and methods. Our data from 2013 to 2018 include
the last series of 30 cases of PD for 15 pancreatic and 15 ampul-
lary tumors.There were 12 females and 18 males(average age
57,range 43-78 years).The standard “classic” Whipple procedure
was performed at 18 cases and “modified” pylorus-preserving
variant(ppPD) —in 12 cases. 29 cases of pancreaticojejunostomy
and 1 pancreaticogastrostomy were created. In the our last series
the percutaneous biliary drainage procedure was performed at
18 cases and dual: biliary + pancreatic duct decompression - 6
times and so, in 23 cases the biliary drainage was used as trans-
anastomotic stent during hepaticojejunostomy and in 5 cases
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(1 case of dual drainage was unresectable) the pancreatic duct
drainage was also used as transanastomitic stent at our method of
performing the double invaginated pancreatojejunostomy,which
is described below.

Procedure of Double Invaginated Pancreatojejunostomy
(DIPJ)

The pancreatojejunostomy creation is to begin after the ap-
propriate mobilization and preparation of proximal jejunum
and pancreatic remnant. The pancreatic duct drainage tube is
inserted into the lumen of jejunum and I invagination is started
by means of first two sutures. The needles are passed through
the jejunum from outward to the inside and then followed by
S — shaped sutures at the pancreas. These sutures are placed by
2 cm off cut edges (Fig.1, 1a).

Fig.1, la. Schematic and Intraoperative view of I invagina-
tion sutures of DIPJ

By gently pushing of jejunal limb and simultaneous tight-
ening of the sutures the pancreatic remnant easily slide
(“parachuting”) into the lumen of jejunum and after tying
the knots there is a good and thick fixation and adaptation of
jejunal wall and pancreas tissue with each other. As a result
the pancreatic remnant is invaginated at 4 cm into the jejunal
lumen (Fig. 2, 2a).

Thereafter the II invagination is started by means of four
U-shaped sutures (middle and corners), which are placed at
jejunum by lem off cut end of jejunal wall with transpancre-
atic passing of sutures (Fig. 3, 3a).

© GMN

Fig.2, 2a. Schematic and Intraoperative view of I invagina-
tion row of DIPJ

Fig.3, 3a. Schematic and Intraoperative view of Il invagina-
tion sutures of DIPJ
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After tying these knots the 1 cm of serous-muscular cuff is
formed, which provides circularly very firm and thick touch and
contact with the pancreas stump without dead space between
them (Fig.4,4a).

Fig. 4, 4a. Schematic and Intraoperative view of Il invagina-
tion row of completed DIPJ

Thus, the introduced anastomosis is “end to end” double in-
vaginated pancreatojejunostomy like “double lock” device with
transanastomotic stenting and external pancreatic duct drainage,
which is characterized by the following advantages (Authorship
Certificate N7412 Republic of Georgia):

- is simple and easy to teach and perform

- is hermetic and thereafter safe anastomosis

- there is a good “serosal” touch and adaptation

- it takes short operative time ( mean - 10 min)

- it is applicable almost to all situations

- minimal traumatizing of pancreas

- unobstructed passage for the flow of the pancreatic secre-
tions

Results and their discussion. There was no operative mortal-
ity in our whole series of PD. Three patients developed surgical
site infection, 2 - dehiscence of abdominal wound closure and 3
patients experienced pancreatic leak and abscess, which required
interventional radiologic and intensive care management. Two
patients required reinterventional surgical procedure: 1 case of
necrohaemorrhagic pancreatitis and 1- of arrosive bleeding and
S patients died at follow up period (6 months — 3 years). The
main operative time was 5 hours and the median length of stay
was 12 days overall. There was no postoperative pancreatic fis-
tula in our last series of PD (our 5 last cases), where preoperative
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biliary and pancreatic duct drainage and our modified double
invaginated pancreatojejunostomy was performed. The trans-
anastomotic biliary and pancreatic catheters were removed 3-4
weeks after surgery when control X-ray examination revealed
complete capacity and leak resistance of both anastomoses with-
out any contrast extravasation (Fig. 5, Sa).

Fig.5, 5a. Cholangio- and pancreatography before catheters
withdrawal

There is consensus among surgeons that pancreatic fis-
tula is a leading cause of morbidity and mortality after pan-
creatoduodenectomy[2,3,5,6,11,12,18,20]. Therefore over
the years many considerable efforts and attempts were un-
dertaken to mitigate these negative factors, associated with
POPF by developing the optimal perioperative strategy (use of
somatostatin,transanastomotic stents, magnification),improving
the technique of performing the pancreatico-enteric anastomosis
and introducing the different types and modifications of pancre-
atic anastomoses.Although the best method for dealing with the
pancreatic stump after pancreatoduodenectomy remains in ques-
tion, recent reports described the advantages of invagination
method to decrease the rate of pancreatic fistula significantly
compared to the duct-to-mucosa anastomosis [5,11,12,16,18].
That is why our interest was to develop very secure, the most
simple, reliable and effective invaginated pancreatic anastomo-
sis. Controversial question is still today the necessity of pre-
operative biliary drainage (PBD)and despite the fact,that there
is as yet no optimal method for this procedure many surgeons
welcome routine performing of PBD prior to PD. There are sev-
eral reports in recent relevant literature, that percutaneous tran-
shepatic biliarydrainage (PTBD) is superior and preferred to
endoscopic retrograde biliarydrainage (ERBD) procedure[1,9].
But today, the main question,which needs to be clarified, is as
follows: does the addition of pancreatic stenting contribute to a
higher or lower morbidity after PD than biliary stenting alone?
As regards the simultaneous biliary and pancreatic drainage,
which is very rarely performed,their effect and influence on
postoperative pancreatic fistula rate are largely unknown and
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must be evaluated by surgeons[13,14,25].

M.Mizandari et al.,[14] recently have reported their expe-
rience of a total of 30 cases of percutaneous pancreatic duct
drainage(PPDD) procedure with excellent results.They have
concluded, that PPDD is a safe and effective procedure which
can be used as an independent treatment option for pancreatic
duct decompression or as a bridge to the subsequent procedures
especially in cases, where endoscopic retrograde pancreatic duct
cannulation fails or not feasible. Similar results were reported
by other investigators with pancreatic duct drainage procedure
[4.,8].

Recently several studies have revealed, that external pancre-
atic duct drainage can effectively reduce the morbidity of POPF
and the overall complications after PD [17,19,20,22,24,25].
This encouraging fact stimulate our group to use the previ-
ously percutaneously inserted pancreatic duct drainage tube as
transanastomotic stent during performing our modified double
invaginated pancreatojejunostomy and thereafter was using the
PBD at hepaticojejunostomy.These transanastomotic external-
internal stents at immediate postoperative period are operating
like controllable and manageable catheters,which can be used
for decompression, instillation and control X-ray cholangio- and
pancreatography.

Conclusions. Based on our limited experience we can con-
clude, that preoperative percutaneous biliary and pancreatic
drainage is feasible, safe, effective and realistic mini invasive
procedure. Our analysis of early curative effect and outcomes
has shown that external biliary and pancreatic duct drainage
with a stents can effectively reduce the POPF and overall mor-
bidity rates in patients undergoing pancreatoduodenectomy.
Despite the fact, that our data is restricted, the preliminary re-
sults obtained with the described method of double invaginated
pancreatojejunostomy with transanastomotic stent and external
pancreatic duct drainage are very encouraging and indicate that
this technique is less complicated and time consuming, very
safe, simple, easy to perform and also applicable almost to all
situations.
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SUMMARY

USING OF NOVEL DOUBLE INVAGINATED PANCREATOJEJUNOSTOMY TECHNIQUE WITH TRANSANASTOMOTIC
STENTING AND EXTERNAL PANCREATIC DUCT DRAINAGE: PRELIMINARY REPORT

'Kiladze M., 2Mizandari M., 'Kepuladze O.

!Georgia-Israel Joint Clinic “Gidmedi”, "’ New-Hospitals ", Tbilisi, Georgia

Following the pancreatoduodenectomy the pancreatic anasto-
mosis, which is still “Achilles” heel of pancreatic surgery, car-
ries the highest risk of leak and cause of morbidity and mortal-
ity. More than 80 different methods of reconstruction have been
proposed, illustrating the complexity of surgical techniques as
well as the absence of the “ideal” pancreatic anastomosis and
gold standard up to date. Here, we describe the novel method of
double invaginated pancreatojejunostomy with transanastomot-

ic stent and external pancreatic duct drainage. The preliminary
results obtained with the described method are very encourag-
ing and indicate that this technique is less complicated and time
consuming,very safe, simple, easy to perform and also appli-
cable almost to all situations.

Keywords: pancreatoduodenectomy, pancreatojejunoanasto-
mosis, pancreatic fistula.

PE3IOME

MPUMEHEHHWE HOBOI METOJUKHA JBOMHOM WHBATTHAIIAA MAHKPEATOEFOHOAHACTOMO3A
C TPAHCAHACTOMOTHYECKUM CTEHTUPOBAHUEM U HAPYKHBIM JPEHUPOBAHUEM
IMAHKPEATUYECKOI'O ITPOTOKA: IPEABAPUTEJIBHOE COOBIIIEHUE

"Kuaanze MLA, *Muszaunapu M.I., 'Kenyianse O.T.

Tpysuno-uspaunvcras coemecmuas kaunuxa ,, Tuomeou”, " Hoto-Tocnumanc”, Tounucu, Ipy3sus

Ilocne mnaHkpearonyoJeHAIbHOM pEe3eKUMU IaHKpeaTuye-
CKUIl aHAaCTOMO3, KOTOPBIH IO Ceil JeHb SABISIETCS “‘axuiuIeco-
BOI” MATON NMaHKpPEaTHUECKON XUpypruu, NpeacTaBiseT co0oi
BBICOKUI PHCK HEIOCTaTOYHOCTH M SIBISIETCA NPUYUMHON OC-
JIO)KHEHUH U JIeTanbHOCTH. bonee 80 mpemiokeHHbIX pas3ind-
HBIX METOJIOB PEKOHCTPYKIUH HIUTIOCTPUPYIOT KaK CIOKHOCTb
XUPYPTrUYECKON TEXHUKM,TAaK U OTCYTCTBHE 0 HACTOAIIETO
BpPEMEHH “‘UJICJIbHOTO” MaHKPEaTHYECKOr0 aHacTOMO3a U 30-

JIOTOTO CTaHjaapra. B crarbe onucaHa HOBYIO METOAMKY ABOM-
HOI MHBAarMHALUK NMAaHKPEAaTOCIOHOAHACTOMO3a C TPaHCAHACTO-
MOTHYECKHM CTEHTHPOBAHUEM M HapY)KHBIM JPEHHPOBAHUEM
MaHKPEaTHIeCcKoro MpoToka. IIpeaBapurenbHble pPe3ynbTaThl
OITHCHIBAEMOTO METO/Ia BECbMA 00HAISKUBAIOIIUE, YKa3bIBAIOT,
YTO 3Ta TEXHHKA MEHEe CJIOXKHasl, He TpeOyeT MHOTO BPEMEHH,
Oosiee Oe3omacHas, MPocTa B MPUMEHEHUH JIETKasl B MCIIOIHE-
HHMU U TIPAKTHYECKHU BHITTOTHIMA BO BCEX CIIydasX.

A9boydy

sbogo m®dsg0 0635206530000 3563095G™M0909bMsbslAMIMbO BASELSbsLEMAM DY@ bE bGHoGgdom
©5 35630 golols Lowob®ol godgms w@gbo@gdom: Jobolifs®o dgBgmdobgds

3. gognodg,?d. dobsbpoto,'m. 393gmady

Lo Jodmggerm-olGogaols ghmmdamogo jeobogs ,,00d900%,%,609-3mb30@s@ o, mbdogrolo, lss@mggammm

30630953 mEgmEgbsaado  GgbgJaool dgdwgy 306-
309oLol sbslFmImbo, GmIgamoi wgdeg 35636 gslols

Joogda0sTo @hgds ,ofoemgglol™ Jybesw, Fomdmo-
396 9395@0lmdols, go@mymgdgool s @gRsmmodols

4g9obg do@oen @oligl. Fomdmygboano 80-bg dg9&0
bbgowolbbgs  (g3mbLbA® 300l  dgmmeo  doygmomngdl

AO3m63 Johgdaogmo Hygbogol bodogmaby, Sbggy
»00go@A0°  35b3Mgolols  sbslHM®mbol s mJ@mb
bAsbo®@ol  s@s@lgdmdol aoMgdmgdoby. LHosGosdo

sFg@omos  m@dop0  0bgoy0bsz000m 35630 g5EMgo-
96mobsLBMIMDbBoL shogro dgmmeogs FHHobLSbSLEM-
dobyg@o LEgbBoMgoom ©s 3563 g5Lol bowob@ols ao-
Ggms @A boMmgdom. s@fgmomo dgmmeols Fobsb{omo
V9098900 Lsgdsme 0dgeolidmdigdos ©s dogmomgdl
®9db0g0L Lodo@Roggbg, 5@ Lododmgdl o w©@mL,

Log@mbms, Jo@Gogom ©s dpgomow dglslidrgmgods-

o> ©> {odmyggbgdowos 3MsJHoggmom gggms dyd-
nbgggodo.

16



GEORGIAN MEDICAL NEWS
No 12 (285) 2018

AHAJIN3 IIPUYUH CMEPTHOCTH NALIMEHTOB
C TSIKEJIOM YEPEITHO-MO3I'OBOM TPABMOM B r. AJIMATBI

Trocembexos E.K., ?Axanos K., 'AnueB M.A., ?Yteyaues E.C., 2Cakranos A.K.

'Kazaxcrkuii MeOuyunckull YHUeepcumem Henpepuleno2o 0bpazosanust, Aimamol;
’Kasaxcmanckuti meouyunckuil ynusepcumem « BILIO3y», Anmamoi, Kazaxcman

TpaBma TOJIOBHOIO MO3ra SIBISIETCSI OCHOBHOM HPUYMHOMN
cmeptHOCTH ¥ nHBanuaHocTy B CIIA u cocrapisieT mpumMepHO
30% Bcex cMepTeit oT TpasM [9].

ITo ganueiM 2013 1., exxenneBHo B CoenuuenHbix IllTarax ot
yepenHo-Mo3roBoii TpaBMbl (UMT) ymupator 153 uenoseka,
BBDKMBIIUE CTAIKUBAIOTCS C MOCIEACTBUSIMHU, YACTO MPOIOHKa-
IOIMIUMUCS TIOYTH JI0 KOHIIA W3HHU, T.. pedb UAeT 00 MHBAIHI-
Hoctu. B 2013 1. B CILIA 3apeructpupoBano okoino 2800000
ciaydaeB m3onupoBanHbIX UMT, u3 Hux 50000 netanbHBIX HC-
x010B, 282000 - ctanmoHapHbIX O0nbHBIX, 2500000 ciyuyaeB
amOynatopHbIX oOpamenuii [5,7]. B 2007-2013 rr. obmee konu-
yecTBo nanuenTo ¢ UMT yBennunnock Ha 47%, 4UCIO TOCTIHU-
Tanu3auuii cHu3mIIoCh Ha 2,5%, a cMepTHOCTH - Ha 5%. B Bo3-
pactHoli rpynme 65 JeT U BbIIe OCHOBHOW MPHYMHOW CMEPTH
SIBTATNCH MajieHue. HacuabCcTBEHHbBIE TPAaBMBbI TOJIOBBI SIBIISIOT-
Cs1 OCHOBHOI MPUYHMHOM cMepTH B Bo3pacte 25-64 nert, ATII - B
Bo3pacte 5-24 rona [5].

B 2006 r. B EBpone mpoBenena oOmupHas KIMHUKO-3IUIC-
MHUOJIOTHYECKas padoTa: BBIIIOTHEHO 23 MCCIeA0BaHuUS 32 IEPH-
on 1980-2003 rr. B EBpore cimyuau rocniutanu3anus O0IbHBIX C
TPaBMOI TOJOBBI cocTaBiAOT 235 cimyyaes Ha 100000 Hacene-
HUS B TOA, CMEPTHOCTH — 15 ciryyaeB Ha 100000 yenoBek B rofg
(x03¢punment cmeprraoctu 2,7%) [8].

3a mepuon 2006-2013 rr. B Kutae nposeaeHo 6ombiioe cra-
TUCTHYECKOE MCCIEIOBaHNE ¢ 0XBAaTOM 161 HaceleHHOro MyH-
KTa [7], KOMUYECTBO TPaBM TOJOBBHI YBEJIUYMIOCH ¢ 76 10 83
MJIH., ClTy4aeB T.¢ oT 5,8% 10 6,3%, COOTBETCTBEHHO, OT 00IIeH
YHUCIEHHOCTH HaceneHus Kuras, U3 HUX My>KUHHBI COCTABHIH
50,3-51,1%. 3a uccrnexyeMslii MEPHO JIETATbHOCTh COCTaBMIIA
93793 ciyuas: 13,23 wa 100000 nacenenus B 2006 1., ¢ moab-
emoM 710 17,06 ma 100000 B 2008 1., 1 cHm>keHHEM 10 12,99 ciy-
yaeB Ha 100000 Hacenenus B 2013 r. OCHOBHBIMH NPHYMHAMH
TpaBMBI 3a uccienyemslii nepuon oputn ATII (muua o 75 ner)
U majenue (crapue 75 jer).

R. Christopher et al.; B. Jennett, R.Mc Millan u apyrue
[4,6] ormeuarot, uto 50-60% moctpamaBmux ¢ UMT moru-
0ar0T 10 MOCTYIIEHUs] B TOCIHUTAb U, CIE€J0BAaTEIbHO, JMH-
JEMHUOJIOTHYECKUI aHAalIu3 OCHOBBIBAETCS TOJBKO Ha CBEJE-
HUSX O OOJIBHBIX, HAXOAMBIIMXCS HA JEYEHUU B FOCHHUTAIAX
U TONYyYHBIIMX aMOyJaTOPHYIO MOMOIIb, T.€. NMEPEeKUBIINX
TpaBMy.

ITo cBegeHusM, MpeaCTaBIEHHBIM MATOJIOTOAHATOMUYECKUM
yUpEeKAEHUEM T. AJIMaThl, OCHOBHBIMU IPHYMHAMHU CMEPTU SIB-
JSIeTCsl OCTpasi AeKOMIIEHCAIHsT MO3TOBOTO KPOBOOOpAILEHUS
[3].

YuutbiBas yBenuueHue 4actoTsl cirydaes UMT u unBanuam-
3a1uu OONBHBIX, @ TAKXKE OTCYTCTBUE HCCIIEOBAHUH B 9TOM Ha-
MIpaBJIeHUH, IPoOIeMa BeCbMa aKkTyadbHa M CTaBUT Iepe]] HeoO-
XOAMMOCTBIO TIPOBEAEHUS UCCIEI0BAHUI B TOM HallPABICHUH.

Hcxons U3 BBILIIEU3II0KEHHOTO, IIEbI0 JaHHOTO HCCIeI0Ba-
HUS SIBUJICS aHAIIU3 CIIy4YaeB UepPerHO-MO3TOBBIX TPaBM B CTa-
LHOHapax I. AIMaThl U (HaKTOPOB, ABISIOIIUXCS TPHUIMHON ue-
PETTHO-MO3TOBOM TPaBMBI C JIETAIbHBIM HCXOIOM.

Marepuan u MeToAbl. MaTepHranoM HCCIEOBaHUS MOCTY-
JKWIN KIMHUYECKHUE CIy4au MauueHToB, nonydynBmmx YMT u

© GMN

norudImux B craiuoHapax I. Anmarsl 3a nepuoz 2012-2015 rr.
[IpoananuzupoBano 217 cmyyaes: B 2012 . — 56 OOJbHBIX, B
2013 1. — 48 GoapHbIX, B 2014 1. - 51 GoabHO#, 2015 1. — 62
6ombHBIX. KpuTeprem BKIIIOUEHUsS MAIMEHTOB B MCCIIEI0BAHIE
cuuranoch Hanuuue uzoiaupoBanHoit UMT. IlpoBenena craru-
cTryecKas 00paboTKa MOMyYCHHBIX JAHHBIX.

Pacder uncna nHabmromeHui, HEOOXOAUMBIX IS MONYYEHUS
JOCTOBEPHBIX OTHOCHUTEIBHBIX BEIMYMH, IIPOMU3BEICH MO (op-
myme 1: N - 12pg

AT

rae N — TpedyeMoe 410 HaOIIOACHUIA;

t — KpUTEpHii JOCTOBEPHOCTH, paBHbIH 2 (1pH p = 95,0 %);

P — IOKa3aresb PacpOCTPAHEHHOCTH SIBICHHUS;

q=100-p;

A — 1oBepUTENbHBII UHTEPBAIL.

Jlnst ompesieneHust AOCTOBEPHOCTH MONYyUYEHHBIX MOKa3aTenei
paccuuThIBaIaCh CpeAHss omunoOKa mokaszarens (hopmyna 2):

r-4q
m=+¥ 1

Ie m — CpeHsIsA OmUOKa MOKa3aTes;

P — BENTMUMHA MTOKA3aTeIs;

q — BeITMYMHA, 00paTHAs! MOKa3aTeio;

N — YUCII0 HAOMIONEHUA.

Craructudeckas 00paboTKa JaHHBIX MPOBOIMIACH C UCIIONb-
30BaHUEM TaKeTa NpUKIaaHbIX mporpamMm SPSS Bepcus 19.0 Ha
nepcoHansHOM KoMmnbroTepe Asus Intel Core 15 2,8 I'Tm.

PesyabTarel U ux odcyxaenue. Mccnenosano 217 naum-
€HTOB C M30JIMPOBAaHHON OCTPOM YEPENHO-MO3TOBOM TPaBMOM,
3aKOHYMBIINXCA JIETAIbHBIM HCXOAOM, UTO cocTaBmio 1,3 ciy-
yaeB Ha 100000 nacenenns Anmarel. YacTs OONBHBIX OrubaeT
JI0 CTaIoHapa, OONbHbIE, HAXOAAIINECS B arOHUM, YMHUPAIOT B
MepBbIe MUHYTHI B IpHeMHOM Mokoe. Ha puc. 1 npencraBienst
JaHHbIE O OOJBHBIX, YMEPIINX B TEPBbIE MUHYTHI JOCTaBKH B
MPUEMHBIN TTOKOH M yMEPIINX TOCIe TOCHUTAIN3ANH B CTAI-
onap. Kak npaBuiio, oHu moru6aroT B OTAEIEHUN PEaHUMALUH 1
WHTEHCHUBHOM Teparuu.

100%
90%
80% 1
70%
60% +
500% +
40% +
30%
20% +
10% +~
0%

2012r  2013r  2014r  2015:¢

mymepmue & [1T1

Oymepmie mocie
TOCTIMTAINZALNIE CTaLl.

Puc. 1. Pacnpedenenue ymepuiux ¢ cmayuonape

CooTHOIIECHHE YUCIa MOTHOMNX MY>KYHH U JKSHIIHH - 79,3%
k 20,7%.

Jlanubie auarpaMmbl 2 YKa3bIBaIOT, YTO CMEPTHOCTh CPEAd
MyxunH B pesynsrare YMT B 4 paza Gosblie B CpaBHEHHHU C
JKEHIIMHAMM.
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Tabnuya 1. Iloxazamenu nemanvrocmu 6 pezynomame YMT ¢ yuemom 6o3pacma

2012 2013 2014 2015 Bcero
% K % x % K % x
Bospact Abc. «Bc/::ro», Abc. «Bc/le):ro», Abc. % K&Bic;ro», Abc. <<Bc/z:ro», Abc. «BC/ZEFO»,
M=+m M=£m M+m M+m
15-17 0 0 2 42429 1 1,9+1,9 1 1,6+1,59 4 1,8+0,9
18-44 28 50+6,68 24 50+7,22 19 37,3+6,77 24 38,7+6,19 95 43,8+3,37
45-59 14 25+5,79 10 20,8+5,86 19 37,3+£6,77 22 35,5+6,08 65 29,9+3,11
60-74 10,7+4,13 14,6+5,1 13,7+4,81 12,9+4,26 28 12,9+£2,28
75-90 14,3+4,68 10,4+4,41 9,8+4,16 6 9,7+3,76 24 11,1+£2,13
Crapure 90 0 0 0 0 0 0 1,6+1,59 1 0,5+0,48
Bcero 56 100 48 100 51 100 62 100 217 100
T Ha [II mecto, mocne TsKebIX YIIMOOB TOJOBHOTO MO3ra, He
20.7 f .

OeH.

Puc. 2. Pacnpedenenue nocubwux ¢ yuvemom nona

B Tabmyie 1 npencrasieHo pacnpeznenenue ymepiux or YMT
C YYeTOM BO3pacTa. AHaJIN3 JIAHHBIX TIOKa3all, YTO HauboJee pac-
[POCTPAHEHHOMN BO3PACTHOM IPYIIION Cpei OTMEUEHHBIX MPUXO-
JTUTCSI HA TPYIOCIIOCOOHYO YacTh HAaCENICHUsI (MOJIOION U CPETHUI
Bospact). [Ipuuem B 2012-13 rr. cpeau mMosonexu Obu10 50% mo-
rubmux, B 2014-15 . - 35-38%.

Ha puc. 3 npencrapieHsl JaHHbIE O IpUunHax Tpasm. Cpe-
i npuund UMT camoii wactoil siBisiercst ObITOBast TpaBMa:
najeHue (33,2%), HaCHIbCTBEHHBIC TPaBMbI ToyioBbI (25,8%).
Y4uThiBask BBICOKHII MPOICHT 3TUX TPaBM, OHHU BBIJICICHBI B
OTJICJIbHBIC T'PYTIbI. BBISABICHBI YacThle Cly4au HACHIIbCTBEH-
HBIX TPaBM TOJIOBBI (H30UCHHKE), 00YCIOBICHHBIC KPUMHHOTCH-
HOU OOCTAaHOBKOH B YBECCIUTEIBHBIX U HOYHBIX 3aBEICHUSIX,
a Takke pazooiHbivMu HanageHusMu. JITII cocrasmstor 24,0%
CJIy4aeB M 3aHUMAIOT 3 MO3ULMUIO B CTPYKTYPE IPUUYHUH TPABM C
JIETAJIbHBIM HCXOJIOM.
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—;

cyaeporn

HecwacTHel comyain I (5

CrIOpTHBHAA F 0.9

mamem m 332

HACHITE CTE eHHAA
[pOHEB0ACTEEHHA _ 23

nmwdf

=]
th
o

=]
w
.
=]
-
n
o
=l
[
wn
w
=]

35

Puc. 3. Ilpuuunol u mexanuzmvl mpagm 2006bi

Pacripeziesienne  yMmepmmx NalUEeHTOB C HW30JMPOBAHHOI
UMT npexcrasieno B Tadnuie 2. [Tokazarenu ynmba rooBHo-
ro mosra (YI'M) co crnaBneHueM (BHyTpHYEpEITHAS TeMaToOMa,
BaBJICHHBIHN nepesioM) 3a 2012-2015 rr. coctaBmiIn, B CpeTHEM,
40,6%, B 2013 1 2014 rT. - 50% u 49%, cootBeTcTBeHHO. B 20151
C/IaBJICHUE MO3ra KaK IPUYNHa CMepTH ¢ | mo3uimu cMecTuiach
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TpeOyIOINX ONepaTHBHOTO BMEIIATEIbCTBA, YTO yKa3bIBaeT Ha
TIOBBIIICHHE ONEPATHBHON AaKTHBHOCTH HEWPOXHPYPTrHYECKHX
CTALlMOHAPOB, MIPUBOSIIMX K CHUKECHUIO JICTAIbHOCTH OT JUC-
JIOKaIIMOHHOTO CHHAPOMA. bobHBIE ¢ TSDKEIBIM yImOoM Mo3ra
0e3 ero xommpeccun M TU(PY3HBIM aKCOHAIBHBIM TTOBPEXK/Ie-
uHueM (JIAIT) sBRsiFOTCS M3HAYATIBHO KPaiiHE TSHKENBIM KOHTHH-
TEHTOM, JUINTEIBHO HaXOIATCS B KOMAaTO3HOM COCTOSIHUU U CO-
cTaBistoT 30,6%. DTU MalUeHTsl, Kak IPABUIIO, HE HYKIAIOTCS
B ONEPAaTUBHOM BMEILATENIbCTBE, JIUTEILHO HAXOASTCS Ha HUC-
KyCCTBEHHOW BEHTHJISILUM JIETKUX M IMOTHOAIOT OT OTeKa MO3ra
WM IPYTHX BTOPUYHBIX OCIIOKHEHUIA.

B Tabnuie 2 npuBeneHs! TaHHBIE O pacHpee]IeHHN ITOTHo-
IIMX OT TSDKEJBIX TpaBM. EcTecTBeHHO, cama 1o cebe Jierkas
YeperrHo-MO3roBasi TpaBMa He MOXKET OBITh MPUYNHONW CMEpTH,
OJJHAKO PacCMaTpPUBAETCSI KaK IIyCKOBOW MEXaHH3M U COOTBET-
CTBEHHO SIBJISIETCS (PAKTOPOM, CIIOCOOCTBYIOLIMM JIETAILHOMY
HCXO/Ty, Hal[puMep, B KOMOWHAIMH C OOIIMM OXJIaXICHUEM, VITH
B KOMOWHAIIMY C OOIIMM HCTOIIEHHEM OpraHu3Ma. B ocHOBHOM,
9TO NALIUEHTBI, OTY4UBIINE TPABMY I'OJIOBbI B COCTOSIHUU aJIKO-
TOJIBHOTO ONbSHEHHUS B XOJIOHOE BpeMs Tofia.

70

60

50
41,7

40
™~ 371

30
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2012r. 2013 r. 2014 r. 2015 1.

Puc. 4. TpaGMbl 20J106bl 6 COCMOAHUU AJIKO2O0IbHO20 ONbsHE-
HUsL C IeMANbHbIM UCXOOOM

Benynmm ¢axropoM pricka uepertHo-MO3roBOH TPaBMEI, SIBJISI-
eTcsl aKOroJibHOE onbsiHeHue. B 2014 1. nomnst ymepiyx naiyueHToB
¢ m3onupoBaHHoi YMT, nonmy4yeHHOH B COCTOSHUM aJIKOTOJILHOTO
onbsiHeHMs, cocTaBmia 58,8%, B 2015 1. BBIABIEHO pe3KOe MMOHU-
skenue 10 37,1%. Ha quarpamme, npeactaBieHHON HUKE, KpUBast
YacTOTHI BCTPEUAEMOCTH OTOOHOH TPaBMbI HE IMeeT KaKOi-JIN00
3aKoHOMepHOCTH. OIHaKO He MCKITIOYEHO, YTO CHIKEHHE YPOBHS
«JIKOTOIIBHBIX» TpaBM B 2015 I B cpaBHEHUU ¢ HPEIbLIYILIMU
TOZIaMH CBsI3aHO C BBezeHHeM B mione 2014 rozma 3akoHa 006 orpa-
HUYECHHU BPEMEHH IPOJaKH AJIKOTOIbHBIX HamuTkoB ¢ 21.00 no
12.00 yaco. Hecmorpst Ha 310, 37,1 % - Bechma BBICOKHH TMOKa-
3aTesb, KOTOPBIH BO3MOXKHO CBsI3aH ¢ (pYyHKIMOHUPOBAHUEM OOJTb-
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Tabauya 2. Pacnpedenenue ymepuiux 6 3a6UCUMOCMU OM MSAHCECU MPABMbl

2012 2013 2014 2015 Beero
%, %, %, %, %,
Adc. M<m Aoc. M<m Aobc. M<m Aoc. M<m Aoc. M<tm
TpaBma ronoBsl 0 0 0 0 5,943,3 1 1,6+1,59 4 1,8+0,9
CrM 3,542.49 2,142,07 4 7,843,76 5 8,143,47 | 12 | 55%1,55
YIM co 22 | 393653 | 24 50+7,22 25 49,147 17 | 27,5566 | 88 | 40,6+3,33
ClIaBJIEHUEM
YI'M 6e3 17 | 304615 16 33,346,8 9 17,6£5,33 | 19 | 30,6£5,85 | 61 | 28,143,05
COaBJICHUSA
JIATT 14 | 255,79 7 14,6£5,1 9 | 17,6£533 | 19 | 30,6+5,85 | 49 | 22,6+2,84
Ornectpenbhas | 1,8+1,78 0 0 1 241,96 1 1,6£1,59 | 3 1.4+0,8
TpaBma
Beero 56 100 48 100 51 100 62 100 217 100

IIOTO YHCIIa YBECEIUTEIBHBIX 3aBE/ICHUH, B KOTOPBIX 3aKOH 00
OrPAaHMYCHHH MPOJIAYKU AJIKOTOJIS HE ICHCTBYeT.

B pesynbrare MpoBeJCHHOTO MCCIICIOBAHUS CIICIYET 3aKIIH0-
YUTb, YTO TCHACHLMS K CHIDKeHHIO oOwero ypoHs UYMT B L.
AnMarsl He HaOnogaercs. YBEIHYHIOCH aOCOIIOTHOE YHCIIO
MOruOMINX C U30IUPOBAHHON TpaBMoii ronoBsl: B 2012 . — 56, B
2013 . —48,82014 1. - 51,2015 - 62.

OueHKa MPUYKH JICTAIbHBIX CIy4acB B CTAL[MOHAPE MOKA3bI-
BACT, YTO MY)KUMHBI B 4 pa3a 4yallie oABCP/KCHbI TSHKEIIBIM TPaB-
MaM TOJIOBHOTO MO3ra, 4YeM JKeHIIMHBL. [Torubaet, B OCHOBHOM,
paborocriocoOHas yacTh HaceneHus (Mononsie — 43,8% u cpea-
Huii Bo3pacT — 29,9%). [prunnamun UMT sBistoTcs majgeHue
(33,2%), nacuisctBenHas TpasMa (25,8%) u JATII (24%).

OtmeuaeTcsi CHUKEHHE JIOJH TTOrHOIINX TAllEHTOB OT KOM-
npeccuu Mosra ¢ 50% 10 27%, B OCHOBHOM, IPOOIICPHPOBAHHEIC
MALMEHTBI, YTO SIBJISETCS JOCTHKEHUEM OIePaTHBHOM aKTHBHOM
HEUPOXUPYPTrHICCKON CITy>KObI M yITy4IICHUS THarHOCTHYECKHX
BO3MOXKHOCTE#1 cTannoHapoB. OJHAKO OTMEYAeTCsl OBBILICHUE
JIOJIM YMEPIIHX B CTalllOHApe, He HYKAAIOLINUXCS B OIEpPaTHB-
HOM BMEUIATEIIbCTBE, YTO JUKTYET HEOOXOAUMOCTh YBEIUYCHUS
pos HeWpOpeaHUMalUy B CIICHUAIN3HPOBAHHBIX KIHHHUKAX,
MIOJITOTOBKH CICIUAIN3UPOBAHHBIX KaJPOB U OTKPBITUS CIICLHU-
QIIM3UPOBAHHBIX HEHPOPEAaHUMALIMOHHBIX OT/ICIICHHUH.

TakuMm 00pa3oM, pe3yJbTaThl MCCIECIOBAHUS CTAaBAT IEPE
HEOOXOZMMOCTBIO TPOBEJCHHS BBICOKOKAYECTBEHHBIX OIHJIC-
MHOJIOTHYECKHX HCCICI0BAHUH IIPH YYACTHH CMEXKHBIX CIICLHU-
QIIMCTOB B 00JIaCTH HEHPOpEeaHUMALIUH, TPABMATOJIOTHH, XHPYP-
I'HHU U peaOMIIUTalUK, YTO 0OCCIICYUT MOIHOLCHHOE JICUCHHE
Y/IOBJICTBOPUTEIbHBIH HCXOI.
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SUMMARY

THE ANALYSIS OF MORTALITY CAUSES IN PATIENTS
WITH SEVERE TRAUMATIC BRAIN INJURY INALMATY

"Dyusembekov E., “?Akhanov G., 'Aliev M., ?Uteuliyev Y.,
Saktapov A.

!Kazakh Medical University of Continuing Education, Almaty;
’Kazakhstan's medical university « KSPH», Almaty, Kazakhstan

The purpose of this study was to analyze the cases of trau-
matic brain injuries in hospitals of Almaty and the factors that
cause traumatic brain injury with fatal outcome.
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The material for the study were clinical cases of patients with
traumatic brain injury (TBI) and deaths according to Almaty for
2012-2015, the total number of patients - 217, of which, in 2012
— 56, in 2013 — 48, in 2014 - 51, 2015 — 62. The criterion for
inclusion in the study was the presence of an isolated TBI.

As a result of the study, it was found that the most common
age group among the deceased patients is the able-bodied part
of the population, in 2012-13 among the younger population
50% died, 2014-15 - 38.7%. It was also revealed that among
the male half of the population, cases of TBI were 4 times
more likely to be fatal than among women (79.3% to 20.7%).
The main causes of TBI are: a fall from a height - 33.2%,
violent head injuries - 25.8% and an accident - 24.0%. Cases
of brain contusions for the period of 2012-2015 accounted
for an average of 40.6%, in 2013 and 2014 50% and 49%;
patients with severe brain contusion without compression of
the brain and diffuse axonal traumatic brain damage 30.6%
respectively.

Thus, the results of the study make it necessary to conduct
high-quality epidemiological studies with the participation of re-
lated specialists in the field of neurorehuscitation, traumatology,
surgery and rehabilitation, which will provide full treatment and
a satisfactory outcome.

Keywords: Traumatic brain injury (TBI), traffic collision
(TC), brain concussion, brain contusion, diffuses axonal injury
(DAI), emergency room (ER).

PE3IOME

AHAJIN3 NMPUYUH CMEPTHOCTH MALMEHTOB
C TSIKEJOMW YEPEITHO-MO3IOBOM TPABMOM B
r. AIMATBI

Trocembexon E.K., “2Axanos I.)K., 'Asmne MLA.,
2Yreymues E.C., 2Cakranos A.K.

!Kazaxcrkuil MeOUyuHCKULl YHUepcumem Henpepulenozo oopa-
so06anus, Armamel,; *Kazaxemanckuil MeOUYUHCKULL YHUBEPCU-
mem «BLIIO3», Aimamsl, Kazaxcman

Lenbto maHHOTO MCClIENOBAaHUS SIBUJICA aHAIU3 CIy4aeB de-
PEIHO-MO3rOBBIX TPAaBM B CTAIl[MOHApax I. AiMarsl U (akTopos,
ABJISIIOLMXCS IPUYMHON YeperHO-MO3TOBOM TpaBMBbI C JI€Tallb-
HBIM HCXOJZIOM.

MarepuajioM A1 HCCIEA0BAHUS SIBUJINCH KIMHUYECKUE CITy-
Yyau MalrueHTOB ¢ yepernHo-mMo3roBoii Tpasmor (UMT) u sietansb-
HBIX MCXOIOB 10 JaHHBIM I. Anmarsl 3a 2012-2015 rr., oOmee
KOJIMYECTBO manueHToB 217, u3 Hux, B 2012 . — 56, B 2013 1.
—48,82014 . - 51, 2015 . — 62. Kpurepuem BKIIIOYCHHUS B HC-
clIeI0BaHUE ABJIUIOCH HalIu4uKe u3onupoBaHHoi UMT.

B pesynbrare uccienoBaHMs yCTaHOBJICHO, YTO Hamboiee
pacnpoCcTpaHEeHHOI BO3PACTHOW IPYIIION Cpely yMEpIUUX Malu-
€HTOB SIBJIACTCS TPYNOCIIOCOOHast yacTh Hacenenusi, B 2012-13 rr.
Cper MOJIONOTO HacenneHus morudino 50%, 2014-15 rr. - 38,7%.
BrLiBiIeHO Taroke, YTO CpPeAM MYKCKOW ITOJIOBUHBI HACEICHUS
B 4 pasa yaue 3adukcuposansl cinydan UYMT, npuBomsive k
JICTaJIbHOMY HCXOy, 4eM cpeau xeHmuH (79,3% x 20,7%).
OcHoBHbIMH npuuuHaMu UMT sBisrorcs: majeHue c BBICO-
ThI - 33,2%, HacUJIbCTBEHHBIC TPaBMbI rOJIOBBI - 25,8% u J{TII
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- 24,0%. Cny4yau ymuOoB rojoBHOro mMosra 3a nepuox 2012-
2015 rr. cocraBuiy, B cpeaneM, 40,6%, B 2013 u 2014 rr. - 50%
1 49%; GosbHBIE C TSHKEIBIM YIIHOOM Mo3ra 06e3 KOMIpecCUuH
Mo3ra u audQy3HbIM aKCOHABHBIM TPABMATHYECKUM ITOBPEXK-
nenreM Mo3ra 1o 30,6%, COOTBETCTBEHHO.

Taxkum 00pa3oM, pe3yibTaThl MCCIIEAOBAHUS CTaBST IEpen
HeOGXOIlI/IMOCTb}O MNPOBEACHNA BBICOKOKAYECTBCHHBIX JIIUC-
MHOJIOTHYECCKHX HCCJ’ICI[OB&HHﬁ IIpy y4aCTUU CMEXHBIX CIICIIN-
AJIMCTOB B 00/1aCTH HEHpOpeaHnMalluy, TPaBMaTOJIOT U, XUPYP-
T'MU ¥ peabuIINTal|, 4TO 00SCIICUHT MOTHOLICHHOE JICUSHUE U
YIAOBJICTBOPUTEIBHBIN UCXO.
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N3YUYEHUE TEMOJIUHAMUKA MATKA METOIOM TPEXMEPHOM
HEPTETUYECKOW JONMJIEPOTPA®UHN YV BOJBHBIX AIEHOMHUO30M

SIxoBenko K.B., ’Tamm T.H., 2SIkosenko E.A.

"Tocyoapemeennoe yupexcoenue « Mnemumym meduyurnckoi paouonozuu um. C.I1. Ipueopvesa HAMH Ykpaunwi», Xapvkos;
2XapvkoscKas MeOUYUHCKAsA aKademus NOCIeOUnIOMHO20 00paszosanus, Yxpauna

Anenomnos (AM) win BHYTPEHHUH T'€HUTAJIbHBIA 3HIO-
METPHO3 - JMCTOPMOHAJIbHBIH HMMMYHO3aBHCHUMBIH [1aTOJIO-
IMYECKHII TIpoLecc, XapakTepu3yeTcsi J00pOKaueCTBEHHBIM
MHBAa3MBHBIM Pa3pacTaHUEM B MBIIICYHOM CJIO€ MATKHU JKele3
SHAOMETPUS U UX CTPOMBI, CONPOBOXKIAIOLIMNACS THIIEPIITIa3Uei
u runeprpoduell ragkoMpiiednoi Tkanu [14,16]. AneHomu-
03 3aHMMAET TPEThE MECTO 110 PACIIPOCTPAHCHHOCTH CPEIH 3a-
00J1eBaHMIl KEHCKUX BHYTPEHHHMX MOJIOBBIX OPraHOB, yCTymas
TOJILKO BOCHAJIUTENILHBIM 3a00JICBaHUAM OPraHOB MaJIOro Ta3a
n neitomuome matku (JIM), mopaxas 10 50% >keHIIUH ¢ coxpa-
HEHHOU MeHCTpyaibHOU dyHKimeit [15,23].

B mocnenuue roxsl Ui YTOYHEHHs Xapakrepa (yHKIHO-
HaJbHBIX HAPYIIEHUH Pa3IM4HBIX OPraHOB M CUCTEM IIMPOKO
UCIIONIB3YETCS YIIBTPAa3BYKOBas JIByXMEpHas JONIICPOMETPHS,
JIAaHHBbIE KOTOPOH II0 OLEHKE TKAHEBOM I'e€MOJMHAMMKH MAaTKH
IpU aZCHOMHO3¢ NpoTUBOpeunBsl [2,3]. Pax aBTOpoB oT™Meua-
10T YCHJICHUE BAaCKYJIAPH3aLMK MHOMETPHS TIPH JAHHOM 11aToNo-
T'UH, IPyrUe OTMEYAIOT, YTO JUISl aICHOMHO3a B PEKUME 1IBETOBOTO
JomuiepoBckoro Kapruposanust (LI/IK) xapaxtepHo BbLsBICHHE
BHYTPH I1aTOJIOTMYECKOTO O4ara OT/AEIbHBIX CUTHAJIOB HEOOIBILON
mwiomany [7]. HekoTopble aBTOpBI CUUTAIOT, YTO VIS alCHOMUO3a
XapaKTePHO TOSBJICHUE YYaCTKOB IMOBBIIICHHONW 5XOr€HHOCTH B
MHOMETPUH 6€3 YEeTKMX KOHTYPOB M TMIIEPIXOTCHHbIX BKIIIOUYCHHI
1 OTCYTCTBHE KPOBOTOKA BHYTpPH 3THX y4acTKoB [11].

B nyOnukaiusx HOCIeAHUX JIET MPEBAIUPYIOT JaHHBIC, CBU-
JIeTENBCTBYIOIINE O THIIOBACKY/IAPU3ALMU MHOMETpHs Ipu AM
[8,9]. T'umoBackymsipu3anusi 00bsICHIETCS] TeMU MOPdOIOTHYe-
CKHMMH IIPOLIECCAMU HEOAHIHOT€HEe3a, KOTOPhIE XapaKTepHbI IS
00pa30BaHusl SHAOMETPHOUAHBIX TETEPOTONNI B MHOMETPHHU U
IIPOrPECCUPOBAHUS [ATOJIOTMYECKOro Ipouecca. Heoanruore-
He3 — KIII0UEeBOE 3BEHO B (POPMUPOBAHUHU M PA3BUTHH PA3IUYHBIX
(bopM 3HIOMETPHO3a, OCKOIbKY BaCKYJIApU3aLHs SHIOMETPH-
OMJIHBIX MMIUIAHTOB SBIISIETCS OJHUM U3 HauOoJee 3HAYMMBIX
(axTopoB MX MHBA3MK B OKpyxKaromyto Tkaub [10,13]. TIpose-
JICHHBIE MCCIIEIOBAHMS [TOKA3AJIH, YTO y OOJIbHBIX a/ICHOMHO30M
I crenenu HaOIIOACTCS TOBBIIICHUE BACKYJISIPU3ALIMM MATKU Ha
HavyaJIbHBIX 3Tanax pa3BuTus 3abonesanus [20]. B To ke Bpems
y nauueHTok ¢ aaeHomuos3oM II-III crenenu - kpoBOTOK B cO-
cyaucToM Oacceitne Matku yxyamaeres [12,14]. BeisBieno, uyro
HapyIeHus] KpoBooOpaleHus B MUoMeTpun ipu AM o0yciioB-
JICHBI IaTOJIOTMYECKUM aHTHOTCHE30M B HHIOMETPHOMIHBIX
rereporonusx [18,22]. Cocyapl mOCIEAHUX MPU ITOW MATOIO-
T'MH NIPE/ICTABICHbI, B OCHOBHOM, aPTEPUSAMH MbILIEYHOTO THUIIA,
Oosbliiasi 4acTh KOTOPHIX HE (YHKUHOHUPYET JHOO CKICPO3H-
posana [10,17].

Jlnst 0ObEKTHBU3ALMK IaHHBIX O I'eMOJMHAMMKE OITyXOJIel MH-
OMeTpHsl B OCJIEAHNE TOBI CTAIIM MCIIONB30BaTh 3D — sHepreru-
YecKylo Jomnmieporpaduio, KOTopasi IO3BOJSAET KOJINYECTBEHHO
OLICHHUTD CTEINeHb BBIPAKEHHOCTH Tepdy3uu oryxon [1,6].

AHanu3 JIUTEpaTyphbl BBISBHUI OT/JC/IbHbIC CBEACHUS O CHIKE-
HHU T0Ka3areseii 00beMHBIX MHIEKCOB KPOBOTOKA TeJId MATKU y
00s1bHBIX AM, 4TO OTpakaeT TUIOBACKYISAPU3ALIMIO MUOMETPHS
B CPaBHEHHH CO 310POBBIMH XeHIMHaMH [ 7,8]. OgHako, oTcyT-
CTBYIOT CBEJICHHS O 3aBUCHMOCTH I1OKa3aTesed 0ObeMHBIX MH-
JICKCOB KPOBOTOKA OT (hopMbl AM, (a3 MEHCTPyaIbHOIO LHKIa
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y JKEHIIMH PENPOIYKTUBHOTO BO3pACTa U KaKOBa MX JHMHAMUKA
y NMAIUEHTOK B IEPUMEHOINAy3€ U B MEHOIAy3€ B CPABHEHUH CO
370pPOBBIMH JKeHIMHAMK. HecMoTps Ha TO, 4TO OOJIBLIMHCTBO
aBTOPOB OTMEYAIOT NMEPCIIEKTUBHOCTb UCIIONb30BAaHUS METO/IOB
TpexMepHoii axorpaduu B auarHoctuke AM Hpu yCIOBHH CO-
OnrofeHUs eAMHBIX TPEOOBAaHMH K MapaMeTpaM HAaCTPOWKHU arl-
MapaToB, BBITYCKAEMBIX PA3IUYHBIMU MPOU3BOAUTETAMH, IS
UCKIIFOYEHHS] UCKAXKEHHs TTOIyUeHHBIX PE3YJIbTAaTOB, 0 HACTO-
SIIEr0 BpEMEH! €ANHBIH TNarHOCTHYECKU alrOpUTM HCCIIEN0-
BaHMA OoTCyTCTBYeT [19,21].

B cBsi3u ¢ 3TUM SABISETCS aKTyalbHBIM MOMCK HOBBIX JHa-
THOCTHYECKHX TPEXMEPHBIX YIBTPAa3BYKOBBIX KpuTepue AM
¢ pa3pabOTKOH KOJMYECTBEHHBIX MapaMeTpPOB, MO3BOJSIOMINX
UCKIIFOYUTH WM CBECTU K MUHUMYMY CyOBEKTHBHYIO COCTaBIIs-
IOIILYI0 MCCIEOBAHUS.

Lens nccremoBaHus - ONpPENEITHTH MOKA3aTeNN OOBEMHOTO
KPOBOTOKA TeJa MAaTKH >KCHIIHMH Pa3lNIHOTO BO3pacTa, 0OIb-
HBIX Pa3HBIMH (OPMAMH aJICHOMHO3a B TPEXMEPHOM aHTHOpE-
JKAME IS TIONCKA OOBEKTHUBHBIX AU(EPEHINATBHO-IUAarHOCTH-
YEeCKHX KPUTEPUEB JAHHOU MaTONOTHN.

Marepuaia u MeToabl. OCHOBHYIO TPYNITy HCCIECIOBAHUS
cocTaBWIN 46 >KEHIIUH B Bo3pacTe oT 18 10 45 jetT, KoTopsIM
IpHU yIBTPa3ByKOBOM HCCIIEIOBAHUH OPTaHOB Majoro Tas3a Mo
CTaHJaPTHON METOAUKE B IBYXMEPHOM PEXHUME OBLIT ITOCTABICH
nuarnos agenomuos II-111 crenenu.

CornacHO MeXIyHapOIHOW THCTOJIOTUYECKON KiIacCHU(HKa-
IIUM OIyXOJNieH >KEHCKUX IOJOBBIX OPraHOB, TEPMHUH «aJCHO-
MHO3» IIEI1eCO00pa3HO yNoTPeOIATh TOIBKO MNP HAIHMINU TH-
MEPIUTa3uH MBIIMIEYHBIX BOJIOKOH (YTONIIEHHH CTEHOK MAaTKH),
(hopMHpOBaHKE KOTOPOIl HAOIIOAAETCS IPH OYArOBOMH, y3JIOBOM
(dhopme 3a00eBanus 1 UPPy3HOM TOpakeHUH MuoMeTpus 11-
III crenenu. Buyrpenuuii sniomerpuos I crenenn u BHyTpeH-
Huil sHIOMeTpHo3 Il cremeHu, 6e3 MPU3HAKOB THIIEPIUIA3UU
MHOMETpHS HE PEKOMEHIYEeTCS UMEHOBATh ajieHoMuo30M [11].
ITosTomy AM I crenenu HamMu He paccMaTpUBAETCSl.

U3 46 obcnenoBaHHBIX ManueHTOK B 23 (50%) ciaydasx or-
MeyaJicsl H30JIMPOBaHHbII afeHoMHUO03, B 23 (50%) — aneHomMno3
B COYCTAHHH C JICHOMHOMOIl MaTKH, IPUYEeM BO BceX HaOIroIe-
HUSX JIeHOMHOMa MaTKU COYETanach ¢ 04aroBoit popmoii AM.
I'pynmy cpaBHenus coctaBumu 111 370pOBBIX KEHIIUH B BO3-
pacte ot 18 1o 45 nert, AN KOTOPHIX HAMHU OBUTH pa3pabOTaHbI
U yCOBEPIICHCTBOBAHBI HOMOTPAMMBI TIOKa3aTeneil 00beMHOTO
kposotoka (VI, FI, VFI) rera marku (TM) u pa3pabotanbsl HO-
MorpamMmsl meiku Matku (ILM).

B rpynme >keHIIMH ¢ W30JMPOBAHHBIM aJICHOMHO30M (n=23)
BCE JKCHIIMHBI OBIIM penpomayKTuBHOTo Bo3pacta (100%), nx
BO3pacT Konebaics B mpenenax ot 18 o 45 ner (Me 31,5). [Ipo-
JOJDKATENBHOCTh MEHCTpyanbHOro mmkina (ML) coctaBmia, B
cpenneMm, 28 nHeil. OHU OBLTH pa3aeNieHbl HA TPYIIIEI B 3aBUCH-
MOCTH OT (ha3pl MEHCTpyalbHOTO LuKiIa. Pannell nmpommdepa-
TUBHOH (hazoii cunranu 5-7 nenp ML (I11). KomuaectBo obce-
JIOBaHHBIX JKEHIIHMH B 9TOH (ase coctasmio 5 (21,73%), u3 Hux
¢ ogaroBoii (opmoii (OD) AM — 3 (60%), ¢ y3noBoii (opmoit
(YO) AM — 2 (40%). Cpenneit nponudepaTnBHO# (azoit cun-
tamu 8-9 g ML (I12), komuuecTBO 00CIe0BaHHBIX )KESHIIIMH B
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9T0#t daze coctaBuio 5 (21,73%), uz uux ¢ OD AM — 3 (60%) u
¢ YO AM -2 (40%). [To3aHeli mponudepatuBHOit ha3oii cunta-
mu 11-14 gau ML (T13), konudecTBO 00CIEIOBAHHBIX JKCHIIMH
coctaBmiio 5 (21,73%), uz aux c OO AM — 3 (60%) u ¢ YO AM
— 2 (40%). Panneii cekpeTopHoii (azoii cuntanu 15-18 qau ML
(C1), xonnuecTBO 00CIEI0BaHHBIX )KEHIIMH B 9TOM (ase cocra-
B0 3 (13,04 %), u3 vux ¢ OO AM — 1 (33,33%) u c YO AM
— 2 (66,66%). Cpenneit cekperopHoit ¢azoii ML cuntanu 19-
23 nuu M1 (C2) xonnuecTBo 00C/Ie0BAHHBIX )KEHIIMH B 3TOH
¢ase cocrasmio 3 (13,04%), u3 vux ¢ OD® AM — 1 (33,33%) uc
YO AM — 2 (66,66%). [Tozaueit cexpetopHoii hazoii MII cun-
tamu 24-27 mau ML (C3), konudecTBO 00CIEIOBAHHBIX JKEH-
IIMH B 3TOi ¢asze coctaBuio 2 (8,69%), u3 Hux ¢ OD AM — 1
(50%) uc YO AM — 1 (50%).

B rpynrie jxeHIMH ¢ aleHOMHO30M B COUETAHUH C JIEHOMHUO-
Moit MaTku (n=23) Bce KEHIMHBI TAKKe ObLIA PEPOLYKTHBHO-
ro Bo3pacta (100%), ux Bo3pact Kojebaycs B mpeaenax ot 25
1o 45 ner (Me 35). IlponomxurensHocts ML cocraBuia, B
cpenneM, 28 nueil. OHH, B CBOIO OYepEib, ObLIN Pa3ICIICHbI
Ha TPYIIBI B 3aBUCKMOCTH OT (pa3bl MEHCTPYaIbHOTO LIUKJIA.
B ¢dazax uukna I11 u C3 B 37001 rpynne He 00ciae0BaHO HU
OJIHOM KeHIIUHBI. KoanuyecTBO 00C/IEI0BAHHBIX JKEHIWH B
¢aze 12 cocraBuno 5 (21,73%), B dase I13 - 6 (26,08%), B
¢aze Cl1 - 6 (26,08%), B dpaze C2 - 6 (26,08%).

VipTpa3ByKOBbIC HCCIECAOBAHUA (IBYX- M TPEXMEpHas 3XO-
rpadusi, IOMIUICPOMETPHUs]) MPOBEICHbI HAa YIBTPA3BYKOBOM
anmapare JKCIIEPTHOrO Kiacca ¢ OObEMHBIM CKaHHPOBAHUEM
VOLUSON ES8 Expert General Electric Healthcare B komruiek-
T€ MyJIbTUYACTOTHBIX TPaHCAOIOMUHAIBLHOTO KOHBEKCHOro 4D
natunka RAB6 D u tpancBarunansHoro 4D parunka RIC 5-9D
B KaOMHETE yJIbTPa3ByKOBOI TMarHOCTUKU I. XapbkoBa (JIMLIEH-
3uga MO3 Vkpaunst AE Ne 459819).

CKaHI/IpOBaHI/Ie INPpOBOANJIOCH B IIOJIOKECHUHU MNAlIUCHTKHU
nexa Ha cnuHe. [locne npoBeaeHMs SHEPreTHUECKOTO AOII-
mieposckoro kapruposanusd (3K) B 2D pexume nepexo-
nwii B pexum 3D. Mcnonap3oBana MeTOIMKA, MPEATOXKECH-
Hasg U.A. Ozepckoii [5]. IIpu TpexmepHON PEeKOHCTPYKIHUU
MaTKH{ C MCII0JIb30BaHUEM (YHKIIMH DHEPTETHUECKOrO KapTH-
posanust u onuu VOCAL (Virtual Organ Computer-aided
Analysis) nmpoBoauiack 00beKTHBHASI OLIEHKA FeMOJIUHAMUKH
MUOMETPUSA NYTEM BbIYUCICHHUSA HWHACKCA BACKYJIsApU3allUN
(VI), xoTophlif XapakTepu3yeT HPOLEHTHOE COOTHOLICHHE
COCYZIOB B OIPEICICHHOM 00beMe TKaHeH, MHJEKca KPOBO-
toka (FI), xapakTepusyrolmero MHTCHCUBHOCTb KPOBOTOKA,
IIOKa3bIBAIOIIET0 00bEM KIIETOK KPOBH, MEPEMEIIAIONIerocs
B COCY/Iax Ha MOMEHT HCCJICJOBAHUS U BACKYJISIPH3ALMOHHO -
notokoBoro unaekca (VFI), sBisronierocs nokasaresiem mnep-
¢by3un oprana [7;8]. s KOPPEKTHOTO MOJYUYSHHS TIEPEUUC-
JICHHBIX UHJICKCOB INIyOMHY CKaHUPOBAHUS OAOUPAIIN TAKUM
obpazom, yToOb! Tesno Matku (TM) u mieiika 3aHUMaNM Bech
9KpaH ¢ ucrnonb3oBaHueM (yHkuuu ysenuueHus (ZOOM).
L[BeTOoBOE OKHO pacmojarajyd Ha TeJO MAaTKH OT O0JIacTH
BHYTPEHHETO 3€Ba 10 JIHA, 3aXBaThIBas CEPO3HYIO 000JIOUKY
nepenHell ¥ 3aHel CTeHOK, a 3aTeM Ha weiiky matku (LILIM),
oT o0JyilacTu BHYTPEHHEro 10 HapyxHoro 3eBa. lllkany nua-
1a30Ha CKOPOCTH (YacTOTa MOBTOPEHUS UMITYJIbCA) YCTaHAaB-
JIMBAJIM HA MUHUMAaJIbHOE 3HaYeHUE, cooTBeTCTBYIOIEe 1-10
cm/c. C 1enbio ynaneHus: HU3K04aCTOTHOTO KOMIIOHEHTa, 00-
YCJIOBJICHHOTO [JBMXXEHHEM CTEHOK COCY[a, HCIIOJIb30BaIU
COOTBETCTBYIOLIMH YaCTOTHBIH (GuibTp. Perynsrop nsetoBo-
ro pexXuma HacTpauvBaJli HAa MaKCUMAJIbHOC YCHUIICHUEC, NIPpU
KOTOPOM Ha M300paKeHUH HE BO3HMKAJIO CIy4YalHBIX LBETO-
BBIX MATEH (CHEKJI-IIyM), a Il HOBBILICHUS LIBETOBOTO pas3-
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pCILICHUs HCIOJIb30BaJIM HU3KYIO 4acTOTy IOKaIApOBOM pas-
BEPTKH M300paKEHUS U MaKCUMAaJbHYIO IUIOTHOCTb JHMHHM.
Yros mocTpoeHus TpexMepHoro oobekTa coctapisi 120° ¢
marom BpameHus 9-15°. 3atem aBTOMaTUYECKH paCCUUTHIBA-
auck ungekcel VI, FI n VFI npu nocrpoenun rucrorpamm
[5] (Puc.).

Puc. Tpexmepnas peKoHCMpPYKYusi MAMKU ¢ UCNONb306AHUEM
Gynryuu snepeemuueckoco kapmuposanusi u onyuu VOCAL (3e-
nenas cmpenxa) ¢ evruucienuem VI, FLVFI (ocenmas cmpenxa)

CrarucTideckylo 00pabOTKy AAHHBIX MPOBOJMIM C IOMO-
wpto nporpamMel STATISTICA, meromamu HemapameTpHuue-
cKoil crarucTukd. KomuuecTBeHHbIE IOKA3aTelnu MPelcTaB-
asuich B Buae Mmenuad (Me), MHTEpKBapTHIBHBIX Pa3MaxoB
(LQ - mmwxHui kBapTiib, UQ - BepXHUH KBapTWib), pazMaxa
BBIOOPKH (Min - MUHUMAJbHOE 3HAaYEeHHE, MaX - MAaKCUMaJIbHOE
3HaYeHue). J{Jsl KkaueCTBEHHBIX MMOKaszaTesiel yKa3blBajoch ad-
COJIFOTHOE YHUCJIO U OTHOCUTEJIbHAS BeJIMUMHA B TIporieHTax (%).

Jy1s mpoBepKu COBIIAICHUS paclpeeIeHUs KOMNYEeCTBEHHBIX
HIOKa3aresiell ¢ HOPMaJIbHBIM I10JIb30BAIUCh KPUTEPHEM COIVIa-
cust Konmoroposa - CMmupHoBa. Tak Kak 3aKOH pacHpeneieHus
MCCIIEeAyeMbIX YHMCIIOBBIX TOKa3aTesieil OTIINYaics oT HopMallb-
HOT'O, CTaTHCTUYECKYI0 3HAYMMOCTb IPOBEPSIM HPU IOMOLIH
U - xpurepuss Manna-Yutau (KMY) - B ciiyuae napHbIX He3a-
BUCHMBIX COBOKYITHOCTEH, kKpuTepus Kpackena-Yomuuca (KKY)
- B ClIy4ae MHOXKECTBEHHBIX HE3aBUCUMBIX COBOKYIHOCTEH. Ka-
YECTBCHHBIC NIPU3HAKU CPAaBHUBAINCH IPH MOMOILU KPUTEPHS
¥* Mupcona (KXTII). OTinuus CYUTANN CTATUCTHYCCKH 3HAYU-
mbiMu Tipu p<0,05.

Pe3yabTarsl n ux o6cyxaenue. [Ipu ucciieoBaHum BacKyJisi-
pU3aLUU MaTKH KEHIIHUH C U30JIMPOBAHHBIM aJCHOMUO30M pa3-
JIMYHBIX (OPM M aJICHOMHO30M B COUETaHHH C JICHOMHOMON MaTKH
B TPEXMEPHOM aHI'MOPEKUME IPU TOMOLIH 3D - peKOHCTPYKLUH ¢
ucnonb3oanueM onuu VOCAL, n3ydeHbl HHIEKCHI TOKa3aTeseh
oosemuoro kposoroka (VI, FI, VFI) tena marku, npoBeneHo mux
CpaBHEHHE C pa3pabOTaHHBIMU HAMU HOMOTpaMMaMH MTOKa3aresei
00BEMHOT0 KPOBOTOKA TEJA 310POBBIX YKCHIIUH PENPOLYKTHBHOIO
BO3pacTa B pa3nyHble (a3bl MEHCTPYAIbHOTO LUKIIA M U3yYeHa NX
JMHamMuKa (Tabmuuel 1, 2, 3).

VY 310pOBBIX JKEHIUH PENPOAYKTUBHOTO BO3PACTa, B HALIUX
HaOJIoIeHNIX MUHUMaIbHbIe 3Hadenus VI TM (tabmuna 1) ot-
MeJaaKnch B paHHed mpomudeparuBHoit daze ML (Me=4,93),
JIOCTUrasi CTaTUCTUYECKM 3HAYMMOIO MAaKCUMyMa B CpeaHei
cekperoproii paze ML (Me=62,61, KMV, p < 0,05), coBnanato-
1eil ¢ MeprooM paclBeTa JKEJITOro Tejla B SUYHUKE, U YMEHb-
IIasICh MIPAKTHYECKH B TPU pa3a K MO3/HEH CeKpeTopHoil daze
MI] (Me= 23,86). 3aBUCMMOCTb UMEJIa CTATUCTHYECKU 3HAUU-
mbii xapakrep (KKY, p<0,05).
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[Ipu ouenxe unaexca Backyaspuzauuu VI TM xenmuH oc-
HOBHOM I'PYIIIbI COXpaHsJIaCh aHAJIOTHYHAs ¢ TPYIIOil cpaBHe-
HHS CTAaTUCTHYCCKU 3HAYMMasl IMHAMHKA YBEINYCHHS U YMEHb-
[ICHHsI TAHHOTO MoKa3aress B 3aBucumocTr ot (a3 MI] (KKY,
p<0,05). Munumansubie 3Hadenus VI TM ormevanuce B paH-
Hell nponudeparuBHoil dasze MI], nocToBepHO MakcHMaibHO
MOBBIIIASACH K CpeHel cekpeTopHoii (haze ML, coBnanaroreit
C IIEpHOIOM PACILIBETA JKEJITOTO Tela B AUYHUKE, U YMEHBIIAsCh
K mo3aHeil cekperopHoit ¢aze MLI. Bee ykazaHHbIe monapHbie
pa3nuuus UMEIM CTaTHCTHYECKH 3HauuMblil xapakrep (KMY,
p<0,05).

OpHaKo, HECMOTPST Ha COXpaHCHUE OOIIel THHAMUKN H3Me-
HEHUI M3yyaeMoro nokasaress B pasusle paszel ML, kpome mo-
kazaresedd B ¢asy I11, Bce oHM ObLIM JOCTOBEPHO HMXKE, YeM
B IpyIIIE CPAaBHEHMs, IPUYEM BCE YKa3aHHbIC pa3jIndus UMEIH
CTaTUCTUYECKU 3HaYMMBbIH Xapakrep (KMY, p<0,05). Ilomyuen-
HbIC JAHHBIC MOATBEPXKIAIOT XapaKTEPHYIO I'MIIOBACKYJspU3a-
M0 MHOMETpHs1 OOIbHBIX AM, OTMEUEHHYIO TaK¥Ke MpPeJIbIIy-
HUMH MccenoBaressiMu [7,8], XOTs OTIMYAIOTCs OT JaHHbIX,
paHee 3asBJICHHBIX, B CTOPOHY 3HAUUTEIBHOTO IPEBATUPOBAHUS
1 poBbIX mokasareneii [4,6]. Tak, cormacHo paHee OmyOIHKO-
BaHHBIM JIaHHBIM, Y JKSHIIUH ¢ AM 3HaueHus] HHJEKCa BacKy-
nsipuzanun VI umenu cpennue 3uadenus B I gaze muxia 2,9%
(1,0-7,8%), Bo II daze — 4,6% (0,3-12,9%) [7, 8].

Ha u3y4aemoii BBIOOpKE CTAaTUCTUYECKH 3HAYMMBIX pPa3iIvuuii

Mesxy nokasarersimu VI TM ouaroBoii u y31oBoii (hopM H3071Mpo-
BaHHOrO AM B ofnHaKoBbie (a3el MI] He BBISBICHO, OAHAKO IS
Bcex (paz MII coxpaHsioch CTATUCTHYCCKH 3HAYMMOE IPEBBIIIIC-
HMe uHekca Backymsapusatuu VI TM rpymnmel ¢ AM B coueTannu
¢ JIM nazx mzonupoanuoit popmoit AM (KMY, p<0,05).

AHanusupys 3aBUCUMOCTb 3HaueHus mnokasareneid FI TM
ot ¢a3pl MLl 310pOBBIX JKSHIIUH PEIPOAYKTUBHOIO BO3pac-
Ta, OBUIO OTMEYEHO HEIPEePHIBHOE BO3pACTAHUE MOKA3aTes
Me=19,19 B ¢asy I11 no Me=25,55 B a3y Cl ¢ nocreneHHbIM
cHkeHneM Me=25,02 B daze C2 u Me=22,20 B dase C3 (ta-
Osuna 2). 3aBUCUMOCTh MMella CTaTUCTUYECKH 3HAUYMMBINA Xa-
paxrep (KKY, KMY, p<0,05).

IMokaszarenu unpekca motoka FI B pasmuunbie dassr MI] B
OCHOBHOI1 IpyIne He OTIMYaJuCh OT IOKa3aTesed 310pOBBIX
JKSHIMH aHasoruyHoro Boszpacra (KMY, p>0,05), uro corna-
CyeTcs ¢ pe3ylbTaTaMu MPEAbIIYLIIUX UccieqoBaTesIel, O1HaKO
3HAUUTEJIbHO NPEBAJIMPYIOT HaJ 3asBICHHBIMH paHee [4,0] B
1M (POBBIX MOKA3ATEIISIX.

Ha ocnoBanuu ananusza Homorpamm VFI TM (tabmuna 3),
MOXKHO CZEJaTh BBIBOJ O TOM, YTO JMHAMHKA 3HAYCHHH DTOTO
MHJEKCA, B 3aBUCHMOCTH OT (Da3bl LUKJIA 30POBBIX JKECHILMH
PENpOLYyKTUBHOIO BO3pACTa, UMeJa CTAaTUCTUYECKU 3HAYMMBIN
xapakrep (KMY, p< 0,05). IIpu 3ToM MUHMMaJIbHBIC 3HAYCHUS
VFI TM oTmeyanuch y >KeHIIMH PenpoayKTUBHOIO MEpHoAa B
panneit nponupeparusuoit pasze MIL (Me=1,00), Ha craructu-

Tabauya 1. 3asucumocms noxaszamens VI TM om gazvr ML] y 300pogeix dcenujun penpoOykmugHo2o gospacma (Hopma)

u y 6onvHbIx paziuunsvilmu popmamu AM

da3a NUKJIA WIN JJIUTEJIbHOCTH MEHOMAY3bI Omucarenbitbie CrarueTuii
Me Min Max LQ uQ
11 (mopma) 4,93 0,59 12,97 3,47 8,02
11 AM OD 6,83 4,32 9,35 4,32 9,35
11 AM YO 7,13 3,47 10,78 3,47 10,78
[12 (mopma) 12,18 6,37 25,29 10,46 18,97
12 AM 0D 7,03 1,52 10,38 4,59 8,38
12 AM YO 9,81 3,84 31,15 3,84 31,15
112 AM O® B coueranuu ¢ JIM 17,64 16,72 18,97 16,72 18,97
13 (Hopma) 31,51 6,64 45,51 24,97 33,91
13 AM OD 11,59 3,53 18,60 3,53 18,60
I13 AM Y 14.00 4.71 23.29 4.71 23.29
13 AM O® B coueranuu ¢ JIM 23,82 2,64 37,09 3,69 27,09
C1 (Hopma) 42,18 20,02 62,32 24,61 52,69
Cl AM O 15,88 15,88 15,88 15,88 15,88
Cl AM YO 14,87 2,64 27,09 2,64 27,09
C1 AM OD B coueranuu ¢ JIM 24,93 17,11 78,36 17,22 55,45
C2 (Hopma) 62,61 47,00 99,72 50,66 81,85
C2 AM 0D 18,60 18,60 18,60 18,60 18,60
C2 AM YO 18,26 10,83 61,33 13,90 40,44
C2 AM O B couerannu ¢ JIM 32,54 17,32 78,36 17,32 78,36
C3 (nopma3) 23,86 10,69 56,99 20,94 36,80
C3 AM 0D 18,26 18,26 18,26 18,26 18,26
C3 AM YO 19,94 19,94 19,94 19,94 19,94
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YEeCKHM 3HAYMMOM YPOBHE MAKCHUMAJIbHO IOBBILIASACH K CPEeAHEH
cekperoproii paze ML (Me=11,91), coBnanaroineii ¢ meproaom
pacuBeTa KeIToro Teja B SUYHHUKE, U yMEHbIIAACh NpaKTHie-
CKU B JIBa pa3a K MO3aHeH cekpeTopHoi ¢aze ML (Me=6,74)
(KKY, KMY, p<0,05).

VY JKEHIIMH OCHOBHOM TpPYMIBI BAaCKYJISPH3ALHOHHO-IIOTO-
koBbIi uHAEKC VFI TM coxpaHsin aHaJOrM4YHYIO IpyIIe Cpas-
HeHus craructudecku sHauumyro (KMY, p<0,05) nunamuky
U3MeHeHHH, 3aBucsuyto ot ¢pa3 ML 3nauenns VFI TM Obuin
MHMHHMAaJIbHBIMU B paHHed nponudeparusaoi paze ML u no-
CTHUTaJId CBOET0 MaKCHMMyMa K CpeiHel cekpeTopHoil dase B
SIMYHMKE, YMEHBIIAsCh K M03/1HeH cexperopHoii daze ML (KKY,
KMY, p<0,05).

OnHako, HECMOTPSI HA COXpaHCHUE OOIIeH THHAMUKH H3Me-
HEeHHI M3y4aeMoro mokasarens B pasubie dassl ML, (kpome
tassl [11), Bce onu Obutn HIDKE, YeM B Tpymnne cpaBHenus (KKY,
KMY, p<0,05). [lonydeHHble naHHbIE MOATBEPKAAOT Xapak-
TEPHYIO IMIIOBACKYIISIPU3ALUIO MHOMETpHs 001bHBIX ¢ AM, oT-
MEUYEHHYIO TaKKe MPeIbIayIUMH UCcCeoBaTeIsIMu [7,8], XoTs
OTJIMYAIOTCS B CTOPOHY 3HAYUTEIBHOTO MPEBATMPOBAHUS LU(-
poBbIx mokasareneii [4,6]. Tak, coriacHo paHee OmmyOIMKOBaH-
HBIM JJAaHHBIM, Y )KEHILUH ¢ AM 3HaueHus BaCKyJIIpU3aLUOHHO-
notokoBoro unaekca VFI B I dase cocrasuu 1,1% (0,3-2,9%),
Bo II dhaze — 1,5% (0,1-4,4%) [7.8].

CraTucTH4ecKH 3HAYMMbIX oTinuuil mokasareneit VFI TM
MEXIy 04aroBoii 1 y310Boii opmamu nzonuposanHoro AM mo
(dazam MI] He BBISIBICHO, OJJHAKO COXPAHSUIOCH CTATUCTUUECKH
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3HauuMoe npesbiieHne uaaexkca VFI TM B rpynne ¢ AM B co-
yeranuu ¢ JIM Haa usonuposanHoii popmoit AM Bo Beex dazax
MII (KMY, p<0,05).

Taxum 00pa3om, MOJTyUESHHBIC PE3yIbTaThl H3y4YCHHS MOKa-
3areneil nuaekco oobemuoro kposoroka (VI, FI, VFI) tena
MAaTKH JKEHIIUH ¢ U30JIMPOBAHHBIM aICHOMHO30M Pa3JIMYHBIX
($hopM ¥ aZICHOMHUO30M B COUYETAHUU C JICHOMHOMO# MaTKH 10~
3BOJIAT, C OJHON CTOPOHBI, IOBBICUTH TOUHOCTH YJIBTPa3BYKO-
BOI MarHOCTUKU aJlecHOMMO3a Ha OCHOBAHMM KOHCTAaTalUH
3HAYUTEJIBHOTO CHIDKEHHUS JaHHBIX MHIEKCOB B CPaBHEHUU
C TAaKOBBIMM Y 3HO0POBBIX >KeHUIMH. C Ipyroil — Mo3BOJIAT
3HAYUTENBHO MOBBICUTh YPOBEHb NpoBeaeHus AuddepeHiu-
QJIBHOHN JIMarHOCTHKU MEXJy y3J10BOH (OpMOH aJleHOMHO3a
U y3JI0BaTOH 1eIOMHOMOI MaTKi Ha OCHOBAaHUM JUArHOCTHU-
KM TUIOBacKyinspuszauuun muomerpus npu AM. C TpeTbeii,
CHH)KEGHHE IT0Ka3areseil U3yuyeHHBbIX MHIECKCOB B CPaBHCHUU
C HOPMOH y KEHILUH C JCHOMHOMOM MaTKH yKa3bIBaeT Ha CO-
YeTaHHUEe JICHOMUOMBI C aIEcHOMHO30M.

[lonydeHHble naHHbIE TOATBEPKAAIOT XapaKTEPHYIO I'MIIOBa-
CKYJSIPH3ALIMI0 MHOMETpHsl OONBHBIX ¢ AM U HO3BOJISIIOT HC-
I10J1b30BaTh METOAUKY TPEXMEPHOU 3HEPreTHUECKOM AOoMIIepo-
rpaduu 11 AMArHOCTUKH aJICHOMHO03a.

Cumwxenne nokaszarenedd VI, FI, VFI npu onenke remoauna-
MHKH MaTK{ B CPaBHEHUH C OOBEMHBIMU MHJCKCAMH BAaCKYJIsI-
pU3aLuy 300POBBIX KEHIIUH BO3MOXKHO HCIIOIb30BaTh B Kaue-
CTBE O0OBEKTHBHOIO Au(depeHunanbHo - JUarHOCTHYECKOTo
KpUTEpUs JaHHOM NaTOIOTUH.

Ta6auya 2. 3asucumocms noxkazamens FI TM om gpazvr ML] y 300pogbix sceHwun penpoOykmueHo2o 603pacma (Hopma)

u 'y bonvHbIx paznuunvimu gopmamnu AM

®da3a MK WIH JUIITEJIbHOCTH MEHONAY3bI OfmcaTeHLHHe T
Me Min Max LQ UuQ
11 (Hopma) 19,19 10,35 27,96 17,89 22,36
11 AM OD 13,38 9,85 16,92 9,85 16,92
I11AM YO 15,29 9,85 20,56 13,52 16,92
112 (aopma) 22,07 13,14 31,77 20,51 24,82
12 AM O® 16,56 13,31 17,61 13,31 17,61
12 AM YO 17,75 12,80 24,88 13,79 22,80
I[12AM O® B coueranuu ¢ JIM 19,96 19,44 20,16 19,44 20,16
13 (wopma) 22,81 15,29 26,60 20,95 24,72
[I3AM OD 19,98 17,76 22,20 17,76 22,20
113 AM YO 20,73 14,78 24,88 14,78 24,88
113 AM Y® B coueranuu ¢ JIM 20,77 20,23 21,30 20,23 21,30
C1 (nopma) 25,55 8,84 42,27 11,93 32,39
CIAM OO 26,97 26,97 26,97 26,97 26,97
Cl AM YO 20,89 20,17 21,61 20,17 21,61
C1 AM O® B coueranuu ¢ JIM 28,90 27,58 30,23 27,58 30,23
C2 (nopma) 25,20 2,38 38,23 12,56 26,28
C2 AM 0D 25,51 25,51 25,51 25,51 25,51
C2 AM YO 24,75 24,59 25,51 24,59 25,51
C2 AM OO B coueranuu ¢ JIM 2591 20,19 30,23 22,22 28,90
C3 (mopma) 22,20 11,93 44,71 15,80 29,63
C3 AM 0D 24,24 24,24 24,24 24,24 24,24
C3 AM YO 37,92 37,92 37,92 37,92 37,92
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Tabnuya 3. 3asucumocmo noxazamens VFI TM om ¢hazer ML] y 300pogeix diceniyun penpooykmugrHo2o 8o3pacma (Hopma)
u y 60n6HbIX paznuunbimu opmamu AM

®da3a NMKJIA WIH JJIUTETLHOCTH MEHOTAY3bI Omucarebitbie craticTi

Me Min Max LQ uQ

I11( Hopma) 1,00 0,08 2,90 0,66 1,64

11 AM O® 1,30 0,67 5,16 0,67 5,16

11 AM YO 1,44 0,87 2,02 0,87 2,02

[12 (Hopma) 2,89 1,31 6,22 2,21 4,28

12 AM OD 1,50 0,70 2,29 0,70 2,29

12 AM Y@ 1,55 0,44 2,66 0,44 2,66

112 AM O® B coueranuu ¢ JIM 3,00 0,83 5,17 0,83 5,17
T13(nopma) 7,03 1,52 10,38 4,59 8,38

I[I3AM OD 2,66 0,44 5,01 0,75 3,64

13 AM YO 2,87 0,87 4,74 0,87 4,74

113 AM O® B coueranuu ¢ JIM 5,26 2,18 14,87 3,65 10,13
C1 (uopma) 5,31 3,07 17,06 4,92 10,40

Cl AM O 4,74 4,74 4,74 4,74 4,74

Cl AM YO 3,52 3,37 3,68 3,37 3,68

C1 AM O® B coueranuu ¢ JIM 5,26 5,13 5,39 5,13 5,39
C2 (HOpM™ma) 11,91 1,09 27,56 10,11 16,11

C2 AM 0D 5,38 5,38 5,38 5,38 5,38

C2 AM YO 5,84 2,19 11,58 2,89 9,84

C2 AM OO ¢ JIM 20,73 14,78 24,88 14,78 24,88

C3 (nopma) 6,74 3,04 16,89 5,10 9,12

C3 AM OO 3,55 3,55 3,55 3,55 3,55

C3 AM YO 3,85 3,85 3,85 3,85 3,85

BoiBoabl. 1. /s aneHomMr03a BO BCEX CIIydasix XapaKTepHO
CHIDKEHHE BAaCKyJSIpH3allii MUOMETpHsI, 4To Hanbonee nudop-
MaTUBHO JMAarHOCTUPYETCS NPH MCIOIb30BAHUU TPEXMEPHOH
9HEpreTHYecKoil nommieporpadum.

2. Metox TpexMepHOW 3HEepreTH4ecKol aomnrmieporpaduu mo-
3BOJISIET MPOBECTH TH(PPEPeHINAIBHYIO THArHOCTUKY MEXIY Y3-
JIOBO# (hOpMOI aJICHOMHO032 1 Y3JI0BATON JICHOMHOMOI MaTKH.

3. [IpumeHeHHe TPEXMEPHBIX TEXHOIOIUH B COUETAHUH C ABYX-
MEpHOI 9Xorpadueii, Mo3BoJISeT MOBBICHTh YPOBEHB YIIBTPa3ByKO-
BOI1 IMarHOCTHKH a/ICHOMHO03a 32 CYeT OOBEKTUBU3ALINH TTOJTyYeH-
HBIX JIaHHBIX MCCJIEIOBAHMS 1 KOHCTATALMK TUIIOBACKYIIIPH3aLiI
MHOMETpPHsI y OOJNBHBIX C AICHOMHO30M; HCKIIIOYaeT CyObeKTHB-
HBII NOXOJ M TUIEPAMArHOCTUKY JAHHOW NaTOJIOTHM, KOTOpast
4acTO UMEET MECTO U, 10 MHEHHIO MHOTUX aBTOPOB, IpeBpallaeT
JIMarHo3 aJIcHOMHO03a B «MYCOPHYIO KOP3HHY» TOPOILIUBOIO 1 He-
OPEKHOTO IMArHOCTHYECKOTO MOHCKA.
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SUMMARY

A STUDY OF UTERINE HEMODYNAMICS USING THREE-DIMENSIONAL POWER DOPPLER SONOGRAPHY
IN PATIENTS WITH ADENOMYOSIS

Yakovenko K., ’Tamm T., *Yakovenko Ye.

State Institution “S.P. Hryhoriev Institute of Medical Radiology of the National Academy of Medical Sciences of Ukraine”,
Kharkiv; *Kharkiv Medical Academy of Postgraduate Education

The goal of the work was the investigation of volumetric
blood flow parameters in uterine body of women of different
ages suffering from various forms of adenomyosis, in three-di-
mensional angio mode, in order to search for objective differen-
tial-diagnostic criteria of this pathology.

The main study group included 46 women aged 18 to 45 who
were diagnosed with II-III degree adenomyosis at ultrasound
examination of pelvic organs according to the conventional pro-
cedure in a two-dimensional mode. The control group included
111 healthy women aged 18 to 45 years old.

A study of hemodynamics of the uterine body of women of
both groups was carried out in three-dimensional angiography
mode using the energy mapping function and VOCAL (Virtual
Organ Computer-Aided Analysis) option by calculating the vas-
cularization index (VI), which characterizes the percentage ratio
of blood vessels in a certain tissue volume, blood flow index
(FI), characterizing the intensity of blood flow, showing the vol-
ume of blood cells moving in vessels at the examination time,
and vascularization flow index (VFI), which is an indicator of
organ perfusion.

As aresult, it has been established that volumetric blood flow
parameters in women of the main group and the control group
preserved statistically significant dynamics of changes depend-
ing on the menstrual cycle phases: their values were minimum
at menstrual cycle early proliferative phase, reaching their maxi-
mum by the medium secretory phase due to corpus luteum matu-
ration in the ovary, and decreasing by late secretory phase. No
significant differences in VI, FI, VFI parameters of the uterine
body in women with different types of adenomyosis were found.
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Significant differences have been established in uterine perfu-
sion of women with adenomyosis in combination with uterine
leiomyoma in the form of an increase in vascularization param-
eters compared with an isolated form of adenomyosis. However,
despite this, they were all significantly lower than in the control
group, and this applies to both isolated form of adenomyosis and
adenomyosis in combination with leiomyoma.

The obtained data confirm the characteristic hypovascular-
ization of the myometrium of patients with adenomyosis and
allow using the three-dimensional power Doppler sonography
technique for the diagnostics of adenomyosis. The reduction of
parameters VI, FI, VFI in assessment of uterine hemodynam-
ics compared with the volumetric vascularization parameters of
healthy women can be used as an objective differential-diagnos-
tic criterion for this pathology.

The obtained results of the study of volumetric blood flow
parameters (VI, FI, VFI) of the uterus of women with isolated
adenomyosis of various forms and adenomyosis in combina-
tion with uterine leiomyoma would allow, on the first part, to
improve the accuracy of ultrasound diagnostics of adenomyosis
based on a significant decrease in these parameters compared to
those of healthy women. On the second part, they will signifi-
cantly increase the level of differential diagnostics between the
nodular form of adenomyosis and the uterine nodular leiomyo-
ma based on the diagnostics of myometrial hypovascularization
in adenomyosis. On the third part, a decrease in the values of
the studied parameters compared to the normal values in women
with uterine leiomyoma is indicative of a combination of leio-
myoma with adenomyosis.
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PE3IOME

U3YYEHUE 'EMOAUMHAMUKN MATKHW METOJOM
TPEXMEPHOM SHEPTETUYECKOWM JIOIIIJIEPOI PA-
®UU Y BOJBHBIX AJEHOMHUO30M

SIkosenko K.B., Tamm T.H., 2SIxoBenko E.A.

"Tocyoapcmeennoe  yupescoenue «HMucmumym meouyunckou
paouonoeuu um. C.I1. [pucopvesa HAMH Vkpaunory, Xapvkos,
2XapvKo6CcKask MEOUYUHCKASL AKAOEMUsL NOCTeOUNIOMHO20 00pa-
306anus, Ykpauna

Llenp mccnenoBaHus - ONPENENHUTh MMOKa3arel 00bEeMHOIO
KPOBOTOKA TeJIa MaTKU JKCHIIMH Pa3/IMYHOrO Bo3pacTta, 00Jib-
HBIX pa3HBIMH (OpPMaMH aJ[CHOMHO03a B TPEXMEPHOM aHTHOpe-
JKMME JJIs TONCKa OOBEKTUBHBIX AU(EpeHINaIbHO-1HarHOCTH-
YECKUX KPUTEPHEB TaHHOM MaTOJIOTHH.

OCHOBHYIO IpyIIy 00ciIes10BaHusI COCTAaBWIN 46 KEHIIMH B
Bo3pacte oT 18 10 45 ner, KOTOphIM NpH YIBTPAa3ByKOBOM 00-
CJICJOBAHUM OPraHOB MaJIoro Ta3a 110 CTaHIapPTHOI METOANKE B
JIByXMEPHOM PEeKHMe ObLT ITOCTaBIeH JuarHo3 ageHomunos [1-111
cTeneHu. I'pynmy cpaBHeHus cocTaBwiu 111 300pOBBIX XKeH-
IIMH B Bo3pacte oT 18 1o 45 ner.

HccnenoBanue reMOIMHAMUKN TeJla MATKU JKEHIIMH 00eUX
IPYIII TPOBEJCHO B PEKUME TPEXMEPHOH aHruorpaguu ¢ uc-
HOJIb30BaHUEM (DYHKIIMHU YHEPreTUIECKOr0 KapTHPOBAHUS U OII-
i VOCAL (Virtual Organ Computer - aided Analysis) mytem
BBIUMCIICHUS MHAEKca Backyispusauuu (VI), koTopslid Xapak-
TEpU3yeT NPOLEHTHOE COOTHOIIEHHE COCYI0B B ONPEICICHHOM
obObeme TkaHel, unaekca kpooroka (FI), xapakrepusyrolero
MHTCHCHBHOCTh KPOBOTOKA, ITOKA3bIBAIOLIEr0 00BEM KJIIETOK
KPOBH, IIEPEMEIIAIOINXCS B COCY/IaX HA MOMEHT MCCIISI0BAHHS
U BacKyJsipu3alMOHHO-nIoTOKoBoro uuuekca (VFI), sapisrore-
rocsi rnokasaresieM nepdy3uu oprasa.

VYCTaHOBIIEHO, YTO y MKEHIIMH OCHOBHOW TPYIIIBI ¥ IPYIIIIBI
CpaBHEHHS [T0Ka3aTesI 00bEeMHBIX HHICKCOB KPOBOTOKA COXpa-
HSUTM CTaTHCTHYECKH 3HAYMMYIO AWHAMHKY M3MEHEHHUil, 3aBH-
csityto ot pa3z ML nx 3HaueHust GbUTH MUHUMAJIBHBIMU B PaH-
Hell mposnudeparuBHoi (ase ML, nocturas cBoero Makcumyma
K CpeHell ceKpeTopHOil (hase 3a cueT paciuBera JKEJITOro Tenia
B SIMYHHKE W YMCHBIIASACHh K MO3IHCH cexpeTopHoii ¢dase MILI.
HocroBepubix otianuuii nokazareneit VI, FI, VFI tena marku
y KEHIMH C Pa3INYHbIMUA BHIAMH aJ€HOMHO3a HE BBISBICHO.
VYeTaHOBJIEHBI JIOCTOBEpPHBIC OTIHYMS Hepy3Hud MaTKH JKEH-
[IMH C aJICHOMHO30M B COYETAHHH C JISHOMHOMON MaTKH B BHJIE
HOBBIILICHUS] HHACKCOB BACKYJSIPH3ALMY B CPABHEHUHU C H30JIH-
poBanHOi#1 hopmoii aneHomuoza. OHaKo, HECMOTPsI Ha ATO, BCE
OHU OBLIM JOCTOBEPHO HIKE, YEM B IPYIIIE CPABHEHUSI, IPUUEM
9TO OTHOCHTCS, KaK K H30JIMPOBAHHOI opMe ajeHoMH03a, TaK
U K a/ICHOMHO3Y B COUETAHUU C JIEHOMHOMOM.

[Mony4yeHHble aHHBIC MOATBEPKIAIOT XapaKTEPHYIO TH-
MOBaCKYJISIPU3ALMI0 MUOMETPHUS 00JIbHBIX AM 1 MO3BONSIOT
UCIIOJIb30BaTh METOAMKY TPEXMEPHON IHEpreTHUecKoi aom-
ieporpaduu s AHarHOCTHKH afieHoMuo3a. CHIKEHHE 110-
kazaresned VI, FI, VFI npu ouieHke remMoluHaMUKU MaTKU B
CpPaBHEHHH C OOBEMHBIMH HHACKCAMH BAaCKYJSIPU3ALUH 3]0-
POBBIX JKEHIIIMH BO3MOXHO HCIIOJIb30BaTh B KA4eCTBE 00BEK-
TUBHOTO JH(pdepeHunanbHo - AUarHOCTHYECKOTO KPUTEPHS
JTAaHHOW ITaTOJIOTHH.
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A RARE CASE OF OXYTOCIN-INDUCED MATERNAL CARDIAC
BRADYARRHYTHMIA DURING LABOUR

Abuladze N., Gould N., Williams S., Wong A.

Gold Coast University Hospital, Department of Obstetrics and Gynecology, OLD, Australia

There is an assumption that pregnancy and labour are
prone to have a higher incidence of maternal cardiac ar-
rhythmias. A high incidence of cardiac arrhythmias during
labour was found among 93% of healthy pregnant women,
however other than atrial premature beats (APB), the rate was
no higher than among non-pregnant women [1]. Pregnancy
and labour are associated with significant anatomical, physi-
ological and emotional changes in women. Intuitively, these
haemodynamic alterations, as well as pain and anxiety, might
be expected to be a fertile ground for any kind of cardiac
arrhythmias. Surprisingly, however, only a few publications
deal specifically with rhythm disorders in labour, especially
in the healthy population [2].

Induction of labour is commonly indicated for both ma-
ternal and foetal reasons. This can be achieved with a single
technique or a combination, including use of cervical ripen-
ing agents such as prostaglandins, use of a mechanical bal-
loon catheter, artificial rupture of membranes (ARM), along
with oxytocin use for induction or augmentation. There are
many different oxytocin titration regimes used worldwide
and its titration rate can be dependent on the parity of the
woman. It is often administered using an infusion pump with
careful monitoring of uterine contractions, with continuous
foetal cardiotocography (CTG) and maternal heart rate and
blood pressure.

Documented side effects of oxytocin include cardiac ar-
rhythmias (both tachycardia and bradycardia), nausea and
vomiting, water intoxication and fluid overload resulting in
headaches, maternal and neonatal hyponatraemia, acute pul-
monary oedema, and rare reports of disseminated intravascu-
lar coagulation.

Maternal arrhythmias detected during or after labour in
patients without known cardiovascular pathology, display a
benign nature and are not known to pose any clinical risk to
the mother or baby [3]. Pregnancy is a proarrhythmic state
as a result of increasing levels of oestrogen and beta-human
chorionic gonadotropin, increased blood volume and cardiac
output, and increase in sympathetic activity [3]. Medications
used for induction of labour including oxytocin and prosta-
glandins should also be considered as a cause of persisting
arrhythmias during labour [4]. Both medications carry ar-
rhythmogenic properties, and may aggravate occult cardiac
conduction problems [5,6].

This rare case detailed below highlights that whilst oxytocin
is the most common medication used for labour induction, with
a reported side effect of maternal cardiac arrhythmias, this side
effect is seldom encountered. Regardless, it reminds us that with
its use, both maternal and foetal heart rate monitoring should
be continuous. This will help differentiate between foetal and
maternal heart rate anomalies.

Case report. A fit and healthy thirty-year old primigravid
woman, with a gestational age of 40 weeks and 3 days, pre-
sented in spontaneous labour from home following spontane-
ous rupture of membranes (SROM). She was distressed due
to uterine contractions occurring three times every ten min-
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utes (3:10). At presentation, her cervix was found to be 2cm
dilated, fully effaced with the presenting part at -3 station.
Her antenatal care had been otherwise uneventful. Routine
blood parameters (haematology and biochemistry) were nor-
mal, and the patient was haemodynamically stable prior to
presentation.

Due to difficulties tolerating Entonox 50:50 for analgesia,
the patient requested an epidural (EDB) with premix of ropi-
vacaine and fentanyl. The insertion was uneventful. Repeat
vaginal examination following insertion of the epidural re-
vealed the patient’s cervix to be 4cm dilated, fully effaced,
with presenting part at -2 station. Pink liquor was noted, and
uterine contractions were incoordinate at 2-3:10, lasting 30-
40 seconds. Clear urine drained once the indwelling catheter
(IDC) was sited. Epidural block was tested and effective up
to T4 level (Bromage Score 1) and a normal maternal heart
rate was noted in the range of 80-110 beats per minute (bpm).
Fetal heart rate (FHR) assessment on CTG was normal. A re-
peat vaginal assessment 4 hours later revealed an unchanged
cervix, and the decision was made to augment labour using
an Oxytocin infusion titrated as per hospital protocol, in view
of poor progression of labour.

Oxytocin 30 units was added to a 0.9% - 500ml sodium
chloride bag and this was infused using a volumetric pump
to ensure accuracy, at a rate of infusion of 1 milliunit/min
or Iml/hour. Titration was increased every 30 minutes with
Oxytocin increments from 1, 2, 4, 8, 12, 16, and 20 milli-
units/min. Maternal heart rate prior to infusion was normal,
between 80-100 bpm. The maternal pulse was continuously
monitored during labour with pulse oximeter. Titration was
then increased as per protocol, in order to achieve four mod-
erate to strong contractions in 10 minutes. At 6 hours post
commencement of oxytocin, intermittent maternal bradycar-
dia of 29 - 42 bpm was detected. The patient was otherwise
asymptomatic. Maternal bradycardia of 34 to 40 bpm whilst
receiving oxytocin was persistently recorded on pulse oxim-
eter and with increasing frequency (see Figure 1). This was
confirmed manually and on auscultation. Oxytocin was then
discontinued and she was reviewed by cardiologists on call.
An electrocardiogram (ECG) was performed, which demon-
strated sinus rhythm with premature atrial complexes (PAC)
and frequent premature ventricular complexes (PVC) with
dropped ventricular beats due to refractory period after these
PVCs. The ECG showed no axis deviation, normal QT inter-
val, and heart rate was noted to be normal at 73 bpm. Patient
also had normal blood pressure (BP). Blood analyses report-
ed mild potassium and magnesium depletion, and intravenous
(IV) replacement was initiated. The decision was then made
to proceed with delivery via an emergency caesarean section
due to the inability to proceed with use of oxytocin infusion,
after consultant collaboration with the on-call physician.

This CTG above (Fig. 1) demonstrates foetal heart rate (the
top line in black), maternal heart rate (the middle line in purple)
and uterine contraction monitoring (the lower line in black) just
prior to termination of Oxytocin use.



GEORGIAN MEDICAL NEWS
No 12 (285) 2018

120

§
il
E
%

16:30 1640

Fig. 1. Cardiotocography demonstrating foetal and maternal heart rate monitoring
and uterine activity — after six hours of Oxytocin infusion
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Fig. 2. Cardiotocography demonstrating foetal and maternal heart rate trace
and uterine activity — prior to emergency caesarean section

This CTG above (Fig. 2) reveals maternal bradycardia at the
time of clinical review prior to the emergency caesarean section
(EmCS). Multidisciplinary discussion deemed further oxytocin
to be contraindicated and as the patient had not progressed dur-
ing labour a decision was made to perform an EmCS. Surgery
was uneventful under spinal analgesia and a healthy, non-as-
phyxiated male infant was delivered with normal cord blood gas
analyses. Third stage of labour was managed with ergometrin
100mcg 1V. Patient was then monitored for further two hours
following delivery in the birth suite (BS), on a continuous ma-
ternal heart monitor. Telemetry in cardiac ward was not deemed
necessary. The intermittent maternal bradycardia persisted un-
til 3 hours postpartum, even after discontinuation of oxytocin.
Bradycardic episodes then were resolved and patient remained
asymptomatic. Postnatally, a Holter monitor test was performed
and was unremarkable. Transthoracic echocardiography also did
not reveal any structural cardiac abnormality.

Oxytocin manufacturers indicate that maternal cardiac ad-
verse reactions are quite common (1-10%) [7], however in clini-
cal practice it is rarely seen. In our case, maternal bradycardia
was identified, and the decision was made to discontinue oxyto-
cin. The half-life of oxytocin is reported to be short, and it will
persist in the system for 3 to 4 minutes. The rapid removal of
oxytocin from plasma is accomplished largely by kidney filtra-
tion and the liver. Only a small amount of oxytocin is excreted
in the urine unchanged [7]. It is therefore surprising that in our
case, even after cessation of oxytocin, maternal bradycardia per-
sisted for 3 hours. One theory is that the effect of oxytocin on the
cardiac conduction system could be more sustained [4]. This is
in keeping with our case where ongoing bradycardia was noted
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after cessation of oxytocin. The clinical decision to cease oxyto-
cin and to perform an EmCS was of high importance for the sake
of maternal safety, considering the severity of bradycardia in the
setting of poor progression in labour without signs of imminent
delivery. The patient was deemed to have made a satisfactory
and brisk recovery post-delivery, and had appropriate cardiac
follow-up.

A comprehensive literature search that covered the past fifty
years surprisingly revealed only a few articles on cardiac rhythm
disturbances during labour, whereas studies regarding rhythm
disturbance during all other stages of pregnancy in non-cardiac
patients abound. These few published studies on cardiac arrhyth-
mias during labour presented similar findings in terms of rates of
different types of cardiac rhythm disorders, with an overall inci-
dence of cardiac arrhythmias ranging from 72 to 93% in healthy
women [1,2,8,9] with most recent published data from 2004. An
arrhythmia of any kind, excluding sinus nodal function, was ob-
served in 28 out of the 30 parturients (93%). Tachycardia was
recorded in all these women and bradycardia in 50%. The most
common arrhythmia was isolated atrial premature beats (APBs)
found in 90% of the women in labour. APBs can be caused by
tension, anxiety and fatigue, all of which are frequent during
labour. The rate of bradycardia was highest immediately after
labour (35%) and lowest during the second and third stage of
labour [1].

Labor is a period of considerable physical and emotional
strain causing tachycardia [10, 11], so the high incidence of
bradycardia in labor is surprising. Bradycardia occurs primarily
within the hour immediately after delivery, a period character-
ized by profound fatigue and reduced anxiety and pain. Most,
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if not all, women fall asleep at this stage [1]. This may explain
the appearance of bradycardia, which was also reported among
sleeping, young non-pregnant women [12].

There have been several case reports in literature on oxytocin-
induced maternal cardiac arrhythmia. Nakanishi et al 2015 re-
ported ventricular tachycardia during caesarean section which
terminated after discontinuation of oxytocin infusion [13]. Like-
wise Rubin et al reported maternal arrhythmias were seen in
slightly more than half (57%) of vaginal deliveries in healthy
100 parturiants. There were no cases of maternal bradycardia of
less than 58 bpm. In 2% of patients more significant arrhythmias
were observed, one with atrial tachycardia with variable A-V
conduction as well as multiple PVC’s. The other case described
ventricular couplets and triplets. The age, parity, stage of labour
and the administration of epidural anaesthesia, oxytocin or both,
had no significant effect on the frequency of arrhythmias ob-
served. Most importantly, the presence of an arrhythmia did not
affect the clinical state of the mother or the fetus and in none of
the cases was a therapeutic intervention necessary [2].

Ovando et al studied 57 healthy women during labour with
Holter monitoring, 70% of whom had some kind of arrhythmias,
and found none of the arrhythmias to be of clinical consequence
or necessitating treatment [8]. Upshaw, reporting on 13 vaginal
deliveries in healthy women, found some kind of arrhythmias in
each case, most of which were sinus in origin., including 1 case
of supraventricular tachycardia lasting 47 minutes. The author
reports that the birth suit personnel did not even notice these ar-
rhythmias in real time, which did not interfere with the clinical
course of the delivery and apparently did not require any treat-
ment [9].

Our case report highlights the risks of unusual maternal bra-
dycardia with use of oxytocin during labour. It is important
that maternal pulse is monitored in labour, which is invaluable
in identification of bradycardia events, especially in our case,
where the patient was asymptomatic. Older CTG machines did
not allow monitoring of maternal pulse, but with newer tech-
nology, this additional objective measure is possible, and would
also be important to differentiate maternal and foetal heart rates.

In Summary, the findings of the known published literature
appear to underpin the fact that the frequency of arrhythmias
does not increase significantly during labour and delivery, nor
affects the labours course. In addition, cardiac arrhythmias dur-
ing labour, delivery and postnatal period in the healthy female
population, are without clinical consequences to the mother and
foetus, and in general require no major intervention or treatment.

Conclusion. Our case highlights the importance of maternal
heart rate monitoring and validation if abnormal levels are de-
tected, especially during labour where oxytocin is being used to
aid the identification of cardiac events during labour which may
require prompt management.

Although literature reports that interventions are rare - our pa-
tient ultimately needed cessation of the medication, electrolyte
replacement, investigations and in the end had operative deliv-
ery. With the benefit of hindsight, there may be a case to be made
for a conservative approach for our patient
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SUMMARY

A RARE CASE OF OXYTOCIN-INDUCED MATERNAL
CARDIAC BRADYARRHYTHMIA DURING LABOUR

Abuladze N., Gould N., Williams S., Wong A.

Gold Coast University Hospital, Department of Obstetrics and
Gynecology, OLD, Australia

The report a rare case of oxytocin-induced severe maternal
bradyarrhythmia of a young healthy term primigravida with a
singleton pregnancy in spontaneous labour. Augmentation of la-
bour was initiated immediately following the diagnosis of poor
progression of labour at four centimetres dilatation. An oxyto-
cin infusion was administered as per standard hospital titration
protocol. The patient developed ongoing, persistent episodes of
severe bradycardia within six hours of commencement of the
oxytocin infusion, as detected by routine pulse oximeter for ma-
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ternal heart rate monitoring and confirmed manually. Oxytocin
was ceased as soon this was recognised, and delivery was expe-
dited by emergency caesarean section both for inadequate prog-
ress in labour and the inability to continue oxytocin infusion.
Despite being theoretically known to cause cardiac arrhythmias,

as a side effect, to our knowledge this is the first reported case in
published literature of oxytocin-induced maternal bradycardia.

Keywords: induction of labour, oxytocin side effects, mater-
nal arrythmias in labour.

PE3IOME

PEJKUM CJAYUYAMN OCTPOM BPAJJUAPUTMHUU Y POKEHUILIbI,
BBI3BAHHBI HH®Y3UEN OKCUTOLUHA B ITPOILECCE POJIOB

Aoynansze H.H., I'oyng H.I'., Yumsamc C.P., Bour O.®.

Knunuueckas 6onvnuya Ynueepcumema I'ono Kocma,
axkyuiepcro-euneronocuueckoe omoenenue, Keuncneno, Ascmpanus

OnwcaH peaxuid ciaydail ocTpoil OpaanapuTMUH, BBI3BAaHHOMN
nHQY3Ue OKCHUTOLMHA, BO3HUKIICH B MpOLECCe POJOB Y MO-
JIOJIOH, 3/10pOBOM, CBOEBPEMEHHO IMEPBOPOASIIEH POKEHULIBI.
CTuMynsiuust pofioB MPOBEAEHA BBUILY HEYHIOBIETBOPUTEIBHO-
ro mporpecca poAaoBOH NESTEIbHOCTH, NPU PACKPBITUH HIEUKH
MAaTKd Ha 4 caHTHMeETpa, Korna HH(Y3Hs OKCUTOIMHA ObUIa HHH-
LUMPOBAHA COOTBETCTBYIOMINM TUTPUPOBAHUEM I10 CTAHAAPTaM
rocriutansd. CIycTs IEeCTh YacOB MOCIE Havana HH(Y3UU OKCH-
TOLMHA y TAIMEHTKH BO3HUKIN MHOKECTBEHHbIEC ATUTEIbHBIE

SMM30MbI OCTPON OpaguKapAHuH, KOTOPbIE OBUIH yCTAHOBIIEHBI
BO BPEMSI MOHUTOPHHTA CEPAECUYHOTO PUTMA TTOCPEIACTBOM ITyIlb-
COKCHMETpPa M MOATBEPKACHBI MaHyalnbHO. MH(y31s okcHTOIMHA
ObUTa MpeKpaleHa Mocie yCTAaHOBICHHS UarHo3a ocTpoil Opa-
JUAPUTMHHI MaTepy U POIOPA3PEIICHIE ObIIO 3aBEPIICHO ITyTEM
KecapeBa CEueHMs! BBUJy HEAIEKBAaTHOTO TEUECHHMSI POIOBOH aes-
TETbHOCTU ¥ HEBO3MOXKHOCTH MPUMEHEHHS HH(Y3UH OKCUTOLMHA.
[pencraBnen UHTEPECHBIH CIydall OCTPOI OPAAUKAPINHN Y POKeE-
HHILIBI, BBI3BAaHHBIN HH(Y3HEH OKCUTOLIMHA.
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NPUMEHEHUE CUHTETUYECKOI'O OCTEOIINIACTHYECKOI'O MATEPHAJIA EASYGRAFT®
IPA CYBAHTPAJIbHOM AYTMEHTALIMU BEPXHEM YEJIIOCTH

Kocrenko E.51., Mouanos 10.A., Kamunckmii P.C., Hakammuaze I H., Byns 10.H., lonuapyk-Xomun M.IO.

Tocyoapcmeentoe gvicuiee yuebnoe 3agedenie « YceopooCKull HAYUOHATbHBIL YHUSepCUmemy, Ykpaura

IIpobiema 1MOIHOLEHHOH CTOMATOJIOIMYECKON peabuinTa-
LMY NalMeHTa MOCe YaCTUYHOM WIIM MOJIHOM rmoTepH 3y0oB
SIBIISICTCSI aKTyaJbHBIM BOIIPOCOM JUIS CTOMATOJIOTMYECKOI
MPAaKTUKH, a JUIs CIEHHUaNUCTa-IpakTHKa 3a4acTylo ekKe-
JTHEBHBIM 3aJJaHMEM Ul PEeIICHUs. YCICIIHOe NPUMEHEHUE
COBPEMEHHBIX TEXHOJIOTHH CTOMATOJIOTHYECKOTO MPOTE3UPO-
BaHUs B KJIMHHKE (B TOM YHCIE U C ONOPOH Ha JEHTaIbHBIX
HUMIUIAaHTaTax) TpeOyeT HaJIWYHs JOCTAaTOYHOTrO KOJIMYECTBA
KOCTHOW TKaHW JUIsl CTaOMJIN3al[MK M aJIeKBaTHOW Iepeaadyu
JKeBAaTEJIbHOW HAarpy3ku. Y OOJBIIMHCTBA MAIMEHTOB, KO-
TOpBIE 00palaloTCss K CTOMATOJIOTY C IIeJbio 3yOHOro Ipo-
TE3UPOBAHUS C ONOPOH Ha JIEHTAJIbHBIE UMILIAHTATHI MOCIE
norepu 3yO0OB B OOKOBBIX ydacTKaX BEpXHEH YeNIOCTH, JI0-
BOJIHO 4acTo HaOJonaeTcst arpousi anbBEOJSIPHON KOCTH,
BCJICJICTBHE YEro MOXKET HaOJIONAThCs YBEIMYCHHE 00bema
BEPXHEUENIOCTHON maszyxu (sinus Haymori), Takas mnasyxa
MOXET PpACIpPOCTPAHITHCS B CTOPOHY alIbBEOJSIPHOTO OT-
pocTka, nmpu Hamuuuu arpoduu nociensero [1,2]. Cnenosa-
TEJIBHO, 110 HCTEUYECHUIO HEKOTOPOT'O BPEeMEHH, BEPTHKAJIbHbBIE
pa3Mepsl aabBEOISIPHOTO OTPOCTKA BEPXHEH YENIOCTH Y Ta-
KOTO TTalleHTa 3a49acTyI0 ObIBAIOT HEJJOCTATOUHBIMH JUIS Pa3-
MeIleHHs UMIIIaHTaTa. Vcrnoap30BaHne 0CTEOIIaCTHYECKUX
MaTepHaJIOB C ILEJIBIO JTUKBUIAIMH TEPBUYHBIX ¥ BTOPHYHBIX
ne(eKTOB KOCTHOI TKaHM YENIOCTEH SIBISETCS eXEeIHEBHOM
MIPAKTUKON JJIs1 OOJIBIIMHCTBA CTOMATOJIOTHYECKHUX KIMHUK B
mupe. Ilpakruueckoe 3apaBooxpaneHue 3a nociuennue 20-30
netT Gopmupyer cTabMIBHBIH CIIPOC HAa MaTepuabl-3aMeHH-
TEJIM KOCTHOH TKaHU, Ha KOTOPBHI ONEPaTHBHO «PEarupyroT)
MIPOU3BOJUTEIN OCTEOIIACTUYECKUX M KOCTh3aMEI[AIOIINX
MarepuainoB. Takue marepuanbl Haunboliee 4acTO MPUMEHS-
IOTCSl B XHUPYPTUHU IO3BOHOYHHKA, HA BTOPOM MeECTE IO II0-
TPEOJICHUIO HAXOJIUTCSI CTOMATOJOrMYEcKasl IpakTHKa, Ha
TPEThEM — YEPEIHO-YeNIIOCTHO-JINIeBast XUPYPTHUs, U Jalee,
10 HUCTHAJIAIOIIEH — PEKOHCTPYKIUSI CyCTaBOB B OPTOIEIHH
U TPaBMATOJIOTHH, a TAaK)Ke JICUCHHE TPaBM CKeJIeTa U UX I10-
cneactsuii [1,3].

CyOaHTpanbHas ayrMEHTALHsI BEPXHEH YeIIFOCTH M OCTEOIlIa-
CTHYECKHE MaTepuabl

B coBpemMeHHOI XUpyprudeckoil CTOMaTOJIONHH CYIIECTBYIOT
pa3IMYHbIe METOMKH 10 YBEJIIMYCHUIO 00beMa HIDKHEH CTEHKH
BEPXHEYEITIOCTHOMN Ma3yXH C LENbI0 CO3aHHs YIacTKa KOCTHOM
TKaHH, JIOCTATOYHOTO JJIs [IPOBE/ICHNUS ICHTAIBHOH HMIIIaHTa-
K. B coBpeMeHHOH npodeccHoHaIbHON JIHTepaType Takue
MaHUITYJSIUN  Ha3bIBAIOTCSA «CyOaHTpallbHAs ayrMEHTAaIHs
BEpXHEH YeIIOCTHY, KHapaIlMBaHHE CTEHKH JHA BEPXHEUEIIOCT-
HOTO CHHYCa», «CHHYC-TH(T», «cuHyc-mudTuHr» n T.1. CyTb
TaKHUX OIlepalii COCTOUT B HCKYCCTBEHHOM YTOJIICHHH CTCHKH
BEPXHEYEITIOCTHOM Ma3yXH IyTeM CO3IaHHs 3aKPBITOTO HIIH OT-
KPBITOTO JIOCTYIIa B BEPXHEUEIIOCTHYIO 1a3yxy Oe3 MOoBperkK/ie-
HUS CIIM3UCTOM 00O0JIOUKH, BBICTHIIAIOIINN CHHYC. BHYTpeHHsIs
cim3ucTas 000J0YKa BEPXHEUENIOCTHOH masyxu («mMemOpaHa
[Tnaiinepa») arpaBMaTUYHO OTCEIAPUPOBBIBACTCS, MOOUIIH3Y-
€TCsl U CMEIaeTcsl KBEpXy, B HOBOOOPA30BaHHYIO HHUILY MEXKITY
MeMOpaHO! U KOCTHBIMH CTEHKaMH BEPXHEUENIOCTHOH Ia3yxu
BHOCHUTCSI OCTEOIIaCTUYEeCKUI MaTepua [4, 5].
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BeinonHeHHe yKa3aHHOW MPOIEAYpbl TPeOyeT HEMaloro
OMBITa OT XUPypra M MPHUMEHCHUS MAKCHMAJIBHO IHAISIICrO
MOX0/a TMPAKTUYCCKA HA BCEX JTalax BBIMOJHCHHs BMeIIa-
tenbeTBa. CyOaHTpalibHas ayrMEHTAIMS BEPXHEH YEITFOCTH
(cuHYC-TU(T) — 3TO XUPYypruyecKkas TEXHUKA, HAPABICHHAS
Ha YBEJIWYCHUC TOJNIIMHBI HUKHEH CTCHKH BEPXHEUCITIOCTHOM
Masyxd, 4TO IMO3BOJIACT MPOU3BECTH JCHTAIBHYIO HUMILIAHTA-
U0 OJTHOMOMCHTHO WJIM OTCPOYCHO. B mporiecce BBIMOIHE-
HUSI CHHYC-TU(TA CIIM3KUCTast 000J109Ka (JaIie — OHOCIONHBII
UWIMHJAPUYECKUI U PECHUTYATBHIA SIUTEINN), BBHICTHUIIAIOIIAS
BEPXHECUCITIOCTHON CHHYC M3HYTPH, aKKypaTHO OTCEIapOBbIBa-
€TCs, CMEIACTCS BEPTUKAIBLHO BBEPX, CO3/aBast JOTMOIHUTEIb-
HOE IMPOCTPAHCTBO MEXKIY CIHM3UCTON OOOJIOYKOW M HUKHCH
CTCHKOW Ma3yxu; B C(HOPMHUPOBAHHYIO HUINY BHOCHTCS ayTO-
KOCTb WJIU JIPyroi OCTeoIiacTHYeckuii marepuai [6,7]. Boimos-
HCHHUE OTepaIlii CUHYC-TU(Ta BO3MOXHO Uepe3 JBa OlepaTnB-
HBIX JOCTYyIa — 4epe3 OOKOBYIO CTEHKY Ma3yXH (JlaTepajbHblii)
U aJIbTCPHATUBHO — 4Yepe3 allbBCONSIPHBI OTPOCTOK BEPXHEH
yemocTi. O0e BBIICYTOMSIHYThIC METOUKH, KaK JaTepalibHas,
TaK M Yepe3-ajbBeossipHas, JOCTATOYHO XOPOIIO OMUCAHBI B
npodeCcCHOHANBHON JIUTEpAType U SIBJISIOTCS 0C30MACHBIMH U
3G PEKTUBHBIME CIIOCOOAMH PEIICHHS KIMHMYCCKOW 3a1a4u 110
YTOJIICHHUIO JTHA BEPXHEUCITIOCTHOM Ma3yxu; BO3MOKHOCTh MX
MPUMCHCHHS 3aBHCUT OT KMCXOJHOW KIIMHMYECKOW CHUTYaIlHH.
Ha TexHMKy JE€HTaIbHON MMIUTAHTAIIMN METOINKA MPOBEIACHUS
CUHYyC-TA(Ta HE BIHSACT, HC OTMECUCHO TAKKE CYIICCTBCHHBIX
pa3uuuii YpOBHS YCICIIHOCTH JICHTAJIbHOW HMILIAHTAIIMNA U
NepUoJia COXPaHEeHHUsl caMoro UMIUianrara [8].

PsiioM KIMHUYECKUX MCCICIOBAHUIN TI0KA3aHO, YTO 00¢ Me-
TOIUKHA CHUHYC-TH(TA MO3BOJSIOT JOCTUTHYTh JIUTCIBHOTO
MEPHO/Ia COXPAHCHUS ICHTAIBHOIO UMILJIAHTATA, IITUTCIbHOM
€ro CTaOWJIBHOCTH M HHU3KOW BEPOSITHOCTH XUPYPTHUYCCKUX
ocnoxkHeHuit [5,9,10-13]. Ob6e MeToauku cyOaHTpalbHOM
AyrMCHTAIMK BEPXHEH YEIIOCTH UMCIOT CBOU IIPEUMYIIECTBA
M HEJOCTaTKU, COOTBETCTBYIOIIMEC IMOKA3aHUS K MPUMCHE-
HUIO0, TAK)KE, IPUCYTCTBYET HEKask 3aBUCUMOCTh OT KIIMHHYC-
CKOTO OTBITA U Pa3BUTHSI MaHyallbHBIX HABBIKOB y Oleparopa
(Tabmuma 1) [4].

OCOOCHHOCTBIO MAHMIYJALUNA TMPU BHECECHUH OCTEOILIA-
CTHYCCKOr0 MaTepuaja B HOBOCHOPMUPOBAHHYIO HHUIIY B
BEPXHEUCIIOCTHOM CHHYCE MpH dieBanun MeMOpansl 11Haii-
Jiepa 3a4acTyr SIBJISICTCSI BBIMOJIHCHUE CJCIYIOIIMX OTepa-
THUBHBIX 3aJlaHUil — co3/1aHue 0e30MacHOT0 U 3PHEKTUBHOTO
OTIEPAaTHUBHOTO JOCTyIa B TOJOCTh Ma3yXH, aTpaBMaTHYHAs
cemnaparnust u siesanus MmemOpansl [llHaiinepa, 3ammra Mmem-
Opansl LlIHalizepa OT OCTEOMIACTHYCCKOTO MaTepHala u Kpast
JICHTAIBHOTO UMIUTAHTATa (IIPH OJTHOATAITHON UMIUTAHTAIINHN ),
pasMelieHre OCTEOIIaCTHYECKOro Marepuana B copMupo-
BaHHOW HUINE M cTabuiusanus ero Gopmsbl (MpoduIaKTHKA
«MHTpAI» 0CTEOIIACTHYECKOTO MaTepraa 1Mo BIUTHUEM
rpaBUTAIIMM U MEXaHUYCCKUX BO3JICHCTBUMN, MOKPHITHE Ma-
TEPHAIOM MOBEPXHOCTH HMILIAHTATa MPH OJHOMOMCHTHOM
UMIUTAHTAINN ), JOMOJHUTEIbHAS U30JISALUS OTBEPCTUS OIe-
pPaTHBHOIO JIOCTyIAa HA JIaTePajbHOW MOBEPXHOCTH BEpXHEH
YeNoCTH (IIPU OTKPBITOM cuHyc-udTuHTe) [14].
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Tabnuya 1. Cpasnumenshas Xapakmepucmurka MemoOux 1amepaibHO20 U Yepe3ab8eoNsipHO20 CUHYC-TUpma
(aoanmuposano no Giannobile et. al. [4])

Kpurepuii onenku

JlaTepajabHblii f0cTYN

Yepes3ajibBeoIPHBII 10CTYH

TexHnueckue TpyAHOCTH

bonee cnoxen Menee CI0KHBIN

Busyaipnblii KOHTpOIb

[psimast BU3yanm3amus

Pabora “Bciemnyio”

HBa3uBHOCTH bonee nuBa3zuBHBII MeHee HHBa3UBHBIN
PUCK BOBHUKHOBEHHUS OCJIOXKHEHHI Bricokmii Huzknii
BeposTHOCTE cOXpaHEHHS yCTAaHOBICHHOTO UMILIAHTATA CormocraBuMast ComocraBumast

Ha coBpeMeHHOM MHPOBOM MEIMIMHCKOM PBIHKE OCTEOIlIa-
CTHYECKUX MaTepHaJIOB U 3aMEHUTEJICH KOCTHOM TKaHU HCCIIe-
JIOBaTEJIH ONPEeISIIOT TaKue HanboJiee akTHBHO PAa3BUBAIOIIH-
eCsl HalpaBJICHMS:

- QUIOTPAHCIUIAHTAHTBl M KCEHOTPAHCIUIAHTAHTBI KOCTHOM
TKaHH;

- OCTEOIUIACTHYECKUE MaTeprallbl Ha IIOJIMMEPHON OCHOBE;

- CHHTETHYECKHE OCTCOIIACTHIECKUE MaTepuallbl;

- peKOMOMHAHTHBIE MOP(OTreHETHIECKHE TPOTEHHBI KOCTH;

-0CTEOIUIACTUYECKHE MaTepHalbl Ha KePaMHUYECKOI OCHOBE;

-MaTPHILBI KOCTH Ha KJICTOYHOH OCHOBE.

[TepcrieKTUBHBIME € KJIMHUYECKOW TOYKH 3PEHHS MpeICTaB-
JISIFOTCSI CHHTETHYECKUE MaTepUalibl, B TOM YHCIIe KOMIIO3UIIH-
OHHBIE 10 CBOCHI CYTH, U C HAINYHEM ITOJIMMEPHOTO KOMIIOHEHTa
B cocrase. [1o100HbBIe MaTepHalIbl SBISIOTCS OCTEOKOHTYKTHB-
HBIMH 110 CBOEMY BIIMSIHUIO Ha KOCTHYIO TKaHb, X IPUMEHEHHUE
CONPSDKEHO ¢ MEHBLIMMH PUCKaMHU, YeM IIPUMEHEHUE MaTepua-
JIOB €CT€CTBEHHOTO nporcxokaenus [1,15].

CHHTETHYCCKUIT OCTEOIUIacCTHUYEeCKUi Marepuan casygraft®
HCIIOJIB3YeTCsl B CTOMATOJIOTMYECKOH MPaKTHKe MHOTHX CTpaH
yxKe bosiee 5 et u 3apekoMeH 10Ball ce0st Kak 9 PEeKTHBHBIH Ma-
Tepua IS NPOPHIAKTUKY Pe30pOIMU KOCTHON TKaHH, a TAKKe
JUISL yCTpaHeHus! Ae(ULUTa KOCTHOW TKAHH IIPH BBIIIOJIHEHUH
JaTepajbHON M BEPTHKAIBHOI ayrMEHTAlU AJIbBEOJISIPHBIX
OTPOCTKOB YEIIOCTEH, JIMKBUAAMN Ne()EKTOB KOCTHOM TKaHH
YeJIIOCTeH Mocie JiedeHHs J00pOKAYECTBEHHBIX OITyXOJeH H
OITyXOJICHIOIOOHBIX 00pa30BaHHUM, IPH BBIITOIHEHUH OTPBITO-
ro KIOpeTa)ka MapoJOHTAJIbHUX KapMaHOB WIIM Monuudukanuii
onepauuii no tuny llemuHckoro-Bunmana-Helimanna, st
XHUPYPTrUUECKOHN ITOJTOTOBKY YENIIOCTEH K CTOMATOJIOTMYECKOMY
MIPOTE3UPOBAHUIO C ONOPOH HAa MMILIAHTATaX, TAKXKe MPU BBI-
MOJIHEHUH CyOAHTPaIbHON ayrMEeHTAlMK JHA BEPXHEUYEIIOCT-
Horo cunyca (cunyc-nudr). ITonoxuTenbHble cBOWCTBA Mare-
puana B BHIE €ro ObICTPOrO CaMOCTOSTEIBHOIO TBEPICHHS B
KOCTHOM Jie()eKTe B IPHUCYTCTBHU OMOJIIOTMYECKUX JKHKOCTEH
I03BOJIIOT €r0 MaKCHMMaJIbHO aJ[aNTHPOBaTh K AedeKTy, a Tak-
ke 3aduKcupoBaTh HEOOXOAMMYIO0 (OpMYy TaKOro KOCTHOIO
HUMIUIaHTaTa M, BO MHOTHX CJIy4asiX, U30eKaTh JOMOIHUTEIIb-
HOTO NPHUMEHEeHUs] MeMOpaH Julsl HallpaBICHHOI pereHepanuu
TKaHell u koctH. Marepuan easygraft® npousBoiacTBa KoMIia-
Hun Sunstar GUIDOR® (IlIBeiiuapusi) siBisieTcss COBpEMEH-
HBIM QJUIOIUIACTUYECKUM CHHTETHYECKHM OCTEOINIACTHYECKUM
MarepHraioM, OONaJAIONMM BBIPAKCHHBIMA OCTEOKOHITYKTHB-
HBIMH CBOWCTBaMHU. Marepuai NpeacTaBieH HOPUCTBIMH Ipa-
Hynamu B-tpukansuuiipocdara ¢ guamerpom ot 500 mo 1030
MKM, MOKPBITBIMH CJIOEM COIOJIMMEpa MOJNMIIAKTUA/TIOIHUIIIHN-
KOJIW/IA, TOJIMHA CJIOSl OPTaHUYECKOro MOKpPBITHI — 10 MKM,
JaMeTp BHYTPEHHUX 1op rpanyin — oT 1 no 10 mxm. N-metui-
2-nupposuyiona (BioLinker®) nmpu BHECEHUH B IIIPHIL C MaTe-
puasoM GHOPAaCTBOPUTENS pa3MsAIrdaeT OpraHM4YecKyro 00004-
Ky TpaHyJI, IPOUCXOANUT YACTHYHBIN Pa3phIB MEKMOIICKYIISIPHBIX
CBsI3ell MEXIy 3BEHBbSIMH COINOJUMEpA, BCJICACTBHE YEro OHH
CTAaHOBSTCSl aAT€3MBHBIMHU, a CaM MarepHai IpHoOpeTaeTr mna-
CTO0Opa3HyI0 KOHCHCTEHIMIO. TaKkyro «IacTy M3 TpaHyi» BO3-
© GMN

MO)KHO BHOCHUTB B JIIOOBIE 10 (hopMe JAe(EeKThl KOCTHOW TKaHH
BBUJLy €€ IPOCTOH ajanTtanuu K Gopme nedexra, J0CTaTOUHON
IUIOTHOCTH Y OTCYTCTBUSI PacChI4aTocTy. IIpu KOHTAKTe aKTH-
BUPOBAHHOI'O MaTepHaia ¢ BOAOi, HU3PacTBOPOM MM PAHEBOM
JKHJIKOCTBIO IPOUCXOAUT DKCTPAKLUs N-MeTHII-2-MUPPOIIUIOHA
U3 pa3MAr4eHHON O0OJIOYKH TpaHyll, BOCCTAHOBICHHE MEKMO-
JICKYJISIPHBIX CBSI3eH MEKIy 3BEHBSIMH MaKpOMOJIEKYJI, U COIO-
JUMep TOJIMIIAKTHIA/TOIUIIMKOJINA BOCCTAHABIMBACT CBOIO
TBEpOCTh. MaKpOCKOITMYECKN TAKOH IIPOLIECC BBINISIIUT B BHJC
HOTEPU IUIACTHYHOCTH U (POPMHUPOBAHHS IUIOTHOTO OCTEOKOH-
JIYKTHBHOTO MMIUIaHTaTa. [Ipu nmomagaHum B cpemy KOCTHOTO
nedexTa MoIMIaKTHI/ TIOTUIIIMKOIN TIOCTEIIEHHO THUIPOIH3HU-
pyercsi, pe30pOupyeTCs U BEIMBIBACTCS TKAHEBOW JKUJIKOCTBIO B
TeueHue 4 Henenb. Jlanee, UMEIOT MECTO IIPOLIECCH! 3aMELICHUS
KOHIJIOMepara rpaHys COOCTBEHHON MOJIOI0i KOCTHOM TKaHBIO,
KOTOpBIE MOT'YT JUIMTHCS 10 1 roja u Goree

CrangapTHasi MHCTpYKUMs Ipou3BopuTens easygraft® pe-
KOMEHJIyeT B IIPOLIECCEe €ro HMPHUIOTOBIEHMsS I10CIE BHECEHHS
sxuaKrocti-pactBoputens (BioLinker®) B mimpun, st cMavu-
BaHUs TpaHyll Marepuaia, MPOU3BECTH 2-3 BO3BPATHO-NOCTY-
HaTeIbHBIX JABW)KCHUH MOPIIHSAMHU LINPHUIQA, YTO MO BPEMEHH
3anuMaer 20-30 cexkyna. Ilocne aToro rpanyisl IpHOOpETaIOT
a/Ire3UBHBIE CBOIICTBA, @ CaM MaTepuall CTAHOBHUTCS KOHCOJIUIH-
POBAaHHBIM M IUIACTUYHBIM, TOTOBBIM JUISI BHECEHUSI B KOCTHBIH
nedexT WM Mo HaJKOCTHHILY (CIU3HCTYIO 000JIOUKY BEpXHe-
YeIIOCTHOrO cuHyca). Ha mpaktuke, mpu OONbIIMX 00BEMaxX
KOCTHBIX JIe()EeKTOB U BBINOJIHEHNUH ONEpalMil CHHYC-ITU(THHTa
HPOIODKUTENILHOCTS KOHTAKTA TPaHyJl MaTepuaia ¢ GMopacTBo-
pHTEIeM MOXXET OBITh 3HAYUTEIBHO OOJIBILE, YEM HPEyCMOTpe-
HO npon3BoauTeseM. [1o cOOOIEHUSIM MHOTHX NTPAKTHKYOIINX
Bpaueli-CTOMAaTOJIOrOB, BPeMs KOHTAKTa MOIVIO COCTABJISATh OT 5
10 10 (a, B HEKOTOPBIX Cily4asiX, U Oonbiie) MUHYT. [Ipu sTOM,
OTMEYaJIOCh HEKOTOPOE YUIMHEHNE IIePHO/ia IITACTUYHOCTH Ma-
Tepuaa, 4To 00JIerdyano ero alanTaluuio B PELUITHEHTHON 30He.
Takum 00pa3oM, B KauecTBE OCTEOIUIACTHYECKOI0 MaTepualia-
HAIOJHUTEJIS JUIS CHHYC-TU(PTUHTA ObLI BhIOpaH ecasygraft®
Classic BBHIy CaMOCTOSITEIBHOIO 3aTBEPACHMS IIPU KOHTAKTE
¢ OMOJOTMYECKUMH JKUJIKOCTSIMH, OBICTPOTHI MaHHITYIISIHH,
yA0OHO# yIIakOBKY B LINIPUIIAX ¥ BO3MOXXHOCTH paboTHI 6e3 3a-
IIUTHON M M30JSILMOHHON MeMOpausr [11,12,16,17].

Cayuaii w3 npkruku. [lanment H., 48 ner oOparuics B
KJIMHHUKY C JMAarHO30M YacTH4YHas BTOPHYHAs aJCHTUSI BEpX-
Hell 4YemocTH (BKIIIOYCHHBIE [BYXCTOPOHHHE Je(eKThl 00-
KOBBIX OTZEJIOB 3yOHOTO psiia), HAJIUYUE HECOCTOSTEIbHBIX
CTapblX OPTOINEANYECKHX CTOMATOJIOTHYECKUX KOHCTPYKIIMH
— MeTaJJIOKepaMU4YeCKHe MOCTOBHUJHBIC IPOTE3bl, CO CKOJa-
MH KEepaMH4eCKOil OOJIMIIOBKH, HEYyJIOBICTBOPUTEIBHOE CO-
CTOSIHHE OIIOPHBIX 3y0OB, MX IOABMXKHOCTB. [Ipom3BeneHHOE
o0ciieIoBaHEe U KOHCYJIBTALUH Y CMEKHBIX CIIELHAINCTOB J10-
MOJIHUTENIBHO MO3BOJIMIIM JIMarHOCTHPOBATh XPOHUYECKHUH He-
OZIOHTOTCHHBIIl JIByXCTOPOHHUII TaiiMOPHT, sS3BEHHasi OOJIE3Hb
JKenrynka u 12-nepctHoit kuiuku. Ha cpe3ax koHycHOM criupaiib-
HOI KOMITBIOTEPHOIT TOMOrpauu BEepXHUX UYENIOCTEeH ompesie-
JICHO CHIDKCHHE ITHEBMATH3al[M{ BEPXHEYENIOCTHBIX Ma3yX W
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runeprpoduio BHyTpeHHel ciau3ucroll obonouku (MemOpana
[Tnaiinepa). Beipaxennas arpodusi aibBEOJSPHBIX OTPOCT-
KOB, TOJIIIMHA KOCTHO# IIACTMHKH aJIbBEOJSIPHOTO OTPOCTKA
BEpXHEH YeNIoCTH B 30HaX jAe(exra 3yOHBIX psIoB — 2-3 MM.
C nanuieHToM OBUI COIIACOBAH IUIAH JICUCHUS — ylAJICHHUE He-
COCTOSATEIIbHBIX OIIOPHBIX 3y603, YAaJICHUE CTapbIX MOCTOBUIHBIX
IIPOTE30B, YCTAaHOBKAa BPEMEHHBLIX MOCTOBUIHBIX IIPOTE30B U3
IUTACTMACChI, KOHCYJIBTALMSI M JICYCHHUs] Y OTOPHUHOJIAPHHIONOTA,
racTPOdHTEPOIIOTa, BHITTOIHEHUE JIaTePAIbHOTO CHHYC-JTM(THHTA C
00eHX CTOPOH C ITePEePhIBOM B 2 Mecsilia MeX/Iy ONepalysIMH, OT-
CTpO4YCHHAsI BHYTPUKOCTHAs JA€HTAJIbHAsl UMIUIaHTALWs, IIPOTE3U-
pOBaHHE MAIMEHTa METAIUIOKEPAMUYECKUMH OJIMHOYHBIMH KOPOH-
KaMH C OTOPOM Ha JIeHTaIbHBIN MInIanTar. CructeMa JeHTaIbHON
umitanTaimu Dentium SuperLine, narepanbHbliii CHHYC-TH(QTHHT
¢ (enecrpammeil crenku BepxHeil yemoctn DASK (Dentium
Advanced Sinus Kit)®, ona jxe TexHuka «grind-out», ocreornia-
CTUYECKHIT MaTepual [uisi BHeCeHusI B cuHyc - easygraft®. ITocne
npoBeaeHHoro jtedenus y JIOP-crienmasnucta 1 racTpo3HTepoIiora,
NP HAJIMYUU [IPU3HAKOB CTOMKOM peMHCCHH XPOHHYECKOro rai-
MopuTa 6])1.]'[0 IPUHATO PEIICHUE O BBIITOJIHEHUH OJHOCTOPOHHETO
OTKPBITOT'O CI/lHyC—.]'lI/Iq)Tl/IHFa.

Onucanue onepayuu. Tlon MHQUIBTPALOHHON U TIPOBOIHH-
koBo# anecte3usimu Cenranect ® 1:200 000 B 30He BepXHEii ue-
JIFOCTH CJIeBa Yy MAI[MEHTa B 30HE OTCYTCTBYIOIINX 24 — 26 3y60B
BBIKPOCH, OTCENAPUPOBAH U CMELICH K BEPXy CIIM3UCTO-HAKOCT-
HUYHBIN JIOCKYT, CKEJIETUPOBAH (DparMeHT JaTepasibHOM MOBEpX-
HOCTH BerHeﬁ YEJIKOCTH, IIPHU NOMOLIN l"pI/IGOBl/I}lHl)IX AJIMa3HbIX
(dpe3 3 Habopa DASK® BrITioNnHEHO 2 (heHECTPAHOHHBIX OKHA
JaMeTpoM 8 MM Ha pacctostaud 1,3 cM Mexy coboit (puc. 1-3).

Puc. 1. Buinonnenue mecmmotl anecmesuu i1e6otl Gepxuell ue-
mocmu

4 R’ i A 45 - f
Puc. 2. Omcenapuposanue cauzucmo-nooHa0KOCMHUYHO2O
JIOCKYMA HA HAPYIICHOU NOBEPXHOCMU 8EPXHEll YenIoCmU Ce6d
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Puc. 3. Coz0anue onepayuonno2o 0Cmyna K 1e60My 8epxHe-
YETIOCMHOMY CUHYCY NPU NOMOWU 2PUBOGUOHOT AIMA3HOL (pe-
361 ¢ Habopa DASK (Dentium Advanced Sinus Kit) ®

ATpaBMaTHYHO C TIOMOIIBIO Habopa KropeT DASK® nponssene-
HO OTCETIapUpOBaHNE BHYTPEHHEH CIM3HUCTON 000JIOYKH BEpXHEH
yemoctu (MemOpaHa [1IHatinepa) u ee sneBanus (puc. 4).

Puc. 4. Omoenenue membpanvt [llnaiioepa om KocmHo2o
ocmosa npu nomowu 2pubosudrol kiopemvt DASK (Dentium
Advanced Sinus Kit) ®

B HOBOC(OPMHUpPOBaHHYIO HHUIIY, MEKAY MEeMOpaHOW M KO-
CTbIO BEPXHEH YENIIOCTH, BHECEH aJUIOIUIACTMYECKUH OCTEO-
IIacTHYecKuii MaTepuan easygraft® Classic B o0beme 2,4 mir.
Marepuan chopMHpOBaH M yHaKOBaH C MOMOIIBIO TPUOOBHUI-
HOM KiopeTsl 3 Habopa DASK® 1o ypoBHs BHEIIHEW CTEHKH
BEPXHEH 9emocTH (puc. 5).

v -
v 2R

Puc. 5.

Bnecenue
easygraft® ¢ Huuty noo GHympeHHeu CIuzUCmou 000104KOU
6epxHeuenoCmHOU Nazyxu cieea

ocmeonjiacmuveckoeo  mamepuaia
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[Mocrie OTBepXKICHUsST MarepHaia CIM3HCTO-IOJHAKOCTHUY-
HBIN J'IOCKyT yJ'[O)KCH Ha MECTO, (bl/IKCl/IpOBaH OAWUHOYHBIMHU IIIBA-
mu 13 nosmamuaa 4-0, 5-0. I'emocras (puc. 6,7).

Puc. 6. Omeepoicoenue ocmeonnacmuueckoeo mamepuana
easygraft® ¢ kocmnoil pane

Puc. 7. Buo onepayuonnoil panvl nocie yuueanus Hazmyxo

[ManuenTy OBUIO PEKOMEHIOBAHO OIPAHUYHUTH (HU3UUYECKUE
Hal"pySKI/I B TCYCHHUH 2 HCCIIb, e)Ke}lHCBH]:Iﬁ TyaneT HOCOBBIX
X010B Iipu oMoy asposoiisi Ho-Cone®, cocynocyxuparoime
karum ®apmazonua® 0,1% 1o 2 paza B AeHb — 7 JHEH; X001
MECTHO B TEUEHHHU CYTOK. AHTHOAKTepUabHas Teparus Haiu-
eHTy HC Ha3HayvaJachb, BBULY TOro, 410 HOBTOprIﬁ OCMOTp na-
IMMCHTA Ha TpeTI/Iﬁ JICHBb ITOKa3all HC3Ha‘IHTeJ’IbeIﬁ OTCK MATKHUX
TKaHeH IeYHO U CKYJIOBOM o0sacTH ciieBa, koyka Oblia 0e3 BH-
JUMBIX ITaTOJIOTHYCCKUX H3MeHeHHﬁ, CJIIM3uUCTas 060)’[0‘*"(3 1o~
JIOCTH PTa B 30HE ONEPALMH HECKOJIBKO MACTO3HA C IIPH3HAKAMH
3aCTOMHOM TUIIEPEMUH, JIMHUS IIBOB YUCTAsl, TIOCIEIHUE — CO-
crosTenbHbl. OCMOTp MalMeHTa Ha 9-i AeHb 1ociie onepanuu
MOKa3aJ MCUe3HOBEHHE OTEKa MSTKMX TKaHEH, B MOJOCTH pTa
— cau3ucTasi 000JI0YKa C NMPU3HAKAMH AIUTENIN3ALNH, CHATHI
miBbl. JlaHbl pekoMeHaauu

BoiBoabl. [llupokoe npuMeHeHHE KOCTb3aMELIAIOIIUX Ma-
TEpUaJOB B COBPEMEHHOH CTOMATOIIOTMU OOYCIIOBICHO 3HAYH-
TEJIBHBIM PACHPOCTPAHEHHEM HO30JIOTHYECKUX (HOpM, CIOCO0-
HBIX BbI3bIBATH IMOTEPIO KOCTHOﬁ TKaHH, a TaKXe I/IHTCHCI/IBHOi;l
pe3opOuueli KOCTHOM TKaHK B CIIy4asiX BBIKIIIOUCHUS )KEBATEIIb-
HOIl Harpy3kdM Ha KOCTHYIO OCHOBY — OCOOCHHO TpH HOTepe
3y6oB. Ocreoruiactuueckuii Marepuan easygraft® smnsercs
COBPEMEHHBIM CPEICTBOM PEILICHUS BBIICYKa3aHHBIX IPOOIIeM.
[ToNMHOCTBIO CHHTETHYECKUH COCTaB MaTepuala IO3BOJISIET €ro
MCII0JIb30BaTh MPAKTHYCCKH y BCEX l"pyl'[l'[ MManueHTOB, B TOM
YHCIIe ¥ NIPU ONepaliy CUHYyC-THTHHTa. BOo3MOXKHOCTH camo-
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CTOSITEILHOTO 3aTBEPJCHUs MaTepuaa Mocie KOHTaKTa ¢ OH1o-
JIOTUYECKUMHU KHUIAKOCTAMHA IMO3BOJIACT PACIIUPUTHL IOKa3aHUA
K €ro NpUMEHCHUIO, B YaCTHOCTU B BUAE 663MeM6paHHI>IX TCX-
HOJIOTHH JIeueHUs1 KOCTHBIX AedexroB. [IpumeHenne Marepuaa
easygraft® B kauecTBe OCTEOINIaCTHYECKOIO OCTEOKOHIYKTHB-
HOIro Marepuaja npu onepanusax ayrMeHTaluu JHa BEPXHEYC-
JIIOCTHOM Na3yXu SIBISETCS PALMOHAIBHON METOIUKOM JIedeHus
BBUY O€30M1aCHOCTH CaMOro Marepuasa (OTCYyTCTBUE MaTepHa-
J1a )KUBOTHOT'O M YEJIOBEYECKOTO MIPOUCXOXK/ICHUSI, aJJICPTCHOB B
coCTaBe MaTepualia), yio0cTBa B NCIoIb30BaHuH ((popma BbIITy-
CKa B lINpULAx, OTCyTCTBUE ChIITYYECTU U MUTI'PALIUU I'PAHYIT aK-
TUBHPOBAHHOTO OHOPACTBOPUTENIEM MaTepHalia), BO3BMOXKHOCTH
HCIIOJIB30BaHMsl Mareprasia 0e3 3alIUTHBIX M H3OJIALHOHHBIX
MeMOpaH B 30HE KOHTakTa ¢ MemOpanoi IlInaiinepa u B 30He
KOHTaKTa C Hapy)KHbIM OTBEPCTHUEM OIEPALMOHHOIO JOCTYyIa
HPH JIaTepaIbHOM (OTKPBITOM) CHHYC-JTU(THHTE.
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SUMMARY

APPLICATION OF SYNTHETIC OSTEOPLASTIC MA-
TERIAL EASYGRAFT® IN MAXILLA SUBANTRAL
AUGMENTATION (SINUS-LIFT)

Kostenko Ye., Mochalov 1., Kaminsky R., Nakashidze G.,
Bun Y., Goncharuk-Khomyn M.

Uzhhorod National University, Ukraine

The problem of complex dental rehabilitation of a pa-
tient after partial or complete teeth loss is an urgent issue
for dental practice. The most of patients coming to dentist
with to make dentures on dental implants after tooth loss in
lateral part of maxilla are often observed with atrophy of the
alveolar bone resulting in maxillary sinus (sinus Haymori)
enlargement. Creating an additional space for dental implant
placement in the maxilla is possible by performing a sinus
lift (subantral maxilla augmentation) - artificially thickening
the lower and outer wall of the maxillary sinus with usage of
osteoplastic materials. A clinical case of lateral (open) sinus-
lifting performed by “grind-out” technique with the DASK®
kit (Dentium Advanced Sinus Kit®) is described. As an os-
teoplastic material was used an alloplastic self- hardening in
wound material easygraft®.

Keywords: stomatology, implantation, maxilla, sinus-lift,
DASK®, easygraft®.
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PE3IOME

INPUMEHEHUE CUHTETHYECKOI'O OCTEOILIACTH-
YECKOI'O MATEPHAJIA EASYGRAFT® IIPU CYBAH-
TPAJILHOM AYTMEHTAITMM BEPXHEN YEJTIOCTH

Koctenko E.f1., Mouasos F0.A., Kamuncknii P.C.,
Hakammnze I H., Byns FO.H., l'onuapyk-Xomun M.IO.

Tocyoapcmesentoe svicuiee yuedbnoe 3asedeHue « Yorceopoockuil
HAYUOHANLHBLU YHUGEepcumemy Ykpauna

[pobnemMa MOJHOIIEHHOW CTOMATOJIOIMYECKOW peadnIHTAIH
TMalyeHTa MOocie YaCTUYHON WM MOJHOM moTepu 3yOOB SIBIISET-
Cs1 aKTyaJIbHBIM BOIIPOCOM JIJIsl CTOMATOJIOTMYECKOM NPaKTUKH. Y
OOMNBLINHCTBA MALMEHTOB, KOTOpble OOpalaloTcs K CTOMATONIO-
Ty C LebIo 3yOHOro MPOTE3UPOBAHMS C OMOPON Ha JEHTANIbHBIE
UMILIaHTAThI [IOCNIE TIOTEPU 3yOOB B OOKOBBIX y4acTKaX BEepXHEH
YeIIOCTH, JIOBOJIBHO YacTo HaOJomaeTcs arpoust anbBEONSPHON
KOCTH, BCJICZICTBUE YEro MOKET HAOMIIOAThCs yBeIMUeHHe 00beMa
BEepXHEUeTIOCTHOM nasyxu (sinus Haymori). Co3nanue nomnonHu-
TEJIBHOTO TPOCTPAHCTBA Il YCTAaHOBKH JIEHTAJIbHBIX HMMILIAH-
TaToOB HA BEPXHEH YENIFOCTH BO3MOXKHO ITyTEM BBITIONHEHUS OIle-
pauuu cuHyc-TMdTUHTa (CyOaHTpajbHas ayrMEHTALMs BEpXHEi
YEeJIOCTH) — HCKYCCTBEHHOE YTOJILIEHHE HIDKHEH M HapyKHOH
CTEHKH BEPXHEUETIOCTHOH Ma3yXH ¢ MPUMEHEHHEM OCTEOTLIACTH-
4ecKHX MarepraoB. OnucaH KIMHUYECKHH CITydaii laTepalbHOro
(OTKpBITOr0) CHHYC-TH(TUHTA, BBHITOIHEHHOTO 10 TEXHHUKe «grind-
outy mpu nomonm Habopa DASK® (Dentium Advanced Sinus
Kit®); B KadecTBe OCTEOIIACTHYECKOrO MaTepyalia UCIONIb30BaH
JUIOIIIACTUYECKHUH TBEP/CIONIMI B paHe MaTepHal easygraft®.
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Additive technologies have been finding increasing applica-
tion in dentistry due to the possibility of programming of the
parameters and fabricating the structures of therapeutic and pro-
phylactic devices and dental prostheses from the UV-curable ac-
rylate based polymer composite materials (PCMs) via 3D print-
ing technology, and started replacing analogues made using the
conventional technologies of casting and digital milling. This is
explained by series of advantages, the high rate of fabrication
and cost efficacy in the first place. This primarily refers to poly-
mer fixed provisional restorations of prototype dental prostheses
needed in the prosthodontics treatment regimen [1, 2]. A pivotal
question is whether these materials retain a satisfactory level
of mechanical and functional properties for the full duration as
needed (1 year), and thus it is important to know their physico-
chemical properties, as they affect the strength characteristics of
the restorations, as well as their resistance to the biological envi-
ronment of the oral cavity. Therefore, the aim of this study was
to determine the feasibility of the use of long-term fixed provi-
sional restorations made of polymer materials, fabricated using
3D printing. The following null hypothesis (HO) was tested: the
treatment mode selection has no effect on the level of hygiene
and plaque indices.

Materials and methods. Two polymer materials for fixed
provisional restorations of dental prostheses which are the most
common on the international dental services market, were stud-
ied in this work: NextDent C&B Micro Filled Hybrid (ND)
(Great Britain) [3] and Detax Freeprint temp UV (DX) (Ger-
many) [4]. The printing was performed on the equipment rec-
ommended by the manufacturer: on FormLab Form 2 3D printer
(United States) from the ND material and on Asiga Freeform
PICO 2 3D printer (United States) from the DX material [5].
To obtain specimens with the maximum degree of conversion
of the monomer and to unify the conditions of fabrication of
the specimens, they were subjected to the post-treatment—ultra-
violet post-curing in an Otoflash G171 apparatus (the period of
exposure of the specimens was 6 hours at 24 °C).

The choice of the study methods was based on the list of
physicochemical parameters presented in ISO 1567:1999 such
as water absorption capacity, solubility, flexural strength, flexur-
al modulus, hardness, and wear resistance. The investigation of
the durability of the materials was performed by monitoring the
changes in the mechanical parameters upon three-point flexural
test under the conditions of accelerated aging.

The studies of the mechanical properties and hardness of the
materials were performed on an Instron 5982 universal testing
machine equipped with a load cell of the 2580-108 £5 kN se-
ries in the modes of three-point bending and uniaxial compres-
sion. The sizes of the specimens for the flexural test were as
follows: 64 x 10 x 3.5 mm in accordance with ISO 10477 and
ISO 1567:1999. The distance between the supporting pins was
50 mm and the speed of loading was 5 mm/min. In accordance
with the requirements of ISO, the specimens were submerged in
the distilled water at 37 + 1 °C for 50 hours prior to the tests. The
calculation of the strength and modulus of elasticity based on the
test results was performed according to the procedure specified

© GMN

in ISO 10477 and ISO 1567:1999. The hardness was studied
according to ISO 2039-1:2001. The size of the specimens pro-
vided for by this standard is 50 x 50 x 4 mm. The tests were
performed under a load of 358 N. To study the area uniformity
of the printed specimens, the measurements were performed
in several, substantially remote from each other points. All the
specimens were preliminarily submerged into distilled water for
50 hours at 37 °C. The obtained results were processed in ac-
cordance with ISO 2039-1:2001.

The specimens for the determination of the water absorption
capacity and solubility were disks with a diameter of 50 mm and
a thickness of 0.5 mm and conformed to ISO 10477 and ISO
1567:1999. The testing procedure and calculation of the target
parameters also corresponded to the standard.

The studies of wear resistance were performed on a Thermo Sci-
entific UMT-3 universal instrument. The sizes of the specimens for
the tests were as follows: a diameter of 6 mm and a height of 16
mm. The tests were performed in the “pin-on-disk”” mode, the linear
speed was 1 m/min, and the load applied to the specimen was 72 N.

To determine the duration of safe use of temporary restora-
tions of dental prostheses fabricated using 3D printing, it is nec-
essary to investigate the change in the critical physicochemical
properties over time. This refers to the mechanical properties in
the first place because it is obvious that these articles experience
permanent alternating loads for the entire duration of operation.
In such cases, materials are subjected to accelerated aging. One
of the techniques of accelerated aging is the exposure of materi-
als to elevated temperatures [6]. This method is based on the
Arrhenius theory stating that, when temperature is increased by
10 °C, all the chemical processes start proceeding twice as fast.
This theory is expressed in the following formula:

AAR (Accelerated Aging Rate) - Q 1 0((T€ B Tﬂ)/lo)’

where Q10 is the reaction rate increase factor that equals to 2
in our case, Te is the temperature of accelerated aging, and Ta is
the operating temperature.

The described concept of investigation of the physicochemi-
cal characteristics of medical-grade materials is outlined in
ASTM F1980 standard. In our case, the operating temperature
was 37 °C, and we chose the temperature of accelerated aging of
60 °C because the physicochemical properties of the polymers
under study do not change fundamentally at this temperature.
Accelerated aging study was carried out in an aqueous environ-
ment. To maintain the uniformity of the environment, the water
was replaced once every 5 days. The specimens intended for
three-point bending were subjected to accelerated aging. Upon
the completion of thermostating, the materials were tested under
the conditions described in ISO 1567:1999.

To study the materials in clinical settings and to test the null
hypothesis, 3 groups of patients were organized which were uni-
form in sex, age, clinical presentation, and performance status.

Based on the inclusion, exclusion, and withdrawal criteria, out
of 586 examined patients aged 18-75 years (365 females and 221
males) diagnosed with chronic generalized periodontitis K05.31, 90
patients aged 25-60 years (58 females and 32 males) with chronic
generalized periodontitis were admitted for treatment.
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All the patients were managed according to the treatment al-
gorithm conventional for chronic generalized periodontitis. The
base combination treatment of the patients from all the groups
included the following: oral cavity sanitation, personal hygiene
training for patients, supra- and subgingival calculus removal,
and tooth root surface polishing. In the first group, mobile teeth
were immobilized using adhesive splints made of a fiberglass
thread (GlasSpan, United States) and a light-curable composite
material. In the second group, mobile teeth were immobilized
using dental splints made of Temp Basic A1 95H16 polymer
structural materials (Zirkonzahn, Italy) (TB) which were fabri-
cated using computer-aided milling, and in the third group — us-
ing 3D printing (the DX material) (Fig.1).

Fig.1. An immobilizing splint fabricated using the additive
method (DX)
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The qualitative monitoring of the treatment efficacy was per-
formed by monitoring the hygiene and plaque indices at 1, 6,
and 12 months after the treatment and by comparing them with
the values before the treatment. The hygiene level assessment
was performed by the OHI-S index (J.C. Green, J.R. Vermillion,
1969); Russel index (PI Russel, 1956) was used to evaluate the
degree of inflammation in the periodontal tissues.

The values of the above-listed indices belong are of quali-
tative character, and thus, in order to test the null hypothesis
(HO), namely, to determine the significance of the difference in
the values of the hygiene indices between the three groups, the
Kruskal-Wallis nonparametric test was conducted:

__ L/
Hemp = e X 217, 73V + 1),

where N is the total size of all the samples, nj is the size of
the jth sample, and Tj is the rank sum in the jth sample. The em-
pirical value of the criterion (H_emp) was compared to the criti-
cal value of the criterion (H_cr) of 5.6 at the significance level
p=<0.05, established by us for this study. The null hypothesis is
discarded when the empirical value of the criterion is higher
than the critical value.

Results and their discussion. The study test results of the ND
and DX materials per ISO 1567:1999 and ISO 2039-1:2001 are
fully reflected in Table 1.

Wear resistance is a dynamic functional property capable of
adequately predicting the possible time of operation of tempo-
rary restorations (based on the assumption that their other prop-
erties remain constant). Based on the study results, wear curves
were obtained based on the changes in the specimen height—time

Table 1. Results of the study of the material specimens fabricated using 3D printing

Specimen Water absorption Solubility, Flexural Flexural Hardness,
P capacity, pg/mm? pg/mm? strength, MPa modulus, GPa N/mm?
NextDent C&B Micro Filled 643+ 0.4 19.240.5 603+ 12.1 1354029 | 83.6+7.7
Hybrid
Detax Freeprint temp UV 275+34 7.0+£1.7 59.2+59 2.33+£0.53 87.8+3.4
Requirements of ISO
1567:1999 32 8 60 13 i

Table 2. The change in the main mechanical parameters of the studied specimens in the process of accelerated heat aging

Parameter Equivalent time, months | NextDent C&B Micro Filled Hybrid Detax Freeprint
temp UV
0 60.3+12.1 592+79
3 352+53 42.8+12.3
Flexural strength, MPa
6 36.7+5.2 57.4+10.3
12 33.0+£6.8 445+ 12.6
0 1.34+0.29 2.33+0.53
Flexural modulus, GPa 3 1.58+0.08 2.24£0.28
6 1.42+0.52 2.33+0.48
12 1.49+0.26 2.53+0.02
0 9.2+0.3 32+0.8
3 25+04 20+0.5
. N
Ultimate strain, % p 26206 28208
12 2.5+0.1 1.8+0.6
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coordinates. At sections with the maximum inclination, and tak-
ing into account the speed, the levels of wear were calculated for
each of the materials, and were recorded as 5.5x10—4 mm/m for
the ND material and 6.9x10—4 mm/m for DX.

To take into account the occurring changes, the specimens under
study were subjected to the accelerated aging at 37 °C for the peri-
ods equivalent to 3, 6, and 12 months real time. The results of the
flexural tests of the aged specimens are presented in Table 2.

The choice of DX as the material for fabrication of the splints
for the patients from group 3 was made based on the above men-
tioned results. Figure 2 presents an example of a typical clini-
cal presentation of chronic generalized periodontitis in a patient
from the third control group before and after (one year) place-
ment of an immobilizing splint made of the DX material.

No cases of premature failure of the splints were detected in
patients from groups 1, 2, and 3 in the process of clinical obser-
vation (12 months). The results of the monitoring of the OHI-S
and PI indices are presented in Table 3.

The null hypothesis HO about the absence of the effect of the
treatment mode selection on the level of OHI-S and PI hygiene
indices was accepted based on the statistical analysis results,
because H emp was 0.6 for the OHI-S index and 0.4 for PI,
which was lower than the critical value and gave no evidence of
significant difference.

It was determined based on the results of the studies conducted
per ISO 1567:1999 that the DX material conforms to the require-
ments of this standard with respect to all the parameters. The ND
material does not conform to the requirements of ISO with respect
to water absorption capacity and solubility. The measured hardness
of the DX material is also somewhat lower compared to ND.

It was noted that the wear process advances differently in the

studied materials. An ND specimen wears off more uniformly
than DX specimen. The DX material has an initial section with
high wear resistance that, however, irreversibly decreases later.
The calculated wear parameters turned out to be better in the
ND material. Therefore, the ND material is more preferable
with respect to the wear resistance parameter. However, since
the structure and, therefore, properties of materials can change
in the process of operation in an aggressive environment (active
microflora, water, elevated temperature), the preference to one
material or another could only be given based on the test results
for the specimens subjected to accelerated aging.

After accelerated aging, the main mechanical parameters of the
ND material, namely, strength and modulus of elasticity, dropped
significantly below the ISO requirements. The strength of the DX
material have also decreased after aging, however, by no more than
8% below the required values; the modulus of elasticity of the DX
material remained almost unchanged. In addition, a noticeable de-
crease in the ultimate strain of the ND material already at the aging
time point equivalent to 3 months should be noted. Therefore, based
on the obtained results, we drew a conclusion about the preference
of use of the DX material for the fabrication of polymer fixed pro-
visional restorations of prototype dental prostheses.

In clinical settings, restorations fabricated from the DX mate-
rial under study proved themselves in the same manner as the
restorations fabricated from conventional millable materials and
restorations reinforced with a GlasSpan fiberglass thread. The
dynamics of the change in the hygienic (OHI-S) and plaque (PI)
indices turned out to be similar in all the studied groups, which
was confirmed statistically. A year after all the therapeutic peri-
odontal measures and installation of an immobilizing splint, a
stable remission phase was achieved in all the patients.

Fig.2. The inferior dental arch in a patient with chronic generalized periodontitis.
Before the treatment (a) and with an immobilizing splint (b)

Table 3. Results of the estimation of the hygiene and plaque indices in patients
before the treatment and at various periods after the treatment

Monitoring period
Group Index
Before the treatment 1 month 6 months 12 months
OHI-S 25+0.2 0.6+0.2 09+0.2 1.2+0.1
! PI 32+02 1.7+0.1 1.9+0.2 2.8+0.2
OHI-S 2.8+0.3 0.4+0.1 0.7+0.1 1.1+0.1
2 PI 29+0.2 1.6+0.2 1.8+0.1 2.6+0.3
OHI-S 2.6+0.2 0.5+0.1 0.8+0.1 1.2+0.1
. PI 35+03 1.7+0.2 1.8+0.2 2.5+0.1
© GMN 39




Therefore, the fixed provisional restorations constructed from
the DX material using 3D printing technology showed similar re-
sults compared to other conventional treatment modes during clini-
cal observation. Moreover, the process of fabrication of long-term
fixed provisional restorations from the DX material is simpler and
more economically feasible when compared to the ND material.

Conclusions. Comprehensive studies of the physicochemical
properties of the ND and DX materials showed that, despite various
advantages and disadvantages, both materials can be recommended
for use in dentistry. This conclusion has been confirmed by the ex-
tensive clinical observations of the groups of patients with gener-
alized periodontitis, for whom splints were fabricated and placed
depending on the characteristic features of the clinical presentation.
Long-term results (up to 1 year) confirmed the efficiency in jus-
tification of selecting the structural material and technology of its
application.

Conlflicts of interest. The authors have declared that no con-
flict of interest exists.
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SUMMARY

MONITORING OF CHANGES IN PHYSICOCHEMICAL AND CLINICAL CHARACTERISTICS OF THE DENTAL
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The use of additive technologies in dentistry is a promising
trend; however, the physical and mechanical properties of the
materials intended for the fabrication of long-term fixed restora-
tions remain understudied.

The aim of this research is to determine the feasibility of the
use of long-term fixed provisional restorations made of polymer
materials, fabricated using 3D printing.

The conformance of the physical and mechanical properties of
NextDent C&B Micro Filled Hybrid (ND) and Detax Freeprint
temp UV (DX) materials to ISO 1567:1999 standard, stability
of their physical and mechanical properties under the conditions
of accelerated aging, as well as their resistance to the oral cavity
environment were studied.

As a result of the performed studies, the DX material turned
out to be superior to ND with respect to most characteristics.

Clinical observations were conducted on the treatment of chron-
ic generalized periodontitis using the following fixed provision-
al splints made of various materials: DX, fabricated according
to the Slide-And-Separate technology, splints fabricated using
the CAD/CAM technology, and adhesive splints reinforced with
a GlasSpan fiberglass thread. As a result of the analysis of the
OHI-S and PI indices values, the absence of any statistically sig-
nificant difference between the above-describe treatment meth-
ods was determined.

The studied materials conform to the requirements of ISO
1567:1999; the materials exhibited different stability under the con-
ditions of accelerated aging, nevertheless, they can be utilized for
the fabrication of long-term fixed provisional restorations.

Keywords: 3D printing, dental splint, ND material, DX mate-
rial, provisional dental restoration.

PE3IOME

MOHHUTOPUHI UBMEHEHUI ®U3UKO-XUMUYECKUX U KIMHUYECKAX XAPAKTEPUCTHUK
CTOMATOJIOTHYECKHUX MOJIUMEPHBIX MATEPHAJIOB, UCITOJIB3YEMBbIX B ITPOU3BOJACTBE
3YBHBIX IIPOTE30B, IYTEM AJIJIMTUBHOM TEXHOJIOI A

'Apytionos C.JI., ’Kpamennuxos C.B., JleBuenxo V.M., “Opmxounxuize P.3.,
3Canosckas H.B., 'Kupakocsin JLT., 'Xapax SI.H.
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30pasooxpanenus Poccuu, denapmamenm nponeoesmuxi CnomMamono2uieckux 3a001e6anuil;
’HayuonanvHulil ucciedosamenvckuil yeHmp « Kypuamosckuit uHcmumymy, 1a60pamopusi ROIUMEPHbIX MAMEPUaios;
SUnemumym uszuueckoi xumuu um. Kapnosa, Llenmp cogmecmuoeo ucnonvzosanust; *Tounucckuti 20Cy0apcmeeHHbiti MeouyuH-
ckuu ynueepcumem, 1 pysus

HGJH)IO HCCIICIOBAHUS ABIACTCS OIPEACICHUC uenec006pa3-
HOCTHU HUCIIOJIB30BaHUS BPEMCHHBIX AOJTOCPOYHBIX q)HKCI/IpO-
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W3y4eHbl cOOTBETCTBHE (PHU3UKO-MEXaHUIECKUX CBOMCTB Ma-
tepuainoB NextDent C & B Micro Filled Hybrid (ND) u Detax
Freeprint temp UV (DX) cranmapry ISO 1567:1999, crabuib-
HOCTb MX (PU3UKO-MEXaHUYECKUX CBOICTB B yCIOBHSX YCKOPEH-
HOT'O UCIIBITAaHKS Ha CTapeHME, a TAKKe YCTOMUUBOCTh K cpefie
HOJIOCTH pTa.

B pesynbrare mpoBeneHHBIX uccieqoBaHui martepuan DX
okasacsi npeBocxomsmuM ND 1o OGOJIBIIMHCTBY XapakTepH-
ctuk. Knnanueckue HaOMIOACHUS NMPOBOAMINCH IIPU JICUCHUU
XPOHUYECKOTr0 FTeHEPAIM30BAaHHOTO NAPOAOHTUTA C UCIIOJIb30BA-
HHUEM CJICAYIOUIMX (PUKCHPOBAHHBIX BPEMEHHBIX PACIIOPOK, U3-
TOTOBJICHHBIX U3 PA3IM4YHbIX MaTtepuayos: DX, H3roToBIeHHBIX

o texnostoruu Slide-And-Separate, pacriopok, H3roTOBJICHHBIX
¢ ucnosnb3oBanreM TexHonornn CAD/CAM, u KiieeBbIX pac-
nopok, ykperui€unsix GlasSpan crekioniacTukoBoi HUTHIO. B
pesynsrare aHanu3a uagekcos OHI-S u PI orcyTcTBue kakoro-
.]'II/I6O CTaTUCTUYCCKH 3HAYUMOI0O pas3invyus MEXAY BbILICOITU-
CaHHBIMU ME€TOLaMHU JICUCHHUS HE YCTAHOBJICHO.

Hccnenyemble MaTepualibl COOTBETCTBYIOT TPEOOBaHUIM
ISO 1567:1999; maTepuainsl MOKa3ail pa3inyHyIO CTAONIb-
HOCTH B yCJ'[OBI/Ile yCKOpCHHOFO UCIBbITAHUA Ha CTApCHUE, U
TEM HC MCHECC, OHHU MOFyT 6])1Tb HCIIOJIB30BAHBI AJI U3TOTOB-
JICHUS BPEMEHHBIX JOJII'OCPOYHBIX (I)I/IKCHpoBaHHle pecrTaB-
pauumii.
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BRAIN-DERIVED NEUROTROPHIC FACTOR: DIAGNOSTIC PERSPECTIVE
IN NEONATES WITH GESTATIONAL AGE LESS THAN 34 WEEKS

Kyslova Iu., Yablon O., Mazulov O., Savrun T., Bykovska O.

National Pirogov Memorial Medical University, Vinnytsya, Ukraine

According to the World Health Organization, around 15
million infants are born preterm every year, and the number
is rising. More than 1 million infants die due to complica-
tions related to preterm birth. It is explained not only by the
immaturity of organs and systems but also by the disturbed
fetal development, pathological labors and emergencies in
the neonatal period. Health status and development of pre-
term neonates is determined by the quality and efficacy of
diagnostics and medical help during the neonatal period and
the first year of life [2,23].
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Acquiring the new fundamental knowledge about pathologi-
cal biochemical processes in the nervous tissue of newborns
is our current priority due to its potential to prevent disability,
decrease financial aspects of management, increase the level of
rehabilitation and socialization [2,3,23].

Preterm infants experience the consequences of hypoxia in
the remote period — selective neuronal death by apoptosis and
atrophy, that are predictive of unfavorable remote events. In the
same time, neurotrophic factors, that inhibit apoptotic cascade,
are released into extracellular matrix [1,3].
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Neurotrophins are regulatory proteins of nervous tissue
that promote growth, proliferation, survival, and migration
of neurons; regulate the synthesis and release of transmitters,
development of synaptic plasticity. Immunomodulation is an
additional function of these proteins. There are 8 families of
neurotrophic factors discovered, with brain-derived neurotroph-
ic factor(BDNF) being a ‘key player' in neurogenesis and neu-
roplasticity [1,24].

BDNF is synthesized in a few populations of neuronal and
glial cells, as well as in immune cells, vascular endothelium.
BDNEF is able to cross the blood-brain barrier that is relatively
immature in preterm infants. Concentration changes of BDNF
in blood serum are similar to those in the brain, especially dur-
ing the 29-35 weeks of gestation. This period is characterized
by the maximal development of the brain (it increases in almost
4 times) and is critical for growth and migration of neurons
[6,17,27]. However, there is not enough data about the concen-
tration changes of BDNF in preterm infants after birth, and in
relation to other factors that influence the consequences of man-
agement.

Objectives - to determine the diagnostic significance of BDNF
in preterm infants with gestational age less than 34 weeks.

Material and methods.The study group consisted of preterm
infants with gestational age less than 34 weeks from neonatal
intensive care unit & neonatal hypoxic-ischemic encephalopa-
thy care unit in Vinnytsya Regional Neonatal Center. Exclusion
criteria included congenital defects, birth trauma, and neuroin-
fections. Therefore, the study group included 30 preterm infants
with average birth weight 1373.5£66.0 g and gestational age
29.3£0.5 weeks.

In order to estimate the severity of children's condition, we
analyzed antenatal data, neonatal characteristics, BDNF blood
concentrations, neurosonography results (NSG), and magnetic
resonance imaging (MRI). Cognitive and motor development
were assessed using Bayley Scales of Infant Development(BSID
1I) [4].

Blood samples for BDNF concentration assessment were re-
ceived during the administration to neonatal intensive care units
or premature neonatal unit on 5-7 days of life and in dynamics
on 21-28 days of life. The serum in the quantity of 0.5 ml was
frozen and kept at the temperature of -20.0 C.

Mechanisms of neuronal damage were studied retrospec-
tively. BDNF concentrations were assessed by enzyme-linked
immunosorbent assay using the standard «Human BDNF» kits
produced by «RDS», USA (according to the manufacturer's in-
structions). The minimal threshold for BDNF detection was 23.4
pg/ml (sensitivity).

Cognitive and motor development were assessed using Bay-
ley Scales at postconceptual age of 36-37 weeks and in dynam-
ics upon reaching the screening age of 18 months. Preliminary
results of cognitive and motor development were transferred
into cognitive development index (CDI) and motor develop-
ment index (MDI) using tables [4].Confidence level (accepted if
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equal 95%) and confidence interval were calculated. Statistical
analysis was performed on personal computer using software
package «Microsoft Excel XP»and SPSS having used paramet-
ric statistical methods.

Results and their discussion. Having reached the screen-
ing age of 18 months, 8 children (26.7%) were diagnosed with
a disability that manifested as cerebral palsy, progressing hy-
drocephalus, blindness (1st group). 13 children (43.3%) had
developmental delay (2nd group), and 9 children (30.0%)
with cognitive and motor development according to the age,
did not have any chronic diseases and comprised the control
group.

Any kind of pathological process in the brain leads to struc-
tural damage of nervous tissue as well as damage of blood-brain
barrier that causes the release of neuron-specific proteins into
cerebrospinal fluid [5,6,17,26,27]. After resorption, some part
of these proteins gets into the venous blood that enables the dy-
namic observation over their level in blood serum that reflects
the changes in the nervous tissue [10,28]. These changes of neu-
ron-specific proteins concentrations appear earlier than struc-
tural changes in the brain that can be detected by modern neuro
visualization approaches.

In preterm neonates, hypoxia causes apoptotic death of neu-
rons in the remote period. In the same time, neurotrophic fac-
tors that suppress apoptotic cascade are released extracellularly.
Presence of BDNF in blood serum is indicative of regeneration
mechanisms [3,28].

BDNF concentrations in the blood serum at 5-7 days of life
were lower in children from 1st group — 142.1+64.7 pg/ml
(p<0.05) comparing with 329.7+80.8 in children from the 2nd
group and 317.44+54.8 in children in control group (Table 1).

Having analyzed the dynamics of BDNF changes at 28th
day of life, we detected the increase of BDNF concentration
in children from all the groups. Children with a disability had
BDNEF statistically lower than children from the control group
(166.7+£69.5 comparing with 1088.8+206.4 pg/ml respectively,
p<0.01). BDNF concentrations in children with developmen-
tal delay have increased by 2.5 times until 28th day of life
(815.9£194.4 pg/ml, p<0.01), but was still lower than in control
group (1088.84206.4 pg/ml) (Fig.).

2500

2000

T

Days 3-7 Day 28

=e=—Children with disability == Children with developmental delay

Control group

Fig. BDNF concentrations (pg/ml) in preterm infants

Table 1. BDNF concentrations in the blood serum of preterm infants, M+m (pg/ml)

BDNF concentrations
Study groups
Days 5-7 Day 28
Children with disability (1% group), n=8 142.1+64.7* 166.7469.5%*
Children with developmental delay (2™ group), n=13 329.7+80.8 815.9+194.4**
Control group, n=9 317.4+54.8 1088.8+206.4

notes: * - p<0.05; ** - p<0.01
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Received data shows that premature infants who were diag-
nosed with a disability at the corrected age of 18 months, got
a severe brain injury as a consequence of prenatal hypoxia. As
a result, they had the lowest concentrations of BDNF at 5-7th
days of life (142.16+4.7 pg/ml, p<0.05), that is neuroprotective
against injuries. At the 4th week of life its concentration was still
low — 166.7+69.5 pg/ml, p<0.01. Therefore, premature infants
with brain injury are not able to properly manage hypoxic stress.
That explains the severity of central nervous system injury and
negative remote effects. In the same time, premature infants with
BDNF increased by 2.5 — 6.5 times both at 5-7th days of life
and 4 weeks, even with moderate for hypoxia ischemia, do not
develop structural changes in the central nervous system.

BDNF and antenatal factors.

Antenatal factors play an important role in central nervous
system injury in neonates, can cause preterm birth and nega-
tively affect the immature organism of a baby, especially its
brain [13,26]. We retrospectively analyzed antenatal data and
neonatal characteristics of children that were included in the re-
search. The age of mothers ranged from 18 to 25 years. Analysis
of extragenital pathology revealed that 66.7 % of mothers had
unfavorable pre-labor conditions (26.7% had urinary system
pathology, 16.7% - endocrine system pathology, 20.0% - a com-
bination of pathologies). Mothers of children from the 1st and
2nd group had statistically increased frequency of urinary tract
pathology (37.5% and 38.5% respectively, p<0.05), whereas
mothers of children from control group did not have the men-
tioned condition. 5 mothers (16.7%) had a history of chronic
toxoplasmosis and herpes (25.0% mothers from the 1st group,
15.4% mothers from the 2nd group and 11.1% mothers from the
control group).

63.3% of mothers had fertility problems —43.3% of spontane-
ous miscarriages, 20.0% of induced abortions. Notably, sponta-
neous miscarriages were more frequent in mothers from 1st and
2nd groups (62.5% and 61.5% respectively, p<0.01), whereas
induced abortions, were more common in mothers from the con-
trol group (55.5%, p<0.01)

Only 1 mother had a present pregnancy without any compli-
cations. All the others were diagnosed with a threatened mis-
carriage (70.0%), anemia of pregnancy (23.3%), gestational
toxicosis (20.0%), fetal distress (16.6%), chronic placental
insufficiency (10.0%). However, there was no statistically sig-
nificant difference between groups. Every other woman had a
combination of pathological conditions during her pregnancy.

Labor complications included placental abruption (20.0%),
long latency interval (16.7%), chorioamnionitis and preterm
rupture of membranes (13.3%), preeclampsia (6.7%), p<0.05.

BDNF concentrations at 5-7 days of life correlated with fertil-
ity problems (r=-0.74, p<0.05). Connection with other antenatal
factors was not detected.

BDNF and postnatal factors.

Epidemiological research shows that high prevalence of dis-
eases and disability of premature infants are related to hypoxic
ischemic brain injuries. In most cases, the central nervous sys-
tem pathology is not isolated, but accompanied with a pathology
of multiple systems [7,9,12,23,26].

66.7% of premature infants were born with serious or critical
conditions and required artificial lung ventilation in the delivery
room.

During the neonatal period, most children have suffered from
infantile respiratory distress syndrome (RDS) — 60.0% (75.0%
of children from the 1st group, 69.2% from the 2nd group and
33.3% from the control group). In 36.7% of cases, RDS was
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complicated with pneumonia. 20.0% of children had broncho-
pulmonary dysplasia (BPD) that required corticosteroids ad-
ministration. In addition, children with disability were more de-
pendent on oxygen administration (62.5% of children from the
Ist group) than children with developmental delay (only 7.7%,
p<0.05).

Every third child was diagnosed with anemia of prematurity
in the neonatal period (37.5% of children from the st group,
46.1% from the 2nd group). However, this finding was not
statistically significant, p< 0.05. 10.0% of children had a fetal
infection of unknown origin. 3 children with developmental
delay had retinopathy of prematurity (ROP) stage I-IT (23.1%,
p<0.05). ROP was absent in the other groups.

Correlation analysis determined a moderate association be-
tween BDNF concentrations in blood serum at the 5-7 days of
life and the development of ROP (1=0.58, p<0.05).

BDNF and neurovisualization data.

Brain injury is the main pre-condition of the development
of disability in premature infants. Therefore, neurovisualiza-
tion data is important for early diagnosis of organic substrate of
neurological impairment. Neurosonography (NSG) is the most
available method, while magnetic resonance imaging (MRI) is
the most informative [18,19,20,22,23].

According to the neurosonography data performed on chil-
dren included into our research, hypoxic damage of central ner-
vous system in preterm infants manifested as intraventricular
hemorrhage (IVH): stage I-II — 16.7%, stage III — 13.3%, stage
IV — 3.3%. Periventricular leukomalacia (PVL) was observed
in 30.0% of children, with its cystic form in 16.7% of cases.
Stage I-II IVH had the same prevalence in all groups, whereas
stage III-IV IVH was observed in 15.4% of children with devel-
opmental delay and 37.5% of children with disability, p<0.05.
PVL was mostly diagnosed in children with disability (50.0%,
p<0.05).

Despite the fact BDNF concentrations both on 5-7 days and
28 days of life were lower in children with IVH, they did not
correlate with IVH (r=0.16; r=0.23).

In order to specify the brain damage and predict further psy-
chomotor development, MRI was performed for 18 premature
infants in the neonatal period.

According to MRI data, periventricular white matter volume
loss was detected in 31.6% of children (p<0.01), symmetric
paraventricular cyst formation with glial response was detected
in 52.6% of children (p<0.05). 15.8% of children had choroid
plexus hemorrhage (p<0.05), 68.4% - ventricular dilation (3rd
ventricle dilation in 15.8% of cases and 4th ventricle dilation in
10.5% of cases). 47.4% of examined neonates had dilated ventri-
cles with combined cystic changes and glial response (p<0.05).

BDNF concentration on 5-7 days of life had a negative cor-
relation relationship with cystic and glial changes on MRI ob-
served in preterm infants (r=-0.46) and their combination with
ventricular dilation (r=-0.38).

BDNF associations with motor and cognitive development as-
sessed by Bayley Scales of Infant Development(BSID II).

Preterm infants with perinatal central nervous system damage
require the complex assessment of a nervous system. Besides
the high-yield instrumental methods that can diagnose cerebral
damage, a neurologic status assessment with cognitive and mo-
tor development estimation using scales remains an important
diagnostic tool [4,8,11,14,15,16,23,25].

Having assessed cognitive development of premature infants
in a postconceptual age of 36-37 weeks, we determined that
73.3% of them had cognitive development delay, being severe in
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Table 2. CDI values of premature infants from postconceptual age of 36-37 weeks till corrected age of 18 months

Cognitive development index (CDI)
Group Corrected age
115 and more 85-114 70-84 69 and lower
36-37 weeks - 2 (25.0%) 4 (50.0%) 2 (25.0%)
Children with disability, 6 months - 2 (25.0%) 4 (50.0%) 2 (25.0%)
(1st group), n=8 12 months - 1 (12.5%)* 3 (37.5%) 4 (50.0%)**
18 months - 1 (12.5%)* 2 (25.0%) 5(62.5%)**
) ) . 36-37 weeks - 5 (38.4%) 6 (46.1%) 2 (15.4%)
Children with cognitive
6 months - 3(23.1%) 9 (69.2%) 1 (7.7%)
and motor developmental
12 months - 6 (46.2%) 7 (53.8%) -
delay (2nd group), n=13
18 months - 9 (69.2%) 4 (30.8%) -
36-37 weeks - 4 (44.4%) 4 (44.4%) 1 (11.2%)
Control group, 6 months - 4 (44.4%) 3 (33.3%) 2 (22.3%)
n=9 12 months - 7 (77,8%) 2 (22,2%) -
18 months 2 (22.2%) 7 (77,8%) - -

note: * - p<0.05; ** - p<0.01

Table 3. MDI changes of premature infants from postconceptual age of 36-37 weeks till the corrected age of 18 months

Motor development index (MDI)
Group Corrected age
115 and more 85-114 70-84 69 and lower
36-37 weeks - - 5(62.5%) 3 (37.5%)
Children with disability, 6 months - 1(12.5%) 3 (37.5%) 4 (50.0%)
(1st group), n=8 12 months - - 2 (25.0%) 5(62.5%)*
18 months - - 1 (12.5%) 7 (87.5%)*
Children with cognitive 36-37 weeks - 3(23.1%) 8 (61.5%) 2 (15.4%)
and motor developmental 6 months - 5 (38.5%) 6 (46.1%) 2 (15.4%)
delay 12 months - 6 (46.1%) 5 (38.5%) 2 (15.4%)
(2nd group), n=13 18 months - 11 (84.6%) 2 (15.4%) -
36-37 weeks - 2 (22.2%) 6 (66.7%) 1 (11.1%)
Control group,
0 6 months - 2 (22.2%) 5 (55.6%) 2 (22.2%)
n=
12 months - 6 (66.7%)* 3 (33.3%) -
18 months 1 (11.1%) 8 (88.9%)* - -

note * - p<0.01

23.3% of cases (cognitive development index (CDI) <69). Only
26.7% of children had CDI within normal ranges (N = 85-114).

We did not detect a statistically significant difference between
CDI rates in different groups (Table 2).

Similar data was obtained when analyzing motor develop-
ment at a postconceptual age of 36-37 weeks. As early as in
neonatal period 83.3% pf children had motor impairment, with
20.0% of them having severe motor development delay (motor
development index (MDI) <69) — Table 3.

Analyzing the dynamics of cognitive and motor skills develop-
ment from 36-37 weeks of postconceptual age till 18 months of
corrected age, we determined a negative dynamic in children with
disability - 62.5% of children had cognitive delay and 87.5% had
motor delay whereas children from control group had values within
normal ranges. (p<0.01). Only one child from the 1st group had a
cognitive development within normal limits (p<0.05).

On the contrary, we observed positive dynamics in the 2nd
group: starting from the corrected age of 12 months’ children
did not have low (MDI or CDI <69) developmental indexes. In
69.2% of cases CDI was within normal ranges, and in 84.6% of
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cases MDI was within normal ranges (for the corrected age of 18
months). Only 30.8% of children from this group had cognitive
development delay, and 15.4% had motor development delay.

Correlation analysis determined that blood serum BDNF at
the 5-7 days of life correlated with MDI and CDI values at the
postconceptual age of 36-37 weeks (r=0.34 ta r=0.48 respec-
tively). CDI and MDI of children from the 1st group at the cor-
rected age of 18 months correlated with BDNF as well (1=0.63,
r=0.78 respectively, p<0.01).

We did not determine any correlation between BDNF con-
centrations at the 28th day of life and CDI and MDI of children
with disability at the postconceptual age of 26-27 weeks and
corrected age of 18 months.

Conclusions. Premature infants who were diagnosed with
disability at the corrected age of 18 months, had the lowest
BDNF concentrations at 5-7 days of life (142.1+64.7 pg/ml,
p<0.05). BDNF concentrations were still low at the 4th weeks
of life — 166.7+£69.5 pg/ml, p<0.01.

The above data correlates with fertility problems of the moth-
ers (r=-0.74, p<0.05).
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BDNF concentrations at the 5-7 days of life also correlated with
the development of retinopathy of prematurity (r=0.58, p<0.05).

Insufficient activity of neurotrophic factors (BDNF) that en-
able the functional activity of neurons during hypoxia, causes
low MDI and CDI (less than 69) at the corrected age of 18
months (r=0.63, r=0.78 respectively, p<0.01).
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SUMMARY

BRAIN-DERIVED NEUROTROPHIC FACTOR: DIAGNOSTIC PERSPECTIVE
IN NEONATES WITH GESTATIONAL AGE LESS THAN 34 WEEKS

Kyslova Iu., Yablon O., Mazulov O., Savrun T., Bykovska O.

National Pirogov Memorial Medical University, Vinnytsya, Ukraine

The aim of the research was to determine the diagnostic sig-
nificance of Brain-derived neurotrophic factor (BDNF) in pre-
term infants with gestational age less than 34 weeks. The study
group included 30 preterm infants with average birth weight
1373.5+66.0 g and gestational age 29.3+0.5 weeks. The catam-
nestic observation was conducted over this category of infants
until reaching the corrected age of 18 months. The relationship
between BDNF levels and antenatal factors, postnatal results and
remote effects were determined. Premature infants who were di-
agnosed with disability at the corrected age of 18 months, had the
lowest BDNF concentrations at 5-7 days of life (142.1+£64.7 pg/ml,
p<0.05). BDNF concentrations were still low at the 4th weeks

of life — 166.7+69.5 pg/ml, p<0.01. The above data correlates
with fertility problems of the mothers (r=-0.74, p<0.05). BDNF
concentrations at the 5-7 days of life also correlated with the de-
velopment of retinopathy of prematurity (r=0.58, p<0.05). Insuf-
ficient activity of neurotrophic factors (BDNF) that enable the
functional activity of neurons during hypoxia, causes low MDI
and CDI (less than 69) at the corrected age of 18 months (r=0.63,
r=0.78 respectively, p<0.01). The paper shows the changes in
BDNF concentrations during the neonatal period of preterm
newborns with gestational age less than 34 weeks.

Keywords: Brain-derived neurotrophic factor, preterm in-
fants, 34 weeks gestational age.
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HEHPOTPO®UYECKHIA ®PAKTOP T'OJJOBHOI'O MO3I'A: IMATHOCTUYECKOE 3HAYEHUE
Y HOBOPOXJIEHHBIX JIETEW C TECTALIMOHHBIM BO3PACTOM MEHBIIIE 34 HEJIEJIb

Kucaosa 10.A., S16a0us O.C., Ma3yioB A.B., CaBpyH T.U., BeixoBckast O.A.

Bunnuyxuii nayuonanvuvill meouyunckuti ynugepcumem um. H M. Ilupoeosa, Ykpauna

Ienb nccienoBaHus - ONPEISIUTh JUATHOCTHYECKYIO 3Ha-
YUMOCTh HeHpoTpodudeckoro Qakropa roJOBHOIO Mo3ra y
HEJOHOILICHHBIX JeTeil C TeCTAlOHHBIM BO3pPACTOM MEHee
34 nenens. Habmonanmuce 30 HEZOHOIIEHHBIX AETEH co cpen-
Hell maccoit Tena 1373,5466,0 T ¥ recTaliMOHHBIM BO3PACTOM
29,3+0,5 nenens. [IpoBeneHo KaTaMHECTHUECKOE HAOIIOACHUE

JI0 JIOCTH)KEHUS] CKOPPEKTHPOBAHHOTO Bo3pacta 18 mecsies.
OrmpezeneHa B3aMMOCBSI3b MEXIY YPOBHSIMH HeHpoTpoduue-
ckoro ¢akropa rosoHoro mosra (BDNF) u anrenaransHbIMK
(axTopamH, MOCTHATAIBHBIMU PE3yJIbTaTaMU U OTIAJICHHBIMU
a¢pexramu. YCTaHOBICHO M3MeHeHue KoHIeHTpaiun BDNF B
HEOHATaJILHOM TepHoJe.

A9boydy

0530 Agobols bgoMm@B@maymo goJ@m@o: LoosgybmbBoim 360Tdgbgemds
sbogdmdogngddo 34 33000l gosdwyg gglHoE0YHo Slsgom

0. gobgrmgs, M. 056@mbo, o. Jobygermgo, ¢. Logdybo, m. dogmglgsos

30600l b. 3o@mamgols Lob. ghHmgbyeo badgoozobm 9bogg@lodg@o, 93@o0bs

33 ggol  dobobl  Fo@Imowpagbos  mogol  Bgo-
6ol bgo@mA@mgymo gsdBm@ol wospbmbGoiy®o

3609gbgamds  gosdyg odopgdyga  skogdmdbo-
wagddo 34 33000309 aobAH>E0YA0 sbogom. ©sg-
30M390> Jodeobo@gmds 30 gosdeg ©sdsgdymo
29,3+0,5 330M0l goli@sgoygdo sbsgom o 1373,5+66,0

3 Voboo. ho@dods 35@03bglbHy®o ©s3g00390s 3g-

Gomedo gmegddodgdgmo sbsgol (18 mgg) dow§g-
359©g. 25b0lobwgas YOmogOmgogdodo mogol @go-
bols bgodmBOmg g godBm@ol s 5bFgbs@omy®
RodBm@gdol mbggdl, sbggyg, 3mbEbs@omyd dgeg-
300b> ©o Bomgggm 989JH0L Fndob. Eowygboge-
0> m530l Bgobol bgodmEOmPymo goJ@m@ols Jmbigb-

B®>300L 3g@omgdgdo bgmbs@omy® 3gdomodo.

46



GEORGIAN MEDICAL NEWS
No 12 (285) 2018

ORAL-FACIAL-DIGITAL SYNDROME TYPE I (CLINICAL CASE)

Horlenko O., Lenchenko A., Kossey G., Tomey A., Debretseni O.

Uzhhorod National University;, Uzhgorod City Children's Clinical Hospital, Ukraine

The oral-facial-digital syndrome belongs to a group of heredi-
tary diseases, manifested by multiple birth defects (usually, the
face and fingers) [2, 4, 5, 7, 10]. At the current stage, there are 14
genetic variations of the oral-facial-digital syndrome. The pres-
ence of various abnormalities of the oral cavity, face and fingers
is common for all of them, but each syndrome has a specific
phenotype or type of inheritance [5].

The oral-facial-digital syndrome type I (OFD1) was first
described in 1954 by M. Papillon-Leage and J. Psaume; it is
often known under other names as “Papillon-Leage-Psaume
syndrome”, “Grob linguofacial dysplasia”, “oro-digital-facial
dysostosis”. According to literature data, its population frequen-
¢y varies from 1: 250000 to 1: 50000 [2,4,7].

The etiology of this syndrome is unknown. The syndrome
is inherited in an X-linked dominant pattern [2,4]. However, it
should be noted that some authors in their studies indicate an un-
bounded family history in 75% of people with oral-facial-digital
syndrome type I [7].

The oral-facial-digital syndrome type I is due to mutations in
the OFD1 gene, which plays an important role in the early de-
velopment of many parts of the body, including the brain, face,
limbs and kidneys [1,9]. Depending on which of the parents is
the bearer of the mutated gene, the X-linked dominant inheri-
tance works differently (Fig. 1, 2) [6].

It follows from Fig. 1., that a woman with oral-facial-digi-
tal syndrome type I with a 50% probability can give birth to a
daughter or son with this syndrome, while the father’s sons will
be healthy, and all daughters will inherit the mutated gene (Fig.
2). However, literature data indicate that almost all individuals
with OFD1 are female, while male individuals die in-utero. The
ratio of genders is M / F = 0/1 [2,4,7].

Clinical features of oral-facial-digital syndrome type I:

« anomalies of the oral cavity - tongue anomalies: hypertrophy
(100%), which sometimes contributes to the formation of the
medial wall of the mouth, fixed tongue, ankyloglossia (30%),
lobulated tongue (100%), folded look of the tongue; anomalies
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Fig. 1. Inheritance of the X-linked dominant mutation from
the mother
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of the alveolar sprouts of the upper (90%) and lower (60%)
jaws; cleft palate;

¢ dental anomalies (50%) - absence or hypoplasia of teeth
enamel, absence of upper incisors, multiple caries lesions;

* facial anomalies - asymmetric face; the lips are short and
folded because of numerous wrinkles that usually appear due to
hypertrophied frenulum; pseudocleft upper lip (40%); flattened
nose (95%) and hypoplasia of the alae nasi; widely spaced eyes;
epicantus; telecantus; rapidly evolving miliae on the face and
cars (100%); hypoplasia of the zygomatic bones (75%), less of-
ten micrognathia or only retrognatism;

« digital anomalies (90%) - poly-, syn-, brachi-, clino-, and
camptodactyly; asymmetrical shortening of fingers; postaxial
polydactyly of the toes; possible osteoporosis;

* polycystic kidney disease (50%);

* brain defects are also described - microcephaly, microgyria,
agenesis of corpus callosum;

* other symptoms - delayed mental development (50%); epi-
lepsy (extremely rare); spastic paralysis of lower extremities;
dry, coarse hair (65%), possible foci of alopecia; poikiloderma
[1-4,7,8,10].

Diagnosis. The diagnosis of oral-facial-digital syndrome type
I is based on clinical and paraclinical data. The minimal di-
agnostic features include the presence of lobulated tongue,
multiple hyperplastic tongue frenulae, cleft palate and alveo-
lar clefts, hypoplasia of the nose wings, asymmetric short-
ening of the fingers [2]. In most cases, OPDI is diagnosed
immediately after birth on the basis of oral, facial and digital
anomalies, but sometimes the disease is confirmed only after
the detection of polycystic kidney damage in older (and even
adult) ages [7]. The radiological picture is also characteris-
tic - kyphosis of the base of the skull with dorsal and caudal
displacement of cranial fossa; uneven thickening and short-
ening of short tubular bones; cellular areas of enlightenment
in diaphyses and epiphyses; syndactyly, clinodactyly, campto-
dactyly and / or polyadactyly [3,4].
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Fig. 2. Inheritance of the X-linked dominant mutation from
the father
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Due to the genetic heterogenity of the oral-facial-digital
syndrome, molecular genetic testing of OFDI1 is highly recom-
mended to confirm the diagnosis. The diagnosis is determined
by the identification of the heterozygous pathogenic variant in
OFDI1 by molecular genetic testing [7].

Differential diagnosis should be performed with other mouth-
to-face syndromes, cystic kidney disease and Meckel-Gruber
syndrome (malformation of the central nervous system - en-
cephalocele, cerebral and cerebellar hypoplasia, polycystic or
hypoplastic kidneys, polydactyly, possible cleft palate or alveo-
lar cleft, microcephaly, microphthalmos, dysplasia of the retina,
coloboma, cataract and dysgenesis of the cornea) [2, 7].

There is no etiological treatment of oral-facial-digital syn-
drome type 1. For the correction of some anomalies, surgical
treatment is indicated - plastic of the palate or lips, surgical treat-
ment of syndactyly; correction of malocclusion, removal of ex-
tra teeth. If necessary, long term anticonvulsant therapy or treat-
ment of renal diseases are prescribed, including hemodialysis,
peritoneal dialysis or kidney transplantation [4, 7].

According to literature data, the course and prognosis of oral-
facial-digital syndrome type I is benign [4]. Obviously, the pre-
diction will depend on the presence and severity of concomitant
birth defects (brain, kidneys), degree of compensation and de-
velopment of complications.

Clinical Case. Kira M., a child, was hospitalized to the Uzh-
horod City Children’s Clinical Hospital on September 24, 2017,
at the age of 11 months with complaints about a one day increase
in body temperature to 38-39 ° C.

From the anamnesis: the child is from the 6th pregnancy
(without complications), the previous four pregnancies have
ended with spontaneous miscarriages. The 2™ childbirth
(term, physiological), has been accompanied by a double
tight umbilical cord around the neck of the fetus. Birth
weight: 3200 g, height: 51 c¢m, head circumference: 34 cm,
chest circumference: 34 cm, Apgar score 8/9 points. At the
age of 8 days, the child has been transferred to the Depart-
ment of Neonatal Pathology of the Regional Children’s Hos-
pital in Mukachevo for further examination and treatment.
Based on the data of the tests performed, the following di-
agnosis has been established: «Multiple congenital malfor-
mations, Pierre-Robin syndrome? Congenital malformations
of the brain: Cerebellar agenesis, congenital cerebral cysts.
Syndactyly of 2nd-3rd toes. Aspiration right-sided upper lobe
pneumonia, uncomplicated. Post-hemorrhagic neonatal jaun-
dice.» At the age of 17 days, the child was discharged from
the hospital with improvement.

After genetic consultation, on the basis of preliminary docu-
mentation and clinical features, the diagnosis of «Pierre-Roben
Syndrome» had been changed to « Oral-facial-digital syndrome
type I». The karyotype: 46 XX. The family history is burdened
with the presence of syndactyly from both sides.

The anamnesis revealed numerous tonic-clonic seizures.
Electroencephalographic study identified focal type epilepti-
form activity, with irritative zone in the anterior parts of the right
cerebral hemisphere and non-specific cerebral changes. Conclu-
sion of the epileptologist: «Symptomatic epilepsy with primary
generalized attacks». The child is registered on the dispensary
registration of the neurologist with the diagnosis of «Congenital
malformations of the brain: agenesis of corpus callosum, con-
genital cerebral cysts. Symptomatic epilepsy. Oral-facial-digital
syndrome type I «, receives anticonvulsant therapy.

At the age of 7 months, a magnetic resonance examination
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of the skull had been performed. Conclusion: agenesis of cor-
pus callosum; open third ventricle; cysts in the fourth ventricle,
supratentorial and interhemispherical cysts; heterotopy of gray
substance in the large hemispheres of the brain. The pre-estab-
lished diagnosis had been confirmed.

Objective status at the time of admission. The general condi-
tion of the child is moderately severe. The skin is pale, turgor
and elasticity of soft tissues are satisfactory. Numerous milias
are detected on the face and ears. Facial dysmorphy (large wide
eyes, epicantus, wide nose bridge, telecantus, small mouth,
small beak shaped nose, hypoplasia of the wings of the nose,
small chin (Figs 3, 4).

Fig.3. Girl K., 4 months

Fig. 4. Girl K., 11 months. Small “cranial” nose, wide nose
hypoplasia of the wings of the nose, epicant, telechannel small
mouth, milia, diminutive chin, asymmetric shortening of index
finger of right hand.

The large fontanel is closed, focal alopecia, dry hair (Fig. 5).
Syndactyly of 2nd-3rd toes (Fig. 6, 7), asymmetrical shortening
of the index finger of the right hand. Nasal breathing is difficult,
oral cavity examination reveals cleft palate (Fig. 8), ankylo-
glossy and tongue lobulation (Fig. 9, 10).

The mucous membranes of the oral cavity are clean, pale
pink; hyperemia of the nasal mucous membrane, peripheral
lymph nodes are not enlarged, meningeal signs are negative.
No manifestations of respiratory insufficiency. Auscultation in
the lungs: normal breathing sounds, no wheezing, percussion -
pulmonary sound, Cardiac activity is thythmic, sounds are tone.
The abdomen is soft, the liver is +1 ¢m below the costal arch.
Excrements are normal.
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Fig. 5. Focal alopecia, dry dull hair
the right foot

Fig. 8. Cleft palate

There is a delay in psycho-motor development.

Laboratory data: General blood count (25.09): Erythrocyte
sedimentation rate - 14 mm / h, hemoglobin - 98 g / 1, eryth-
rocytes - 3.7 x 1012 / 1, leukocytes - 2.8 x 109 / 1 (segmented
neutrophils - 40%, eosinophils - 0, lymphocytes - 56%, mono-
cytes - 4%); General urine analysis (25.09): color - light yel-
low, transparency - transparent, specific gravity - 1007, protein,
glucose, acetone, bile pigments - absent; Sediment microscopy:
epithelial cells - 1-3 in the field of view (flat), leukocytes - 4-6 in
the field of view, erythrocytes - single in the field of view, cyl-
inders, salts, microorganisms - not detected. Biochemical blood
test (30.09): total protein - 64.6 g/ 1; creatinine - 48.6 umol / I;
urea - 3.0 mmol / 1; alanine aminotransferase - 12.4 U / 1; total
bilirubin - 8.8 umol /1 (direct - 2.2 umol / I; indirect - 6.6 pmol
/1); potassium - 5.0 mmol / L; sodium - 145 mmol / 1; calcium
-2.4 mmol /1.

Chest X-ray (28.09): infiltrative shadow without clear con-
tours in the upper right pole. Infiltrative shadow in the lower
right lobe near the lung root. The root is non-structural. Heart
- no peculiarities. Cardiodiaphragmatic angles are clear, sinuses
are free. Conclusion: right-side focal pneumonia.

Ultrasound examination. Transcranial ultrasonography: M
echodex = 50.0 mm. M echosin = 52.0 mm. VIII = 6.9 mm (N
up to 3.0 mm). V latdex = 24.4 mm, V latsin = 25.0 mm (N
up to 16.0 mm). The ultrasound examination of the abdominal
organs detected liver enlargement (anteroposterior size of the
right lobe: 78 mm ( N up to 65 mm), left lobe: 0.38 mm (+1.5
cm), the contours are clear, edges are rounded, the parenchyma

is homogeneous, of middle echogenicity, biliary duct is not en-
© GMN

Fig. 6. Syndactyly II-1Il fingers of

Fig. 6. Syndactyly II-1II fingers of
the lefi foot

Fig. 9,10. Tongue lobulation

larged, vascular pattern is normal, portal vein and liver veins
are not enlarged, other abdominal organs without pathological
changes. Echocardioscopy: atypical chord in the left ventricle,
heart chambers are not dilated, myocardium without pathologi-
cal changes, ejection fraction: 66%. No structural and functional
changes in the cardiac valves. No pulmonary hypertension de-
tected. The pericardium is free.

Consultation of narrow specialists. Otolaryngologist: moder-
ate catarrhal changes in the nose and larynx at the time of exami-
nation. Otoscopy: pathological changes have not been detected.
Phthisiatrician: «Acute right-sided upper pneumonia». Taking
into account the localization of the inflammatory process and
the lack of BCG vaccination, the Mantoux test (negative result)
and the analysis of gastric lavage content on Mycobacterium tu-
berculosis (negative result) have been performed. Neurologist:
«Congenital brain malformation: agenesis of corpus callosum,
congenital cerebral cysts. Symptomatic epilepsy. Oral-facial-
digital syndrome type I». Anticonvulsant therapy has been ad-
justed.

As a result of the prescribed treatment (antibiotic therapy,
anti-inflammatory therapy), the child’s condition has improved
- body temperature and indices of general blood analysis have
returned to normal. Control chest x-ray showed intensified pul-
monary picture and deformed lung roots on the right, free car-
dio-diaphragmatic angles and clear, free sinuses.

The girl was discharged in satisfactory general condition.
Recommendations that included the use of anticonvulsants (de-
packin and levicitam), vitamins A, E, D, as well as a surgeon’s
consultation regarding cleft palate correction have been given.
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Discussion The gene aberration gave frequency of 1 to
500,000 and was used with the X-linked dominant inheritance
regime. Almost all patients are female. It is assumed that the
disease is 100% penetrant in men, given the lethality of he-
mozigotic individuals which mentioned in the literature, and
the frequency of abortion in the families which observed in our
study. Our mother also had previous 4 miscarriages. A family
history includes the presence of syndactylia in the parents. The
diagnosis was suspected at birth on the basis of characteristic
oral, facial, and digital anomalies and identified after additional
examination and genetic counseling. The children with rare dis-
cases are a limited number, but they need special requirements.
Any clinical observations are required for clinical medicine and
pediatrics, as they provide additional information and versatility
of clinical manifestations in the different patients. Such informa-
tion will help to the development of diagnostic and therapeutic
measures and improve the quality of life of patients and parents.

Conclusions.

1. Oral-facial-digital syndrome type I is an inherited pathol-
ogy, which in most cases is diagnosed immediately after birth
on the basis of oral, facial and digital anomalies. Molecular ge-
netic study makes it possible to confirm this disease and provide
counseling to family members.

2. Elimination of some developmental defects (hard palate
plastic, correction of frenulum hyperthrophy), as well as a prop-
erly selected complex of therapeutic and rehabilitation measures
greatly improves the quality of life of the patient and contributes
to a favorable forecast.
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SUMMARY

ORAL-FACIAL-DIGITAL SYNDROME TYPE I (CLINI-
CAL CASE)

Horlenko O., Lenchenko A., Kossey G.,
Tomey A., Debretseni O.

Uzhhorod National University; Uzhgorod City Children's Clini-
cal Hospital, Ukraine

The oral-facial-digital syndrome belongs to a group of heredi-
tary diseases, manifested by multiple birth defects (usually, the
face and fingers). At the current stage, there are 14 genetic varia-
tions of the oral-facial-digital syndrome. The presence of vari-
ous abnormalities of the oral cavity, face and fingers is common
for all of them, but each syndrome has a specific phenotype or
type of inheritance. The etiology of this syndrome is unknown.
It is inherited in an X-linked dominant pattern.

Aim of the study: to describe and analyze the clinical case of
oral-facial-digital syndrome. Data of the patient (Kira M., 11
months old): clinical-anamnestic examination, chest radiogra-
phy, ultrasound investigation, molecular-genetic testing OFD1.

Results Numerous miliae are detected on the face and ears of
the child. Facial dysmorphy (large wide eyes, epicantus, wide
nose bridge, telecantus, small mouth, small beak shaped nose,
hypoplasia of the wings of the nose, small chin). The large fon-
tanel is closed. Focal alopecia and dry hair are noted. Syndac-
tyly of 2nd-3rd toes, asymmetrical shortening of the index finger
of the right hand. Oral cavity examination reveals cleft palate,
ankyloglossy and tongue lobulation. Transcranial ultrasonogra-
phy: M echodex = 50.0 mm. M echosin = 52.0 mm. VIII = 6.9
mm (N up to 3.0 mm). V latdex = 24.4 mm, V latsin = 25.0
mm (N up to 16.0 mm). Neurologist’s consultation: “Congeni-
tal brain malformation: agenesis of corpus callosum, congenital
cerebral cysts.” Ultrasound examination of the abdominal or-
gans detected liver enlargement (anteroposterior size of the right
lobe: 78 mm (N up to 65 mm), left lobe: 0.38 mm (+1.5 cm)

Conclusion Oral-facial-digital syndrome type I is an inherited
pathology, which in most cases is diagnosed immediately after
birth on the basis of oral, facial and digital anomalies. Molecu-
lar genetic study makes it possible to confirm this disease and
provide counseling to family members. Elimination of some de-
velopmental defects (hard palate plastic, correction of frenulum
hyperthrophy), as well as a properly selected complex of thera-
peutic and rehabilitation measures greatly improves the quality
of life of the patient and contributes to a favorable forecast.

Keywords: Oral-facial-digital syndrome type I, examination,
children.
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[IpencraBineH KIMHUYECKHH Ciydail opo-(aunuo-Iururalib-
Horo cunjapoma I tuna. bonpHast Kupa M, 11 mMecsues: kiu-
HUKO-aHAMHECTUYECCKOSC  OO0CJICIOBaHUE,  PEHTTeHOrpadus
yABTPa3BYKOBasi JUArHOCTHUKA, MOJIEKY/ISIPHO-TEHETUYECKOE Te-
ctupoBanue OFDI.

V pebeHka Ha Jule U yllaX UMEINCh MHOXECTBCHHbIE MUIIUH,
qemopdust nuia (OONBINKE IUPOKKE TM1a3a, SMUKAHT, ITHPOKas
MEPEHOCHUIIA, TEJICKAHT, MaJICHbKUIA POT, MAJICHbKUIA «KITFOBOBH/I-
HBIID» HOC, THIIOIJIa3UsT KPhUILEB HOCA, YMEHBIIICHHBIH T0I00pO-
JIOK, OOJIBIION POITHUYOK 3aKpbIT). OTMEUAeTCsl OuaroBast aJuiorne-
111, BOJIOCHI cyxue, Tyckible. Cunnaxrius 1I-111 nansues crorm,
ACUMMETPUYHOE YKOPOUCHHUE YKa3aTeJIbHOTO Majblia NPaBOd Ku-
cru. [Ipu ocMOTpe poTOBOM MOIOCTH BU3YAITU3UPYETCsI He3apallie-
HHE TBEpIOro Heba, aHKMIIONIOCCHS U JIOOYIsILus si3bIka. TpaHc-
KpaHuajibHas yisrpacoHorpadus: Mexo, = 50,0 mm. Mexo, =

52,0 mm, VIII = 6,9 MM (8 N k 3,0 Mm). Vlat, =244 mm, Vlat, =
25,0 MM (BN 1B 16,0 MM) ¢ OCTIETy OIMM 3aKITFOYCHIEM HEBPOJIOTa:
«BporkIIeHHBII TIOPOK Pa3BUTHSI TOJIOBHOTO MO3Ta: areHe3us: MO30JIH-
CTOIO TeJla, BPOXKIICHHBIE LepeOpaIbHbIC KUCTBD). YIIBTPa3ByKOBOS
00CIIeI0BaHKEe OpraHoB OpIOIIHOI TMOJIOCTH: YBEIMUYCHHUE ICYCHH
(nepenHe-3aJHUI pazMep MpaBoi 10 - 78 MM (B HOpME J10 65 MM),
neBoit - 0,38 MM (+1,5 cm).

MonekymsipHO-TeHETHYECKUM HCCIISI0OBAHIEM OATBEPIKICH
JIMarHo3 3a00JIeBaHUs ¥ [IPOBE/ICHO KOHCYIFTUPOBAHUE YICHOB
CeMbU. YCTPaHEHBbI HEKOTOpbIE IMOPOKU Pa3BUTHUA (IJIaCTHKA
TBEpIOro Heba, mepecedeHre TUNepTpOoUPOBAHHON Y3IEUKH
A3bIKa WK I'y0), T0100paH a/leKBaTHBIN KOMILIEKC JIEUEOHBIX U
peabMINTAMOHHBIX MEPONPUATHIL. B pesynbrare 3HaUYUTEIHLHO
YIY4YIInJIOCh Ka4€CTBO KU3HU GOHLHOﬁ " IOABHJIACh HAJCXK/a
Ha GJIaronpusTHBIN POrHO3.
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THE IMPACT OF THE DEGREE OF OBESITY ON METABOLIC PARAMETERS
IN CHILDREN AND ADOLESCENTS

Tskhvedadze N., Giorgadze E., Janjgava Sh.

National Institute of Endocrinology, Tbhilisi, Georgia

Metabolic syndrome (MS) is a cluster of various symptoms,
namely central obesity, hyperglycaemia, dyslipidaemia and el-
evated blood pressure, which are often associated with a condi-
tion of insulin resistance. The definition and its criteria for adults
are reasonably refined. It is not the same in case of children and
adolescents. There are many uncertainties in these age groups
[1-4]. This is mainly due to the fact that there are no reference
values for the different components to be used during childhood
[5]. Despite, in most cases, childhood and adolescence are the
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periods when many disorders related with MS are initiated and
developed. Obesity and, especially, visceral obesity has a key
role as a risk-factor of MS and related comorbidities [6]. Its de-
termination is reasonably simple and does not require compli-
cated instrumental investigations. However, it should be noted
some factors for MS prognosis. The age is one of them. The
assessment of obesity has to be carried out carefully in children
and adolescents. Weight gain on adults generally is character-
ized by growth of fatty tissues. But weight gain in children and
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adolescents is associated with growth of all tissues that is not
related with obesity [7]. Therefore, it should be checked — how
the weight gain is associated with obesity.

The aim of our investigation was to determine the impact of
the degree of obesity on metabolic characteristics in children
and adolescents with metabolic syndrome.

Material and methods. We studied 117 children and adoles-
cents 8-15 years of age. They were overweight and obese, had a
body-mass index (BMI, the weight in kilograms divided by the
square of the height in meters) that exceeded the 85th percentile
for their age and sex and had the complaints associated with this
condition. Exclusion criteria were the known presence of diabe-
tes and the use of medications that alters blood pressure or glu-
cose or lipid metabolism. Study protocol was approved by the
Board of National Institute of Endocrinology. Written informed
consent from and/or guardians and written assent from children
(where appropriate) and adolescents were obtained.

Anthropometric measurements

Anthropometric parameters (body mass, height, BMI, waist
circumference - WC, WC/Height) have been evaluated. BMI
was calculated as follows:

Investigated patients were divided according BMI percentiles
for age and sex established by the U.S. Centers for Disease Con-
trol and Prevention (CDC) [8] as follows:

Group 1. Overweight (OW; 85-94.99th percentiles, n=10);
Group 2. Obesity of I degree (Ob1; 95-96.99th percentile, n=12);
Group 3. Obesity of II degree (Ob2; 97-98.99th percentile, n=51);
Group 4. Obesity of III degree (Ob3; >98.99th percentile, n=39).

Cut points for severe obesity in childhood have been proposed
in recognition of the alarming growing prevalence of this ex-
treme condition, defined as the 99th BMI percentile [9] or 120%
of the 95th percentile [10].

The subjects consumed a diet containing at least 250 g of car-
bohydrates per day for three days before the study and refrained
from vigorous physical activity. They were evaluated at 8 a.m.,
after a 12-hour, overnight fast. Their weight and height were
measured, and their BMI was calculated. Blood pressure was
measured three times while the subjects were seated, and the last
two measurements were averaged for analysis.
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Baseline blood samples were obtained from subjects while
they were fasting, with the use of an indwelling venous line for
measurement of levels of glucose, insulin, lipids, leptin. An oral
glucose-tolerance test was then performed with the administra-
tion of 1.75 g of glucose per kilogram of body weight.

Biochemical Analysis

Plasma glucose levels (fasting plasma glucose — FPG, post-
prandial plasma glucose - PPG) were determined by glucose
oxidase method and measured with the use of the YSI 2700
STAT Analyzer (Yellow Springs Instruments), and Serum lipid
(total cholesterol, HDL-cholesterol, LDL-cholesterol, VLDL-
cholesterol, Triglycerides) levels were measured with the use
of an AutoAnalyzer (model 747-200, Roche-Hitachi). Plasma
C-peptide, fasting plasma insulin (FPI), postprandial plasma
insulin (PPI) and Leptin levels were measured with the use of
a Enzyme-linked Immuno-Sorbent Assay kits (R&D Systems).

MS Definitions

The criteria we used to diagnose the metabolic syndrome
were modified from those of the National Cholesterol Education
Program’s Adult Treatment Panel and the World Health Orga-
nization [5].

Because body proportions normally change during pubertal
development and may vary among persons of different races and
ethnic groups, differences in waist-to-hip ratios are difficult to
interpret in children. We therefore defined obesity on the basis
of a threshold BMI that exceeded the 95th percentile for age and
sex. Elevated systolic or diastolic blood pressure was defined as
a value that exceeded the 95th percentile for age and sex.

Abnormalities in the fasting levels of triglycerides and high-
density lipoprotein (HDL) cholesterol were adjusted for age,
sex, and race or ethnic group (>95th percentile for triglycerides;
<5th percentile for HDL cholesterol).

Impaired glucose tolerance was defined as a glucose level
greater than 140 mg per deciliter (7.8 mmol per liter) but less
than 200 mg per deciliter (11.1 mmol per liter) at two hours.

Like adults, the children and adolescents in our study were
classified as having the metabolic syndrome if they met three or
more of the following criteria for age and sex:

1) a WC>90th percentile or 1a) WC/Height>0.05 [11],

Table 1. Characterization of patients in groups

Group 1 - OW Group 2 - Ob1l Group 3 — Ob2 Group 4 — Ob3
Parameter (n=10) (n=12) (n=51) (n=39)
Mean £SD Mean £SD Mean £SD Mean £SD
Boys 2 (20.00%) 5(41.67 %) 14 (27.45 %) 18 (46.15 %)
Girls 8 (80.00%) 7 (58.33%) 37 (72.55 %) 21 (53.85 %)
12.50+2.42 12.25+2.18 12.35+1.92 11.4142.33

Age, years

p,,=NSp, ,=NSp, =NSp, =NSp, =NSp, =NS

155.90413.44 |

155.0049.50 | 157.92¢1060 |  155.56+11.40

Body Height, cm

p,,=NSp, ,=NSp, =NSp, =NSp, =NSp, =NS

_ 57.68£15.08 | 60.63+11.98 |  71.84:1330 |  82.94+19.38
Body Weight, kg
p,,~NS p,_=0.004 p_<0.001 p, =0.010 p, <0.001 p, ,=0.002
, 91614283 |  9584x0.62 |  98.15:0.54 |  99.36x0.22
BMI Percentile
p,,<0.001 p, .<0.001 p,_<0.001p, <0.001 p, <0.001 p,_<0.001
we 74.50+7.29 77.83+9.06 86.95£10.05 |  98.96+13.05
, cm
p,~NS p,_,<0.001 p,_<0.001 p, =0.006 p, <0.001 p, <0.001
. 0.488+0.053 | 05050057 |  0.553£0.055 |  0.633+0.063
WC/Height

p,,=NS p,_=0.001 p,_<0.001 p, =0.009 p, <0.001 p, <0.001
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2) a triglyceride level above the 95th percentile, an HDL cho-
lesterol level below the 5th percentile,

3) systolic or diastolic blood pressure above the 95th percen-
tile, and

4) impaired glucose tolerance or insulin resistance. The de-
gree of insulin resistance was determined with the use of a ho-
meostatic model (HOMA-IR - homeostatic model assessment:
insulin resistance.

Results are presented as Mean+SD. Difference between
groups has been evaluated statistically by two-tailed Student’s t
test. In case of p<0.05, the difference was considered as signifi-
cant. Correlation analysis was carried out by simple regression
analysis using Pearson coefficient (R). We used SPSS software,
version 21.0 (IBM).

Results and their discussion. MS was diagnosed in 68 cases
(out of 117; 58.12%). MS cases in groups are given in Table 2.

The results of FPG, PPG, FPI, PPI, serum C-peptide and
HOMA-IR in groups are given in table 3.

Table 3 shows that FPG and PPG have not significant dif-
ference in between groups (p=NS). It should be noted that im-

paired FPG has been observed: group 2 — 1 patient; group 3 — 1
patient and group 4 — 1 patient. However, FPI, PPI, C-peptide
and HOMA-IR-were significantly increased by the increase of
degree of obesity. In addition, FPI and C-peptide levels were
elevated in group 1 — n=5 (50.00%); group 2 — n=5 (41.67%);
group 3 — n=31 (60.78%) and group 4 — n=23 (74.19%), which
was substantially reflected HOMA-IR values.

The values of systolic and diastolic BP in the groups are given
in table 4.

The values of systolic BP are significantly higher in Ob2 and
Ob3 rather that OV and Ob1. It has not been detected significant
difference between diastolic BP values.

The results of Serum Lipid and Leptin levels are given in table 5.

As Table 5 shown, the levels of total cholesterol, VLDL-
cholesterol, and Triglycerides are significantly lower in group
1 (OW) than analogous values of other obese groups. HDL-
cholesterol was significantly sharply lower only in group 4. We
can say same word “sharply* about increase of triglyceride and
leptin levels — they are sharply significantly higher in Ob3 group
in comparison to others.

Table 2. MS cases in groups

Group 1 - OW Group 2 - Obl Group 3 — Ob2 Group 4 — Ob3
Name (n=10) (n=12) (n=51) (n=39)
Mean +SD Mean +SD Mean +SD Mean +SD
- 0 (0.0%) 0 (0.0%) 31 (58.8%) 35 (89.7%)
MS cases by definition 1
%2 = 9.4776 p=0.002
1(100%) | 20167%) | 30(588%) 35 (89.7%)

MS cases by definition la

22 = 34.3993 p<0.001

Table 3. FPG, PPG, FPI, PPI, serum C-peptide and HOMA-IR values in groups

Group 1 - OW Group 2 — Obl Group 3 — Ob2 Group 4 — Ob3
Parameter (n=10) (n=12) (n=51) (n=39)
Mean +SD Mean £SD Mean £SD Mean £SD
4.93+0.17 5.00+£0.55 5.39+1.06 5.24+0.52
HbGA ., %
p,,=NSp ,=NSp, =NSp, =NSp, =NSp, =NS
1.52+0.65 2.11+£0.90 | 2.04+0.84 3.07+1.47

C-peptide, ng/ml

p,,~NSp,=NSp,_=0.022 p, =NS p, =0.038 p, <0.001

89.34+13.80 90.00£12.28 | 86.10+£14.77 91.82+11.33
FPG, mg/dl
p.,=NS pl_3=NS p.~NS p2_3=NS p,.=NS p3>4=NS
107.43+27.84 105.06+14.37 104.24+19.42 111.724+25.89
PPG, mg/dl
p,,=NSp ,=NSp, =NSp, =NSp, =NSp, =NS
10.2445.23 12.98+5.25 | 15.2348.52 24.47+8.87
FPI, mg/dl
p,,=NS p, ,<0.001 p, ,<0.001 p, ,=NS p, ,<0.001 p, ,<0.001
36.00+33.39 52.75+28.04 69.68+33.06 78.80+26.81
PPI, mg/dl
p,,=NS pH:O.OOS p,,<0.001 p2_3=NS p,,=0.005 p3_4=NS
223127 | 3402256 | 4.34%195 5.44+1.48
HOMA-IR

p,,~NS p,,=0.002 p,_<0.001 p, =NS p, =0.001 p, ,=0.004

Table 4. Systolic and diastolic BP values in groups

Blood Pressure, mm.Hg Group 1 Group 2 Group 3 Group 4
Systolic 101.00+11.01 100.83+9.96 107.24+8.45 107.74£9.14
p”:NS P|,3:0-047 pM:O.OSl(NS) p273:0.026 p274:0.029 pM:NS
diastolic 63.50+5.80 66.67+7.78 67.25+6.19 68.03+6.41

p,,=NSp, ,=NSp, =0.048 p, =NSp, =NSp, =NS
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Table 5. Serum Lipid and Leptin levels in groups

Group 1 - OW Group 2 - Obl Group 3 — Ob2 Group 4 - Ob3
Parameter (n=10) (n=12) (n=51) (n=39)
Mean £SD Mean £SD Mean £SD Mean £SD

Total Cholesterol, mg/dl

138.40+12.86

156.67+£16.93

173.86+40.21

166.05+52.91

p,,=0.011 p, .=0.008 p, =NSp, =NSp, =NSp, =NS

HDL-Cholesterol, mg/dl

45.40+6.88

40.67+5.84

42.63+13.27

32.49+10.12

p,,=NSp, ,=NSp, <0.001 p, =NSp, =0.011 p, ,<0.001

82604873 |  92.67+14.84 | 10622:43.79 |  100.26+46.79
LDL-Cholesterol, mg/dl
p,,=NS pH:NS p,.=NS pH:NS p,.=NS pM:NS
10.40+3.21 2333751 | 25221022 | 333121407

VLDL-Cholesterol, mg/dl

p,,<0.001 p, .<0.001 p,_<0.001 p, =NS p, <0.001 p, ,=0.002

Triglycerides, mg/dl

52.00+£16.05

116.67+37.56

125.10+51.11

166.54+70.35

p,,<0.001 p, <0.001 p,_<0.001 p, =NS p, <0.001 p, =0.002

Leptin

14.52+13.79

16.79+11.96

22.07+12.77

37.03+18.13

p,,=NSp, .=NSp, <0.001 p, =NSp, <0.001 p, ,<0.001

Overweight and obesity are related to the fact that children
and adolescents are growing in an obesogenic environment,
caused by the energy imbalance resulting from changes in food
types, availability, accessibility and commercialization, as well
as a decline in physical activity due to more time spent in front
of a screen and in sedentary leisure [12-14]. Concerning obesity
criteria of MS definition our data suggest that BMI percentile
significantly correlated with as WC (r=0.3431, p<0.001). as
WC/Height (r=0.4930, p<0.001). Therefore, it is no significant
difference from obesity criteria point.

Overweight and obesity are the main contributors to the bur-
den of chronic diseases in the population [15,16]. The concern
about the occurrence of obesity is related to developing comor-
bidities and complications generated by overweight. Fat accu-
mulation is associated with the presence of arterial hypertension
and metabolic alterations, such as the increase of triglycerides
and glycemia, and reduced HDL-cholesterol [6], comorbidities
of high values in the present study.

MS is a serious disorder associated with multiple diseased
states. The definition and criteria for MS in childhood and ado-
lescence remains uncertain at this time. Obesity in childhood
is a risk for MS later in life and early intervention may help at-
tenuate the disease process. It would be prudent for clinicians to
identify at-risk patients and provide guidance on prevention and
management of this disease. Further research is needed to gain a
better understanding of this syndrome [4].

These conditions are often asymptomatic at this stage of life,
and can easily become unnoticed even by health professionals;
therefore, emphasizing the importance of preventive and cura-
tive care in adolescents is crucial, as well as promoting healthy
eating habits and to practice physical activity, which are among
the main factors for the prevention of CVDs [17,18]. In this
sense, family and school are considered a focus areas for inter-
ventions aimed at promoting healthy lifestyles.

Conclusion. The degree of obesity in children and adolescents
has important clinical implications. The risk of death from all
causes among adults with severe obesity is twice more than among
moderately obese adults. Data on the prevalence of severe obesity
in children and adolescents do not exist, to our knowledge. Our re-
sults show a significant adverse effect of worsening obesity on in-
sulin resistance, glycemia, lipids and blood pressure, underscoring
the deleterious effect of increasing BMI percentile.
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SUMMARY

THE IMPACT OF THE DEGREE OF OBESITY ON METABOLIC PARAMETERS
IN CHILDREN AND ADOLESCENTS

Tskhvedadze N., Giorgadze E., Janjgava Sh.

National Institute of Endocrinology, Thilisi, Georgia

The aim of our investigation was to determine the impact of
the degree of obesity on metabolic characteristics in children
and adolescents with metabolic syndrome.

We studied 117 children and adolescents 8-15 years of age
with BMI exceeded the 85th percentile for their age and sex
and the complaints associated with obesity. Investigated pa-
tients were divided according BMI percentiles for age and sex
established by the U.S. Centers for Disease Control and Preven-
tion (CDC) as follows: Group 1. Overweight (OW; 85-94.99th
percentiles, n=10); Group 2. Obesity of I degree (Obl; 95-
96.99th percentile, n=12); Group 3. Obesity of II degree (Ob2;
97-98.99th percentile, n=51); Group 4. Obesity of III degree
(Ob3; >98.99th percentile, n=39). Plasma glucose levels (fast-
ing plasma glucose — FPG, postprandial plasma glucose - PPG)
were determined by glucose oxidase method and Serum lipid
(total cholesterol, HDL-cholesterol, LDL-cholesterol, VLDL-
cholesterol, Triglycerides) levels have been measured. Plasma
C-peptide, fasting plasma insulin (FPI), postprandial plasma
insulin (PPI) and Leptin levels were determined by Enzyme-
linked Immuno-Sorbent Assay kits. Like adults, the children and
adolescents in our study were classified as having the MS if they
met three or more of the following criteria for age and sex: 1) a
WC>90th percentile or 1a) WC/Height>0.05, 2) a triglyceride
level above the 95th percentile, an HDL cholesterol level below
the 5th percentile,3) systolic or diastolic blood pressure above

the 95th percentile, and 4) impaired glucose tolerance or insulin
resistance.

Metabolic syndrome was diagnosed in 68 cases (out of 117,
58.12%). The results of FPG, PPG, FPI, PPI, serum C-peptide
and HOMA-IR in groups shows that FPG and PPG have not
significant difference in between groups (p=NS). FPI, PPI,
C-peptide and HOMA-IR-were significantly increased by
the increase of degree of obesity. The values of systolic BP
are significantly higher in Ob2 and Ob3 rather that OV and
Obl groups. It has not been detected significant difference
between diastolic BP values. The levels of total cholesterol,
VLDL-cholesterol, and Triglycerides are significantly lower
in group 1 (OV) than analogous values of other obese groups.
HDL-cholesterol was significantly sharply lower only in
group 4. Triglyceride and leptin levels are sharply signifi-
cantly higher in Ob3 group in comparison to others.

The degree of obesity in children and adolescents has impor-
tant clinical implications. Data on the prevalence of severe obe-
sity in children and adolescents do not exist, to our knowledge.
Our results show a significant adverse effect of worsening obe-
sity on insulin resistance, glycemia, lipids and blood pressure,
underscoring the deleterious effect of increasing BMI percentile.

Keywords: metabolic syndrome, obesity, body-mass index,
metabolic parameters,

PE3IOME

BJIMSIHUE CTEIIEHUA OKUPEHUS HA METABOJIMYECKUE HAPAMETPBI JIETEM U IOJAPOCTKOB

xBenanze H.B., I'mopranse E.P., [l:kanpxrasa 1T

Hayuonansnwiii uncmumym suooxpunonozuu, Tounucu, I py3us

Llenpio MccaenoBaHus SBUIOCH ONpEETIeHHE BIUSHUS CTe-
MIEHU O)KUPEHUST HA MeTa0OoNuecKre mapaMeTpsl JeTel U moj-
POCTKOB C METAOOINYECKUM CHHIPOMOM.

Uccnenosansl 117 nereil m mompocTkoB B Bo3pacte 8-15
net, unaekc macesl Tena (MMT) xotopsix mpessimian 85 mep-
LEHTHIIb, ONIPEIENICHHOTO Ul MX Bo3pacTa u moina. Mmenuch
XKajao0bl, CBSI3aHHBIE C OXKUpPeHHEeM. Mcciemyemble MaleHThI
paszenens! Ha 4 rpynnsl mo nepueHtwisM VUMT: I rpynma -
n30bITouHast Macca Tena (OW; 85-94.99 mepuentuns, n=10);

© GMN

II rpymnma - oxupenue I crenenn (Obl; 95-96.99 nepueHTuib,
n=12); Il rpynma - oxupenue Il crenenn (Ob2; 97-98.99 nep-
uenTwib, n=51); IV rpynma - oxupenue III cremenn (Ob3;
>98.99 nepuentunb, n=39). OnpeaeneHsl MoKa3aTean TIIOKO-
3bl TIasmbl kposu Hatomak (FPG), moctnpanauansuo (PPG)
U YPOBHH JIUMHUJIOB B CBIBOPOTKE KPOBHU (OO XOJIECTEpHH,
HDL-xonecrepun, LDL-xonecrepun, VLDL-xonecrepus, Tpu-
munepusel). B mmasme kpoBu Taxke ompeneneHsl C-menTu,
uHcynuH Haromak (FPI), mncynun mnocrmpanguansao (PPI)
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" JICITUH 3H3UM-CBA3aHHBIM I/IMMyHOCOp6CHTH]>IM MECTOJO0M.
[ToarBepxnenue meradonnueckoro cunapoma (MC) npoBoau-
JIOCh B TOM Clydae, €CJIU IallUeHThI yIOBIETBOPSUIH 3 U Oosee
BO3PACTHBIM U IIOJOBBIM KPHUTEPUSM: 1) OKPYKHOCTb TalluH
(WC) > 90 nepuentuib win 1la) WC/poct >0.05; 2) yposeHb
TPUIIMLEPUAOB HPEBOCXOAMA 95 MEpuUeHTWIb WIM YpOBEHb
HDL-xonecrepuna He MPeBOCXOIWI 5 NEPLEHTHIIb; 3) IT0Ka3a-
TEJIM CUCTOJIMYECKOTO M JUACTOIMYECKOT0 apTepaIbHOTO JAaBie-
HUSL IIPEBOCXOIMIN 95 NEepLEeHTHIb U 4) HapylleHHas [II0K030-
TOJICPAHTHOCTb UJIM UHCYJIUHPE3UCTEHTHOCTD.

MC noxrsepxaeH B 68 (58,12%) ciayuasx u3 117. ITokazate-
m FPG u PPG mexay rpynmnaMu 10CTOBEPHO HE pa3jinyaluch
(p=NS). Ilokazarenu FPI, PPI, C-nentuaa u uHaekca UHCYIMH-
pesucrentHoctd (HOMA-IR) nocroBepHO yBETHMUUBAIHCH C
pocToM cTerneHu oxupeHus. [lokazareny aprepHanbHOIO JaB-

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

neHus ObUTH 0CTOBepHO BbIie B rpynnax Ob2 u Ob3 B cpas-
Henuu ¢ rpynnamu OW u Obl. YpoBHu 001iero xonecrepuHa,
VLDL-xonectepuHa U TPUIIULEPUIOB ObLIH JOCTOBEPHO HIKE
B | rpynne (OW). HDL-xonectepun ObLI JOCTOBEPHO HUKE B
IV rpymnme (Ob3). B aT0if rpynne ypoBHH TPUIIHLEPUIOB U
JIeITUHA OBUIN JOCTOBEPHO BBILIIE.

[lonydennsle B pe3ynbTaTe UCCIEIOBAHUS JAAaHHbBIC [1O3BOJIS-
I0T 3aKJIIOYUTh, YTO CTEICHb OXKUPEHUS HMEET 3HAYUTeIbHOE
BJIMSIHME Ha 3/10pOBbE JIETEH M MOAPOCTKOB. J[aHHbIE O mpeBa-
JICHTHOCTH JIeTeH U MOJPOCTKOB C OCTPHIM OKMPEHHUEM HE BbI-
SIBJICHBL. Pe3yibTaThl NPOBEICHHOIO HCCIEIOBAaHUS IOKa3aiH,
YTO OCTPOE O)KUPEHHUE UMEET JO0CTOBEPHOE BIMSHUE HA MHCY-
JIMHPE3UCTCHOTHOCTh, IIMKEMHIO, JMIIUABI U apTepHalbHOE
JIBaJICHHUE, YTO IMOAYCPKMBACT HEraTUBHBIA d(PPEKT yBeIHYCH-
Horo nepueHtwist UMT.

A9boydy

Lodbydbols bodolbol bgaogegbs dgBodmamyd 35@5d9BMgdby do3d390Ls ©s dmboMEgddo

6. 3bggesdyg, 9. om@asdy, 9. xobxmags

9bm® 3obmammaools gHmgbygmo 0blEody@o, mdogobo, bsds@mggarm

380 ggol Jobobls Fodmdmowagbos Lodlydbols badolb-
ol IgHodma @ dobslbosmgdargdby bgasgemgbols gobls-
bgs IgBodbmamado Lobp@mdols dJmby dogdg9olLs ©s
dmbomgddo.

gL ogamoaos 8-15 farols 117 bo3930 ©s dmbsdo,
amdgmms bbgygaol dobol obwgdbo (bdo) segdsdg-
b5 domo sbsgobs s Lgbobsmgol asbbsbmgdyao
Ldo-ols 85 39 396G oagl. 353096@ 90l smgbodbgdm-
sm  bodbydbglmeb  s353doMgdymo  hogoangdo.
Ldo-ol 390 396Homgl Jobgogom 353096 gd0 ©s0yM
xa98goo: I wamgo - domddo dols (OW; 85-94.99
390396@0eng, n=10); II xa9gno - I bosdolbol Lod-
bgdbg (Ob1; 95-96.99 3903960y, n=12); I xg%-
go - II bo@olbbol Lodlydby (Ob2; 97-98.99 39™(396-
Bogrg, n=51); IV xaago - III badobbol Lodlydby
(Ob3; >98.99 39M396( 09, n=39). a5b6Lsbwg@ g 0lbs
3obdol aeyzmbs gbIme (FPG) s 3mlp@sbo-
gao (PPG), Lobbmol d@s@olb @odowgdols ©e-
69900 (Logdmm  JoagbEg@obo, HDL-Joagldg@obo,
LDL- o gli@g@obo, VLDL-Jo@gb@ 9@obo, d@oamo-
900©980). sbggg gobolobwgds 3asbdols C-J;JS@)O;QO,
3ansbdols 0blyaobo bdme (FPI) ws 3ml@3dsbo-
ganse (PPI), ang3@obo gb%b0ddg3o300@9d gm0 0dgbm-
bo@dgbBymo dgmmwom. dg@edmmy®o  Lobp®mdol
(L) ool ymgds dJmbps 0d Jgdmbggggddo, dm@Es
55393900 s dmbodegoo 3sLybmdobgb 3 56 dyp
obsg- o UJgb-b3ggoxgogd 3Modgdoydl: 1) Fgaol
25®Ygdm§gtommds (WC) 290 3903960 0egby o6 la)

WC/bodswmeng 20.05; 2) BGogmoig@oegdol @mby swy-
5@ gdms 95 390396¢ 0 gl 56 HDL-Jma glidg@obols
©mbg @ omgdsBgdbmws 5 39Mm396@0mgl; 3) LobEman-
D0 ob oslBmeydo (bggol dohggbgdagdo smgdsdg-
dms 95 390396B 0 gl ©s 4) oMWz a0 be-
OO gObBHMS 56 0blymob@gboli@gb@mds.

I oEslB s 68 Ygdmbgggsdo (117-sb, 58.12%).
FPG ©o PPG xa9393L o@ol Ls@{dgbm goblbgoggds
0@ aodmgmobes (P=NS). FPI, PPI, C-3g3@3000ls ©o ob-
Len0b@gbolidgb®mools 0bwgdlols (HOMA-IR) dshggbg-
bangdo Lo@(dygbme o ygmmdes Lodlydbol bodolbols
BB gdoliosb goms. sOEgdoygemo [bgzol dohggbgdengdo
Lo@{dnbme Js@ogmo ogm Ob2 s Ob3 xaaangddo OW ws
Ob1l wxo9590meb  dgos@gdom. Lag@mm  Joemglidg@obols,
VLDL-Jogn gl gtobobs ©s Gopenoig@ogdols ombggdo
Lo@{dnbme Esdomo ogm 1 xanydo (OW). HDL-Jmaogls-
H9M0bo Lo@{Igbme ©sdsmo ogm IV xygado (Ob3). o3
X980 Lod(dgbm dowsgno ogm GGMoaeroigmowgdolss
©> y3Bobols wmbggdo.

Lodly 6ol bodmolbl goshbos 360dgbganmgsbo bgasg-
@gbs d5393900Ls o FMboAEYS0lL K 5bIOM g MdSDby.
dmbogdgdo 3Fg039 Lodlydbols dJmby dogd39d0Ls s
dboBEgbols 3MggomgbBmdols dglobgd o@ >@OLgdmL.
boBodgoygamo  ggamggol  ggagdds godmagemobs, GmI
(3539 Lodlydby Lod{dgbem bgaogamgbsls sbgbls ob-
Le0b@gbolRgbGmdsby, yenozgdosby, o dogdls s
>OB g0 [6935bg, @o3 bobl 9lgsdl Ldo-ob dmdsdg-

dgmo 39039bHomgl Yetymgom §89Jo L.
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HEKAPAUAJIBHBIE D®®EKTbBI MTHTUBUTOPOB SGLT2 (OB30P)

JopomxkeBuy U.A., Bo3uiok JI.A., Botomyk H.U., Kiexor A.A., Kupuuenko O.B.

Bunnuykuii nayuonanvrvii meouyunckuil ynueepcumem um. H.U. Iupoeosa, Ykpauna

Caxapusiii quabet (C/I) — camblii onacHbIH BBI30B YeI0oBeYe-
ctBy B XXI Beke. Ilo crarnctuke MexayHapoqHoi nuaberu-
yeckoii (heneparyn Ha 2015 1. komruecTBo 6obHBIX CJI cocra-
B0 415 muH. Jlo 2040 roga mporHo3upoBaHHOE KOJIUYECTBO
OonbHBIX cocTaBUT 642 MmwumoHa [1]. Yncno GompubIX CJ]
2 THIa BO3pacTaeT BO BCEX, 03 MCKIIIOUCHUsS, CTpaHax MHpA.
IMpuaem 183 M. 6omubix CJ] ocTaroTcst He TUArHOCTHPOBAH-
seiMu. [To npuuune C/I B 2011 r. 3apeructpupoBano 4,6 MIH.
CMEPTHBIX CIIy4aeB, a pacxozbl Ha tedeHre CJI nocTHmy o4t
465 mupn. nomnapos CIHIA [3].

ITockonbky HEKOHTpoIMpyeMash TUIEPIIMKEMUs SBIISAETCS
(haxTOpoM pricKa pa3BUTHS OCIOKHEHHH TradeTa (Helporarus,
peTHHONATHS, He(PONATHsI) M CEPIETHO-COCYANUCTHIX 3a00JIeBa-
HUH, OCHOBHOM 3aa4eii Tepanuu CJ] 2 Tuna siBisieTcs NIMKeMU-
YEeCKHl KOHTpOJb. PaHHMI MHTCHCUBHBIM KOHTPOJIb INIFOKO3bI
I1a3Mbl KPOBU MMEET JOJITOCPOYHBIC IEPCIEKTUBBI Ul Ipel-
YIPEXKICHUS MUKPOCOCYAUCTBIX OCI0KHEHUI.

Macca Tena O0JTBHBIX TaKXKe MPECTABISET 0COObIH HHTEpEC,
Tak Kak 00nbIMHCTBO (79-85%) manmenTos ¢ C/l 2 Tuma crpa-
JIAI0T OKUPEHUEM WITH HIMEIOT N30BITOUHYIO Maccy Tella, a HeKO-
TOpBIE IPOTUBOANAOCTHICCKHUE MIPENapaTsl MPUBOAAT K yBe-
nuaeHuIo Beca. V30bITOUHAs Macca Tela SIBISETCS] He TOIBKO
MaTo(QHU3NOIOTHISCKUM 3BCHOM JIuabeTa, HO M MOBBIIIACT
PHUCK CepAEIHO-COCYANUCTHIX 3a00IeBaHNN KaK HE3aBHCUMBII
(dakTop, TAaKk M Yepe3 IOBBIIICHUE apTePUaIbHOTO JaBICHHUS
W HEraTHBHBIC M3MEHEHHUs B JunuaHoM mpodmre. Vexons
13 BBIIEU3I0KEHHOT0, PEKOMEH/IAINH 110 NPO(QHIAKTHKE H
JICUCHHIO CaXapHOTo quabeTa BEIXOAAT 32 PAMKHU TOJIBKO KOH-
TpoJis rukemuu [28].

IIporpeccupyromee Teuenue ocnoxuenuit CJI 2 tumna, B nep-
BYIO 04€pe/lb MUKPO- U MAKPOAHTHONATUI, BBICOKAsl CTOUMOCTb
nedeHus 3a00IeBaHMs M €r0 OCJIOKHEHUH 00yCIIOBINBAIOT CO-
[UAJIBHYI0 U MEIHIIMHCKYIO 3HAaYUMOCTH ATOTO 3a00JIeBaHHS
1 JUKTYIOT HEOOXOOMMOCTh MOMCKA HOBBEIX 3(Q(EeKTHBHBIX Me-
TozoB ero yederHus [4]. HecMoTpst Ha GonbIIoil apceHan mpo-

THUBOJHA0CTHYECKUX IIPENapaToB, MOMCK CaxapoCHMKAIOIIHX
CPEJIICTB C MAKCHMAIILHOH ()(h)eKTHBHOCTHIO M MUHUMAITbHBIMU
1060YHBIME AP hEKTaMH TTPOIOIKACTCSI.

Hapymenne MexaHW3MOB pETYISIIMU YITIEBOIHOTO oOMeHa
IpHU caxapHOM anabere OTOOPakaeTCsl B «3JIOBEIIEM OKTETE»
(puc.) [9]-

Ha coBpeMeHHOM 3Tane pa3paboTaHBl M HUCIIOIB3YIOTCS ca-
XapOCHIDKAIOIIME Tperaparsl, BIMSIOMNE HA 3TH HaTO(QU3HO-
nornueckue aedextsl. Tak, BIMSHAE HAa CEKPEINIO MHCYIHHA
OCYIIECTBISIIOT IIPOU3BOAHBIC CYIb()OHUIMOYECBUHEI, MEIIIH-
tuHuel, ananorn [TIII1 w waruOutopsr [AI1114; moBsmmaroT
YCBOCHHE INIIOKO3bl TKAHSAMHM M CHMKAIOT JHMIIOTOKCUYHOCTh
THA30JMIMHANOHEI M MET(QOPMHUH; PETYIUPYIOT aNIeTHT aHa-
noru I'TIIT1, naru6uropsr AI1114 n npoussBogusie ammiaa. Ha
skeynogHo-kumednsii Tpakt (XKKT) Bmustror ananorn ['TII1,
naruouTops! 11114, aMuiIuH 1 HHTHOUTOPHI O-TITFOKO3HA3, 9TO
3aKJIIOUACTCS B MOBBILIICHUN YPOBHS MHKPETUHOB KHUILICYHMKA,
perymsinun MoTopHO-3BakyartopHoi Gynkimn JKKT u / wmm yr-
HETEHUM BCAChlBaHMs YINICBOAOB B kumleuHuke. [logaBneHue
CeKpelMH TIIOKaroHa oO0eCHeYHBalOT IperapaTbl aMHJIMHA.
Bimsiaue Ha peaGcopOIHIO TIIFOKO3BI MOYKAMH OCYIIECTBISTIOT
HperapaTsl HOBOTO KJIacca IIPOTHBOINA0ETHIECKUX MPEeTapaToB
- naruouropsr SGLT2.

IHonsiTHe 0 HATPHII-IIIOKO3HBIX KOTPaHCHIOPTEpax

B manHOM 0030pe NMpHUBEIECHBI Pe3yIbTaThl KINHUIECKHX H
9KCHEPUMCHTANIBHBIX HMCCIEJIOBAaHUN HCIOJIb30BAaHUS IPUH-
IIUIIa TTIO/IaBJICHNUS TOYSYHOH peabcopOnny TITIOKO3BI B JIede-
nuu C/] 2 Tuna.

VY 310pOBBIX JIHI] CyTOYHAsT (GUIBTPAINS TIIIOKO3BI B KITy0OU-
Kax IOYeK cocTapisteT okoao 180 r. Dra niroko3a MpakTHUECKU
MOJHOCTBIO peabcopOupyeTcsi B MPOKCHMATIBHBIX KaHaIbIaX
Hedpona. Moua, nocrynaromas B nemno [enie, cBoboxHa oOT
IroKo3bl. [IoBBIICHNE KOHLIEHTpALUU INIIOKO3BI B IIa3MeE Be-
JIeT B JINHEITHON 3aBUCHMOCTH K POCTY ee (MIBTPAlny B KIIy-
6oukax. [Ipy yBenn4eHHH CKOPOCTH IOCTYIUICHUS IJTIOKO3BI B

CHMMeHWe MHKpeTHHOBbIX 3¢ derTos

Hapywenwne
ceKpeLuu
MHCYAUHA

NosbiweHne

ceKkpeLMu
rAloKaroHa

MNosbiweHne
NpogyKuMn
rNOKO3bI
ne4YeHbo

NosbiweHne
nvnonusa

VeenuyeHue
peabcopbuymmn
rNHOKO3bI

CHMKeHHe
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HelpoTpaHcmntTepHas guchyHKLMs

Puc. [lamoghusuonozuueckue degpexmul npu caxapnom ouabeme 2 muna: «3106eujull OKmem»
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Tabnuya. Tuner kompancnopmepog u ux pacnpoCmpaneHHoCh 8 MKAHAX YeN08eKa

Tun xorpancnoprepa Cy0ctpar PacnpocTpaHeHHOCTB B TKaHSIX
I'nroko3a
SGLT1 FaHaKTOSE’l Kumeunuk, Tpaxes, mouku, cepiie, Mo3r, sSIM4KH, IpocTara
SGLT2 T'mroko3a [Toukwu, cepaiie, MO3T, IIeUeHb, LIUTOBUAHAS HKeJle3a, MBIIILIbI
SGLT3 I'mroko3a Kunieunuk, suuku, MaTka, JIETKUE, MO3T, IITUTOBHIHAS JKeje3a
SGLT4 I'moko3a, Kumeynuk, mouku, ne4eHb, MO3T, JIETKHE, Tpaxesl, MaTKa, OHKEITy10uHas
MaHHO3a Kenesa
I'moxo3a,
SGLTS TTouku
rajakTosa
SGLT6 D-xupo-uno3uron Mos3r, TOYKH, KHIIIEUHUK

NPOKCHMMaJIbHBIN KaHajel Gonee 260-350 mr/mun/1,73 m? (Ha-
npumep, y nanueHtoB ¢ CJ]) M30BITOK INMIOKO3BI TPEBBIIIACT
Pe30pOTUBHBIN MTOTEHIIMAT M OHA BBIAGISETCS C MOYOH. Y 310-
POBOTO B3pOCIIOTO YeJIOBEKa 3TO COOTBETCTBYET KOHIEHTPALIUH
DIFOKO3bI B KpoBH B KoimuectBe 10-11 mmors/n (180-200 mr/m).
dunsTpoBaHHas IMOko3a Ha 90% peabcopOupyercs B Hauab-
HOU YacTH MPOKCUMAIILHOTO KaHalbIla (S1-cerMeHT), a ocTaib-
Hble 10% - B koHeyHOU yacTH (S2- u S3-cermeHTax).

Benymiee 3HaueHne B 3TOM IpOLIECCe MMEET HATPHUH-INIO-
ko3HbI KoTpaHcnoprep (SGLT — Sodium dependent Glucose
Transport), xotopslii kogupyercss reHom SLCSA. CemelicTBo
reHoB SLC5A o0HapyXeHO B Pa3iUYHBIX TKAHAX U IOAPOOHO
uccnenosano [4,11,19]. Ha ceropHsmnuii 1eHb U3BECTHBI 6 TH-
OB KOTPAHCIOPTEPOB (Tabiuia), HO HanboJIee U3BECTHBIMH K
u3ydeHHbIMU sBisioTes - SGLT1 u SGLT2 [19].

SGLT1 - TpancmopTep ¢ BBICOKOH a)(MHHOCTBIO, OJHAKO
HU3KOW CIIOCOOHOCTBIO TPAHCIIOPTHPOBATH IIIOKO3Y Uepe3 Kile-
TOYHYIO MeMOpaHy, MPUCYTCTBYET MPEHUMYIIECTBEHHO B KIIET-
KaX TOHKOM KHIIKH, MEHBIIIE - B KJIETKaX Mo4eK u cepana. My-
Tau SGLT1 npuBosT K HapyILICHUIO BCAChIBAaHUS INIFOKO3bI U
rajakto3sl. SGLT2 - Tpancnioprep ¢ HH3KOH a(PUHHOCTEIO, HO
BBICOKOM CIOCOOHOCTBIO TPAaHCHOPTHPOBAThH ITOK03y. SGLT2
IKCIPECCUPYETCSl MOYTH HCKIIIOYUTENIBHO B JITUTEINAIBHBIX
KJIETKax HavaJIbHOTO OT/eNla MPOKCHMAaJbHOIO KaHallblla He-
dpona (S1-cermeHT). YCBOCHHE TIVIFOKO3BI SIMUTEIHATBHBIMU
KJIETKaMH MOYCYHBIX KaHAJIBIEB TpPeOyeT OJHOBPEMEHHOIO
ycBoeHMs1 Harpusi. [loriomieHue HaTpusi OCYLIECTBISETCS C
MOMOIIIBI0 aJIcHO3MHTpU(BOCPaTa3HOrO Hacoca depes Oasona-
TepalibHyI0 MeMOpaHy KIJIETKH. BblneneHue roko3sl B KPOBb
13 KJIETOK TIOYESUHBIX KaHAJIBIIEB OCYIIECTBISICTCS] IPH HOMOLIH
roko3oTpancnoprepoB cemeiictea GLUT. Yruerenue TpaHc-
noprepoB rmoko3sl B moukax (SGLT, GLUT) eueuer 3a coboit
rroko3yputo [4,11,19].

IepBoii cybcranmuen, TOpMO3sIIeil aKTUBHOCTh TPAHCIIOP-
TEpPOB TIIIOKO3BI B MOYKaxX, ObUT (uiopu3uH. OH ObLI BBIIEIICH U3
KopeI s10;10HU B 1835 Obnanast s dexramu XMHUHA, pernapar
Hallel NpUMEHEHHE B JICUCHUH OOJIBHBIX C JIMXOPAAKOH U MH-
(hexumonHbMu 3a00meBanusMU. Oopu3uH B XIX Beke MIMPOKO
ucnonp3oBajicsa npu Mansapuu. I1. Mepunr B 1886 r. Bnepsble
YCTaHOBWJI, 4TO (IOPH3HH 00JIaaeT IIMIOKO3YPUUECKHM (-
dekrom, B 1975 1. P. Jledpon30o mokazain, 4to (GIoOpU3MH MO-
BhimaeT Ha 60% BbIIEICHHE TIIFOKO3bI y CO0OAK, HE MEHSS TPH
9TOM KIIyOOYKOBYIO (PHIIBTPALMIO M MOYSYHBIH KPOBOTOK [4].
Crenyromiye OIBITH IPOJIEMOHCTPHPOBAIN CHIDKCHUE YPOBHS
IIMKEMHH TOJT IeHTBHEM (IOpU3HHA Y TPBI3YHOB, KOLIEK U CO-
6ak. [IporuBograbeTnueckye CBOMCTBa (rropu3nHa UCCIIeI0Ba-
Hbl B 80-x rogax XX Beka. Y MaHKpeaTIKTOMHPOBAHHBIX KPBIC
(hyIOpH3MH BBI3BIBANI IIFOKO3YPHIO, KOTOpas COIPOBOXKAANIACH
HOpMajM3anyeil KOHLIEHTPAllMU DIIIOKO3bl B IUIa3Me. BaxHo,
YTO Y JKMBOTHBIX C THa0eTOM (pIOpH3HH, BBHI3BIBAS TIIFOKO3YPHIO
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U CHUJKasi KOHLIGHTPALIMIO [TIIOKO3bI B KPOBH, HE IPUBOAUT K T'U-
MOIIMKEMHUH. YMEHbUICHHE T'MICPIIMKEMHUU U, COOTBETCTBEH-
HO, ITFOKO30TOKCUYHOCTH, COIIPOBOXKIAIOCH ITOBBIILIEHUEM YyB-
CTBUTEJIBHOCTH TKaHE! K MHCYIHHY.

COBOKYMHOCTH 3TUX (P(HEKTOB MO3BOJISIET CYAUTh O (IOpHU-
3uHe Kak o mpenapare ais jedenus C/I 2 tuna. OpHako, Kak
cpenctso sedenus C/1 ¢prnopu3uH He NPHUToAeH, Tak Kak obna-
JIaeT MHOTUMH HEOIaronpusTHHIMU 3G GeKTaMu: THApOIU3UpY-
eTCsl B KUILIEYHUKE 0 (IIOPETHHA, YTO MPUBOIHUT K CHIKEHHIO
€ro OMOOCTYIHOCTH MPHU TIPHEMe BHYTPb; MOTEHIHAIBEHO TOK-
CHYEH W TO/IaBJIsIeT TPaHCIOpTHBIE cBolicTBa Kak SGLT2, Tak u
SGLT1 [4,19,29].

IddexTuBHOCTH HHTHONTOPOB SGLT2

B mnocnenHee necsaTuieTMe CHUHTE3UPOBAH pPsA MOJEKYI,
KOTOpble ceseKTUBHO TOpMO3sAT SGLT2. DT uHrubuTopsl uc-
CJICZIOBAHBI B OKCIIEPUMEHTAX Ha JKUBOTHBIX U MCIBITAHUAX HA
no6poBobIiax B siedeHnn CJ1 2 tuma.

MHoro4ucieHHble (hapManeBTHUeCKUe GUPMBI UCCIEAYIOT U
BHEZPSIIOT Ha (papMalieBTHIECKUH PHIHOK pa3IMYHble CHHTETH-
Yyeckre Npou3BoHbIe (ropusmHa [4, 12].

DddexTuBHOCTE U Oe3omacHOCTh WHruOuTOpoB SGLT2
u3ydeHa B 45 CpaBHHUTEIBHBIX HCCIIEIOBAHMAX C IUIANEe00
(n=11232) u 13 nccnenoBaHMsIX B CPAaBHEHHUH C IPYTHMH caxa-
POCHIDKaOIUMHU npenaparamu (n=5175) [26].

Haubonee 3HaYMMBIM acHeKTOM OE30MAaCHOCTH JaHHOM
IPYINIBl CaXapOCHIKAIOLIUX IPErnapaToB SABISACTCS UX HU3-
Kasg CKJIOHHOCTb K TUIIOIIMKEMMH, IOCKOJIBKY 3KCKPELUs
IJIIOKO3bl CHUXKAETCsl BMECTE€ C YMEHBLICHHEM YpPOBHS ca-
Xapa B IUla3Me KpoBU. Hu3KyI0 4YacTOTy T'HIOITIMKEMHUH
MOXKHO paccMaTpHuBaTh KaK IMPEUMMYIIECTBO 3TOro Kiacca
JICKapCTBEHHBIX CPEACTB B CPAaBHEHUU C TPAJAULUOHHBIMHU
AHTUAMA0CTUYECKUMU COCAMHEHUAMHU, TAKUMU KaK MHCYJIUH
WM TIPOU3BOAHBIE CYNNb()OHUIMOYEBUHBI.

Ot mpenaparbl cHkaoT ypoeHb HbAlc na 0,5-1,0% B
CpaBHEHMH C IUIane0o. B cpaBHUTEIBHBIX HCCICNOBAHUAX OHU
MOKa3aJHu MPHUMEPHO TaKylo ke A(P(PEKTUBHOCTh B CHIDKCHHU
ucxonHoro yposHs HbAlc, kak u GOJBIIMHCTBO CTaHIApPTHBIX
IepOpalbHbIX CaXapOCHWXKAIOLIMX IpernaparoB. Tak Kak HMX
JleicTBUE HE 3aBUCUT OT MHCYIMHa, uHruoutopel SGLT2 mo-
I'yT OBITh UCIIOJIB30BaHbI Ha J1000M dTare pazsutus CJI 2 tuma,
JTa’ke KOTJla CeKpeLHs HHCYIMHA 3HaUUTEIbHO CHIDKEHA.

JlonosHuTENbHBIE TOTCHIHANIBHBIC IPEUMYLIECTBA BKIIOYA-
I0T B ce0sl: yMEpEeHHOE CHIKEHHE Macchl Tena (~2 Kr, cTaOuiIu-
3aLus B TedeHue 6-12 Mecs1eB) U MocieJ0BaTeIbHOE CHIKEHUE
CHCTOJIMYECKOTO U JUACTOINYECKOTO apTEePUaIbHOTO AaBICHUS
(1a ~2-4 / ~1-2 mm pr. cT.). CUMIITOMaTHYCCKAst TUTIOTOHHST MO~
JKET BO3HHUKATh B Ha4aJIe JeUeHUs, 0COOCHHO Y MallMeHTOB C Ha-
PYILIEHHOH (QyHKIMeH ToYeK, Y OOJIbHBIX OXKHUIIOTO BO3pacTa u
MAlMEHTOB, IPUHUMAIOIIUX JUYpETUKH [5,14,19,26].

Bonbiroe 3HaueHne UMeEET CHUXKEHHE Macchl Tena. Mcceie-
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nosanust uHruouropoB SGLT2 mnokazanu s¢dexTuBHOCTD
9TUX coeluHeHui npu neuyenuun CI[ 2 Tuma B codyeTaHUU C
oxxupenueM. [loreps IIOKO3bl ¢ MOYOH HPUBOAMUT K OTPHU-
[aTeJIbHOMY DHEPreTHUECKOMY OajaHCy, 4TO BEAET K moTepe
Beca Ha 2-3 kr [5]. Tak, npu NpUMEHEHUH DIMIIM3MJA Macca
Teja MmoBblanack Ha 1,4 Kr, a Ipu NpUMEHEHUH Janarind-
JI03UHa CHIDKajack Ha 3,2 kr. [Ipu ogHOBpeMeHHOM IpuMe-
HEHHMHU Janariu(io3uHa ¢ TIMMEIHPHUIOM HMIH UHCYJIHHOM,
HECMOTPS Ha CyLIEeCTBeHHOE CHIDKeHHe ypoBHs HbAlc, mac-
ca Tena OOJBHBIX HE TOJIBKO HE MOBBIIIANIACH, HO JaXe CHU-
JKallach, B cpeaHem, Ha 2 kr [4,19]. B uccnenoBanuu EMPA-
REG OUTCOME, mnpu wucronab30BaHuU SMIarinio3uHa
Ha0JII01alI0Ch CHM)KEHME Beca Ha ~2 KT [S].

HedponporexTopHbie 3¢ pexThl

O/HUM W3 PaHHUX MPHU3HAKOB PA3BUTHUS AMAOETUYECKOM
Hepponaruu (JAH) siBnsercs runepdunsrpauus (I'd). Oc-
HOBHOW IpHYMHON pa3Butus I'® cunrtaercs MNOBBILICHUE
BHYTPUKJIYOOUKOBOT'O JTaBJICHUS BCJICICTBUE IOBBILICHUS aK-
TUBHOCTH PEHUH-AHI'MOTEH3UH-aJIbJOCTEPOHOBONH CHUCTEMBbI
(PAAC). UccnenoBanus nociaeIHUX JET IOKa3alu, 4TO naTo-
rere3 ['® ropasmo Gosiee CIOKEH ¥ BKIIFOYACT KaK M3MCHCHHUSI
B COOTHOILICHHH HEHPOTOPMOHAIBHBIX U COCYAUCTHIX (aKTo-
POB, TaK ¥ BOBJICUYCHHUE TYOYyJIOITIOMEPYISPHBIX MEXaHU3MOB
[2,8]. Ilpm XpoHHMYECKOH THIEPIIMKEMUU YBEIMYUBACTCA
HOCTYIUICHHE IJIIOKO3bl B IPOKCHUMAaJIbHBIC KaHAJIbLIbI 10YEK.
DTO MPUBOAMT K HEaJeKBaTHOMY yBEIHUEHHUIO peabcopOruu
IJIFOKO3Bl BMECTE C HATPUEM C y4acTHEM HATPUN-IITIOKO3HBIX
KOTPaHCIOPTEpOB-2 B IPOKCHMAaJbHBIX KaHalblax. B pe-
3yJIbTaTe, B JUCTAJIBHOM OTJEJe YMEHbIIACTCS MOCTYIJICHUE
HaTpHs K IUIOTHOMY IsTHY (macula densa). Dto mpuBoaut
K CHIDKEHHUIO CTUMYJISALIMU IOKCTAIJIOMEpyJIspHOro amrmapara,
BbI3bIBas Ba30MJIATALMIO IPUBOJALICH apTepHOIbI, U pa3BU-
tuio I'® [22]. Cnenyrouieil cranueil mopaxxeHUus MOYEK NPpU
nuabere SIBISCTCS pa3BUTHE MHUKpoanbOymunypuu (MAY),
KOTOpasi MpeACTaBiIsIeT co00# 3HAYMMBIH paHHUIA TPU3HAK
HOBPEXKACHUS MOYEK, KaK IPU apTepUaIbHOM TUIIEPTEH3UH,
tak u npu CI. Accounauuu Mexny MAY, yBeIu4eHHbIM pU-
CKOM CEpeYHO-COCYAUCTHIX OCIOXKHEHUH U MPOrpeccupoBa-
HHUEM yXy/IueHus QYHKIUH TOYeK XOPOIIo onucaHsl - [2,13].
B pa3BuTum rmomepyiaspHbIX M3MEHEHHH 3HAUUMYIO DPOJIb
UTpaeT T'MNEepHIpPOAYKLHUs IPOBOCIAIUTEIBHBIX IUTOKUHOB, B
gacTHOCTU TNF-0, 4TO HEMmoCpeACTBEHHO yBeJINYUBAET IPo-
HUIIAEMOCTb HHAOTENINS U pa3pyllaeT 3HI0TeIUalbHbIN [NIU-
kokasuke [13]. Ero ypoBeHb, Kak U KOHIEHTpauus Gpaxropa
pocta suunotenus cocynoB (VEGF), sHauumo koppenupyer
¢ BbIpakeHHOCTbI0O MAY. BTOphIM HapylieHuem, croco0-
CTBYIOIIUM Iporpeccun MAY, saBisieTcss KaHalblieBas JHUC-
¢GyHKUus. 3HAYMMYIO POJIb B €€ Pa3sBUTHH UIPaeT JHM30CO-
MaJibHasi TUCYHKIMS, HHAyIHpoBaHHas aktuBauueir PAAC
u runepnpoaykuueit TGF-f. Iossimenue TGF-B npu CJ]
OTMEYaeTCsl Ha CaMbIX PAHHUX CTAIHUIX OOJIE3HH M KOPPEIH-
PYET €O CTENEHbIO U3MEHEHUH B ME3aHI' MU, BBIPAXKEHHOCTHIO
MHTEPCTULHAIBHOTO GrOpo3a, OHAKO HE CO CTENEHBIO ajlb-
OymuHypuu. Pa3zBuBiiascs anbOyMHHYpHUsI camMa CTaAHOBHUTCS
(bakTOpOM, YCHIIMBAIOIIUM JAajibHelyto nporpeccuio JIH, u
HE3aBUCHUMBIM IPEAUKTOPOM CEPAEYHO-COCYIUCTBIX COOBI-
™ [2].

VYuureiBas Mexanu3Mm aercTBust uHruoutopoB SGLT2, npemna-
pathl 3TOM IpyHIbl MOTYT UMETh CYLIECTBEHHbIC PEHOIIPOTEK-
TUBHBIE (P (EKThI, HE3aBUCHMBbIE OT UX CHOCOOHOCTH CHUKATh
ypOBeHb DIHKeMHUH [6]. B NOKIMHMYECKUX HCCIeJOBaHUAX
OMITIAarIM(IIO3UH YMEHBIIAN IKCHPECCUIO B MOYKAX MapKepoB
nponudepanun, Gpudposa u Bocnanenus [13,16,29]. V nauu-
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eHToB ¢ CJ[ 2 Tuma U HEBBIPAKEHHBIM CHMXXCHHEM CKOPOCTH
kiryooukoBoit pusbrparmn (CK®D) neuenue kaHAmIH(IO3HHOM
¥ janariugro3uHoM mokaszano BpemeHHoe cHibkeHne CKD c
JanbHEHIIM ee BoccTaHoBieHHeM. Jleuenne kanarnguosu-
HOM COIIPOBOXIAJIOCh CyIJ_leCTBeHHblM CHH)KXCHHUEM aﬂb6yMl/IH—
Kpea-TuHIUHOBOTO (A/K) COOTHOIICHNMS B CpaBHEHHH C IU1anedo,
a orHourenune pucka (OP) nporpeccun anbOyMHHYpUH cocTa-
B0 0,33 mist mo3er 100 mr u 0,51 — mst go3e1 300 mr o ot-
HOILICHUIO K IU1ae6o. AHaJIN3 Tepanuy AananringiIo3HHOM BbI-
SBIJI CXOJKHE pe3yabTarsl ciycTd 104 Henenu mocie JedeHus:
J0JI MALMEeHTOB C Iporpeccueil anbOyMHHYPHUH COCTaBHIIA
13,3% B rpynmne, nony4asiueii mwianedo, nporus 10,8 u 9,5%,
MOJTy4YaBIIUX Janaringio3uH B 103¢ 5 u 10 M COOTBETCTBCHHO
[2,16,29].

B uccnenosanuu EMPA-REGOUTCOME nauuneHnTsl Obu1H
pannomusupoBanbl (N=7020) Ha rpynmsl sMmarudio3uHa
(10 mr wm 25 mr) win wianedo pa3 B JeHb B JONOJHEHHE K
CTAaHIApTHOM Tepamuu, TEPMUH NpueMa Ipenapara 2,6 JeT,
cpenuuii cpok Habmromenus 3,1 roma. Tepamus smmariaud-
so3uHOM (10 Mr u 25 Mr) accourupoBaiach co CTaTUCTHYE-
CKH JOCTOBEPHBIM 39%-CHUIKEHUEM OTHOCUTEIBLHOI'O PUCKA
SMU30/I0B WM MPOrPEecCUpOBaHs HepONaTuud B CPABHEHUH
¢ miane6o. He BBISBICHO CTaTHCTHYECKH 3HAYMMBIX Pa3iiv-
YUl B 4acTOTE AIH300B aIbOYMHHYPUH CpPEIN HCCIeaye-
MbIX Tpynn. CoObITUs, CBA3aHHBIE C OCTPON MOUEUHON He-
JIOCTaTOYHOCTBIO U TUIEpPKaJIHEMHUEH, BCTPEUAINCh PEKe B
rpymme sMrnaru@io3nHa B cpaBHeHHHU ¢ muiane6o. CpenHuii
nokazatenb CK® chumxancs B nepBble 4 Hefenu U B Jajb-
HeleM cTaOUIN3upoBaIICs B TPyIIIEe SMIArn(Io3uHa, 4To
CBUJICTEJIbCTBYET O CHH)KEHHH UHTPATIIOMEPYJISIPHOTO JaBie-
uust. [Ipu nocrienyromeM HaOMIOACHUY MOCIIE MPEKPALICHUS
MCCIICI0BAaHMs Iperapara y HalieHTOB B IPyIIIe MIaniudIio-
3MHA ObUIO CKOPPEKTHPOBAHHOE CPeiHEee pas3sinuue OT Ianedo
B M3MEHEHUH OT McXoaHoro ypoBus CK® 4,7 mu/mun/1,73 m?
(p<0,001 mast oboux cpaBHeHuit). [Ipemmonarasi, 94TO CKO-
poctb (ypoBenb) cHmkeHus CK® cocrapiseT npudIn3uTeb-
Ho 4 mu/mun/1,73 M? B rox y narentos ¢ CJI 2 tuma, koad-
¢unment ysennuenus CK® 4,7 mu/mun/1,73 mM?> MoxeT ObITh
MHTENPETUPOBAH KaK OTCPOYKAa HEOOXOIMMOCTH B JIHAIIN3E
npumepHo B 1,0 roxn. VccienoBanue mokaszano, 4To g100aB-
neHue sMnaninio3uHa K CTaHJApTHBIM METO/aM JICUCHHs
y nauuenToB ¢ C/[ 2 Tuna BBICOKOTO CEpAEUHO-COCYIUCTOrO
pHuCKa accouuupyercs ¢ 0ojee MEIICHHBIM NIPOrpeccupoBa-
HHEM aArabeTH4ecKkoro 3a00IeBaHus oUeK U 0oJjiee HU3KUMHU
IMMOKa3aTCJIsIMH KIMHHUYECCKH 3HAYUMBIX ITOYCYHBIX CO6bITHﬁ
npoTtuB ruianedo [27].

Hccnenopanne CANVAS (10142 yuacTHHKA) 1OKa3ano, YTo
IPOrpecCHpOBaHe aTbOyMHHYPHUH HPOUCXOAMIIO PEKE CPEAU
YYaCTHHUKOB, MPUHUMAIONINX KaHATTH(IO3UH, YeM CPEIH JIHII,
npuHUMaronux riare6o (89,4 nmporus 128,7 y4acTHHKOB ¢ cO-
6biTneM Ha 1000 manueHTo-JeT), 4TO COOTBETCTBYET Kod(hu-
uuenty pucka 0,73 (95% U, 0,67-0,79). Perpeccust anp0ymu-
HYpUH TaKKe 4Yalle BCTpevanach CPEId JHI, NMPUHUMAOIIHUX
KaHarMUIO3MH B cpaBHeHUH ¢ ianebo (293,4 nporus 187,5
y4acTHUKOB ¢ perpeccueii Ha 1000 mamnmeHTo-et, K03hhum-
eHt pucka 1,70, 95% U, 1,51 no 1,91). CoBokynHble Ioka3a-
Tenu ycroiuuBoro cHmkenust pCK® na 40%, nmorpeObHOCTH B
l'[O‘le'-lHOI\/'I SaMeCTI/ITeHbHOﬁ TEparunu, Wik CMEPTh OT MMOYCUHBIX
IIPUYHH BCTPEYAIMCh MEHEC 4acTO CpeaU y‘laCTHl/IKOB l'“pyl'll'lbl
KaHaruII03MHA, YeM CPE/IH TAlMeHTOB B rpyIie mianedo (5,5
npotuB 9,0 yuactHUKOB ¢ pe3yiasraroM B 1000 mamueHTo-JeT,
4TO COOTBETCTBYeT Kodduumenty pucka 0,60, 95% U, 0,47
1o 0,77) [20].
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HexesaTenbHble peaknuy NMPU HCHO/Ib30BAHUH HHTHOU-
TopoB SGLT2

Hnghexyuonnvie ocnodcnenus

ITo6ounste a3¢dpexrrr Tepanuu narnOHTopamMu SGLT2 BKITIO-
Yal0T TeHUTAJbHBIE TPUOKOBBIC MH(MEKINH, YPOBEHb KOTOPBIX
npuMepHo Ha 11% y xeHmmH u Ha 4% y My>KUUH BBIIIE B CPaB-
HEHUH ¢ ianedo. 1o 00BACHIETCS BBIICICHHEM IIIOKO3EI C
MOYOH U, KaK CIEICTBHE, CO3/IaHNeM OJIarONPHUATHON MUTATEeThb-
HOM cpenbl AJIi MUKPOOPTraHu3MoB. B wacTHOCTH, Tipu mpume-
HEHHU Janarmuguo3nHa TeHUTalbHas HHEKIus Habmonanach
y 12,3% GonbHBIX, 13 HUX Y 5,3% MyxunH u 21,1% keHIHH,
B KOHTPOJIBHOM Trpyme - Tonbko y 0,4% myxuns u 5,4% xeH-
myH. MHbeKnnoHHoe mopakeHne MOYEBBIX MyTel BBISIBICHO Y
10,8% OGompHBIX (8% MyxunH, 14,4% xeHmmH) Uy 6,4% i
KOHTPONIBHOW Tpymsl (4% MysxunH n 9,2% sxeHmuH). Y Bcex
HCCIeyeMbIX yKa3aHHbIe HH(PEKINI TPOTEKAIHN B JIerKoi (op-
Me, TPOXOJIMIIN MPH JIEIeHUH AaHTHONOTHKAMHU M HH B OHOM 13
cirydaeB He TpeOoBaiy oTMEHBI nanarnudiosuna [4,19,26].

Bonpocul kanyepozenesza

Taxoke, akTyaJlIbHBIM BOIIPOCOM SIBIISIETCSI 0OCYKICHHE PH-
CKa paka MOYEBOTO ITy3BIPSI TP HCHONB30BAHNH WHTHOHUTO-
poB SGLT2. HccnenoBaHus MpennonararoT, 4YTO PELENTOp
SGLT MoxeT urpaTh ONpPENEICHHYIO POJIb B ITOTJIONMICHHH
TIIOKO3BI PaKOBBIMH KiteTkamu [ 18]. MeracTassl paka JIETKUX
ObLTH cBsi3aHbI ¢ Oonbireit SGLT2 rennoit axcnpeccuei [15].
WNurunduropsr SGLT2 MOBHIIIAIOT PUCK Pa3BUTHA WH(DEKIIHI
MOYEBBIX MyTeH, XPOHHYECKOE Pa3ApaKCHHE MOUYEBOTO ITy-
3BIPS TIPH TOM MOXKET yBEIHYMBATh PUCK PA3BUTHUS paka
[21]. Ilpu sTOM, mAMEHTH ¢ AMAOETOM Y)KE UMEIOT MOBBI-
LICHHBIH PUCK pa3BUTHs paka ModeBoro my3sips [30]. bonee
JacToe MPOBEACHNE aHAIN30B MOYH, CBSI3aHHOE C MOBHIIICH-
HBIM PHCKOM pa3BUTHS HHQEKIUH MOYENOI0BOI CHCTEMBI
MpU KCMonb30BaHuU HHruOuTOpoB SGLT2, cmocoberByeT
BBISIBIICHHIO PaKa MOUEBOTO Iy3bIpsi. KmMHWYeCKHe NCTIbITa-
HUS MOKa3allil yBeTHUEHHE CIIydaeB paKa MOJOYHOHN KeIe3bl
Y KEHIIHH, paka MOYEBOTO ITy3bIPs y MYXKXUHH; OTHAKO OHU HE
JIOCTHUIVIM CTaTUCTUYECKOH ocToBepHOCTH. FDA nepBoHavasis-
HO OTKa3ajach yTBepkaaTh namarmguosnH B 2012 . HoBeie
JTaHHBIE CBHJETEIHCTBYIOT O TOM, UTO MOBBIIMICHHE YaCTOTHI
cIy4yaeB paka MOXeT OBITh CBS3aHO C paHHEH JHATHOCTHUKOH, a
HE yBeIMUEHHEM dHcia cirydaes [18].

Kanarmudmnozun nmomyunn ogobperne FDA B mapre 2013 . B
HCCIIEIOBAaHNAX Ha KPBICAX BBHISABIIEH ITOBBIIICHHBIH PUCK pa3-
BUTHUS OIyXOJIeH MOUeK, HAaJIIOYEUHUKOB U KJIeTok Jleiaura mpu
WCTIONIb30BaHUM KaHarmudnosnHa, onHako Il ¢asa kmmHIYe-
CKUX HCIIBITAHUN HE TOATBEPANIIA YBEIUUCHHUS YUCTIA CITydacB
9THX BHJIOB paka y mroneii [10]. DMmarmudao3nH moaydui oa0-
openne FDA B aBrycte 2014 1. B 0KOHYaTEeTBHOI OIICHKE PUCKOB
FDA npuHsna K CBEICHUIO CHTHAJ O pake JITKAX U MeJlaHOME,
HO B OOJBIIMHCTBE CIy4aeB ObUTH M3BECTHBI (DAaKTOPHI PHCKA.
FDA cnenana BBIBOZI, 9TO HET HUKAKOTO U3BECTHOTO OMOIOTH-
YEeCKOTO MEXaHN3Ma AT OOBSICHEHUS] BO3MOKHOI CBSI3H MEXKTYy
JICYCHUEM SMIarTH(IO3NHOM M KaHIEepOoreHHocThio [25]. Ot-
CYTCTBHE YBEINYEHHS PUCKA PA3BUTHS PAKa MOUEBOTO My3BIPS
1 MOJIOYHOH >Kele3bl TPH HCIIOIb30BAHUN KaHATIH(IO3nHA 1
SMIarTu(IO3uHa TIPEATIONAraeT, 4YTO PUCK BO3HUKHOBEHHS
9THX BUAOB paka He sBIsETCS KiIaccoBBIM 3ddexTom. Jokaza-
TEJIBCTBA CBS3H MEXKIy HCIONb30BaHUEM MHTHONTOpoB SGLT2
1 PHUCKOM paKa He SBILIOTCS OKOHYATEIbHBIMHU, U BOMPOC 0e3-
OTIACHOCTH OCTAeTCS OTKPHITHIM. HeoOXOmnMBl HCCIenoBaHms
¢ OOJNBIIMM KOJTMYECTBOM BBIOOpKH, OoJiee IIHTENBHBIN CPOK
9KCIIO3UIINH, & TaKXKE HCHONb30BaHne MHIHONTOpoB SGLT2 B
Pa3IUYHBIX STHHYECKHX rpymmnax [18].
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Brusanue uneubumopos SGLT2 na xocmmuyio mrans

BraronpustHeid Tpoduib 3G (HEeKTUBHOCTH ITHX HpenapaTtoB
M0 CHMKCHHUIO YPOBHSI IVIIOKO3bI U TOTEpPE Beca JOJDKEH OBITh
cOaNaHCUPOBAHHBIM C PHCKOM BO3HHUKHOBEHHsSI MOOOYHBIX pe-
aKIMi, B TOM YHCIIE, C YBEIMYCHHEM YacTOTHI TIEPEIIOMOB KO-
CTel, 4T0 0OHAPYKEHO BO BpeMsl KIIMHUYECKUX HCCIEIOBaHUH.
[Tarments! ¢ CJ{ 2 Tvna nepBoHaYaIbHO MOTYT UMETh COMYT-
CTBYIOIILYIO ITaTOJIOTHIO KOCTHOM CHCTEMBI (OCTEONOPO3 B MOCT-
MeHoIay3e, IoYedHast OCTeOAUCTPOdHs), YTO JenaeT ux doinee
qyBCTBUTEIBHBIMH K HEOJIArOMpPUsITHBIM BO3/ICHCTBUSAM TIpemna-
paroB. JleueHre pOCUIIIUTa30HOM B TEUEHHE 4 JIET TAK)KE YBENU-
YUBAET PUCK MEPETOMOB KOCTei. OO0OIIEHHBIN aHaTN3 BOCBMHU
KJIMHUYECKUX HCIBITAHUH (CpenHssl MPONODKUTEIBHOCTh 68
HeJlenb), Mokasan yBennueHue Ha 30% mepenoMoB KocTel y
6onbHBIX Ha KaHarmuduosuuHe [17]. [lpu ucnons3oBaHny KaHa-
rudosuHa B Tedenue 104 Henens y 4% MOXKHUIBIX MAlMEHTOB
B 03¢ 300 Mr 1y 3% - B 103¢ 100 Mr ObLIH BBISBICHBI TIEPEIIO-
MBI [24]. CHIKeHHne MUHEpalbHOH IIOTHOCTH KOCTHON TKaHU
MOSICHUYHOTO OT/IeJIa MMO3BOHOYHKKA M INeHKH Oepa BbIsBIIC-
HO 1ociie 52 Heaelb Tepanuy KaHartiuo3nHoM B 1o3e 300 mr
[17]. Ilpu ncrionp3oBanuu AanarnudiosnHa B Teuenue 104 He-
JIeTIb y NaleHTOB C YMEPEHHBIM HapyIleHuEeM (yHKIHH TOYeK
B 9,4% ciyuaeB B no3e 10 Mr u 6,0% B 103¢ 5 MI' BBISBIICHBI
HepesioMbl KOCTEH B CpaBHEHMHM ¢ Tpymmoii miane6o [16]. He
COO00IIaTI0Ch O BIUSHUKM HA MUHEPAIbHYIO TJIOTHOCTh KOCTHOM
TKaHU y MAIMEHTOB C HOPMAJILHOW WJIM JIETKOH CTENeHbIO MOo-
YeYHOIl HeOCTaTOYHOCTH. PaszHuIa Mex 1y KaHarIH(IO3HHOM
U ranartiIo3nHOM BO3MOXKHO CBsi3aHa ¢ J103upoBKoi, 300 mr
kaHarudro3nHa MakcumansHo uHruoupyer SGLT2, 10 mr na-
narmdao3uHa cyomakcumanbHo uHrnoupyer SGLT2. Tem He
MEHee, OCTAaeTCsl HEsSCHBIM, SBISIOTCS JIH M3MEHEHHUS] KOCTHOM
TKaHU TPH HMCIOJIb30BAHUU IMPENapaToB CHEUU(PUIHBIMHU, WIH
cBsi3aHbl ¢ MexaHn3MoM Onokansl SGLT2. SGLT2 nHru6utops!
YBEJIMYUBAIOT KOHIEHTpALHUIO (Ooc(haToB B CHIBOPOTKE KPOBH,
CKOpee BCEro, M3-3a yBEJIMUYCHUs MX KaHaJblLeBOH peabcopO-
1 [24]. YBennueHne ChIBOPOTOUHOTO (ocdara yBeTHIMBaeT
KOHLIEHTPAIMIO MapaTHPEOUIHOr0 TOPMOHA, JUIUTENBHOE ero
yBEJIMYEHHE TMOBBIMIAET PE30POLHUI0O KOCTH, YBEINYNBAsT PUCK
nepesioMoB. YBenuueHue (ocdaroB auO0 HEMOCPEICTBEHHO
yBennuuBaeT ¢aktop pocra ¢pubpodiacto 23 (FGF23), wum
ymensbiuaer FGF23, Bo3aMoxkHO, U3-3a HapaTHPEOUIHOTO FOpMO-
Ha (MexaHu3M HensBecTeH). FGF23 perynupyer koHIeHTpaIuo
B 1azme Qocdaros. YBennuenue konuenrpanun FGF23 cassa-
HBI ¢ 3a001eBaHueM KocTel. McciaenoBanus MoKasbIBalOT, YTO
uHruouropsr SGLT2 cHuxaroT ypoBeHb 1,25 TUTrHAPOKCH-
ButamuHa D (1,25- (OH)2 Butamun D). Huskuii ypoBenn
1,25-(OH)2 Butamuna D MoxeT yMeHbLIATh MOMIOLICHUE
Ca’" U3 KUIIeYHHKA, YXy/IIas KOCTHYIO KalbIH(DUKAIINIO.

VBenuueHne ChIBOPOTOUHOTO YpOBHs (hocharoB BbHI3BIBACT
poct FGF23 u maparropmoHa, 4to mpuBoguT K Qocdarypun.
Jaxe HeOoNpIINe U3MEHEHHsI CBIBOPOTOYHOro YpoBHs docda-
TOB MOTYT IMOBJIHUSATH Ha COCTOSHHE KOCTHOW TKaHH B TEUCHHUE
JUTUTENIBHOTO BpeMeHH. MccnenoBanusi, BO3MOXHO, ObUTH HEJI0-
CTaTOYHO JUINTENbHBIMHU, 4TOOBI MOKa3aTh d(PdexT MHrnouTo-
poB SGLT?2 nHa xocTHY!0 TKaHb [17].

Kemocenes

B nocnennee Bpems FDA cooOmaer o mocTymaeHHH MOCT-
MapKeTHHTOBBIX [aHHBIX O BO3MOJKHOH HeXeJIaTelnbHOM pe-
aKIIMU, TaKOM KaK KEeTOalMJ]103, CBSI3aHHON C NMPHUEMOM HHIH-
6utopoB SGLT2. ITogo6HyI0 MOOOYHYIO PEaKIUIO Ha MpUEM
HpenapaTtoB TOW TPYNIIbI MOKHO OTHECTH K Paspsay OKHIa-
eMBbIX, TaK KaK ee NMPUYMHA 3aJI0)KeHa B MEXaHW3Me ACHCTBHS
unru6utopos SGLT2.
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Nuruduropst SGLT2 cHIKAIOT yPOBEHB [IIFOKO3bI 32 CYET yBEIIH-
YEHHUS SKCKPELMH IIIFOKO3BI ¢ MOYOI, 4TO, B CBOIO OUEPEb, CHIKA-
©T CeKPELMIO MHCY/IMHA U3 TTAHKPeaTHIeCKHX B-KICTOK. YMeHbIIIe-
HHE YPOBHSI LIMPKYJIHUPYIOLIETO HHCYJIMHA PUBOAUT K CHIKCHHUIO
AQHTWINIIOIUTUYECKON aKTUBHOCTHU WMHCYJIMHA U, KaK CJIEICTBHE,
CTUMYJIALIMU 00pa30BaHMsl CBOOOIHBIX KUPHBIX KUCIIOT, KOTOpPbIE
1peoOpasyroTcsi B KETOHOBBIC TeNa Yepe3 [3-OKUCIICHHE B IICYCHH.
Kpome Toro, MHCYIIHH CTUMYIHPYET aKTUBHOCTb aneTil-KoA-kap-
OOKCHIIa3bl, KOTOpasi 00paszyeT ManoHI-KOA, MOIIHbIN HHTHOU-
Top KapuuTuH mnajgemutowTpancdepaspl-l (CPT-1). Yuursisas,
uto CPT-I criocoGcTBYeT TPAaHCTIOPTY KUPHBIX KHCIIOT B MUTOXOH-
JIPHH U, CIIEJIOBATENBHO, YBEIMYUBACT CKOPOCTH -OKHUCIICHUS, TO
YMEHBILEHHE IUPKYIUPYIOIIErO YPOBHS MHCYJAMHA CTUMYIIUPYET
BBIPAOOTKY KETOHOBBIX Ten myTeMm aktuBaimu CPT-I. Mcrnombso-
BaHue MHrHONTOpoB SGLT2 CTUMYIHpYET CEeKpEeLHIo [IIOKAroHa,
KOTOPBIiA MOYKET OBITh KaK BTOPUYHBIM d()PEKTOM BBUIY CHHIKE-
HMSI CEKPELIMH HHCYIIMHA, TaK U BCJISICTBUE IIPSMOTO ISHCTBHS UH-
rubuTopoB SGLT2 Ha momkesyIouHbIe 0-KJICTKU. Y YUTHIBAsI, YTO
DIIFOKAaroH HHruoupyer anetmii-KoA kapOokcuiiasy, u, TeM CaMbIM,
noBbIaeT akTuBHOCTh CPT-I B meueny, yBenuyeHHe CEKpeLuu
DJIFOKaroHa, Mo BCEH BEPOSTHOCTH, TaKXKe CIIOCOOCTBYET ITOBBI-
IIEHHOMY 00pa30BaHHIO KETOHOBBIX Ten [5,23].

3akJiroueHue. VTor nmomy4yeHHbIX JaHHBIX SIBISIETCS HEOTHO-
3HauHbIM. [Ipenaparel maHHOro Kjacca IMpelylaraloT HOBbBIE
BO3MOXKHOCTH B JieueHnu C/I 2 tuma: mpexie BCero HOBBIH, He
3aBUCAILMI OT MHCYJIMHA MEXaHU3M JEHCTBUs, OTCYTCTBUE HE-
raTHBHOTO BIIMSIHUS HA Maccy Teljia U Jaxke HeOOJbIIoe ee CHU-
JKeHHe, OJaronpusiTHbie (hapMaKOKMHETHYECKHE CBOWCTBA H, B
1IeJIOM, XOPOILYIO IEPEHOCUMOCTb. [lepednciieHnsle, BbISBICH-
HBIC ¥ HCCIIeJOBaHHbBIE He(POIIPOTEKTOPHBIE Y()(DEKThI, TAHHBIC
O BJIMSHUU Ha KOCTHYIO TKaHb, OTCYTCTBHE KAaHLEPOI'€HHOIO
pHcka TpeOyIOT MOATBEPIKACHHUS B IOITOCPOUHOIT IIEPCIIEKTHBE.
Onpe/ennuTh COOTHOIICHUE IT0JIb3a/PUCK HOBOTO KJlacca caxa-
POCHIDKAIOIINX CPEICTB B OTHAJICHHOM IIEPUOJE U UX MECTO B
Tepanuu 60mbHBIX C/I 2 THIA JOIKHBI Pe3YJIbTaThl HOBBIX KJIH-
HUYECKUX U MUIEMUOIOTHYECKUX UCCIIEOBAaHU.

JUTEPATYPA

1. AmeroB A.C., lockuna E.B. HoBbie BO3MOXXHOCTH JICUCHUs
HalUeHTa C CaxapHbIM AHabeTOM U CepIeYHON HEe0CTaTOuHO-
cTbio // MenuuumHckuit coset. — 2016. - Ne 3. — C. 58-64.

2. babenko A.1O., baiipamera B.K. /Inabernueckas Hehpomna-
THSI 3aBHCHT JIM PEHOIIPOTEKIIUS OT BBIOOpA CaxapOCHIIKAIOLIEH
tepanuu? // MexuunHckuii coBetr. — 2015, - Ne 7. — ¢. 32-43.

3. [TanbkuB B.W. Caxaphblii 1uader 2 Tuna: Kak n30eKarb OLIH-
00K 1 TOBBICUTH 3()PEKTUBHOCTD JieueHus // MexryHapoHbIi
SHIOKpUHOJIOrHuecKuil xxypHai. —2013. - Ne 4 (52). - C. 79-84.
4. IIsapr B.Sl. HoBblif npuHIMI JIeYeHHsT caXapHOTo Juadera
2-ro THIIA MMyTeM CTUMYJIALMHK Ttoko3ypuu // TIpoGnemsr sHI0-
kpuHosoruu. —2012. — Ne 4. - C. 54-57.

5. Abdul-Ghani M., Del Prato S., Chilton R. et al. SGLT2 Inhibi-
tors and Cardiovascular Risk: Lessons Learned From the EM-
PA-REG OUTCOME Study. Diabetes Care. 2016; 39(5): 717-
725. http://dx.doi.org/10.2337/dc16-0041

6. Andrianesis V, Doupis J. The role of kidney in glucose ho-
meostasis — SGLT2 inhibitors, a new approach in diabetes
treatment. Expert Rev Clin Pharmacol, 2013, 6(5): 519-539.

7. Bolinder J., Ljunggren O., Kullberg J. et al. Effects of dapa-
gliflozin on body weight, total fat mass, and regional adipose
tissue distribution in patients with type 2 diabetes mellitus with
inadequate glycemic control on metformin. J clin endocrinol
metab. 2012; 97(3): 1020-1031.

© GMN

8. Cherney DZ, Perkins BA, Soleymanlou N. et al. Renal hemo-
dynamic effect of sodium-glucose cotransporter 2 inhibition
in patients with type 1 diabetes mellitus. Circulation. 2014;
5(129): 587-597.

9. DeFronzo R.A. From the Triumvirate to the Ominous Octet:
A New Paradigm for the Treatment of Type 2 Diabetes Mellitus.
Diabetes. 2009; 58: 773-795.

10. FDA Briefing Document. NDA 204042. Invokana (Cana-
gliflozin) tablets. Janssen Pharmaceuticals. 2015. Available
from: http://www.fda.gov/downloads.pdf

11. Ferrannini E., Ramos S.J., Salsali A. et al. Dapagliflozin
monotherapy in type 2 diabetic patients with inadequate gly-
cemic control by diet and exercise: a randomized, double-
blind, placebo-controlled, phase 3 trial. Diabetes care. 2010;
33(10): 2217-2224.

12. Haas B., Eckstein N., Pfeifer V. et al. Efficacy, safety and
regulatory status of SGLT2 inhibitors: focus on canagliflozin.
Nutrition & Diabetes. 2014; 4: 1-8.

13. Haluzik M, Frolik J, Rychlik I. Renal effects of DPP-4 in-
hibitors: a focus on microalbuminuria. Int J Endocrinol. 2013:
Article ID 895102, 7 pages. Available from: http://dx.doi.
org/10.1155/2013/895102

14. Inzucchi S.E., Bergenstal R.M., Buse J.B. et al. Management
of Hyperglycemia in Type 2 Diabetes, 2015: A Patient-Centered
Approach: Update to a Position Statement of the American Dia-
betes Association and the European Association for the Study of
Diabetes. Diabetes care. 2015; 30: 140-149.

15. Ishikawa T, Oguri T, Isobe K, Fujitaka, Koh N. SGLT gene
expression in primary lung cancers and their metastatic le-
sions. Jpn J CancerRes. 2001; 92:874-879.

16. Kohan DE, Fioretto P2, Tang W, List JF. Long-term study
of patients with type 2 diabetes and moderate renal impairment
shows that DAPA reduces weight and blood pressure but does
not improve glycemic control. Kidney Int. 2014; 85(4): 962-71.
17. Kwon H. CANA: clinical efficacy and safety. Endocrinol-
ogy and Metabolic Drugs Advisory Committee Meeting, 2013.
Available from: www.fda.gov/downloads.pdf

18. Lin H.W., Tseng C.H. A review of the relationship between
SGLT2 inhibitors and cancer. Internat J] Endocrinol. 2014, Ar-
ticle ID 719578, 6 pages http://dx.doi.org/10.1155/2014/719578
19. Nauck M.A. Update on developments with SGLT?2 inhibi-
tors in the management of type 2 diabetes. Drug Design, Devel-
opment and Therapy. 2014; 8: 1335-1380.

20. Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher
G, Erondu N, Shaw W, Law G, Desai M, Matthews DR. Cana-
gliflozin and Cardiovascular and Renal Events in Type 2 Diabe-
tes. N Engl J Med 2017; 377: 644-57.

21. Pelucchi C, Bosetti C, Negri E, Malvezzi M, LaVecch
C. Mechanisms of disease: the epidemiology of bladder can-
cer. Nat ClinPract Urol. 2006; 3:327-340.

22. Sasson AN, Cherney DZ. Renal hyperfiltration related to
diabetes mellitus and obesity in human disease. World J Diabe-
tes. 2012; 3: 1-6.

23. Takeshi O, Yushi H, Genzo I. Euglycemic diabetic ketoaci-
dosis induced by SGLT2 inhibitors: possible mechanism and
contributing factors. J Diabetes Investig. 2016; 7(2): 135-138.
24. Taylor SI, Blau JE, Rother KI. Possible adverse effects of
SGLT2 inhibitors on bone. Lancet Diabetes Endocrinol. 2015;
3(1): 8-10.

25. U.S. Food and Drug Administration. Final Risk Evaluation
and Mitigation Strategy Review. 2015. Available from: http://
www.accessdata.fda.gov

26. Vasilakou D., Karagiannis T., Athanasiadou E. et al. Sodium-

61



glucosecotransporter 2 inhibitors for type 2 diabetes: a system-
atic review and meta-analysis. Ann Intern Med. 2013; 159(4):
262-274.

27. Wanner C. EMPA-REG OUTCOME: The Nephrologist’s Point
of View. The American Journal of Medicine. 2017; 130: S63-S72.
28. Whaley J.M., Tirmenstein M., Reilly T.P. et al. Targeting the
kidney and glucose excretion with dapagliflozin: preclinical and
clinical evidence for SGLT2 inhibition as a new option for treat-

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

ment of type 2 diabetes mellitus. Diabetes, Metabolic Syndrome
and Obesity: Targets and Therapy. 2012; Ne 5: 135-148.

29. Yale J.F., Bakris G., Cariou B. et al. Efficacy and safety of
canagliflozin in subjects with type 2 diabetes and chronic kidney
disease. Diabetes Obes Metab. 2013; 15(5): 463—473.

30. Zhu Z, Zhang X, Shen Z, et al. Diabetes mellitus and risk
of bladder cancer: a meta-analysis of cohort studies. PLoSOne.
2013;8(2):56662.

SUMMARY

NON-CARDIAL EFFECTS OF SGLT2 INHIBITORS (REVIEW)

Doroshkevych I., Vozniuk L., Voloshchuk N., Klekot O., Kyrychenko O.

Vinnytsia National Pirogov Memorial Medical University, Ukraine

The article reveals the efficacy and safety aspects of a new
class of antidiabetic drugs - SGLT2 inhibitors. The results of
clinical and experimental studies of the principle of renal glu-
cose reabsorption inhibition usage in the treatment of type 2 dia-
betes are presented in the article. Drugs of this class offer a new,
non-insulin-dependent mechanism of action, lack of negative ef-
fect on body weight, favorable pharmacokinetic properties and
good tolerance. However, data, requiring further more detailed

analysis, were found, namely: a glucosuria as a risk factor for
genitourinary system infections, increased levels of blood cre-
atinine, increased urinary calcium excretion, ketogenesis. Also
nephrogenic and cancer effects need more detailed analysis ac-
cording to the ratio of risk/benefit.

Keywords: SGLT?2 inhibitors, hypoglycemic drugs, carcino-
genesis, ketogenesis.

PE3IOME

HEKAPJIUAJIBHBIE D®®EKTbBI HHTUBUTOPOB SGLT2 (OB30P)

HopomkeBuu U.A., Bozniok JI.A., Boromyk H.U., Kiexor A.A., Kupuuenxo O.B.

Bunnuykuii nayuonanshulil meouyunckuil ynueepcumem um. H.U. [Tupoeoesa, Ykpauna

B crarbe packpbIThl acniekTsl dQdexTrBHOCTH U Oe3omac-
HOCTH  WICIOJIB30BaHUSI HOBOTO KJIacca CaxapOCHIDKAIOIINX
npemnaparoB - uHruouTopoB SGLT2. IlpuBeneHsl pesynbraTsl
KIIMHIYECKNX U 9KCIICPHIMEHTAIBHBIX HCCIEIO0BAaHUHN IPUMEHE-
HUS TPUHIAIA TTOAABICHUS ITOYE€YHOI peabcopOIny ITIOKO3EI
B stedennu CJ] 2 tuma. [Ipenaparsl 3TOro Kiacca mpemiararor
HOBBIH, HE3aBUCAIINHM OT MHCYIHHA MEXaHHU3M JCHCTBHUS, OT-
CYTCTBHE HETaTHBHOTO BIMSHUS Ha MaccCy Tela, OlaronpusTHEIE

(hapMaKkOKMHETHYECKHE CBOMCTBA M XOPOILYIO IEPEHOCHMOCTb.
OnHako, BBISBICHBI JaHHEIE, OI[EHKa KOTOPHIX Tpebyer Goiee
JIeTaJbHOTO aHaJIn3a B J0JITOCPOYHOH MEPCIIEKTUBE, & HIMEHHO:
IITFOKO3YpHs, Kak (GakTop prucka HHGEKIMIl MOYEIOI0BOH CH-
CTeMbl, HOBBILICHUE YPOBHS KPEaTHHHHA KPOBH, YBEIHYCHHE
9KCKPEIUH KaJbIUs C MOYOi, KeToreHes. Takke AETalbHOTO
aHasn3a TpeOyT BO3MOXKHBIC HePOTeHHBIH U KaHIIEPOreHHbIH
3¢ }EKTHI B COOTHOIICHUH PHUCK/TIOIIB3A.
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YPOBEHD 3AIUTHI OT OKCUAATUBHOI'O CTPECCA U TPEXUIETHSISI AMHAMUKA
CTPYKTYPHO-®YHKIIMOHAJIbHBIX U3MEHEHUI MAOKAPIIA
PY XPOHUYECKOM MITEMWYECKOM BOJIE3HU CEPIIIA YV MYKYWH

I'opOynoBa O.E., [Tanosa T.H., Yepusimena E.H., ITonos E.A.

Dedepanvroe 2ocyoapcmeernHoe 6100xcemnoe 00pa308amenbHoe yupexcoeHue 8bicuie20 00paA308aHUsL
«Acmpaxanckuii 20cy0apcmeeHHblll MeOUYUHCKULL YHUBEPCUMENm »
Munucmepcmea 30pasooxpanenus Poccutickoii @edepayuu, Acmpaxans, Poccus

MNmemunueckast 6one3np cepana (MBC) — omHo u3 Hanbonee
CepBhE3HBIX 3a00JIeBaHUIT CEpICUHO-COCYMCTON CHCTEMBI BBHU-
JIy BBICOKOTO PHUCKA KapAHOBACKYJISIPHBIX COOBITHI M CMEPTHO-
cru [7,15,16]. bonbuioe 3nauenue B nporpeccupoBanuu MbC
[IPUJAETCSl MPOLECCaM PEMOICIMPOBAHUS MHUOKapAa, Hpei-
CTaBJISIIOIUM CO0O0H KOMIUIEKCHOE M3MEHEHHE €T0 CTPYKTYPBI
n ¢yHKOUiA. PeMozenupoBanue BKIIIOYaeT THIIEPTPOGHIO U JTU-
JIaTalUIo0 ceplla, U3MEHEHHUE ero reOMETpUY, HapyLICHUs CU-
CTONIMYECKOI M MACTONNYECKONW (DYHKIHUH JIEBOTO JKEIydouKa
(JK). Brawane 3TH Ipolecchl SBISIIOTCS aJalTallOHHBIMH,
3aTeM CIIOCOOCTBYIOT IIPOIPECCHPOBAHUIO 3a00NIEBAHUS U yBe-
nmuuaeHuro cmeptHoctu 6onbHbIX UBC [8,13,21].

AHaJM3 JIUTEepaTypHBIX JaHHBIX CBUAETEIbCTBYET, YTO KIIU-
HudyeckuM npossiaeHusm MBC npenmecTByeT OKCUAATUBHBII
crpecc (OC), Beaymuii k aucOamaHCy MEXIy TPOOKCHIAHT-
HOW M anTHOKcuaaHTHOH cucremamu (AOC) [7-14], a ak-
TUBALUSL IPOOKCUAAHTHBIX PEAKUUIl MOMXKET CyIECTBEHHO
BIUATH Ha IIPOLECCHl peMojeaupoBaHus Muokapaa [6]. Ho-
CTaTOYHO MOAPOOHO H3Yy4YEHA POJIb BBICOKOMOJIEKYIISPHBIX
¢bepmentoB AOC (cynepokcuanucmyTtaza-COJl, nepynorias-
MUH, KaTaja3a, DIyTaTHOH3aBHCUMBIE (DEPMEHTHI), KOTOpPEIE
obecneunBaror npu MBC KOMIUIEKCHYIO aHTHPaIUKAIBHYIO
samuty ot OC [16-20]. ['opa3no Menblie u3ydyeHa posb KOM-
IIOHEHTOB HU3KOMOJIEKYIsipHOH HedepmentHoit AOC (BuTa-
munsl E, C, nucrenH, ModeBas KuCiIoTa, OminpyOouH, mepyio-
IUTa3MHH, GEPPUTHH U APYTHE MPUPOAHBIC AaHTHOKCUIAHTHI).
[Ipennonararor, uro npu OC depmentatuBaass AOC MoxeT
oKa3aThbCsl MHOTJA MeHee d(P(PEKTHBHON B CPaBHEHHH C 3a-
IIUTHBIM JICHCTBHEM HH3KOMOJICKYJISPHBIX COCIMHEHHH,
Tak Kak 1npu pa3sutun OC npoucxoauT ObICTpasi HHAKTHBA-
st pepMEeHTOB CBOOOAHBIMH PaHKaIaMHU, a JUIsl UX CHHTE3a
de novo Tpebyercs onpeneIeHHOE BpeMsl. AHTHOKCHJIAHTHEIE
(epMEHTHI NMEIOT BHYTPHKJICTOUHYIO JTOKAIH3aIHIO U B O10-
JIOTHYECKHX JKUIKOCTAX OOHApyKMBAIOTCS B CIIEJOBBIX KO-
nundecTBax. IToatomy B ycnosusax OC ycunuBaeTcst poib He-
¢depmentatuBHbIX AO, CIIOCOOHBIX CHMKATh HHTEHCUBHOCTH
OC. OnnuM n3 Hambosiee MOUIHBIX HE(EPMEHTATHUBHBIX aH-
THOKCHJAHTOB CYHTAIOT OWIMPYOMH, a IIOCKOJIBKY B ILIa3Me
KPOBH YeJIOBEKA COIAEPIKUTCS €T0 OOJIBIIOE KOIHYECTBO, TO H
MOTCHIHA ero B3anMOACHCTBIs ¢ O, IIPEBEIMIACT NIOTCHIN-
aJI BCeX OCTAJIbHBIX He()epMEHTAaTHBHBIX aHTHOKCUAAHTOB. B
3apy0e)KHOI JIUTeparype MOCJIEAHNX JeT, IOCBAIICHHON na-
TOTCHETHYCCKUM MEXaHH3MaM, KIIMHUIECKHM 0COOCHHOCTSIM
n nporno3y WBC, ounmupyOuny ynmensiercs ocoboe BHHMa-
Hue[17,22,23,25].

Ilens uccnenoBaHus - OLEGHUTb XapaKTep U TPEXJIETHIOHO
JMHAMUKY CTPYKTYPHO-(DYHKIIMOHAIBHBIX M3MEHEHUH cepied-
HO-COCY/IUCTOHN CHCTEMBI BO B3aHMOCBSI3H C YPOBHSIMHU (hepMeH-
TATUBHBIX ¥ HE()EPMEHTATUBHBIX AHTHOKCHAHTOB IIPU XPOHHU-
YecKoil nIeMuueckoi 60JIe3HH cep/a y My »KUnH.

Marepunaa u meronbl. B uccienosanue, onodopennoe Peru-
onanbHbIM HesaBucumbiv Otuueckum Komurerom I'BOY BIIO
«AT'MA» Munsnpasa Poccun ot 11 nexabps 2012 roxa, mpo-
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ToKoJI Ne 7, Ha yCJIOBHSIX JOOPOBOJILHOTO MH()OPMUPOBAHHOTO
cortacust BKJItoueHo 246 my»xunH ¢ xpounueckoit UbC co cpen-
HUM Bo3pacToM 58 set (53,0; 63,0), cTpagaronmux cTeHOKapan-
eil Hanpspxenust OK II-11I, XCH I-III ®K (NYHA). Bosbnble
HaOJIIOAINCh B TEPAEBTHYECKOM HMIIM KapAHOJIOTHYECKOM OT-
JETICHUSX W/WIA TIPOXOAMIN €XKETOfHbIe NPOQHUIAKTHISCKUE
ocMoTpsl B nonukianHuke HY3 «Menuko — caHuTapHas 4acTb»
r. Acrpaxans ¢ 10.01.2012 no 01.06.2015 rr.

Kpurepun BKIIIOYEHHS B HCCIIEJOBaHUE: HAJIMYNE JOKYMEH-
tupoBaHHoi MBC Ha MOMEHT HccienoBaHusl, MYKCKOH I10J,
BO3pacT oT 48 10 65 Jset.

Kpurepun nckirodeHus. 3a001eBaHNs NEUYCHH U JKEITICBBI-
BOJAIIUX IyTeH, MOMKEIYJOUHON HkKelle3bl, CUCTEMBbl KPOBH,
OHKOIIATOJIOTHsI, ayTOMMMYHHBIE 3a00JIeBaHus, NH(EKIIHOH-
HbIe 0OJIE3HH, OCTpbIE BOCIHAIMTEIBHBIE MPOIECCHl JI000H
JoKanu3anuy, (QyHKIMOHAIBHBIN KilacCc XPOHUYECKOW cep-
neunoir Hemocrarounoctu (XCH) seime III @K (NYHA),
XpOHHYECKHUe 3a00JIeBaHHs OYEK ¢ HAJIMYHEM II0YEYHOH He-
JIOCTaTOYHOCTH.

Bonenbie UBC, pacnpenenensl Ha 2 IPyIIbl — OCHOBHYIO U
KOHTPOJIbHYIO. Pa3yienenue OONBHBIX Ha IPYNIBI IPOBOANIOCH
C Y4eTOM ypOBHsI OMIMpyONHA KPOBHU, UMEIOIIMM HAaHOOJBIIYIO
nokaszarenbHylo 6asy npu MBC B kauecTBe aHTHOKCHIAHTA.
YpoBeHb 8 MKMOJIB/JI B Ka4eCTBE TOIPAHNYHOTO BEIOPAH NCXOIS
13 3apy0eKHBIX JIUTEPaTyPHBIX JAHHBIX, OLEHHBAIONINX OWIIN-
PYOHMH KaK «HU3KHH», IIPH TOM UMEETCsl B BUJy 3HaYEHHE IO-
Kazaresel Huke 7-8 Mrmoutn/i [19,20].

B ocHoBayro rpymmy Bonum 146 6oneHbIX BC ¢ ypoBHEM
OupyOrHA KPOBH <8 MKMOJIB/J, CPSIHUN BO3pACT OONBHBIX
— 58 net (53,0; 63,0); B KoHTpOIBHY!IO rpymiry - 100 GoIbHBIX C
YpOBHEM OHIMPYOUHA >8 MKMOJIB/JI, CPETHUNA BO3PACT OOJIBHBIX
— 59,5 (54,0; 65,0) ner.

AHanm3 rnoxydaeMoro OOJBHBIMH JIEUCHHS B 00CHX TpyIax
10Ka3aJj, 4YTO OHO, B OCHOBHOM, COOTBETCTBYeT HalnoHaibHbIM
pexomenpanusm no tepanuu UBC (2015 ).

HUBC IIOATBEPKAAIACH HaJIU4UueM IIEPEHECEHHOT0
Q-unapkra MHOKap/a, B ciIydasx, Koria HH(papKTa B aHAMHE3e
He ObLI0, HAIMYHEM CTEHO3HPYIOLIET0 IIOPayKeHHsT KOPOHAPHBIX
apTepuil MO JAHHBIM KOpOHAapOoaHTHorpaduy WIM THIHIHOW
kiHuKoi MBC, B COBOKYITHOCTH C IOJIOKUTEIIBHBIM PE3YIIbTa-
TOM Bestodpromerpuu (BOM), snmsonamu uieMun MHOKapya,
3aperucTpUpOBaHHEIMU TIpH MoHuTOpupoBannu DKI' wmu Ha-
PYIICHHUEM JIOKAIBHON COKPaTHMOCTH MHOKapja II0 JIaHHBIM
sxokapanorpaduu IxoKI.

Jlnarnos xponudeckoii cepaeunoit Henocrarounoctu (XCH)
YCTaHABIMBAIN IO pPe3yJbTaTaM TIATeIbHOTO KIMHHYECKOTO
oOcienoBaHus U MPoOBI ¢ JO3UPOBAHHOM (hU3NYECKOH HATpy3-
Koit — Benmospromerpust (BOM), Ha ocHoBanuK HanmonaabHBIX
pexomennanuit OCCH, PKO u PHMOT no nuarnocruke u Jie-
gennto XCH (2013) [10].

OyHKIMOHATIBHBIH KJIacC CTAaOMIIBHOM CTEHOKApANH yCTaHaB-
JIMBAJICSI COTVIACHO KJIaccH(UKAINH, Ipe/utoxkeHHoN Kananckoit
Kap/AMOBacKyISIPHOIT accoruarueit kapanonoros (1976 )
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BceeM 6osbHBIM KpoMe PYTUHHBIX KIMHUYECKUX U OMOXUMHU-
yeckux wuccienosanuii merogom M®A ompenensan ypoBeHb
nepekucu aunuaoB (OxyStat) B KpOBH M IOKa3aresy 0OIIero
AHTHOKCHUAAHTHOro craryca opraHusma (ImAnOx). Komnue-
cTBO nepekucu aununos (OxyStat) ompenensiyn ¢ MOMOLIbIO
tect-cucteMbl Biomedica Medizinprodukte GmbH&Co KG
DivischgasseVienna, Austria o HHCTPYKIHH K TECT-CUCTEME.

Omnpenenenne oO0IIEro0 AaHTHOKCHIAHTHOTO CTaTyca — aH-
THOKCUAaHTHOW crmocoOHocTH (IMANOX) CHIBOPOTKH KpO-
BU IPOBOIWIM C HCIIOJIb30BAHHEM TECT-CHCTEMbI (HPMBI
Immundiagnostik AG Stubenwald-Allee8aD-64625 Bensheim,
FepMaHMﬂ COINIaCHO MHCTPYKIUHU TECT-CUCTEMBI.

Konuenrpamuioo OuinupyOMHA U3MEpsUIM  IyTeM — peak-
MM 00pa3oBaHMsl a300WIMpYOMHA TIPH  B3aUMOICHCTBUM
OmnupyOMHa C JAMA30peakTHBOM IIOCPEACTBOM aHAlIM3aTo-
poB SYNCHRON CX® wu kamubparopa SYNCHRON®
SystemsBilirubinCalibrator.

OKI npoBonmiack B okoe B 12 cTaHapTHBIX OTBEACHUSAX HA
3/6—1mn kanansHOM 3nexTpokapauorpape BIOSET 3700 ¢pupmsr
«HORMANN Medizinelektronik» (Tepmannst). 3anucs OKI™
aHaJIu3 MOJIYYCHHBIX JAHHBIX IIPOBOAUIIUCE 11O O6Ll.lel'lpPIH5lTblM
MeToaukam, XontepoBckoe MonuTopuposanue IKI™ (XM DOKI')
- Ha anmnapare Astrocard-Holtersystems-2F (Poccust) B Teuenue
24 ygacos. Harpyzounsiii DKI'-TecT mpoBoauics Ha cucreme
CASE General Electric (CILIA) no metoquke WHOS0 ¢ peru-
crparueit DKI' B nuHamuke. TorepaHTHOCTh K (pU3HIECKON Ha-
rpy3Ke OLEHUBAIIH 10 [IOKA3aTeIsIM MOIIHOCTH M 001[ero o0be-
Ma BBIMOJHEHHON paboThl. B COOTBETCTBHHU ¢ PEKOMECHIAIIUSMHE
ACC/AHA Practice Guidelines Update for Exercise Testing npu
OIPE/ICJICHNH THUIA PEaKIuu Ha (HU3MYECKYI0 Harpy3ky obpa-
1aau BHUManue Ha crenedb u3mMenenust YCC u Al u Bpemst ux
BO3BPALIECHUSA K UCXOIHOMY YPOBHIO.

OxoKI' BBINOJHSIM Ha YIBTPAa3BYKOBOM CKaHepe Xario.
TOSHIBA No. 2B730-680E*1 (SInonus) B oxHomepHoMm (M),
nBymMepHOM (B) perxumax, a Taxoke B pexuMe JIONINIEPIXOKap-
JIMOCKOIIMH € YacTOTOM maruuka 3,5 MI'1.

Io dopmyne L. Teihholz paccunTbiBany KOHEYHBIN CHCTONH-
yeckuit (KCO), xoneunsnii quacronuueckuii (KAO) o0beMbl 1
Maccy Muokapna Jjieoro skeiygpouka (MMJIDXK). I'mobanbhyio
cokparumocts JIOK paccunTtsiBamm o BequdrMHaM (GppaKkiiy Bbl-

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

Opoca (PB) 1 ckopocTH YKOPOYEHUS LUPKYISIPHBIX BOJIOKOH
muokapaa (V ), Unnexe maccer muokapaa JOK (MMMIDK) pac-
cunthiBainu, kak orHomenne MMJIDK/IIT, roe TIT - miomans
tena. 3a kpurepuii runeprpodun JOK (ITK) npunnmanacs Be-
muuraa MMJDK> 150.0 , UMMJIDK > 80 r/m?. Ha ocHoBanuM
nmanHblx OxoKI onpenernsimu: ynapusiid o0bem (YO), ynapHbiit
unnexc (YU), cepaeunsiii uunexc (CH), obmiee nepudepude-
ckoe conpotusieHue cocynoB (OIICC), cooTHoLIeHHE CKOPO-
cTH paHHero HanojHeHus JDK k ckopocTu MO3AHero HarojHe-
uust JOK 1 npasoro xenynouxa (E/A JIK, E/A TTXK).

CrpykTypHble mnokasarenu Muokapaa JDK paccMorpuBanuch
cooTBeTcTBeHHO Kiaccudukarmu A. Ganau [18]. [l usydenus
(DYHKIIMOHAJIBHOTO COCTOSIHHSI CEPACYHOM MBIIIIBI  OLICHUBAIIH
COKpaTHTEIbHYI0 clIocOOHOCTh 16 cermenToB JDK, BblIENEeHHBIX
B COOTBETCTBHM C PEKOMEHIAIMSAMH AMEPUKAHCKOW acCOLMaIiu
sxokaparorpadun. OreHka JOKaIbHOW KHHETHKH Muokapaa JDK
BKJIIOYAJIa CJISAYIOLIME Tpajallii: HOpMOKuHe3 — 1 Gaul, ruro-
KHHE3 —2, aKuHe3 — 3, JUcKuHe3 — 4 Oayuta. Unciio cerMeHToB, B
KOTOPBIX OTMEUYECHA I'MIIOKMHE3US, aKUHE3US WIN JUCKUHE3Us, BbI-
paxkaJu B IIPOLIEHTaX K obiieMy unciy cermenTos JDK.

CratucTudyeckuil aHanu3 pe3ynbTaToB npoBoAuian Ha IBM c
MOMOIIIBIO TakeTa mporpamm Statistica 7,0 (StatSoft, Bepcus 7,
USA). KonngecTBeHHbIe [10Ka3aTeIN HA HOPMAJILHOCTh IIPOBE-
psutMCh ¢ ucnosib3oBanueM kpurepus [lanupo - Yunka. Pacnpe-
JIeJICHUE TI0Ka3aTele OTIMYaeTcs OT HOPMAaJbHOIO, IOITOMY
naHHble mpeacrasiaeHsl B Buae Me (LQ; UQ), rne Me — menuana
— LIEHTpaJIbHOE 3HAYCHHE IPH3HAaKa B BEIOOPKeE, CIIpaBa U ciieBa
OT KOTOPOTO PACIOJIOKEHBI PaBHbIE KOJIMYECTBA OOBEKTOB HC-
cienoBanus; LQ — HkHMi kBapTiiib; UQ — BepXHUIT KBapTHIIb.
Memr‘pynnosme OTIIMYMA OULCHUBAJIM HEIapaMETPUUCCKUM
KpurepueM MaHHa — YuTHU. Pa3nuuus cuuranuce NOCTOBEp-
HBIMU IIpU ypoBHE 3HaunMoctu p<0,05.

Pe3yabTarsl U ux 00cy:xaeHue. BriOpaB A U3ydeHus npu
UBC B xauecTBe He(epMEHTATUBHOIO AHTHOKCHAHTA OWIH-
pPYOHMH CBHIBOPOTKH KPOBH, ¥ OCHOBBIBAsCh Ha JINTEPATYPHBIX
JAHHBIX O TOM, YTO OH SBJIACTCA MOIIHBIM AHTHUOKCHUIAHTOM,
B Hayajie MUCCIIC[OBAHMs ONpENe/IsIM MOKA3aTely JIMIUIHOTO
CIIEKTpa, TIEPEKUCEH JIMTTUI0B U 001IEH aHTHOKCUAHTHOM CI10-
COOHOCTH CBHIBOPOTKH KPOBH B OCHOBHOM M KOHTPOJILHOM IpyII-
nax (tabmuua 1).

Tabauya 1. Iloxazamenu nepexuceti 1unuo08, GHMUOKCUOAHMHO20 CIMAMYCA U TUNUOHO20 CReKMpPa KPO8U
v 6onbrbix UBC 6 0CHOGHOLUL U 8 KOHMPOILHOU SPYNNAX HA HAYALO UCCIE008AHUSL

IToxka3zaTean

OcHoBHas rpynna (n=146)

Konrpoabnas rpynna (n=100)

OxyStat, MKMOJIb/TT

712,08 (492,7; 928,3) *

209,2 (187,4; 232,3)

ImAnOXx, MKMOJIB/JT

262,8 (227.3; 279,5) *

345,6 (325,2; 363,4)

OBP, Mmoo/ 6,3 (5,1;7,4)* 16,7 (15,6; 18,09)
TIBP, MkMoOIIB/1T 2,1(1,8;2,7) * 3,5 (3,1; 4,08)
HBP, Mkmouts/n 4,1(3,3;49) * 12,7 (12,08; 14,02)

OXC, mmoIb/1

6,4 (5,8; 7,07%)

5,11 (4,54; 5,88)

JIITHIT, MMoutb/n

3,76 (3,2; 4,9) *

3,16 (2,73; 3,58)

JITIBII, mmonb/n

1,16 (0,94; 1,36)

1,07 (0.91; 1,43)

TI', MMOJIB/1T

1,56 (1,03; 2,18)

1,33 (0,9; 1,84)

B — JIIL, EJUn

46,5 (38,0; 59,0)

47,0 (38.0; 52,5)

npumeuanue. OBP - obwuit ounupybun, [I6P — npsimou dunupyoun, HbP — nenpsimou 6unupyoun, OXC — obwuil xonecmepun,
JITIBII — nunonpomeuowt svicokoii nnomuocmu, JIITHIT — nunonpomeudwt huskou niomuocmu, TI— mpuenuyepuost,
p —JII — 6ema-nunonpomeudst.,/Juanazon nHopmanvholx snavenutl OxyStat <350 mxmons/n.
Jluanazon nopmanbHbix 3HAUEHUL 06We20 AHMUOKCUOAHMHO20 cmanyca/cnocobrocmu opeanusma (ImAnOx):
<280 mrmonv/1 — HU3Kas aumuoxkcuoanmarnas cnocoornocmo, 280-320 mxmonv/n — cpedusis, >320 MKMONL/ — 8bICOKAS
* p<0,01 — medxncdy 0CHOBHOU U KOHMPOALHOU 2PYNNAMU
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W3 Tabnuipl IBCTBYET, YTO B OCHOBHOM rpymiie ypoBHH OxyStat
Bbile, a IMANOX - HIKe pe)epeHCHBIX 3HAYCHHH, TOIa Kak B
KOHTPOJIBHOM Ipy1me ypoBHH OxyStat HaxonaTcs B Ipesiesniax pe-
(epeHCHBIX 3Ha4YeHHUIT, a ypoBeHb IMANOX 10Ka3ai BEICOKYIO aH-
THUOKHCJIUTEIIbHYIO aKTUBHOCTB B CHIBOPOTKE KPOBH. B OCHOBHOM
rpyme nokasarenn OxyStat, oOuero xonecrepuna u JIMHIT Ot
Bbie, a IMANOX - HIKe, 4eM B KOHTPOJIbHOH rpymre. Pazmuuus
JIAHHBIX TIOKa3aTelel Mexay rpynmnamu qoctoBepHsl (p<0,01).

C 1menplo M3yuyeHHs B3aUMOCBSI3M MEXK]y MOITy4YEHHbIMH JIa-
GopaTopHBIMHU TTOKa3aTeIsIMH U OUITHPYOHMHOM BO BCeil koropre
BKJIFOUCHHBIX B HccienoBanne 6ombpHbIx MBC mpoBeneH kop-
peIALMOHHBIA aHanu3 (Tabiauua 2), KOTOPbIM BBIABUI BeCbMa
CHJIBHBIC OTpHLIATEIbHBIE CBA3M Mexkay ypoBHeM OxyStat u 06-
M ounupy6unom (r-0,92; p<0,05), mexay ypoBaem OxyStat
U HenpsiMbIM Ounpy6usom (1-0,85; p<0,05), OxyStat u npsi-
MbIM OunupyousoM (r-0,80; p<0,05);

CHJIBHO BBIP2KEHHYIO MOJIOKUTEIBHYIO CBSI3b MEXIY YPOB-
HeM ImAnOx u HempsiMbiM Omnupyounom (r+0,97; p<0,05),
Mexay ypoBHeM ImAnOx m obmmm OGunmpyounom (r+0,78;
p<0,05), InAnOx u npsiMbiM Orupy6uHom (r+0,88; p<0,05).

[lonydeHHble TaHHBIE CBUACTEIBCTBYIOT O 0oJiee BBICOKOM
YPOBHE OKCHIATHBHOIO CTpecca y OONIbHBIX C YPOBHEM Ouiu-
pyOuHa KpoBH <8 MKMOJB/JI, 4eM Yy OOJIBHBIX C YpOBHEM OH-
npyOMHA KPOBH >8 MKMOJIB/JI, M TO3BOJISIIOT PEKOMEHI0BAaTh
UCIIOJIb30BAaHKUE 3TOTO PYTUHHOIO OMOXMMHUUYECKOIO MOKa3aTeIs

B KauecTBe ckpuHUHroBoro mapkepa OC.

Jlanee npoBeneHa OLCHKA XapakTepa M JUHAMHKH CTPYK-
TYpPHO-(QYHKIHOHAIBHOTO COCTOSIHUSI CEPACYHO-COCYIUCTOMH
CHCTEMBI B Ipolecce npopeaeHus ucciaeaopanus ¢ 2012 mo
2015 rr. (tabuuna 3). Kak BugHO U3 TaOMUIBI 3, THITBI PEMO-
JeIMPOBaHUs MHUOKapAa y 00CJIeOBaHHBIX OOJBHBIX BKIIIO-
Yaad BCE YEThIPE €ro BapHaHTa: HOPMAJIbHYIO T'€OMETpPHIO,
KOHIICHTPUUYECKYIO THIEPTPOPHIO, IKCIECHTPHUSCKYIO HEIH-
JaTalMOHHYIO0 THUIEPTPO(HI0 M IKCIEHTPUUECKYIO JUiaTa-
LIHOHHYIO THIEPTPOUIO.

B 0CHOBHOI 1 KOHTPOJIBHOM IPYIIIax 3a HePHUOA HAOIIOCHUS
KOJIMYECTBO OOJBHBIX C HOPMaJbHOW TE€OMETpHeld MHUOKapna
JIK B o6eux rpynnax nocrosepHo (p<0,05) ymensmmuiocs: 36%
vs 28% u 40% vs 32%, cooTBEeTCTBEHHO. B 0CHOBHOII rpymnme
00Hapy»KEHO J0CTOBEPHOE YBEINUCHUE YUCIIa OOJBHBIX C IKC-
IICHTPUYECKON HemumarainoHHoi runeprpoducii JOK (24% vs
33%, p<0,05) pu HETOCTOBEPHBIX KOJICOAHUSIX YHCITa OOJTBHBIX
¢ KOHIeHTpuYeckon runeprpodueit (12% vs 14%) u sKcieH-
TPUUYCCKOM auIaTannoHHoi runeprpodueii (28% vs 25%). B
KOHTPOJIBHOW T'pyMIIe CHEKTP THIIOB PEMOAEIMPOBAHUS HU3Me-
HMJICS 32 cueT focToBepHOro (p<0,05) yBenuueHus yucia 60ib-
HBIX ¢ KOHIeHTpuueckoi runeprpodueit JOK (11% vs 18%),
nocroBepHoro (p<0,05) ymeHbIIeHns Ynciia O0IbHBIX C IKCICH-
TpUYECKOH auiaTanuonHoit runeprpodueit (32% vs 28%) npu
HEAOCTOBEPHBIX KOJ'le6aHI/lHX qucia 6OJ'll>Hle C DKCLECHTpUYEC-

Tabnuya 2. Koppenayus medcody ypoerem nepexucetl Iunuoos, 00uum aHmuoKCUOAHMHIM CIAMYCOM,

bunupybunom u e2o pakyusmu

I16P HBP OBP
OOumii aHTHOKCHIAHTHBIH CTaTyC 0,7254 0,8426 0,8428
Ilepexucu nunumoB -0,8267 -0,8926 -0,9033

npumeyanue: * - docmosgepuwvie céasu (p<0,05) mapruposarvi nonyicupHviym wpugdmom

Tabnuya 3. Tpexnemusan OuHaAMuKa CmpyKmypHO — QYHKYUOHATbHBIX USMEHEHUL cepOeyHO-COCYOUCTNOU CUCTNEMbL

8 OCHOBHOIL U KOHMPONbHOU epynnax bonvHvix U6C

OcHoBHas1 rpynmna KonTtpoibHasi rpynna
Moxkazareas 2012 2015 2012 2015

(n=146) (n=113) (n=100) (n=92)
Turel peMoJeIMpoBaHus MUOKap/a:
HopmanbHhast reomerpust 53 (36 %)* 32 (28 %) 40 (40 %)e 29 (32 %)
Konnenrpuueckas runeptpodust 17 (12 %) 15 (14 %) 11 (11 %)e 17 (18 %)
DKCIEHTpHUYECcKas HeAWNaTalMOHHAas TUIIEPTPOdUs 35 (24 %)* 37 (33 %) 17 (17 %) 20 (21 %)
DKCIEHTpUYECKas TUIaTallMOHHAs THIIEPTPOQUs 41 (28 %) 28 (25 %) 32 (32 %)e 26 (28 %)
JlokanbHas cokpaTtuTenbHas criocoonocts JIK:
HopMoKHHEe3bI 91 (62 %)* 42 (37 %) 65 (65 %)e 48 (52%)
T'unokunes 35 (24 %)* 45 (40 %) 17 (17 %) 19 (21 %)
AxuHe3 16 (11 %) 17 (16 %) 15 (15 %) 17 (18 %)
Juckunes 4 (3 %)* 8 (7 %) 33 %)e 8 (9 %)
TonepantHoch k pusnuecknm Harpyskam (PH):
Huskas/amke cpenneit 65 (45 %) 55 (49 %) 30 (33 %)e 45(45 %)
Cpenusist 32 (22 %) 25 (22 %) 38 (41 %)e 35 (35 %)
Bericokas 49 (33 %) 32 (29 %) 24 (26 %)e 20 (20 %)
Peaxuus Ha QU3MYECKYIO HArPY3KY:
dusnonornyeckas 28 (19 %) 11 (10 %)* 26 (26 %)e 21 (23 %)
['uneproHnyeckast 50 (35 %) 31 (27 %) 38 (38 %) 38 (41 %)
UinemMuyeckas 40 (27 %) 40 (36 %)* 27 (27 %) 28 (31 %)
ApurMuueckast 28 (19 %) 30 (27 %)* 909 %)e 5(5%)

npumeyanue: * - p<0,05 — 6 ocHo6HOU epynne mexicoy HauauioM U OKOHUYAHUEM UCCLe008aHUS,
® - p <0,05 — 6 KOHMPONLHOU 2pynNe MenHcOy HaYaIoM U OKOHUAHUEM UCCTEe008AHUSA

© GMN
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Ta6ruya 4. Koppensiyus medicdy noxkazamensmu nepexuceil iunuoos, aHmuokCUOAHMHOU 3auumal, OUIupyouna u e2o gpaxyui
U CMPYKMypPHO-QYHKYUOHATILHBIMU NAPAMEMPAMU CEPOCUHO-COCYOUCON CUCTIEMbL

K Jm MAKI | 3CJIK KJIP KCP KCO KJO ®B
TGP 020 | -0,51 -0,16 0,24 -0,300 -0,387 -0,442 -0,400 0,517
HEP 0,27 -0,58 0,22 0,27 0,372 -0,443 -0,481 -0,452 0,568
OBP 024 | -0,59 0,21 0,27 -0,354 -0,434 0,477 -0,457 0,575
ImAnOx -0,33 -0,55 -0,13 -0,20 -0,299 -0,425 -0,462 -0,415 0,574
OxyStat 0,24 0,60 0,15 0,23 0,357 0,461 0,485 0,455 -0,577

npumeuanue: * - docmosepnvie ceazu (p <0,05) mapkuposarvl nonyscupHbviM wpugmom

CKOM HeZmataoHHol runeprpodueii (17% vs 22%).

[Ipu HaOmrOnEeHNK B TMHAMUKE 3 JIOKAIbHOW COKPAaTUTEIBHON
croco6HocThi0 JOK yCcTaHOBIEHO, YTO KOJMYECTBO CETMEHTOB C
HOPMOKHHE30M JIOCTOBEPHO YMEHBIIHIOCH B 00EHX Ipymmax: B
OCHOBHOH ¢ 62% 110 37% (p <0,05), B KOHTpONBHOI ¢ 65% 10 52%
(p<0,05). B OCHOBHOI1 TpyIIie MOSBUIOCH JOCTOBEPHO OOJIbIIIe
CErMEHTOB C THIOKHHE30M (24% vs 40%, p<0,05), B KOHTPOIBLHOM
rpymrne — ¢ auckune3oM (3% vs 9%, p<0,05).

B nunamuke HaOMIOACHHS TOJIEPAHTHOCTH K (pr3MUecKoi Ha-
Ipy3Ke CHIKAllach: B OCHOBHOM IpyIIe yBEIWYUIIOCH KOJIHYe-
CTBO OOJIBHBIX C HU3KOW/HIKE CPETHEH TOJICPaHTHOCTBIO ¢ 45%
110 49%, a ¢ BeIcOKOM — CHU3MIOCH ¢ 33% 110 29%; B KOHTPOJIb-
HO¥ rpyIIie YBeIUYHIOCH KOTMYECTBO OOJBHBIX C HU3KOW/HIDKE
cpenHeit TonepaHTHOCTBIO ¢ 33% 110 45%, a ¢ BBICOKOH — CHU-
3unock ¢ 26% no 20%; pasnuuus B AUHAMMKE JIOCTOBEPHBI
(p<0,05) ToNBKO AJIST KOHTPOJIBHOM IPYIIIIBL.

J10CTOBEpHO CHU3UIIOCH KOIHYECTBO OONBHBIX C (hHU3HOIOrUye-
CKUM THIIOM PEAKLIHU CEePIEYHO-COCYUCTON CUCTEMBI Ha (hU3nye-
CKYyI0 Harpysky B obeux rpymmax: ¢ 19% o 10% (p<0,05) B oc-
HOBHOI rpyrime u ¢ 26% 10 23% (p<0,05) B KOHTPOJILHOH rpyTTIe.

3a c4eT 3TOro B OCHOBHOM IpyIMIe JJOCTOBEPHO MOBBICHIOCH
KOJIMYECTBO OOJBHBIX C APUTMUYECKUM THIIOM peakiuu ¢ 19%
10 27% (p<0,05) ¥ ¢ uIeMHYECKUM THIIOM peakuuu ¢ 27% 10
36% (p<0,05), Torna kak B KOHTPOJIBHOH IpyIIe KOJIHYECTBO
GOJIBHBIX C ADUTMUYECKUM THIIOM PEAKIIUH IOCTOBEPHO YMEHb-
mmnock ¢ 9% 10 5% (p<0,05), a ¢ TUNIEPTOHUYECKUM TUTIOM
HEJ0CTOBEPHO yBenHuHuiIoch ¢ 38% 10 41% (p>0,05).

Habmironenne 3a OTUHAMHUKOW CTPYKTYpHO-(pyHKIIMOHAIb-
HBIX U3MEHEHHH CepJeYHO-COCYIUCTOH CUCTEMBI Yy OOIBHBIX
UBC ¢ pa3nuuHbIM ypoBHEM OMIMpYyOHHA KPOBH I10KA3ajo
0osiee 3HAYUTEIBHOE CHIMIKCHHE TOJEPAaHTHOCTH K (usude-
CKOIl Harpy3ke, yMeHbIICHUE KOJIU4YecTBa OONBHBIX ¢ HHU3HO-
JIOTHUECKHUM TUIIOM PEAKIIMU CEPJIEUHO-COCYAUCTON CUCTEMBI
Ha (U3UYECKYI0 HAarpy3Ky, JOCTOBEPHO OOJbIICe CHUKEHHE
JIOKaNbHON coKparuTenbHol crocobnoctn JIK B ocHOBHOI
rpynie B CPaBHEHUU C KOHTPOIBbHOM.

IIpu ogHOHAMpPaBIEHHBIX H3MEHEHUSX MTPOLIECCOB PEMOIEIHU-
pOBaHUsI MUOKap/ia, B OCHOBHOM TpyIie B Ipolecce Habmroe-
HHs OTMEUEHO J0CTOBEPHOE YBEINUEHNE KOJIUUECTBA OOIBbHBIX
C JKCLIEHTPUYECKOW HEAMIIATALHMOHHON rHnepTpodueii, B KOH-
TPOJILHOM IPyTIIIE — JOCTOBEPHOE YBEIUUEHHE UNCIIa OONBHBIX C
KOHIIEHTPUYECKO# runeprpodueii. Poct uncna 001bHBIX ¢ Hllle-
MHYECKHM THIIOM PEaKIUH Ha PU3MYECKYI0 HArpy3Ky, C SKCLEH-
TPUYECKOH HEANIIAaTAllMOHHOW TUIEpTpodHei, THIIOKHHE30M H
JIMCKUHE30M cerMeHToB Muokapaa JDK B nuHamuke accorun-
pyeTcst ¢ BBICOKHM YPOBHEM IEPEKHCEH JHUMUIO0B, HU3KHMH
YPOBHAMH 00111eif aHTHOKCUAAHTHON aKTUBHOCTH, OMIINPYOHHA
U ero ¢paxuuii B CBIBOPOTKE KpoBU. HecoMHEHHO, 4TO Xapak-
Tep ¥ JMHAMUKA BBISBICHHBIX T€MOJHMHAMUYECKHX HapyIIeHNi
criocoocTBytoT mporpeccupoBannio UBC u  XCH, yrspkenss
KIMHUYECKYI0 KapTHHY 3a00J1€BaHuUs U TPOTHO3.
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Jlanee nmpoBeneH KOPPESLMOHHBIN aHaIU3 MEXIY IoKas3a-
TEJIAIMHU TIEPEKUCEH JTUMUIOB, OOLIeld aHTHOKCHAAHTHOW CIO-
COOHOCTH CBIBOPOTKH, YPOBHSIMHU OWIIMpYyOUHa, ero Gppakuuii n
CTPYKTYPHO-(QYHKIMOHAIBHBIMU MOKA3aTEISIMH, XapaKTepu3y-
IOLUMH COCTOSIHUE CEPAEYHO-COCYAUCTON CUCTEMBI. Pe3yinbra-
THI 3TOTO aHAJM3a NPEACTABICHBI B TabmLe 4.

Ipu npoBeieHNH KOPPENIALMOHHOTO aHAIN3a BBISIBICHBI Clle-
JYIOILME CBS3U CPEIHEN CUIIBI:

— OTpHULATENbHBIE - MEXIY Pa3MepoM JIEBOTO TMpecepaus U
ImAnOx (-0,55, p<0,05), pasmepoM J1eBOro npeacepaus u o0Imm
oumupyousom (r-0,59; p<0,05), pazmepom JieBOro npeacepaus u
npsMeIM Orupyousom (r-0,51; p <0,05), pazmepom jeBoro npea-
cepaus ¥ HenpsiMbIM Outrpyounom (r-0,58; p<0,05);

— orpunarensslie - Mexay @B u OxyStat (1-0,57; p<0,05);

— nonoxutenpHble - Mexay OB u ImAnOx(r+0,57;p<0,05),
OB u o6mum ounupyousom (r+0,57; p<0,05), @B u npsMbiM
ounupyounom (r+0,51; p<0,05), ®B u HenpsmMbIM OUIHPYOH-
HoM (1+0,56; p<0,05).

Crabble MONOXKUTEIbHBIE CBS3U BbIsBICHBI Mexay OxyStat
u KCP ((r+0,46; p<0,05), OxyStat uKCO (r+0,48; p<0,05),
OxyStat u KJO (r+0,45; p<0,05),

Crabble oTpHIaTeIbHbIE CBS3U BBIABICHBI Mexay ImAnOx
u KCP (r-0,42; p<0,05), ImAnOx u KCO (r-0,46; p<0,05),
ImAnOx u KJ1O (1-0,41; p<0,05),

Takum 00pa3oM, MOTy4YEHHBIE B pe3y/bTaTe HCCICIOBAHUS
JIAHHBIE O HAJIMYUM KOPPEIALUH MEXIY CTPYKTYPHO-(YHKIHU-
OHAJIbHBIMH M3MEHEHUSIMU CEpJIeYHO-COCYAUCTON CUCTEMBI U
KOMITOHEHTaMH OKCHJIaTUBHOTO CTpecca, aHTUOKCHAHTHOM 3a-
IUTHI, YPOBHAMH OMIMpYOMHA M ero (pakiuil COmIacyroTcs ¢
TaKOBBIMHU JIPYTHX HCCIEOBaTeNel U MOTYT yKa3blBaTh Ha MX
ydyacTHe B Tpolieccax PeMOJETHPOBAHUS MUOKapAa y MY)KUUH
c MBC.

BriBogbl.

1. OOHapyKeHO CHIIKCHHE YPOBHS 3alllUThI OT OKCHAATHB-
Horo ctpecca y MyxunH ¢ UBC co cTabuinbHOI cTeHOKapaneit:
JOCTOBEPHOE MOBBIIIEHNE YPOBHS MEPEKUCH JIUMUIOB, CHUXKeE-
HHeE T0Ka3aTels 00ILIero aHTHOKCHAAHTHOIO CTaTyca. YCTaHOB-
JieHa BBICOKOM CTEMEHH TOJOKHUTENIbHAS KOPPENAMsS MEXKIy
YPOBHEM He()epMEHTATUBHOTO aHTHOKCHIAHTa OWIMPYOUHA M
HOKa3areaeM OOIIero aHTHOKCHUJAHTHOTO CTaTyca OpraHu3Ma,
a TaKkXKe BBICOKOH CTENeHN OTpHULATENIbHAS KOPPEIALUSI MEXKITY
YpOBHEM OHMIMpYOMHA M COIAEpKAHUEM INEPEKUCH JIMIUJOB B
CBIBOpPOTKE KpoBU My>kuuH ¢ BC.

2. TpexieTHee AMHAMHYECKOE HAOMIOICHME IOKAa3alo, YTO
BBICOKHH ypOBEHb OKCHJIATHBHOTO CTpECcCa Y MY’KUHH CO CTa-
ounsHOi MBC compoBoxknaercs HeONMaronpusATHBIMH H3Me-
HEHUSMH TEOMETPHU JIEBOTO KeNylodka (SKCLEHTpUYecKas
HEAWIaTAlMOHHAS TUIEPTPO(DHs, POCT YUCIIa CETMEHTOB C TH-
MIOKMHE30M), YTO MIPUBOIUT K mporpeccuposannio XCH u yse-
JMYCHUIO YUCiIa OOJNBHBIX MIIEMUYECKUMU U apUTMHUYECKHUMH
THIIAMH PEAKIMil Ha pU3MIECKHEe HArPy3KH.
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SUMMARY

THE LEVEL OF PROTECTION FROM OXIDATIVE
STRESS AND THREE-YEAR DYNAMICS OF STRUCTUR-
AL AND FUNCTIONAL CHANGES OF THE MYOCARDI-
UM IN CHRONIC ISCHEMIC HEART DISEASE IN MEN

Gorbunova O., Panova T., Chernysheva E., Popov E.

Federal state budgetary educational institution of higher edu-
cation “Astrakhan state medical University” of the Ministry of
health of the Russian Federation, Astrakhan, Russia

Aim — to assess the nature and three-year dynamics of struc-
tural and functional changes in the cardiovascular system in re-
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lation to the levels of enzymatic and non-enzymatic antioxidants
in chronic coronary heart disease in men.

The study included 246 men aged 48 to 65 years (mean age 58
years (53,0; 63,0)) with stable form of ischemic heart disease - an-
gina FC II-III CHF I-IITI FC (NYHA), observed during 2012-2015.
To assess the level of oxidative stress in all patients by ELISA was
determined by lipid peroxide, total antioxidant status (CCA) and
levels of non-enzymatic antioxidant bilirubin (BR). Patients were
divided into 2 groups according to the level of serum BR: the main
group - 146 patients with the level of BR< 8.0 pmol/l; the control
group-100 patients with the level of BR >8.0 umol/l. Assessment
of the structural and functional state of the myocardium included
ECG, XM ECG, EchoCG, VEM test.

A decrease in the level of protection against oxidative stress
(OS) in men with stable CHD in the form of a significant in-
crease in the level of lipid peroxides and a decrease in the OAS
index was found. In the study group OxyStat, total cholesterol
and LDL cholesterol were significantly higher (p<0.01)., and
ImAnOx - significantly lower than in the control group (p<0.01).
A high degree of direct relationship between the level of blood
BR and the indicator of AOC is established. Three-year dynamic
observation showed a close relationship between the processes
of cardiovascular system remodeling and OS components. The
high level of OS in men with stable ischemic heart disease is
accompanied by adverse changes in the geometry of the left
ventricle (eccentric non-dilatated hypertrophy, an increase in the
number of segments with hypokinesis), which leads to the pro-
gression of chronic heart failure with the risk of ischemic and
arrhythmic reactions to physical activity.

Keywords: ischemic heart disease, oxidative stress, lipid
peroxides, total antioxidant status, enzymatic antioxidants, non-
enzymatic antioxidants, bilirubin and its fractions, myocardial
remodeling.

PE3IOME

YPOBEHD 3AIIIUTHI OT OKCUJATUBHOI'O CTPEC-
CA U TPEXUIETHSSI JUHAMUKA CTPYKTYPHO-
®YHKIUOHAJBHBIX W3MEHEHHIA MHOKAPIA
P XPOHUYECKON WINEMHWYECKOM BOJIE3HU
CEPILA Y MYKUUH

I'opOyHnoBa O.E., Il1anosa T.H., Yepubimena E.H.,
Ilomos E.A.

Dedepanvhoe 2ocyoapcmeennoe 6100dcemnoe 06pazosameib-
Hoe yupedcoeHue @vlcuie2o 00pazoeanus «Acmpaxanckui 2o-
cyoapcmeentbiil Meouyunckul ynusepcumem» Munucmepcemea
30pasooxpanenust Poccutickou @edepayuu, Poccus, Acmpaxans

lens nccnenoBaHusi - OLEHUTh XapaKTep M TPEXJIETHIOMO
JIMHAMUKY CTPYKTYPHO-(YHKIMOHAIBHBIX M3MEHEHHI cepied-
HO-COCYIMICTOH CHCTEMBI BO B3aUMOCBSI3U C YPOBHSIMHU (hepMeH-
TAaTUBHBIX U He(bepMeHTaTHBHbIX AHTUOKCHUJIAHTOB IIPU XPOHH-
4eCKOH MIIeMHYeCKOoi 60Ie3HN cepAla y MyKUHH.

B uccnenosanuu npuHMManu ydactue 246 My>KUMH B BO3-
pacte ot 48 o 65 ner, cpenuuit Bo3pact 58 ner (53,0; 63,0)
co crabunpHoit hopmoit UBC (crenokapaunst Hanpsbxenus OK
II-11I, XCH I-1II ®K, NYHA), na6nronasumecs B 2012-2015 rr.
Jl1s olleHKH ypOBHS OKCUAATHBHOIO CTpecca Yy BceX OOJIBbHBIX
meTonom MDA onpeaensiii nepeKUucH JIMIUI0B, 00NN aHTH-
okcunantHelid craryc (OAC) u ypoBeHb HeepMEHTaTHBHOIO
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MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

antrokcunanrta ouaupyouna (bP). C yyerom yposust BP B kpo-
BU, OOJIbHBIX pa3/eIMiIN Ha 2 TPpyNIIbl: OCHOBHAA rpynna - 146
6onbHBIX ¢ ypoBHeM BP< 8,0 MKMOIB/JI; KOHTpONIBHAS TPYIIIa
— 100 GonpHbIX ¢ ypoBHeM BP >8,0 Mkmoinb/i. OnieHka CTpyk-
TYPHOTO ¥ (YHKLHOHAJILHOIO COCTOSIHUSI MHOKap/a BKJIIOYaa
OKT, XM BKT, DxoKTI, BOM mpo0y.

BrigBI€HO CHIDKEHHE YPOBHS 3allUTBI OT OKCUAATUBHOI'O
ctpecca (OC) y myxuuH co crabmisHoit UBC B Buzme no-
CTOBCPHOT'O IOBBIIICHUSA YPOBHSA HepeKMCeﬁ JIMIIUJ0B U CHH-
skenus nokasaresis OAC. B OCHOBHOM Tpymie IMoka3aTeiu
OxyStat, obutero xonecrepuna u JIITHIT 6putn goctoBepHO
Boie (p<0,01), a InAnOx - 1OCTOBEpHO HUXKE B CPABHCHUU
¢ KOHTpoabHOW rpynmnoi (p<0,01). YcranoBineHa BbICOKas
CTENEeHb NMPSIMON B3aUMOCBA3U Mexay ypoBHeM bP kpoBu u
nokazatesnem OAC. TpexieTHee TUHaAMHUYECKOE HAOJIOCHUE
II0Ka3aJI0 TECHYI0 B3aMMOCBSI3b IIPOLECCOB PEMOJEINPOBA-
HUSl CEPAEYHO-COCYIUCTON cucTteMbl ¢ kKomnoHeHtamu OC.
Bericoknit yposenbr OC y myxuun co crabuipHoit UBC co-
IMPOBOXAACTCA HeGHaFOHpVIHTHbIMI/I HN3MCHCHHAIMU TCOME-
TPHUU JIEBOTO JKEIyI04YKa (IKCLEHTpHUUECKass HeAUIaTalluOH-
Hasi TUHEPTPOQHsI, POCT YHCIA CETMEHTOB C TMIIOKHHE30M),
YTO NMPUBOJUT K MPOIPECCUPOBAHUIO XPOHUYECKOH cepaed-
HOM HEJOCTAaTOYHOCTH C PUCKOM HIIEMHUYECKUX U apUTMHUYe-
CKUX peakiuii Ha pU3nuecKue Harpy3KHu.
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INFLUENCE OF PHYSICAL ACTIVITY ON CARDIOVASCULAR SYSTEM
AND PREVENTION OF CARDIOVASCULAR DISEASES (REVIEW)
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According to the World Health Organization (WHO) data,
physical inactivity occupies the fourth place in the structure of
the causes of global mortality. In addition, the development of
such diseases as coronary heart disease, diabetes, breast and
colon cancer, largely depends on the state of physical activity
(PA) [16]. Therefore, increasing of PA level is a problem not
only for individuals, but also for the whole society. In May 2004
WHO has adopted its Global Strategy on Diet, Physical Activity,
and Health and recommended that direction to develop of PA in
population must be a priority in national politics [36].

Regular PA reduces the risk of many adverse health effects
on a large scale: mortality from all-causes and cardiovascular
diseases in healthy people - by 20-30% [4,23], as well as in sub-
jects with coronary risk factors [9] and in patients with cardiac
diseases [3]. It was shown, that PA has a positive effect on many
risk factors, including hypertension, low-density lipoprotein
cholesterol, body weight and type 2 diabetes. This applies to
both men and women, regardless of age [33].

The reaction of the cardiovascular system to physical ac-
tivity

Adaptation of the body in response to physical exercises
is due to coordinated response of a variety of organ systems.
The most important changes during physical training are ob-
served from the side of the cardiovascular (CV) system. The
main task of the heart is to pump blood and deliver oxygen
and nutrients to all central and peripheral organs. This work-
load is supported by complex cellular metabolic and contrac-
tile systems of the heart and can increase up to tenfold during
intense bouts of exercise [30,43].

Long-term physical training improves significantly con-
tractility of myocardium, the central and peripheral blood
circulation, increases myocardial mass and cardiac out-
put. The condition for supplying tissues with oxygen in the
trained organism has been more effective because of higher
functional reserves of the cardiovascular and respiratory sys-
tems, which is manifested by an increase in the maximum
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oxygen consumption. This is ensured by higher myoglobin
level and increasing of mitochondria formation and improv-
ing the efficiency of oxidative processes in trained people.
Improvement of central blood circulation is achieved to an
increase in the number of coronary capillaries and volumes of
coronary vessels [1]. It has been established that people who
are engaged in systematic physical exercises have broader
coronary artery. The blood flow in them, if necessary, can be
increased to a much greater extent than in physically inactive
people. However, most importantly, due to the economical
work of the heart, trained people for the same work spend less
blood to the heart working than untrained people. As a result,
the CV system of a trained person deals much easier with
the increasing physical loads, completely providing blood to
all central and peripheral organs [14,34]. It was proved, that
physical exercise improves endothelium-dependent vasodila-
tor function and has cardioprotective effect through activa-
tion of endothelial nitric oxide synthase [43].

The main structural changes that occur in the heart against
the backdrop of prolonged physical exercises are manifested
in increasing the mass of the heart and hypertrophy of the left
ventricles wall. It was by many authors shown, that physi-
ologic cardiac hypertrophy in response to regular PA, is ac-
companied by increasing in size of cardiac myocytes, not
by its proliferation [15,24,43]. Physiologic hypertrophy of
myocardium can be characterized as eccentric or concentric,
that depends on type of long-term exercise. Dynamic aerobic
exercise significantly increases heart rate and stroke volume,
and as a result - promote sustained increase in cardiac out-
put. This change causes volume overload on the heart and
eccentric myocardial hypertrophy development. Static exer-
cise leads to a slight elevation of cardiac output and a more
pronounced rise of blood pressure. That is why this type of
physical training results in a pressure overload on the heart
and causes concentric myocardial hypertrophy development
[14,43]. However, often many activities and training pro-
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grams invoke both dynamic and static elements of workload
and eventually, cause structural changes, that are charac-
terized by mixed-type of physiologic cardiac hypertrophy
[13,14,35].

All types of physiologic cardiac hypertrophy are relatively
mild and reversible on prolonged cessation of exercise [22,24].
Myocardium wall thickness in this cases reaches usually 13,
maximum - 16 mm. Pathologic hypertrophy of the myocardi-
um, which develops on the ground of cardiac diseases, usually
reaches more severe hypertrophic response, and progresses to a
heart failure. In comparing to this, left ventricular systolic func-
tion on the background of physiologic cardiac hypertrophy is
normal [14].

Molecular mechanisms and genetic factors of physiologi-
cal cardiac growth

Many researchers attempt at the molecular level to understand
the differences in physiological myocardial remodeling in re-
sponse to prolonged physical exercises and pathologic myocar-
dial hypertrophy by cardiac diseases [14,22,31,43]. As a result,
several features were identified, such as interstitial fibrosis, peri-
vascular fibrosis and myocyte disarray, that are typically only
for pathologic myocardial hypertrophy [1,42].

Currently, the literature describes the results of studies that
reflect the improvement of the cardiac function and inhibi-
tion of the pathologic remodeling development on the back-
ground of regular PA. By investigation of genetic animal
models key cellular receptor and downstream signaling path-
way mediators have been relieved, which are responsible for
physiologic hypertrophy of the myocardium. As summary
for these researches, it was shown, that increasing of cardiac
insulin-like growth factor-1 expression and activation of the
PI3K (p110a) pathway have been associated with intensified
cardiomyocyte hypertrophy by physical exercise in animals
[1,43,44]. It was also proved, that physical exercises improve
cardiac function in cases of heart failure on the ground of dif-
ferent cardiac diseases [12,21,41,43].

Other researchers, who studied the molecular mechanisms
of physiologic cardiac hypertrophy in response to intensive PA
in animals demonstrated, that different external stimuli cause
activation of different hypertrophy programs in the cardiomyo-
cyte [1,43]. In a case of arterial hypertension, the cardiomyo-
cyte inducted a fetal gene program and this leads to increasing
natriuretic peptide expression and changing in sarcomere iso-
form gene expression. These factors become a background to
pathologic remodeling, structural chamber changes, and heart
failure development. In contrast, regular physical exercise cause
a physiologic remodeling, without activation of the fetal-gene
program, and improving metabolic function of cardiomyocytes
and contractile ability of myocardium [1,43].

The general influence of exercise on the body

Regular PA positively affects the entire human body, improves
the functioning of all organs and systems, improved quality of
life and increased lifespan [4,27].

PA significantly improves the function of respiratory system.
It is well known that the thorax in trained people has a larger
volume; they have a bigger minute breathing volume, as well as
indicators of the relative vital capacity of the lungs. During the
work, pulmonary ventilation in trained people increases due to
deepening of breathing, and not due to an increase in its frequen-
cy. Regular training expands the ability to supply tissues with
oxygen due to increased volume of circulating blood, mass of
erythrocytes and hemoglobin content, as well as through the de-
velopment of capillary mesh in skeletal muscle and around the
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pulmonary alveoli. Under the influence of training, the strength
of the respiratory muscles increases and the diffuse ability of the
lungs increase due to the larger surface of the lung alveoli and
the density of the capillaries near each alveolus.

Numerous experimental studies have shown that those who
have better vital capacity indicators are more efficient. In un-
trained people, it ranges from 46.5 to 57.3 ml per 1 kg of
weight, and for trained, for example, runners for long dis-
tances - reaches 79.3 ml per 1 kg of weight. Under the influ-
ence of systematic exercise, the maximum consumption of
oxygen also increases [14]. Even in patients with disabilities
of respiratory function and CV system, systematic training
increases the maximum oxygen consumption to 2.5-3.5 1/
min. Increasing in maximum oxygen consumption improves
the functional state of the CV system and improves physical
performance [29].

Regular PA from 120 to 150 minutes of moderate intensity
per week reduces the risk of type 2 diabetes and metabolic
syndrome, and reduces the level of low-density lipoprotein,
while at the same time increasing the level of high-density
lipoprotein. These changes in the content of lipoproteins re-
duce the risk of coronary heart disease. Systematic physical
loads affects on blood sugar level because they require in-
tensive use of glucose and other sugars to energy generation.
Therefore, glucose and glycogen, which are formed from it
during exercise, are quickly absorbed by the body; their con-
centration in the blood drops sharply.

It was proved, that aerobic exercise slowed of the periph-
eral neuropathy development in patients with diabetes and
improves the function of the pancreas, liver and kidneys [5,
28]. Moderate to high levels of aerobic PA and higher levels
of cardiorespiratory fitness are associated with substantial re-
ductions in morbidity and mortality in both men and women
and in both type 1 and type 2 diabetes [28]. In the preven-
tion of cardiovascular disease, it is extremely important that
physical training is able to normalize the disturbed fat metab-
olism and maintain it at a normal level, and also to stimulate
metabolism and reduce weight [5]. Scientific studies indicate
that reducing bone density, which is occurs with age, can be
slowed down by regular use physical activity of aerobic and
force orientation.

The value of PA is not limited only by physical health of a
person; it also has a positive effect on the mental health. Be-
sides improving peak work capacity, aerobic PA can also help
to significantly reduce hopelessness, depression and can help ef-
fectively overcomes stress.

Checking the initial cardiorespiratory fitness

The effective functioning of the CV system (heart, blood and
blood vessels) and the respiratory system (lungs) is the most
important component of human fitness. Cardiorespiratory effi-
ciency provides ability for the body effectively deliver oxygen
to working muscles during PA. The endurance of CV system is
determined by the indicator of highest level of reception, trans-
port and using oxygen on the exercise peak - maximum oxygen
consumption (VO2max), obtained by providing of cardiopulmo-
nary exercise testing [17,26].

Cardiopulmonary exercise test can be performed on a tread-
mill or static bike with choosing protocol depending on the in-
dication to examination in the individual subject or patient [26].
VO2max should be expressed in absolute values — 1/min or mL/
kg/min. Maximal VO2 values vary widely and are influenced by
age, sex, genetics, lifestyle/exercise training habits, and varied
disease states. According to this, VO2max can range from <10
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mL/kg/min in patients with advanced chronic disease, such as
end-stage heart failure, to >80 mL/kg/min in young elite endur-
ance athletes [37].

The average sedentary male will achieve a VO2max of ap-
proximately 35 to 40 mL/kg/min. The average sedentary female
will score a VO2max of between 27 and 31 mL/kg/min. As it is
shown, VO2max is from 10 to 20% greater in men than in wom-
en of comparable age, because of higher hemoglobin concentra-
tion and greater muscle mass and stroke volume in men [26]. In
addition, it is suggested, that VO2max declines on average by
10% per decade after the age of 30, due to decreasing maximal
heart rate, stroke volume, blood flow to skeletal muscle and aer-
obic potential. These scores can improve with training [17,37].

Cardiorespiratory fitness is a strong predictor of cardiovas-
cular disease and all-cause mortality [20]. That’s why the
American Heart Association recommended to check VO2max
widely in clinical practice for exercise tolerance assessment,
prognostic stratification, training prescription, treatment ef-
ficacy evaluation [26]. To increase the level of cardiorespira-
tory endurance, the intensity of physical exercise is recom-
mended at the level of 40-80% of VO2max, 3-5 times a week
for 15-60 minutes. Aerobic activity should be used to develop
a cardiorespiratory endurance [44].

Types of physical activity and recommendations for their
application

In general, the main goals of exercise are an increase in the re-
serves of the CV and respiratory systems and to support at some
level the function of muscles and joints. The construction of a
fitness program for the improving of cardiorespiratory capacity
requires the determination of the appropriate intensity, duration,
frequency and type of exercise.

Absolute intensity is the amount of energy used for perma-
nent activity, is estimated by the oxygen absorption per unit time
(ml/min or I/min) or metabolic equivalent (MET). METis the
ratio of the level of human metabolism during PA to the level
of its metabolism in a state of rest. 1 MET is the amount of
energy consumed by a person in a state of rest and equivalent
to a burn 1 kkal/kg/h (equals 3.5 mlO2/kg/min). It is estimated
that in comparison with a person in a state of rest, a moderately
active person burns 3-6 times more calories (3-6 MET), and a
highly active person - more than 6 times (>6 MET).Absolute
measure does not take into account individual factors, such as
body weight, gender and activity level.

Relative intensity is the level of exertion needed to work. It
is determined in relation to the level of the cardiorespiratory fit-
ness indicator of human (VO2 max) or as a percentage of the
measured individual maximum heart rate (% HR max), which
is 220-years. It can also be expressed as an indicator of the in-
dividual effort level (how much it feels/does it), that is, the per-
ceived voltage rating or the respiration rate (the so-called Talk
Test) - the Borg Scale. For individuals who take medications it
is important to consider a allowable modification of the heart
rate response and refer to other parameters of relative intensity.

Aerobic PA or continuous endurance training (CET) is the
most studied and recommended modality, with a beneficial
dose-response effect on prognosis [27, 29, and 32]. Guidelines
for prevention and rehabilitation of cardiovascular diseases from
leading professional international societies encourage healthy
subjects and patients alike to include aerobic CET into their dai-
ly lives. European Society of Cardiology recommends moderate
acrobic PA at a duration of 30 min/session at 3—5 days/week,
totaling at least 150 min/week, or vigorous intensities at a dura-
tion of 15 min/session at 3—5 days/week, totaling at least 75 min/
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week. For additional benefits in healthy adults, is recommended
a gradual increasing of moderate aerobic PA to 300 min a week
or to 150 min a week of vigorous aerobic PA [32].

Aerobic PA is characterized by the energy supply of the
muscles mainly due to aerobic processes, an increase in heart
rate and maintaining it a certain target level for a long time. It
includes daily physical activities with active trips (cycling or
walking), gardening, or activities such as brisk walking, Nordic
walking, hiking, running, cycling, cross-country skiing, aerobic
dancing, ice skating, rowing or swimming. During such activi-
ties it is easy to monitor and regulate a given heart rate, acceler-
ating or slowing down the intensity of the session. Aerobic PA or
CET is a type of physical activity that is performed over a longer
period of time at a constant, mostly submaximal workload of
sufficient intensity to increase heart rate and blood pressure and
significantly improves cardiorespiratory fitness. It was shown,
that CET reliably and reproducibly improves peak work capac-
ity and has been shown to be effective in reducing cardiac as
well as all-cause mortality [1,32].

People who lead a passive lifestyle should start with low lev-
els of PA and gradually increase the duration, frequency and in-
tensity of studies over time. Patients with cardiovascular diseas-
es may need additional precautions and medical advice before
they attempt to achieve the recommended levels of PA. Like all
other activities, its prescription can be regulated by intervals of
frequency, duration and intensity. Nevertheless, the practice of
PA below the minimum recommended levels should be encour-
aged in persons who are unable to perform a minimum with a
gradual increase in the level of activity [32].

In summary, CET is the preferred type of endurance exercise
in all guidelines of the leading professional societies, because of
the evidence base as well as its simplicity. With minimal instruc-
tions, CET can be performed by anybody who is physically able
to exercise [32].Furthermore, CET is a central component of
cardiac rehabilitation and reduces cardiovascular morbidity and
mortality in patients with chronic heart diseases [23,38].

Muscle strength/resistance PA. Isotonic PA stimulates bone
formation and reduces bone loss; it preserves and enhances
muscle mass, strength, power and functional ability, with some
evidence of benefit in lipid and blood preasure control and insu-
lin sensitivity, especially in combination with aerobic exercise
[32,33,39]. It should target the major muscle groups (agonist
and antagonist). For each exercise session, the suggested pre-
scription is two to three sets of 8—12 repetitions at the intensity
of 60-80% of the individual’s 1 repetition maximum at a fre-
quency of least 2 days a week. For older adults or very decondi-
tioned individuals, it is suggested to start with one set of 10-15
repetitions at 60-70% of 1 repetition maximum [32].

Neuromotor PA. For older adults at risk of falls, neuromotor
exercise helps to maintain and improve balance and motor skills
(balance, agility, coordination and gait). This includes multifac-
eted activities such as tai chi and yoga, and recreational activi-
ties using paddles or sport balls to challenge hand—eye coordina-
tion. The optimal volume is not known [32].

Risk assessment

The risk of an adverse CV response during PA is extremely
low for apparently healthy adults (5-17 sudden deaths/mil-
lion population/year). The risk of this event is outweighed
by the substantial health benefits conferred by PA [32,33].
Risk during light- or moderate-intensity exercise is lower
than during vigorous activity, thus in healthy individuals
who wish to undertake moderate PA, such as a walking pro-
gramme, a preliminary medical evaluations is not needed
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[7, 32]. Before starting more intensive leisure time activi-
ties, a risk assessment should be tailored to the individual’s
clinical (i.e. metabolic, musculoskeletal condition, disecase)
and cardiac risk profile, the current level of habitual PA and
the intended level of PA [7,32]. Sedentary subjects and those
with CV risk factors should start aerobic PA at low-intensity
activity and progress gradually. Clinical evaluation, includ-
ing exercise testing, may be considered for sedentary people
with CV risk factors who intend to engage in vigorous PA and
sports [7, 32].

Conclusion. Epidemiological evidence strongly suggests
that regular exercises develop beneficial effects on cardio-
vascular health. Long-term exercise stimulates physiologic
cardiac remodeling, including growth and adaptive molecular
and cellular reprogramming that have protective influence on
the heart. It is recommended regular moderate aerobic physi-
cal activity for healthy adults. It is recommended to provide a
cardiopulmonale assessment, including cardiopulmonary ex-
ercise test, before starting intensive physical activity or train-
ing patients with chronic cardiac diseases; to choose most
appropriate training program and to minimize exercise risks.
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SUMMARY

INFLUENCE OF PHYSICAL ACTIVITY ON CAR-
DIOVASCULAR SYSTEM AND PREVENTION OF
CARDIOVASCULAR DISEASES (REVIEW)

Makar O., Siabrenko G.

Danylo Halytsky Lviv National Medical University;, War Veter-
ans' Regional Clinical Hospital of Kirovograd Regional Coun-
cil, Ukraine

Regular physical activity causes many positive effects on the
cardiovascular system and improves cardiorespiratory fitness.
Long term exercise leads to physiologic remodeling of the heart,
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including adaptive molecular and cellular reprogramming, that
have cardioprotective effect. Aerobic physical activity, the most
studied modality with beneficial dose-response effect on prog-
nosis, is recommended for all healthy adults, subjects with coro-
nary risk factors and patients with chronic cardiac diseases. To
check cardiorespiratory fitness is recommended to carry out car-
diopulmonary exercise testing with measuring VO2max for risk
assessment, exercise prescription, physical activity counseling
and improving patient management.

Keywords: physical activity, cardiovascular system,heart,
cardiopulmonary exercise testing.

PE3IOME

BJUSIHUE ®U3MYECKOW AKTUBHOCTHU HA CEP-
JEYHO-COCYAUCTYIO CUCTEMY M MPO®UIAK-
THKY CEPIEYHO-COCYIMCTBIX 3ABOJIEBAHHUIA
(OB30P)

Makap O.P., Csaopenxo I'.II.

JIb606CKUU HAYUOHATLHBII MEOUYUHCKULL YHUBEpCUmem um. /la-
nuna Tanuyxoco; Obnacmnou KIUHUYECKUL 20CHUMAlb 6eme-
panos sotinwbl Kuposozepadckozo oonacmmnoeo cogema, Yxpauna

Perymspras ¢usndeckas akTHBHOCTb HPUBOJUT K MHOTHM
MOJOXKHUTEIbHBIM 3P deKTaM €O CTOPOHBI CEPACUHO-COCY-
JUCTOM CHCTEMBI W yJIydllaeT KapAHOpEeCHUpaTOpHbId (ut-
Hec. /linTtenpHble (U3NUYECKHE yNpaKHEHHsI 00yCIIOBIHBa-
10T (HU3HONIOTHYECKOE PEMOACIUPOBAHNE CEP/Ia, BKIIIOYAs
aJaNTHBHOE MOJICKYJISIPHOE U KISTOYHOE IMepernporpaMmu-
poBaHHe, KOTOPOE OKAa3bIBACT KAPAUOIPOTEKTOPHBIN P PEKT.
AdpobHast (usuueckas aKTHBHOCTb, Hawbosiee H3ydYCHHAs
MOZIaJIbHOCTB € 0JaronpusaTHeIM 3 (HeKkToM Ha NPOTHO3, pe-
KOMEH/IyeTCsl BCEM 3I0POBBIM B3POCIIBIM, CYyObEKTaM C KOpPO-
HapHBIME (DakTOpaMH pPHCKa M MALHEHTAM C XPOHUYECKHUMHU
cepaeuHbIMu 3a0oaeBaHnsIMHU. C LENbIO HCCIIETOBAHNS YPOB-
Hsl KapJHOPeCUpaTopHoro puUTHECa PEKOMEHYETCs IIPOBO-
JIUTh KapAHOIYJIbMOHAIBHBIH HAarpy304HBId TECT C U3Mepe-
Huem VO, max Juist OUEHKH PUCKA, HA3HAYESHHs YIIPOKHEHUH,
KOHCYJIBTHPOBAHHUsI 110 BONpocaM (QU3NIECKOH aKTUBHOCTH U
yIAy4IIeHHs Ka4eCTBa JICYCHUs TAlUeHTOB.
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THE RESTLESS LEGS SYNDROME (REVIEW)

'Japaridze G., ?Kasradze S., *Maisuradze L., ‘Popp R., “Wetter Th.C.

!nstitute of Neurology and Neuropsychology, Thilisi; *Caucasus International University, Thilisi, *llia State University, Thilisi,
Georgia; *Department of Psychiatry and Psychotherapy, University of Regensburg, Germany

Restless legs syndrome (RLS), also known as Willis-Ekbom
disease is a neurological sensorimotor disorder often profoundly
disturbing sleep and quality of life. RLS is primarily character-
ized by an urge to move the legs, usually accompanied by sensa-
tions that are described as unpleasant or even extremely unpleas-
ant. Symptoms occur or increase when the patient is at rest i.e.
sitting or lying down. Typically, the patients move or rub their
legs or walk around to alleviate the sensations; in the case of
very pronounced complaints, calm sitting, lying down is almost
impossible and sleep is severely impaired. At the beginning, the
symptoms typically occur in the evening or at night whereas
later in the course of the disease, this circadian component may
not be present and a spread of the complaints on previously un-
affected limbs can be observed [1].

Diagnosis

The diagnosis is based on the criteria of the International RLS
Study Group summarized in Table 1.

In clinical practice, the application of the criteria may be
problematic because the symptoms are primarily subjective and
based almost exclusively on the information provided by the pa-
tients [1]. Affected persons may have difficulties to describe the
sensations as well as the urge to move appropriately. The symp-
toms are hardly comparable with other sensations, which is one
of the main causes of the under- and misdiagnosis of RLS. The
patients often do not perceive their complaints as symptoms of

a disease and are more likely to describe the consequences such
as sleep disorders, fatigue, or exhaustion. The symptoms usually
occur bilaterally between the ankle and knee, and may alternate
between both legs. In addition, they often show a variable ex-
pression and vary from day to day.

RLS symptoms may already occur in children and adoles-
cents and can be misdiagnosed as a “hyperactivity syndrome”
or “growing pains”. The diagnosis may be difficult, because the
diagnostic criteria require that the description of the symptoms
should be given in own words. Therefore, it may also be difficult
to diagnose RLS in patients with dementia [1].

In addition to the essential criteria, the IRLSSG identified
clinical features supporting the RLS diagnosis:

- periodic leg movements;

- dopaminergic treatment response;

- family history of RLS among first-degree relatives;

- lack of profound daytime sleepiness.

As an objective feature, periodic leg movements (PLM) can
occur during sleep (PLMS) or relaxed wakefulness (PLMW), the
latter in more severe forms of RLS. PLM are detected in about
80-90% of RLS patients if sleep recordings are made during
several nights by polysomnography (PSG) or actigraphy. PLMS
are highly regular, jerky, unilateral or bilateral movements char-
acterized by involuntary repetitive extensions of the toe, often
accompanied by flexions of the ankles, knees or hip. According

Table 1. International Restless Legs Syndrome Study Group (IRLSSG) consensus diagnostic criteria for RLS [1]

Essential diagnostic criteria (all must be met):

1. An urge to move the legs usually but not always accompanied by, or felt to be caused by, uncomfortable and unpleasant sensa-
tions in the legs.

2. The urge to move the legs and any accompanying unpleasant sensations begin or worsen during periods of rest or inactivity
such as lying down or sitting.

3. The urge to move the legs and any accompanying unpleasant sensations are partially or totally relieved by movement, such as
walking or stretching, at least as long as the activity continues.

4. The urge to move the legs and any accompanying unpleasant sensations during rest or inactivity only occur or are worse in the
evening or at night than during the day.

5. The occurrence of the above features is not solely accounted for as symptoms primary to another medical or a behavioral con-
dition (e.g. myalgia, venous stasis, leg edema, arthritis, leg cramps, positional discomfort, habitual foot tapping).
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to the international criteria based on PSG, PLMS include at least
four consecutive leg movements with an intermovement interval of
> 10 s and £ 90 s with a duration of 0.5-10 seconds [12]. It is unclear
to what extent PLMS without RLS are a stand-alone syndrome, a
precursor of RLS or an endophenotype of the RLS genotype [37].
PLMS can be associated with EEG arousals and a short-term in-
crease in heart rate, heart rate variability or blood pressure.
Because primary (idiopathic) and secondary (comorbid) RLS
do not generally differ in clinical terms, further investigations may
be necessary to exclude underlying treatable causes such as iron
deficiency and to differentiate RLS from similar disorders that may
mimic RLS. The clinical testing for RLS is summarized in Table 2.

Table 2. Clinical testing for RLS [43]

Tests considered mandatory

Hemoglobin

Urea

Creatinine and electrolytes

Serum ferritin and total iron binding capacity

Tests occasional helpful if clinical pointers

Thyroid function tests

Glucose
B12 and folate levels

Nerve conduction studies

Polysomnography

PSG often reveals significant abnormalities in patients with
RLS. Sleep latency is typically increased whereas sleep efficien-
cy and total sleep time is decreased and sleep continuity may be
impaired by frequent awakenings and PLMS associated EEG
arousals. In addition, there are alterations of sleep architecture
such as an increase in light sleep and a decrease in sleep stage
3 (SWS) and REM sleep. Because RLS is a clinical diagnosis,
PSG is not mandatory in most cases. However, possible indica-
tions for PSG may be the following [19]:

- persistent RLS complaints or severe sleep disorders under
treatment;

- daytime sleepiness as the main symptom;

- before starting treatment with dopaminergic drugs or opiates
in young patients with severe RLS;

- to rule out comorbid sleep-related breathing disorders.

Epidemiology

The prevalence varies depending on the population studied
and the criteria used. If solely the diagnostic criteria are used,
RLS complaints may be determined in up to 10% of the Cau-
casian population [18]. If the frequency of complaints is addi-
tionally assessed, the proportion of “RLS sufferers” (complaints
at least 2 times/week) or RLS patients in need of treatment is
between 1.5 and 2.7% [2]. In two prospective studies in Ger-
many, a cumulative incidence of 9.1% and 7%, respectively (ob-
servation period: 5.2 and 2 years, respectively) was found [35].
RLS mostly affects middle-aged and older people. Women are
significantly more affected than men (ratio between 1: 1.5 and
1: 2.0) [13] due to parity (the risk of developing RLS increases
with increasing numbers of births). According to the epidemio-
logical studies, RLS affects approximately 15 to 25% of preg-
nant women in Western countries. Some reports suggest marked
ethnic and geographic differences in the prevalence of RLS with
a lower proportion in most Asian countries. The prevalence of
RLS in a Georgian primary healthcare setting is 11.3% [24].
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Development and course

The onset of RLS ranges from childhood to elderly people,
with a higher familial occurrence at early onset [3]. RLS is usu-
ally a chronic disease with a variable course. According to recent
studies, the complaints persist in nearly 50% of cases in follow-
up periods of 2 to 5.2 years [35]. It is distinguished between
“chronic persistent RLS” i.e. symptoms when not treated occur
on average at least twice weekly for the past year and “intermit-
tent RLS” i.e. symptoms when not treated occur on average <
2/week for the past year, with at least five lifetime events [1].
The course of the disease is also determined by the age of the
first manifestation. In patients with a manifestation of symptoms
before the age of 45 (“early onset RLS”) the course is usually
characterized by longer periods of remission, whereas in those
with an onset after the age of 45 years («late onset RLS») more
unfavorable courses have been described [3].

Quality of life

The symptoms of RLS cause significant distress or impair-
ment in social, occupational, educational or other important ar-
eas of functioning by their impact on sleep, vitality, daily activi-
ties, cognition or mood. The impact of an RLS on the quality
of life is therefore far-reaching. RLS patients may suffer from
a diminished ability to concentrate, psychomotor restlessness,
anxiety and depressive disorders [overview in 44]. In severe
forms of RLS, the quality of life is considered comparable to
other chronic diseases (e.g. diabetes mellitus, polyneuropathy)
or even worse.

Pathophysiological aspects

The etiology of RLS is still not fully understood. Current hy-
potheses on the pathophysiology of primary RLS favor a het-
erogeneously genetically determined, complex disorder of the
cerebral iron stores with subsequent dysregulation of the dopa-
minergic system. Studies on large family pedigrees showed that
RLS follows a pattern of autosomal-dominant inheritance. Fam-
ily linkage analysis identified several associated loci with RLS
(chromosomes 12q, 14q, 9p, 2q, 16p, 4q, 17p, 19p and 20p).
In genome-wide association studies, single nucleotide polymor-
phisms (SNPs) were found in a number of genes, which are asso-
ciated with an increased risk of RLS (MEIS1, BTBD9, MAP2K35,
PTPRD, SKORI1, TOX3, LBXCOR]I) [reviewed in 21]. The exact
function of these genes often remains unclear, but seems to play
an important role in embryonic development [31]. In addition,
an involvement in the development of the basal ganglia was
described for MEISI [34]. Autopsy material from RLS patients
revealed that the MEIS!I gene is associated with an increase in
the expression of H-ferritin, L-ferritin and divalent metal trans-
porter-1 RNA in the thalamus [9]. This may be an indication that
MEIS! gene mutations predispose to iron deficiency.

The serum iron is often normal in RLS patients; however, a
state of low iron in the brain has been shown in a small sample
by using magnetic resonance imaging (MRI) studies. These ar-
eas included the substantia nigra and, to a lesser extent the puta-
men and caudate nucleus. In addition, a significant decrease of
ferritin and an increase of transferrin in the cerebrospinal fluid
(CSF) were found in RLS patients compared with healthy con-
trols [for review 11].

Positron emission tomography (PET) and single positron
emission computed tomography (SPECT) findings support a
dysfunction of dopaminergic pathways involving not only the
nigrostriatal but also mesolimbic pathways. It is suggested that
a reduction of brain iron may cause a dysfunction of mesolimbic
and nigrostriatal dopaminergic pathways and in turn a dysregu-
lation of limbic and sensorimotor networks [29].
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Clinical observations of RLS in the context of myelopathies or
following spinal anesthesia as well as neurophysiological studies
demonstrating a spinal hyperexcitability favor a central role of the
spinal cord in RLS. A dysfunction of the dopaminergic hypothala-
mo-spinal inhibitory descending pathways is suggested [25].

Differential diagnoses and “RLS mimics”

Leg muscle cramps and leg-associated pain syndromes are
often the cause of misinterpretations, especially if they occur
at rest or at night. Therefore, the term “RLS mimics” was in-
troduced. If only the first 4 essential criteria are taken into con-
sideration, a false positive diagnosis will be made in 16% of the
cases [17]. The most common differential diagnoses of RLS are
summarized in Table 3.

In contrast to RLS, nocturnal leg muscle cramps are usu-
ally not associated with an urge to move or movements of the
extremities. A particularly important differential diagnosis is
neuroleptic-induced akathisia, which may be induced by typical
(and rarely atypical) neuroleptics.

Other disorders that should be distinguished from RLS in-
clude myelopathy, symptomatic venous insufficiency, periph-
eral arterial disease, orthopedic disorders and anxiety-induced
restlessness or agitated depression. If the diagnosis of RLS is
uncertain, the assessment of supportive characteristics of RLS,
in particular PLMS or a positive family history, may be helpful,
as well as the clinical response to treatment with dopaminergic
substances.

Comorbidities

Diseases associated with an increased incidence of RLS are
summarized in Table 4.
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An association between iron deficiency and the occurrence
of an RLS is sufficiently proven. It has been demonstrated that
in patients with iron deficiency anemia, the RLS prevalence is
about 6 times higher than in the general population [4]. For an
indicator of the cerebral iron storage, the serum ferritin level is
used. Even low normal levels of ferritin (<50 pg/l) may be asso-
ciated with more severe RLS symptoms. Ferritin is also an acute
phase protein and an increase in inflammation may indicate false
high values. Therefore, transferrin saturation is often included as
an additional parameter of the iron metabolism.

A2 to 3-fold increase in RLS prevalence has been reported in pa-
tients with chronic renal insufficiency, with changes in iron metabo-
lism as well as uremia [4]. In dialysis patients with RLS, symptoms
usually remit after successful kidney transplantation [45].

Other comorbid internal disorders include hypertension and
other cardiovascular diseases, diabetes mellitus, fibromyalgia
and thyroid disorders. RLS has been associated with cardiovas-
cular disease in both cross-sectional and prospective studies,
although the latter are limited in number yielding conflicting re-
sults [22]. However, further studies are necessary to clarify this
complex interaction.

An increased incidence of RLS has also been reported in
peripheral neuropathies, narcolepsy, migraine, Parkinson’s dis-
case, essential tremor and multiple sclerosis [8,44]. Frequent
moderate to severe RLS has also been identified recently in pa-
tients with epilepsy, in particular, localization-related temporal
lobe epilepsy [16]. Recent studies suggest that the number of
comorbidities is more likely to be associated with an increased
risk of RLS [36].

Table 3. Differential diagnoses of RLS [27]

Common disorders

Uncommon disorders

Leg muscle cramps

Myelopathy

Position-related paresthesia

Myopathy

Localized leg injuries

Arterial Disease

Arthritis

Orthostatic tremor

Leg edema

Drug- induced akathisia

Venous insufficiency

Painful-legs-and-moving-toes syndrome

Peripheral neuropathy

Radiculopathy

Myalgia

Anxiety disorders

Habitual foot tapping

Table 4. Comorbidities of RLS [37]

Comorbidity

Comment

Iron deficiency

RLS patients have frequently lower serum ferritin levels, espe-
cially at early onset of disease, in women and in pregnancy

Kidney disease, uremia

Depending on creatinine or glomerular filtration rate

Polyneuropathy

Increased RLS incidence in different forms of polyneuropathy,
especially in small-fiber neuropathy

Syringomyelia

Patients with cross-sectional symptoms and increased PLMS
have been described

Spinocerebellar ataxia

Frequent occurrence of RLS described

Coeliac disease

Association with RLS may be due to iron deficiency

Rheumatic/oncological diseases

Association with RLS may be due to iron deficiency

Pregnancy (listed here although no comorbidity)

Relatively common cause of RLS especially in the last trimester
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Pregnancy is associated with an increased risk of transient
RLS, which in turn is associated with an increased likelihood of
developing postpartum RLS [10]. RLS prevalence dramatically
decreases around the time of delivery, ranging between 5 and
6% at six months post-partum. The peak of RLS manifestation is
in the third trimester, and the symptoms may persist within a few
months after birth. Familial predisposition, folic acid deficiency,
estrogen status and changes in iron status have been postulated
as the cause of the increased occurrence of RLS in pregnancy.

Comorbid anxiety disorders and /or depressive disorders
show complex interactions with RLS. With regard to the man-
agement, it is important to distinguish whether RLS precedes
the psychiatric symptoms or has been developed in the course of
depression. In this case, an antidepressant treatment may be an
underlying cause of RLS. In a prospective study assessing the
risk of RLS in second-generation antidepressants, mirtazapine
has been identified as the highest-risk antidepressant [30]. Ser-
traline, fluoxetine, and amitriptyline appear to increase PLMS
that do not disrupt sleep and are thus unlikely to be clinically
significant, while bupropion may reduce restless legs symptoms,
at least in the short term [for review:23].

Management

The decision to start treatment should always depend on an in-
dividual’s severity and frequency of symptoms and the degree to
which they interfere both with daily activities and with noctur-

nal sleep. RLS severity can be quantified using the International
RLS Severity Scale (IRLS) validated by the International RLS
Study Group (scores 1-10: low RLS severity, 11-20: moderate,
21-30: strong, 31-40: very strong [42]. If an underlying poten-
tially treatable cause is revealed, specific therapies such as iron
replacement are appropriate. Furthermore, the use of any drugs
that may increase RLS symptoms, such as antidepressants, do-
pamine blockers and antihistamines, should be re-evaluated and
if possible reduced or eventually discontinued.

Dopaminergic agents

Levodopa

Evidence-based guidelines have identified levodopa as effec-
tive in the treatment of RLS [14,20]. Levodopa plus a decarbox-
ylase inhibitor (carbidopa or benserazide) generally results in
robust initial relief with the first dose. Controlled studies have
shown the efficacy of levodopa both in idiopathic and uremic
RLS. In subsequent comparative studies, levodopa was found
to be effective in reducing RLS, but was inferior to pramipexole
and ropinirole in that respect. To avoid augmentation, a serious
problem with dopaminergic treatment, the daily dosage should
be lower than 300 mg/day. Adverse events may also include dry
mouth, nausea, vomiting, headache or drug-induced insomnia,
and sleep disruption, especially in the elderly. Thus, levodopa
can be recommended for patients with intermittent but not daily
RLS (Table 5).

Table 5. Drug therapy for RLS

Drug Initial dose Usual dose range | Common adverse effects Comment
Dopaminergic substances
Not used for chronic
- 100/25mg 100/25-200/50mg Nausea, orthostatic treatment because of
Levodopa-benserazide . . C
hypotension, augmentation | high risk of augmen-
tation
Augmentation less
0,088 mg (Europe) Nausea, insomnia, daytime common than with
Pramipexole? > & P 0,125-0,75 mg sleepiness, impulse control | levodopa; extended
or 0.125 mg (USA) . . .
disorder, augmentation release formulation
not approved
Ropinirole! 0,25 mg 0,5-4,0 mg Similar to pramipexole Slm.llar o
pramipexole
S . Augmentation pos-
Skin irritations at applica- sibly less common
Rotigotine transdermal patch? 1mg/24 hours 1-3 mg/24 hours tion site, otherwise similar Y .
. than with dopamine
to pramipexole .
agonists
Anticonvulsants (a-2-0
ligands)
. Somnolence, dizziness, No reported
Pregabalin 25 mg 150-300 mg ataxia; addictive behaviour augmentation
Gabapentin 100-300 mg 300-1800 mg Somnolence, dizziness No reportf:d
augmentation
Intravenous iron formulation
Ferrocarboxymaltose 500 mg 500-1000 mg once | Dizziness, heat sensitivity No reporped
augmentation
Opioids
5 mg oxycodone 10-20 mg oxyco- | Constipation, nausea, head- | No reported augmen-
Oxycodone prolonged release? | /2,5mg naloxone done/5-10 mg nal- ache, somnolence, sleep tation; approved as
twice daily oxone twice daily | apnea, addictive behaviour second line therapy

!Approved in Germany, Austria, Switzerland, *Approved in Europe by the European Medicines Agency;
Dopamine agonists — non-ergot derivatives
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Dopamine agonists are regarded as first-line treatment for
moderate to severe primary RLS, especially if daily treatment
is required. This is due to their well-documented effectiveness
and overall good tolerability [for review 14,20]. The available
dopamine agonists differ considerably with respect to pharma-
cokinetics (e.g. half-life), dopamine receptor profiles, potential
serious side effects, availability of long-term experience, and
licensing status. If dopamine agonists are considered, there is a
need to increase the dosage slowly to avoid side effects, making
these drugs less suitable to use on an intermittent basis. Con-
cerns regarding the development of “sleep attacks”, following
observations in Parkinson patients started on low-dose dopa-
mine agonists, do not seem to be a major concern in RLS. How-
ever, although more common in levodopa treatment, long-term
studies suggest that augmentation may also occur with most of
the dopamine agonists. In addition, some patients may experi-
ence impulse control disorders, such as pathologic gambling.

Pramipexole has been shown to be effective in reducing sen-
sory restless legs symptoms and PLM in controlled and open-
label trials for time spans between one night and several months
[26]. Titration of pramipexole is usually started at 0.125 mg and
increased every few days. Most patients require 0.75 mg or less,
and patients taking higher doses should be carefully monitored
for adverse effects, especially augmentation (Table 6). Several
placebo-controlled and open-label studies have shown that ro-
pinirole is effective in significantly improving RLS. Ropinirole
is usually started at 0.25 mg although most cases require around
2 mg with maximum doses in individual patients of up to 4 mg.
Rotigotine is designed to be administered as a transdermal patch
for 24 hours continuous dopaminergic stimulation. A multi-
center controlled study has shown that rotigotine applied once a
day for 6 months (dose range 1-3 mg/24 h) significantly relieved
the night- and daytime symptoms of idiopathic RLS [38]. Ap-
plication site reactions were the most common adverse events in
comparison to oral agonists in which nausea can be a significant
and limiting side effect (Table 5).

Augmentation

All dopaminergic agents, however, have the potential for
causing “augmentation” of RLS symptoms in which restlessness
and associated sensory phenomena occur earlier in the day, often
in a more severe form involving additional body parts such as
the arms (Table 6).

Augmentation may develop as early as during the first month
and in up to 82% of patients taking levodopa [5]. The occurrence
typically correlates with higher daily doses (e.g. levodopa >300
mg). In terms of dopamine receptor agonists (pramipexole, ro-
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pinirole, rotigotine) augmentation may also occur, but probably
less frequently compared with levodopa treatment and possibly
less common with rotigotine than with other dopamine agonists,
which have a shorter duration of action.

Because of augmentation, it may be necessary to discontinue
levodopa and switch to dopamine agonists. If augmentation de-
velops with dopamine agonists, it may be helpful to reduce and/
or to split the dosage to an earlier time or to switch to rotigotine
patch, a longer acting agonist. However, the physician should be
aware that even low dose dopaminergics could cause augmenta-
tion. If augmentation still occurs, it is necessary to switch to o-2-
d-ligands or a combination therapy. In case of insufficient ef-
fects, a second-line therapy with opioids may be necessary [39].

Opioids

Opioids are recommended only in refractory RLS if symptoms
fail to respond to dopaminergic medication or in cases where
tolerance or augmentation are major issues [33]. In particular,
a long-acting form of oxycodone may be appropriate as shown
in a recent randomized controlled trial [40]. Prolonged-release
oxycodone-naloxone is approved for RLS therapy in Europe.
Adverse effects include nausea and constipation, dizziness, se-
dation, nocturnal confusion, and worsening or even the develop-
ment of sleep-related breathing disorders. Screening overnight
oximetry or polysomnography should be considered in case of
suspected sleep apnea. Although addictive behaviour has to be
carefully monitored, an escalation of dose does not seem to be
a major risk in the absence of a history of substance abuse [33].

o-2-8-ligands: Pregabalin, gabapentin and other anticon-
vulsants

Pregabalin (an analogue of y-aminobutyric acid) or the struc-
turally related compound gabapentin (a-2-d calcium channel li-
gands) may sometimes be considered as a drug of first line, par-
ticularly in patients with prominent unpleasant or frankly painful
sensory symptoms. Both drugs are approved for the treatment
of neuropathic pain and seizures, and pregabalin is licensed for
treatment of anxiety disorders. In addition, pregabalin especially
improves anxiety symptoms and sleep disturbances in RLS pa-
tients. Randomized controlled studies have shown favorable ef-
fects of gabapentin enacarbil (a prodrug of gabapentin, approved
in the U.S. and Japan) and pregabalin [6]. Effective pregabalin
doses are usually in the range of 150 to 300 mg/day. Adverse
effects include dizziness, somnolence, and possibly addictive
behavior with pregabalin treatment (Table 5).

Iron

Because iron deficiency is common in RLS, oral iron supple-
mentation is an established treatment. Low ferritin concentra-

Table 6. Key features of augmentation [15]

A or B and C for at least 1 week and a minimum of 5 days per week

macological intervention.

A Shifting of RLS symptoms to a period of time 2 h earlier than was the typical period of daily onset of symptoms before phar-

B Two or more of the following features:
age.

dosage.

treatment.

- An increased overall intensity of the urge to move or sensation that is temporally related to an increase in daily medication dos-
- A decreased overall intensity of the urge to move or sensation that is temporally related to a decrease in the daily medication

- The latency to RLS symptoms at rest is shorter than the latency with initial therapeutic response or before treatment.

- The urge to move or sensations are extended to previously unaffected limbs or body parts.

- The duration of treatment effect is shorter than the duration with initial therapeutic response.

- Periodic limb movements while awake either occur for the first time or are worse than with initial therapeutic response or before

C  No other medical, psychiatric, behavior, or pharmacological factors explain the exacerbation of RLS.
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tion has been associated with an increased severity of RLS and
treatment has been shown to improve symptoms. In addition,
very low ferritin levels increase the risk of treatment complica-
tions, specifically augmentation. Serum ferritin levels — an indi-
rect measure of brain iron status — should be at least 50 pg/l, and
transferrin saturation not less than 20%. Therefore, RLS patients
with low ferritin levels should be treated with iron supplemen-
tation before starting dopaminergic therapy. A common thera-
peutic regimen 2 to 3 times a day is 325 mg of ferrous sulfate
combined with 100 to 200 mg of vitamin C to enhance absorp-
tion. Follow-up ferritin level determinations are needed initially
every 3 to 6 months.Oral iron therapy can cause constipation,
nausea and abdominal discomfort. Likely efficacious are intra-
venous iron formulations (e.g. iron sucrose or ferrocarboxymalt-
ose) [7,41] though not yet approved for RLS therapy (Table 5).
Augmentation has not been reported. However, not all patients
with iron deficiency benefit from iron supplementation. The cur-
rent recommended treatment is to administer iron supplements
to patients with iron deficiency and RLS, irrespective of whether
they have associated anemia [39]. Potential serious anaphylactic
adverse events that rarely may occur have to be considered.

Non-pharmacological treatment

Non-pharmacological treatments for mild RLS symptoms in-
clude sleep hygiene and behavioral therapy for increasing alert-
ness (e.g., crossword puzzles, video games, increased physical
activity) as well as modifications of lifestyle such as limiting
alcohol and avoiding nicotine or caffeine. In idiopathic RLS, ex-
ercise was shown to improve restless legs symptoms in less se-
verely affected patients. In hemodialysis patients, exercise may
be also beneficial [32]. Autogenic training, progressive muscle
relaxation or meditation have a negative effect often increasing
the symptoms. Few publications report effects on restless legs
symptoms in patients who were implanted or lesioned for other
concurrent indications. Globus pallidus internus targets have
been reported to improve RLS symptoms in patients when used
to treat Parkinson's disease and dystonia in a small number of
subjects [28].

Key points

- RLS is a common and underdiagnosed disorder with a wide
spectrum of severity in neurological and sleep medicine prac-
tice.

- The diagnosis is based on the history. In the diagnostic work-
up, it is important to search for potentially treatable causes for
secondary RLS, such as iron deficiency.

- When moderate or severe, RLS is a treatable condition and
dopamine agonists are regarded as first-line treatment. For pa-
tients with severe and refractory RLS opioid drugs are an option
as second-line treatment.

- Augmentation is an important adverse effect of dopaminer-
gic agents, and sometimes difficult to treat.

- Because iron deficiency is common in RLS, ferritin levels
should be checked. In patients with low ferritin levels, iron sup-
plementation should be the first-line therapy.

- Although controlled studies are lacking, there is some evi-
dence for the efficacy of non pharmacological strategies in RLS.
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SUMMARY
THE RESTLESS LEGS SYNDROME (REVIEW)

Japaridze G., ?Kasradze S., *Maisuradze L., ‘Popp R.,
‘Wetter Th.C.

!Institute of Neurology and Neuropsychology, Thilisi; *Caucasus
International University, Thilisi; 3llia State University, Tbilisi,
Georgia; *Department of Psychiatry and Psychotherapy, Uni-
versity of Regensburg, Germany

The restless legs syndrome (RLS), also known as Willis-Ek-
bom disease, is a common sleep related neurological disorder
with prevalence between 1 and 10%, increasing with age. Wom-
en are more frequently affected than men. RLS is characterized
by an urge to move the legs accompanied by uncomfortable and
unpleasant sensations in the legs, worsening of complaints dur-
ing periods of rest, improvement by movement and an increase
of symptoms in the evening or at night. In addition, affected
patients may also suffer from severe sleep disorders and nega-
tive effects on daily activities. There is often a history of RLS
among first-degree relatives, especially with the primary form.
Among other, comorbidities or causal factors are iron deficien-
cy, terminal renal insufficiency, pregnancy, polyneuropathy, or
psychotropic drugs. The etiology of primary (idiopathic) RLS
has not been clarified yet; however, genetic factors and dysfunc-
tional dopaminergic neurotransmission as well as alterations of
central iron metabolism play an important role. In addition to
non-pharmacological treatment such as lifestyle modifications
or behavioral strategies, levodopa, dopamine agonists, or an-
ticonvulsants are effective. Opioids may be used in otherwise
refractory forms. In the case of secondary or comorbid RLS,
treatment of the underlying disease is necessary.
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PE3IOME
CHHIPOM BECIHOKOITHBIX HOT (OB30P)

Jkanapunze' TA., Kacpanze'? C.B., Maucypansze'® JL.M.,
IMonn* P., Berrep* T.K.

"Hnemumym nesponoeuu u neuponcuxonozuu, Toumucu; *Kas-
Kazckutl MescOyHapoonsitl ynusepcumem, Tounucu, *Tocydap-
cmeennviil ynusepcumem Hvu, Tounucu, I pysus; *PecencOype-
cKull yHusepcumeni, omoenenue ncuxuampuu U ncuxomepanuu,
Tepmanus

Cunzpom 6ecnokoiinbix Hor (CBH), Taxke 6one3ns Yuumm-
ca-DKkOoMa, SIBISETCS HEBPOJOTHYECKHM PacCTPOMCTBOM IBH-
raTe’qbHOro Xapakrepa ¢ pacnpoctpanerneM ot 1-10% u ¢ mpe-
BaJIMPOBAHUEM CpPEIM B3POCIOr0 HACEJCHHS JKEHCKOTO IoJa.
CBH xapakTepusyeTcsi HeMPUSTHBIMH OILIYIIYHHUSIMH B KOHEY-
HOCT$IX, KOTOPBIE MOSBISIIOTCS WIIH 00OCTPSIIOTCS B COCTOSHUH
TIOKOSI BEYEPOM MII HOYBIO U COMPOBOKAAIOTCS HEHPEOIO0IIHU-
MBIM JKEJIAHHEM IePEMEIICHUsT HIKHUX KOHeyHocTei. CHm-
MITOMBI, KOTOpbIE OCIAOMAIOTCS WM HCYe3al0T IMOCIe MOTOp-
HO#l aKTHBHOCTH, YCIOKHSIOT HPOIIECC 3aChIaHMsl, HApYIIaloT
HOYHOW COH M TOAABISIOT AHEBHYIO aKTHBHOCTh. CeMelHbIe
cnyyau CbH ormeuarorcs npu nepsuunbix popmax. CBH 4a-
CTO CONYTCTBYET ACUIUTY Kelie3a, TePMUHAIBHOM cTajnu
MMOYEYHBIX OOJIe3HEH, OCpEeMEHHOCTH H IOJHHEUPOIaTHH;
MHOI/Ia HHIYIL[MPOBAH JICKAPCTBEHHBIMHU CpeJicTBaMH. B city-
Yae HeU3BECTHON STHOJOTMU 3HAYUMbBIMHU 1aTO()U3HONIOTHYE-
CKUMH (paKkTOpaMH SIBISIOTCS EHETHYECKH OOYCIIOBICHHbIC
TUCHYHKIMH JA0(haMUHEPTUYECKOW HEHPOTPAHCMHUCCHH U
LIEHTPAJIBHOrO MeTaboaM3Ma jKeje3a. PeKOMEHJOBaHbI He-
(hapMaKoIOTHYECKHE CTpaTeTuu JedeHus; 3PQPEKTUBHBIMHU
CPEeACTBAMH SBIIAIOTCS 0P aMUHEPIHYECKHE U TIPOTHBOCYI0-
pOoXHBIE TIpenapaThl. [Ipu pe3UCTEHTHBIX popMax JOMyCTUMO
MIPUMEHEHHE ONIMOUACPTHYECKHX Mpenaparos. B ciyuyae BTO-
puuHoro miu comyrcTBytomero CbH HeoOxonnMo nedeHune
OCHOBHOTO 3a00JIeBaHUS.
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CLINICAL-PATHOGENETICAL ROLE OF TOLL-LIKE RECEPTOR 2 (RS 5743708)
AND INTERLEUKIN-10 (RS 1800896) GENES POLYMORPHISM
IN THE COURSE OF HERPES ZOSTER IN ADULTS

Onishchenko N., Riabokon Yu., Riabokon E.

Zaporizhzhya State Medical University, Ukraine

Herpes zoster is one of the global problem of the present time
due to rapidly increase of morbidity level. Approximately one
third of patients suffer from shingles during their life. The risk
of manifestation herpes zoster among the population is about
30%, with a rapid increasing of incidences in the age over 50
years. Each year in Europe and the United States there are about

© GMN

4-5 new cases of herpes zoster per 1000 population [19,28]. In
Ukraine, the incidence is about 12-15 cases per 100,000 popu-
lation. It is known, that morbidity of herpes zoster increasing
with age, and reaches 10 cases per 1000 population [17,19]. The
relapsing courses rate is regularly increasing and amounting for
about 14 cases per 1000 population annually [17]. Only about
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3% of patients with herpes zoster are hospitalized, which leads
to untimely appointment of specific treatment, severe course of
the disease and development complications [1]. The hospitaliza-
tion rate of patients with shingles for ages more than 85 years is
75 times higher compared with patients younger than 30 years.
Mortality rate from herpes zoster worldwide ranges from 0.017
to 0.465 cases per 100,000 population annually . According to
some authors repoted, up to 1% of hospitalized patients death
with diagnosis “Herpes zoster” [17,19].

Reactivation of herpes zoster and severe course of the dis-
ease depends primarily on the age of patient, which is associated
with a decrease in the activity of cellular immunity in elderly
[15]. Female sex, the presence of comorbid pathology, trauma
or operations in history are also risk factors for manifestation of
shingles [18]. It has been proved that psychological stress during
the six months contributes to development of herpes zoster and
complicated by postherpetic neuralgia [21]. It should be noted
that the family history of patients with herpes zoster included
the presence of cases of the diseases in relatives [25]. Recently,
the level of herpes zoster has morbidity rapidly rased among im-
munocompetent young and middle-aged people [6].

Thus, currently actual the study of the pathogenetic aspects
of herpes zoster. A special place in the immunopathogenesis of
varicella zoster virus reactivation and manifestation of shingles
occupies the Thl-type cellular immunity [2]. The insufficiency
of T-cell immunity leads to increase viral load in human blood
and caused dissimination and generalization of infection [12].
An important role in the regulation of immune response is occu-
pied by cytokines and the state of their immunoregulatory mech-
anisms. The production of cytokines by innate and acquired
immunity is an important component of immune defense from
varicela zoster virus [5]. Proinflammatory cytokines provide in-
duction of local and systemic inflammation, anti-inflammatory
- participate in limiting the inflammatory process and regulate
the severity of lesions [7]. A special role is paid by Toll-like re-
ceptors, which are one of the most important signaling receptors
of the immune system, performing the first line of protection
against the infectious agent and activating production of cyto-
kines by immunocompetent cells. Localized on the membrane,
endosomes, or in the cytoplasm of immunocompetent cells toll-
like receptors 2 specifically recognize lipoproteins and glyco-
proteins of bacteria cell, and dysfunction in their signaling sys-
tem leads to persistence and reactivation of bacterial infections
[16]. However, there are a few scientific studies that prove the
role of cells toll-like receptors 2 in herpesvirus infections [14].

At the present time much attention is given to study single-nu-
cleotides polymorphism of genes encoding activity of cytokines
[23]. Investigation of interleukins genetic polymorphism is used
for prognosis manifestation and severity of the disease, for pre-
scribing adequate therapy and for prognosis of reconvalescence
[4]. In our opinion, it is reasonable to determine the role of IL-10
and Toll-like receptors type 2 genes polymorphism in patients
with shingles. It is known that IL-10 has inhibition function for
inflammation and synthesis proinflammatory cytokines [23, 24].
By synthesizing many cells, IL-10 suppresses effector func-
tions of macrophages, T cells, natural killers, neutrophils, is a
co-stimulator of proliferation and maturation of thymocytes,
chemotaxis [23], enhances the synthesis of mast cells, B cell
proliferation and secretion of immunoglobulins, weakens the ef-
fect angiotensin I and restores vascular endothelium [24], has
an analgesic effect [3]. It has been shown that increase in IL-
10 level is important for produce immunity in varicela zoster
virus infection, which affects the incidence of recurrences and
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severity of the disease [11,13]. Thus, at the moderate course of
herpes zoster in blood patients was registered increase of IL-
10 levels, which indicated adequate immunological response
to virus. Instead, in severe forms of the disease, the inadequate
immunological reactivity of the organism was characterized by
a unchanged level of IL-10 [2,11]. According to the other sci-
entists, it was found that due to immune complexes exposed to
macrophages, the development of IL-10 may increase sharply,
what finally resulting to decrease specific immunity and chroni-
zation infection [20]. For the last time, an attempt has been made
to find out the role of the single-nucleotide polymorphism of IL-
10 gene in stability to herpesvirus infections [22]. The solitary
studies have shown that toll-like receptors 2 also involve in the
immunological response in varicella zoster virus infection, in
particular the quality of immune reactivity of cytokines is due to
toll-like receptors 2 activity [26].

The aim of the work — to determine the role of toll-like recep-
tor 2 (rs 5743708) and interleukin-10 (rs 1800896) genes poly-
morphism in the course of herpes zoster in adults.

Material and methods. This study included 50 adult patients
with herpes zoster who were treated at the Department Nel of
the communal institution “Zaporizhzhia Regional Clinical In-
fectious Disease Hospital” of Zaporizhzhia Regional Council.
The age of the patients ranged from 27 to 85 years and made up
66.5 [55.0; 77.0] years. Among the hospitalized patients there
were 19 (38.0 %) men and 31 (62.0 %) women. For the first
stage of the analysis of obtained data, the patients were divided
into groups depending on the severity of shingles, which was
determined based on the severity symptoms of intoxication,
the duration and abundance of rash, the presence or absence
of complications [27]. The moderate course of the disease was
registered in 35 (70 %) patients, severe — in 15 (30 %) patient-
sAt the next stage of the study all patients with shingles were
divided into groups depending on the polymorphism of gene
IL-10 (rs 1800896): 21 patients with the genotype TT, 14 pa-
tients with the genotype CC. Depending on the genetic poly-
morphism of the gene toll-like receptor 2 (rs 5743708) there
were formed 3 groups: 6 patients with genotype AA, 2 patients
with genotype AG, 42 patients with genotype GG. All patients
were performed traditional clinical, laboratory and instrumental
tests. All patients had a negative blood test for antibodies to the
human immunodeficiency virus. All patients were included into
the study randomly basis and by informed consent. The control
group consisted of 40 healthy individuals who hadn’t been sick
of herpes zoster before. The age of persons of the control group
ranged from 35 to 87 years, made up 64.5 [52.5, 73.5] years
and weren’t statistically different from the age of the examined
patients (p>0.05).

The genotype of the IL-10 (rs1800896) and toll-like recep-
tor 2 (rs 5743708) genes polymorphism were performed using
CFX-96 Touch polymerase chain reaction real-time product de-
tection system («Bio-Rad Laboratories, Inc.», USA) using NP-
512-100 (RF) kits. Special investigations were conducted at the
ZSMU Scientific medical-laboratory center (Chief — Doctor of
Medicine, Professor A. V. Abramov).

Statistical data processing was performed in «STATISTICA
for Windows 13» (StatSoftInc., NeJPZ8041382130ARCN10-J)
by the formed patient database. To compare allele frequencies
between different groups, the x> method was used. Relatively
significant differences were considered at P < 0.05. The odds ra-
tio (OR) was calculated using the formula: OR = ad / bc, where
«a» is the frequency of a particular allele in the group of patients
with herpes zoster, «b» is the frequency of a particular allele in
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the comparison group, «c» and «d» are the total frequency of
other alleles in the study and comparison groups, respectively.
The boundaries of 95% confidence interval (CI) for OR were
calculated using the Woolf method [13].

Results and their discussion. As a result of studies of toll-
like receptor 2 (rs 5743708) gene polymorphism in patients with
herpes zoster it has been established that genotype AA was asso-
ciated with manifestation of shingles in adults, as evidenced by
detection of this genotype in 12.0 % patients against absence of
this genotype (p = 0.02) in healthy people who hadn’t been sick
of herpes zoster before. The analysis of influence toll-like recep-
tor 2 (rs 5743708) gene polymorphism on the severity of shingle
shown that genotype AA was significantly more registered in pa-
tients with moderate course of the disease compared with healthy
persons (y2=7.83, p=0.02 ) (Table 1). The significantly higher fre-
quency of registration the genotype AA of gene toll-like receptor
2 (rs 5743708), which revealed in our study, allow to approve that
carriage of this gene was associated with a high risk of varicella
zoster virus reactivation and manifestation of shingles, moderate
course (0.120 vs. 0.00, OR=11.83, 95% CI=0.65-216.71).

Our studies coincide with the results of other researches which
proved association of toll-like receptor 2 activity with the quality
of immune response when in infected varicella zoster virus. The
pathogen activates synthesis of proinflammatory interleukins
(IL-6, IL-8, TNFa) using toll-like receptors 2, level of which
determines activity of the inflammatory process and possible
development of hepatitis, bronchitis, pneumonia, encephalitis,

thrombocytopenia [26]. Also, it has been researched the role of
genetic polymorphism of toll-like receptor 2 (Arg677Trp) in the
development of cytomegalovirus infection in adults [14]. How-
ever, in modern literature we didn’t find researches on studying
the role of toll-like receptor 2 (rs 5743708) gene polymorphism
in the manifestation and course of herpes zoster.

According to the results of the comparison of different geno-
types of IL-10 gene (rs 1800896) in patients with herpes zos-
ter and healthy people, no significant difference was detected
(p>0.05). Thus, the genotype TT was detected in 35 (70,0%)
patients with herpes zoster and in 32 (80,0%) healthy people
(p>0,05), and the genotype CC was registered in 8 (20,0%)
patients and 15 (30%) healthy people (p>0.05). However, it
has been established that the polymorphism of gene IL-10 (rs
1800896) affected the severity of the herpes zoster in adults. It
should be noted that in patients with severe course of the disease
the genotype TT was registered 1.6 times more often (¥2=5.56,
p=0.02), compared with patients with moderate course (Table 2).
The additive inheritance model showed association of the geno-
type TT of gene IL-10 (rs 1800896) with a high risk of develop-
ing severe course of shingles (0.933 vs. 0.6, ¥2=5.56, OR=9.33,
95% CI=1.10-79.21). The analysis of determining the role of
IL-10 gene (rs 1800896) polymorphism in formation of herpes
zoster complications has shown that patients with complicated
course of the disease 1.7 times more often revealed the genotype
TT and 2.5 times less detected genotype CC (x2 = 4,76, p=0.03),
compared with patients with uncomplicated course (Table 2).

Table 1. Comparison of the frequency of registration of toll-like receptor 2 (rs 5743708) gene polymorphism
in patients with herpes zoster, depending on the severity of the disease, abs (%)

. . Patients with herpes zoster
Control group Patients with
Indicator (n=40) herpes zoster (n=50) | moderate course (n=35) severe course (n=15)
Genotype AA 0 6(12,0%)! 6 (17,1 %)! 0
Genotype AG 6 (32,0 %) 2 (4,0 %) 0 2(13,3 %)
Genotype GG 34 (68,0 %) 42 (84,0 %) 29 (82,9 %) 13 (86,7 %)

notes.: T — the difference is significant, compared with healthy people (p<0.03)

Table 2. Comparison of the frequency of registration of IL-10 gene (rs 1800896) polymorphism
in patients with different courses herpes zoster, abs (%)

Patients with shingles (n=50)
Indicator %> p
genotype TT (n=35) | genotype CC (n=15)
Severe course (n = 15) 14 (93,3 %) 1 (6,7 %) 5,56, p=0.02
Shingles with complications (n=37) 29 (78,4 %) 8 (21,6 %) 4,76, p=0.03
Neurological (n=7) 7 (100 %) 0 (0 %) 2,38, p=0.12
Ophthalmic (n = 21) 18 (75,7 %) 3 (14,3 %) 1,54, p=0.21
Visceral (n = 10) 8 (80,0 %) 2 (20,0 %) 0,02, p=0.88
Postherpetic neuralgia (n = 3) 3 (100 %) 0 (0 %) 0,90, p=0.34
Relapsing course (n = 4) 1 (25,0 %) 3 (75,0 %) 4,19, p=0.04
Clinical forms, in particular:
» localized (n = 42) 32 (76,2 %) 10 (23,8 %) 11.94
»  generalized (n = 3) 3 (100 %) 0 (0 %) =0’00(’)3
»  disseminated (n =5) 0 (0 %) 5 (100 %) p=v
Localization of lesion in localized forms (n = 42):
»  trigeminal nerve (n=33) 28 (84,8 %) 5(15,2 %) 6,36,
»  paravertebral ganglia (n=9) 4 (44,5 %) 5 (55,5 %) p=0.01
Secondary bacterial infection (n = 10) 6 (60,0 %) 4 (40,0 %) 2,73, p=0.09
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Statistically significant higher frequency of registration the
genotype TT gene IL-10 (rs 1800896) in patients with severe
and complicated course of disease suggests association of IL-10
gene polymorphism with a high risk of developing severe com-
plicated course of herpes zoster (> =5, 56, p=10.02, OR =9.33,
95% CI=1.10-79.21 and > =4.76, p = 0.03, OR =4.23, 95% CI
= 1.10-16.19, respectively). Analysis of the role of IL-10 gene
(rs 1800896) polymorphism in the formation of certain compli-
cations of shingles in adults didn’t reveal statistically significant
differences (P > 0.05) (Table 2).

In modern literature there are solitary scientific researches
which concern to determining the role of cytokines genes
polymorphism in the course of herpes zoster. As a results of
some researches [9], a special role of the haplotype ATA IL-
10 has been proved, presence of which leads to insufficient
production of IL-10 and causes reactivation of the virus. Ac-
cording to another study [10], the increased risk of develop-
ment of herpes zoster is associated with the haplotype GCC,
allele 1082, IL-10. Also there are scientific works that shown
association with the genetic polymorphism of the main com-
plex of histocompatibility HLA (Complex 5) and manifesta-
tion of shingles [8].

The analysis of the dependence of clinical course of her-
pes zoster in adult from the polymorphism of IL-10 gene (rs
1800896) showed that genotype CC was detected in all patients
with disseminated form of shingles and was registered 4,2 times
more often (3>= 11,94, p=0,0003), compared with patients with
a localized form of the diseases.

In addition, as a result of analyzing various localizations of
lesions in localized forms, it was found that in patients with
damage paravertebral ganglia genotype CC of gene IL-10 was
detected 3.65 times more often (3> = 6.36, p = 0.01), compared
with patients with affect trigeminal nerves. That is, the detect-
ed association of IL-10 (rs 1800896) gene polymorphism with
prevalence and localization of herpes zoster lesions allows to
consider the genotype CC as a genetically determined factor of
development disseminated form, and also affect paravertebral
ganglia (1.0 vs. 0.238, y2 = 11.94, OR = 34.05 95% CI=1.73 -
668.68 and 0.556 vs. 0.152, %> = 6.36, OR = 7.00 95% CI = 1.38
- 35.48, respectively). In available literature we haven’t found
researches on studying the role of IL-10 gene polymorphism in
the formation of certain clinical forms of herpes zoster.

As a result of the analysis of registration frequency of re-
currence course of herpes zoster depending on the genotypes
of gene IL-10 (rs 1800896), it was found that in the majority
(75.0%) part of patients with relapses was detected genotype
CC, compared with patients with primary manifestation of shin-
gles (x2 =4.19, p = 0.04) (Table 1).

Conclusion.

1. The genotype AA of gene toll-like receptor 2 (rs 5743708)
was associated with reactivation of varicella zoster virus and
manifestation of herpes zoster, moderate course (0.120 vs. 0.00,
OR =11.83,95% CI=0.65-216.71)

2. The genotype TT of gene IL-10 (rs 1800896) was associ-
ated with a high risk of development severe (x> =5.56, p =0.02)
and complicated (y*> = 4.76, p = 0.03) course of herpes zoster.

3. The genotype CC of gene IL-10 (rs 1800896) was associ-
ated with the development of disseminated form of shingles in
adults (32 = 11,94, p = 0,0003). In the formation of localized
form of herpes zoster in carriers of genotype CC more often were
detected damage paravertebral ganglia (x>=6.36, p=0.01) and
formation relapsing course of the disease (y2 = 4.19, p=0.04).
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SUMMARY

CLINICAL-PATHOGENETICAL ROLE OF TOLL-LIKE
RECEPTOR 2 (RS 5743708) AND INTERLEUKIN-10 (RS
1800896) GENES POLYMORPHISM IN THE COURSE
OF HERPES ZOSTER IN ADULTS

Onishchenko N., Riabokon Yu., Riabokon E.
Zaporizhzhya State Medical University, Ukraine

The study included 50 adult patients with shingles by which
analyzed the clinical course of the disease depending on the
gene polymorphism of interleukin-10 (rs 1800896) and toll-like
receptor 2 (rs 5743708). According to the results of our study,
it was established that genotype AA of gene Toll-like receptor
2 was associated with a high risk of Varicella-Zoster virus re-
activation and manifestation of herpes zoster, moderate course.
Analysis of the IL-10 gene polymorphism showed that geno-
type TT was associated with a risk of the development severe
complicated course of shingles. The genotype CC of gene IL-10
caused to formation of recurrence course of the disease, and also
significantly more frequently registered in patients with dissemi-
nated form of herpes zoster compared with patients with localized
and generalized forms of the disease (x>=11,94, p=0.0003). Subject
to the formation of localized form in carriers of genotype CC more
often was occurred damage paravertebral ganglia (p=0.01).
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Keywords: herpes zoster, interleukin-10, toll-like receptors
2, gene polymorphism.

PE3IOME

KJMHAKO-TIATOTEHETHYECKASI POJIb MOJIH-
MOP®HU3MA T'EHOB TOJLI-IIOAOBHOIO PE-
LENTOPA 2 (rs 5743708) 1 MHTEPJIEMKHUHA-10 (rs
1800896) B TEUEHUH OMOSICBIBAIOIET O TEPIIE-
CA Y B3POCJIBIX

Onnmenko H.B., Padokons 10.10., Psiookons E.B.

3anoposrcckuil ocydapcmeennbill MeOUYUHCKULL YHUBepcumen,
Yxpauna

B nccnenoBanue BkIo4eHO 50 B3pOCIHBIX OONBHBIX OIOS-
CBIBAIOMINM T€PIIeCcOM, KOTOPBIM MPOBEIEH aHAIN3 KIMHAYE-
CKOTO TeUeHUs 3a00IeBaHMs B 3aBUCHMOCTH OT IMTOJIUMOPPH3-
Ma reHoB uHTepneikuHa-10 (rs 1800896) u Tomt-momodHOTO
penenTopa 2 (rs 5743708).

ITo pe3ynpraTaM THPOBEACHHOTO HCCIEIOBAHUS yCTAHOB-
JICHO, YTO TeHOTHN AA TeHa TOI-TIOZOOHOTO pernenTtopa 2
aCCOITMUPYETCS ¢ BHICOKMMH IIAHCAMH PEaKTUBAIMH BUpyCa
Bapunemna-3octep n MaHudecTanuy OMOsICHIBAIONIETO Tep-
meca, CpPeIHETSDKENIOTO TeueHHs. AHanmu3 TMoImMopdu3Ma
rena WJI-10 nmokasan, uro renotun TT accouuupyercs ¢ pu-
CKOM Pa3BUTHS TSDKEJIOTO OCIOKHEHHOTO TEUCHHS OIOSCHI-
Barorero repueca. ['enorun CC rena WUJI-10 oOycmaBnuBan
(hopMupoBaHHE pPEUUANBUPYIOMIETO TCUEHUS 3a00JIeBaHUsA, a
Tak)Ke JOCTOBEPHO Yallle PETUCTPUPOBAICS Y OOTBHBIX IUC-
CEMUHHUPOBAaHHOH (GopMoli Tepreca 30cTepa, B CPAaBHEHUHU C
MaUeHTaMH ¢ JIOKaJIU30BAHHON W Te€HEpaTu30BaHHOW (op-
mamu 3a0onesanus (x*=11,94, p=0.0003). IIpu ycioBuu pop-
MHPOBAHHUS JTOKAaTH30BaHHOH (HOPMBI y HOCUTENCH TeHOTHIIA
CC yamie UMeJI0 MEeCTO MOpaKeHHUE MapaBepTeOPaTbHBIX TaH-
rmueB (p=0.01).
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5350930l @mgomobgdygmo ©s 2gbgMomobomgdygaro
QmAdgool IJmbg 353096900 (x*=11,94, p=0.0003).
CC 29bm@B 030l @mgomobgdygmo gm@dols do@Go®gd-
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THE ROLE OF PRO12ALA POLYMORPHISM OF THE PPAR-y GENE
IN THE GENESIS OF THE GESTATIONAL WEIGHT GAIN

1Ostafiichuk S., "Henyk N., ’Rossokha Z.

'Ivano-Frankivsk National Medical University, Department of Obstetrics and Gynecology;
?State Institution “Reference Center for Molecular Diagnostics of the Ministry of Health of Ukraine”, Kyiv, Ukraine

During pregnancy, the major changes in the metabolism of
lipids and glucose occur in the maternal organism. The most
variable of them is the fat component. Its increase during preg-
nancy is directly proportional to the gestational weight gain
(GWG). Normally there is an intensive increase in fat stores
in the first two trimesters with a subsequent decrease until the
birth. There is an intensive synthesis of fats, hypertrophy of fat
cells, decrease in lipolysis, which together lead to the increase of
fat depot [1,2]. After 30 weeks of pregnancy, maternal and fetal
energy is provided mainly due to glucose income. During the
last 10 weeks, the transition of fatty acids and glucose increases
through the placenta to the fetus, in which fat deposits increase
progressively. Thus, energy consumption is sharply increased
and the exogenous food intake can’t adequately cover the rising
energy input. The energy supply process continuity begins to be
supported by the decomposition of accumulated fats under the
influence of the hormones of the placenta. The increased utili-
zation of fatty acids in the liver and hyperinsulinemia lead to
an increase of the synthesis of triglycerides, cholesterol, low-
density lipoproteins and very low-density lipoproteins [3]. After
delivery in women with the recommended GWG the percent-
age of the fat content corresponds to the periconceptional level.
However, excessive gestational weight gain leads to excessive
accumulation of adipose tissue, a slow postpartum reduction
with the possible development of metabolic syndrome [4].

Nowadays, there are many genes which provide regulatory
pathways for weight gain through the development and metabo-
lism of adipocytes. Among them, leptin receptors, melanocor-
tin receptor-4, peroxisome proliferator-activated y-receptors
(PPAR-y), neuropeptide Y, and ghrelin play a significant role
[22]. PPAR-y plays a key role in regulation of adipocyte dif-
ferentiation, energy storage, insulin sensitivity, and lipid me-
tabolism [24]. PPAR-y controls not only the expression of the
main lipid metabolism enzymes (lipoprotein lipase, binding and
transport protein fatty acids, hormone-sensitive lipase), but also
secretory proteins such as leptin and tumor-a necrosis factor,
thus affecting insulin sensitivity to skeletal the muscles [17].

A mutation detected on the B exon of the NH -terminal of
the PPAR-y gene, substituting alanine for proline at the posi-
tion 12 (PPAR-y Pro12 Ala SNP) (rs1801282), causes moderate
decrease of its transcriptional activity and adipogenic potential
[25]. There are many studies aimed at identifying the association
between the Prol2Ala polymorphism of the gene PPAR-y and
overweight, type 2 diabetes and obesity. However, the results for
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today are controversial. Several meta-analyzes indicate the di-
rect link between this gene variant with body mass index (BMI)
and the percentage of fat mass in different populations. Yao Y.S.
et al. [29], Swarbrick M.M. et al. [27] showed a direct relation-
ship between Prol2Ala polymorphism and BMI in individuals
with obesity. Mattevil V.S. et al. [20] showed a positive associa-
tion of this genetic variant with overweight only in men and the
absence in women in the Brazilian population. Becer E. et al. [8]
in Turkish population did not find a statistically significant asso-
ciation between the PPAR-y Pro12Ala genotype and obesity, but
obtained a significant effect on the lipid and adipokine levels.
No association was found between this polymorphism and BMI
by Buzzetti R. et al. in an Italian study [10], Swarbrick M.M. et
al. in German women [27]. In the Ukrainian study Vilchynsky
H.V. et al. [1] proved that women with the Alal2 genotype had
higher atherogenic lipid levels than homozygous Pro patients.

The results of works performed with pregnant women are also
different. Alison M. et al. [6], Chavan N.R. et al. [11] have prov-
en the association of Prol2Ala polymorphism of the PPAR-y
gene with elevated GWG in pregnant women with prepregnan-
cy obesity. Kolapo M.A. et al. [19] reported a positive correla-
tion between this polymorphism and GWG in women with a
high-energy diet. Dubossarska Z.M. and Duka Yu.M. [2] found
a positive correlation of Prol2Ala polymorphism of PPAR-y
gene, increase in glycosylated hemoglobin concentrations in
overweight pregnant women. Thus, it can be assumed that such
controversial conclusions are associated with the involvement
of the individuals of different age, race, lifestyle, concomitant
diseases such as obesity, diabetes, hypertension to the study, and
other researchers agree with this [8,14].

Weight gain is well recognized as an important determinant
of pregnancy outcome. The problem of pathological GWG is
very actual in terms of prediction of obstetric and perinatal
complications: macrosomia, gestational hypertension, abnormal
glucose tolerance, frequency of operative delivery, changes in
weight and development of obesity after childbirth [7]. We can
presume that if genetic variants associated with obesity and dia-
betes lead to a pathological weight gain during pregnancy, then
excessive GWG can be a marker of genetic predisposition to the
development of metabolic diseases. Nowadays, in vast major-
ity of studies, including those done in Europe and the United
States, we have not found the effect of Prol12Ala polymorphism
of the PPAR-y gene on the GWG in women without obesity and
diabetes mellitus. Therefore, in our scientific research we have
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planned to determine the role of this gene polymorphism with
GWG in a group of women of reproductive age, with normal
prepregnancy BMI, single-pregnancy, same population and
race, and without severe chronic diseases.

The aim of the study was to determine the role of Prol2Ala poly-
morphism of the PPAR-y gene, associated with lipid and carbohy-
drate metabolism, in the genesis of gestational weight gain.

Material and methods. There were studied 97 pregnant
women with normal prepregnancy weight, who visited antenatal
clinics in Ivano-Frankivsk, Ukraine during 2016-2018. Patients
under 18 years old, diagnosed with multiple pregnancy, severe
chronic diseases, overweight, obesity and diabetes mellitus were
excluded from the study. All women have signed “Informed
consent to participate in the study”. The research design was
approved by the Ethics Committee of the Ivano-Frankivsk Na-
tional Medical University (Ne 93/16 from 01.12.2016).

59 (60.8+£5.0%) of the examined patients were nulliparous
and 38 ((39.2+5.0) %) were multiparous women. The recom-
mended GWG was diagnosed in 33 ((34.0+4.8) %), inadequate
in 19 ((19.6+4.0) %), and excessive in 45 (46.445.1%) patients.
The average age of patients was 27.8+3.1 years (95% Cl 27.4-
28.2) and did not differ significantly in the groups of women
with different GWG (p>0.05). The average height of the patients
was 165.1£5.2 cm (95% Cl 164.3-165.9) and also did not dif-
fer between women with different weight gain (p>0.05). Pre-
pregnancy weight was 55.2+4.8 kg (95% ClI 54.4-56.0), BMI
20.3£1.5 kg/m? (95% Cl 20.1-20.5), which corresponded to the
normal weight due to recommendations of the Institute of Medi-
cine (IOM) in the USA (2009) and the Order of the Ministry of
Health of Ukraine Ned17 (2011) (BMI 18.5-24.9 kg/m?) [16, 4]. In
our research 84 (86.6+3.5%) pregnant women were married and
13 (13.443.5%) were single. Half of women (52.6+5.1%) received
higher education, (41.2+5.0%) — special education and (6.2+2.4%)
of patients were without education. More than half of individuals
(66.5+4.8%) were nonsmokers before and during pregnancy, 24
(24.7+4.4%) stopped smoking during pregnancy, and 9 (9.3+2.9%)
continued to smoke throughout the gestational period. Antenatal
care with nutrition and physical activity recommendations was car-
ried out in accordance with existing Ukrainian guidelines [4].

Prepregnancy weight status of patients was assessed with
BMI (kilogram/meter?) calculated from prepregnancy weight
and height. Information on the body weight of women before
pregnancy was obtained by interviewing patients and medical
records. Anthropometry was performed at the first prenatal visit
(9.8+1.4 weeks (95% C19.6-10.1)), during the 22-24 weeks, and
before the delivery. Patients were weighted on the electronic
scale to the nearest 0.1 kg. Height was measured using a digital
stadiometer with an accuracy of 1.0 cm. GWG was evaluated
by the difference between the weight before delivery and pre-
pregnancy. The results were compared with the recommended
weight gain for women with normal BMI — 11.5-16 kg — ac-
cording to the recommendations of the Institute of Medicine
(IOM) the USA (2009) and the Order of the Ministry of Health
of Ukraine Ne 417 (2011) [4,16].

Study of the Pro12Ala polymorphism of the PPAR-y gene was
performed at the State Institution «Reference Center for Molec-
ular Diagnostics of the Ministry of Health of Ukraine» (Kyiv).
Genomic DNA for molecular-genetic studies was isolated from
peripheral blood using a commercial «innuPREP Blood DNA
Mini Kit» test system (Analytik Jena, Germany) using centri-
fuge filters. For the determination of the polymorphic variants of
the genes, PPAR-y (Prol12Ala) rs 1801282, modified protocols
were used using the polymerase chain reaction (PCR) method
and the subsequent analysis of restriction fragment length poly-
morphism (PDRF) (Canbay E. et al., 2012). Visualization was
done by using the Vitran computer program (Fig. 1).

Lipid profile was found on the basis of the laboratory deter-
mination of the concentration of triglycerides (TGs) (Triglycer-
ides SpL (SpinLab LLC, Ukraine)), total cholesterol (Choles-
terol SPL (LLC SpinLab, Ukraine)), high-density lipoproteins,
low-density lipoproteins and very low-density lipoproteins
(HDL, LDL, VLDL) (“HDL-Cholesterol SPL” (LLC “Spin-
Lab”, Ukraine)). To study the carbohydrate status, the glucose
and insulin at baseline were measured by the immunoassay
method (Insulin Test System-2425-300 (Monobind Inc., USA)).
Indices of insulin resistance we calculated by the formula for
the homeostasis model assessment: HOMO-IR: Fasting glucose
(mmol/1) x Fasting insulin (uU/ml) / 22.5. Biochemical analyses
we performed in according to standard methods [3] in the cen-
tralized clinical and diagnostic laboratory of the Regional Peri-
natal Centre (Ivano-Frankivsk). The determination was carried
out in the first and third trimesters of pregnancy.

Statistical analyses were carried out using Statistical program
“Statistica 6.0”. We calculated the average arithmetic mean (M),
the mean standard deviation (m), odds ratio (OR), confidence
interval (Cl), correlation (r), reliability of the difference between
the results of the study (p). A two-tailed p-value in p<0.05 was
considered statistically significant.

Results and their discussion. The Prol2Ala polymorphism
of the PPAR-y gene in 97 pregnant women with normal pre-
pregnancy weight was studied. 69 (71.7+4.6%) patients were
with Pro/Pro genotype, 26 (35.6+7.1%) — Pro/Ala genotype,
and 2 (4.4+3.1%) — Ala/Ala genotype. The number of Ala/Ala
homozygous patients was very small (n=2), so for the purpose
of providing adequate statistical power, we combined pregnant
women with pathological polymorphism Pro/Ala and Ala/Ala
into one group — carriers of Ala allele — 28 (28.9+4.6%). The fre-
quency of the variant of carriers of Ala-alleles 0,28 in our study
is within the limits of the European population [21].

Prepregnancy weight among Pro/Pro pregnant women was
53.3+4.2 kg (95% Cl1 51.4-55.2), BMI 19.7+0.8 kg/m? (95% Cl
19, 5-19.9), and carriers of Ala allele 59.5+4.1 kg (95% C1 58.0-
61.0), BMI 22.1+1.7 kg/m? (95% Cl1 21.5-22.7), which were not
significantly different (p>0.05). We did not find a significant
difference between social status, education, parity in Pro/Pro
genotype women and carriers of Ala allele the PPAR-y (p>0.05).
We diagnosed that the GWG in homozygous Pro-allele carriers
was 12.1£2.6 kg (95% C1 11.1-13.1), in carriers of Ala allele

Fig. 1. Electrophoregram distribution of restriction fragment of gene PPAR-y (Prol2Ala).
Specimens 1, 9, 15 - Pro/Ala genotype; specimens 2-8, 10-14, 16 - Pro/Pro genotype; specimen 17 is a molecular weight marker
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19.542.7 kg (95% Cl1 17.8-21.2). Consequently, in women with
PPAR-y Alal2 polymorphism weight gain was 1.6 times signifi-
cantly higher than the Pro/Pro genotype (p<0.05). The distribu-
tion of genotypes of PPAR-y gene polymorphism in pregnant
women with different GWG is represented in Table 1.

We found 84.8+6.2% homozygous Pro-allele carriers and
15.2+6.2% carriers of Ala-alleles among pregnant women with
a recommended weight gain. Alal2-alleles genotype patients
in this group were significantly lower as compared to Prol2
(p<0.001). In women with inadequate GWG, we did not observe
a probable difference in the distribution of polymorphism of the
PPARG gene compared to pregnant women with recommended
weight gain within (p>0.05). In the group of patients with ex-
cessive GWG we diagnosed 1.4 times (OR 0.2; 95% C10.1-0.7,
p<0.05) a significant decrease in women with Pro/Pro genotype
and 2.6 times (OR 3.2; 95% C1 1.1-9.3, p<0.05) an increase of
the carriers of Ala-allele compared to pregnant with normal
weight gain. Only in this group we found 4.4+3.1% individuals
of homozygous carriers of Ala - allele.

The results of the lipid metabolism indicated a significant interac-
tion between high triglyceride levels (r=0.44, p<0.001), cholesterol
(r=0.76, p<0.001), and GWG. Indicators of lipid metabolism in
pregnant women depending on GWG are represented in Table 2.
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In late pregnancy, we’ve detected a significant increase
of triglycerides 1.8 times (p<0.002), total cholesterol 1.2
times (p<0.001), LDL 1.3 times (p<0.01) in patients with
recommended weight gain. Inadequate GWG was not ac-
companied by significant changes in lipidogram, except a
probable growth of total cholesterol concentration 1.2 times
(p<0.05). Significant changes were noted in excessive weight
gain group. Levels of triglycerides, total cholesterol, and
LDL were significantly higher in late pregnancy 2.4 times
(p<0.002), 1.3 times (p<0.001) and 1.4 times (p<0.01) as
compared to the first trimester. This group the concentrations
of atherogenic lipids were also significantly higher than those
of normal GWG (p<0.05).

In studying the dynamics of laboratory parameters of fat me-
tabolism in pregnant women, depending on PPARG-y Pro12Ala
polymorphism, we established the correspondence of lipid
concentration at the beginning of pregnancy with the reference
value and the absence of a significant difference in patients with
Pro/Pro genotype and Ala carriers (p>0.05) (Table 3). Howev-
er, in the third trimester, a triglycerides levels were significant
increased 1.5 times and total cholesterol 1.1 times in pregnant
women with PPAR-y Ala polymorphism compared to homozy-
gous Pro-carriers (both of them p<0.05).

Table 1. Distribution of Prol2Ala polymorphism of the PPAR-y gene in pregnant women with different GWG (M+m), (n=97)

Genotype of PPAR-y gene

Normal GWG, n=33

Inadequate GWG, n=19

Excessive GWG, n=45

14 (73.7£10.1%)

27 (60.0+7.3%)

0,
Pro/Pro, n 28 (84.8+6.2%) p,>0.05 p,<0.05
Y o
. 5 (15.246.2%) 5(26.3£10.1%) 18 (40.0+7.3%)
Alal2 carriers, n <0.001 p,<0.01 p,>0.05
P p,>0.05 p,<0.05

notes: p, - compared to women-carriers of Pro/Pro genotype; p, - compared to women-carriers Pro and Ala - alleles with normal GWG

Table 2. Indicators of lipid metabolism in pregnant women depending on GWG (M+m), (n=97)

Indicat Normal GWG, n=33 Inadequate GWG, n=19 Excessive GWG, n=45
ndicators
I trimester | III trimester I trimester III trimester I trimester III trimester
2.0+0.2 2.9+0.4
Triglycerides, mmol/L 1.1+0.3 p,<0,02 1.2+0.3 1.84£0.5 1.2+0.3 p,<0.002
p,<0.05
6.6:0.2
-+ +
Total cholesterol, mol/L 4.9+0.2 3.8£0.3 5.0+0.3 3.820.2 4.9+0.2 p,<0.001
p,<0.02 p,<0.05 !
1 1 p,<0.05
HDL, mmol/L 1.6£0.1 1.9+£0.2 1.6£0.1 2.1£0.3 1.7£0.2 1.6£0.1
LDL, mmol/L 2.4+0.2 3.2+0.2 p,<0.01 2.5+0.2 3.1+0.3 2.54+0.2 ;izooi
<0.
VLDL, mmol/L 0.3+0.2 0.4+0.1 0.4+0.2 0.4+0.2 0.3+0.1 0.5+0.2

notes: p, - in comparison to the st trimester; p, - in comparison to women with normal GWG

Table 3. Indicators of lipid metabolism in pregnant women depending
on Prol2Ala polymorphism of the PPAR-y gene (M+m), (n=97)

Pro/Pro, n=69 Ala-carriers, n=28
Indicators
I trimester 111 trimester I trimester III trimester

Triglycerides, mmol/L 1.1+0.3 2.1+0.4 1.3+0.3 3.1£0.3 *

Total cholesterol, mmol/L 4.9+0.2 5.9+0.3 4.9+0.2 6.7+0.2 *
HDL, mmol/L 1.6£0.1 1.9+£0.3 1.6+0.1 1.6£0.1
LDL, mmol/L 2.4+0.2 3.3+0.3 2.4+0.2 3.5+0.3
VLDL, mmol/L 0.3+0.2 0.4+0.2 0.4+0.1 0.5+0.1
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We’ve observed that in pregnant women with excessive
GWGQ, total cholesterol and triglycerides (both of them p<0.05)
indices were higher in allele Alal2 carriers gene (Figs. 2, 3).

30

25

[
[ [
20 I
A NP Y .
=

[EERC. i amr

hd v

4

0 1 2 3 4

=
w1

 Pro/Pro

=
o

M Ala-carriers

GWG, kg/m2
-

i

Triglycerides, mmol/|

Fig. 2. Concentration of triglycerides in blood of pregnant
women depending on Prol2Ala polymorphism of the PPAR-y
gene in the third trimester of pregnancy and GWG, n=97
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Fig. 3. Concentration of cholesterol in blood of pregnant de-
pending on Prol2Ala polymorphism of the PPAR-y gene in the
third trimester of pregnancy and GWG, n=97

The analysis of carbohydrate metabolism in our study showed
a positive correlation between the GWG and glucose level
(r=0.40, p<0.001), insulin level (r=0.53, p<0.001) and HOMO-

IR (r=0.53, p<0.001). However, the dynamics of these indicators
during the gestational period varied in different groups (Table 4).
There were no statistically significant dynamics of glucose level,
insulin level and HOMO-IR index during pregnancy (p>0.05). A
significant reduction of glucose concentration 1.3 times and HO-
MO-IR index 1.5 in the third trimester was diagnosed in group of
inadequate weight gain (both of them p<0.05). In women with ex-
cessive GWG insulin level and HOMO-IR index significantly in-
creased during pregnancy. In the third trimester, plasma insulin con-
centration 1.4 times (p<0.02), HOMO-IR index 1.6 times (p<0.01)
were higher compared to early terms, and 1.4 times (p<0.01) and
1.6 times (p<0.01) significantly were higher compared to normal
GWG. However, the HOMO-IR index at the end of pregnancy
probably did not exceed the reference values (0-2.7) (p>0.05).

Results of the PPAR-y gene polymorphism study revealed no
significant differences in glucose level, insulin level and HOMO-
IR index in women with Pro/Pro genotype and carriers of Ala allele
(both of them p>0.05) (Table 5). However, the concentration of in-
sulin was significantly 1.4 times higher in PPAR-y Alal2 carriers at the
end of pregnancy as compared to the 1% trimester (p<0.01), and there
was no significant difference in homozygous Pro genotype (p>0.05).

Peroxisome proliferator-activating receptor-gamma (PPAR-y) is
a transcription factor, a member of the family of nuclear hormonal
receptors, and is the central regulator of energy homeostasis: plays
an important role in energy accumulation, adipocyte differentia-
tion, insulin sensitivity and the metabolism of fatty acids [17]. The
Prol12Ala polymorphism of the PPAR-y gene is one of the most
frequently studied genetic variants in pregnant women with obesity,
diabetes mellitus and gestational diabetes. The study of the preva-
lence of this gene polymorphism among the Ukrainian population
is perspective, as it can help to explain the mechanisms for imple-
menting hereditary predisposition to metabolic disorders. As we
know, this is the first work to study the role of the PPAR-y Pro12Ala
genotype in the genesis of GWG in women with normal weight
before pregnancy and without severe chronic pathology.

In our study, we have shown a statistically significant association
between the Prol2Ala polymorphism of the PPAR-y gene and the
weight gain in pregnancy. Thus, the frequency of the Alal2-carriers

Table 4. Indicators of carbohydrate metabolism in pregnant depending on GWG (M+m), (n=97)

Indicat Normal GWG, n=33 Inadequate GWG, n=19 Excessive GWG, n=45
ndicators
I trimester III trimester I trimester III trimester I trimester III trimester
Glucose, mmol/L 4.4+0.3 4.0+0.3 4.5+0.3 3.4+0.4 4.4+0.2 4.8+0.3
p,<0.05
12.9+1.1
Insulin, pU/ml 8.5£1.0 9.3+1.1 9.0+1.0 8.1£1.0 9.0+1.0 p,<0.02
p,<0.01
12402 2.840.3
HOMO-IR index 1.7+0.2 1.740.2 1.8+0.2 R 1.7+£0.2 p,<0.01
p,<0.05 pl<0 01
,<0.

notes. p, - compared to the I trimester ; p, - compared to women with normal GWG

Table 5. Carbohydrate metabolism parameters in pregnant depending
on Prol2Ala polymorphism of the PPAR-y gene (M+m), (n=97)

Pro/Pro, n=69

Ala-carriers, n=28

Indicators
I trimester III trimester I trimester III trimester
Glucose, mmol/L 44+03 40+0.5 444+02 49+0.2
Insulin, pU/ml 8.8=x1.1 9.9+2.1 89=+09 128 +1.1 *
HOMO-IR index 1.7+0.2 1.8+0.5 1.7+0.3 2.8+0.5

notes: * - compared to the I* trimester
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2.6 times (OR 3.2; 95% Cl 1.1-9.3; p<0.05) was higher in patients
with excessive GWG than normal weight gain subjects. Our con-
clusions coincide with other scientific reports [6,28]. However, they
differed from Garaulet M. et al. [12], who diagnosed the direct asso-
ciation between this gene polymorphism and GWG only in women
who followed the Mediterranean diet during pregnancy.

We have found that in women with excessive GWG, Prol12Ala
polymorphism of the PPAR-y gene is associated with negative
changes of plasma lipids, manifested by higher concentrations of
triglycerides (p<0.05), total cholesterol (p<0.05), and the absence of
statistically significant differences in glucose level (p>0.05), insulin
level (p>0.05) and HOMO-IR index (p>0.05) compared to Pro/Pro
genotype. We found at the end of pregnancy normoglycemia in the
background of hyperinsulinemia, a significantly increased HOMO-
IR index in pregnant women with excess GWG, and the absence of
a probable difference in carbohydrate metabolism between Pro/Pro
and Ala-carriers may indicate an increased sensitivity to insulin
of PPAR-y Alal2 allele genotype. Stumvoll et al. [26] have also
shown that the altered transcriptional activity of PPAR-y in Ala-
carriers results in effective suppression of lipolysis in adipose
tissue and improves insulin-stimulating utilization of glucose in
muscle. The expressed anti-lipolytic action of insulin changes
the balance of lipolysis-lipogenesis to lipogenesis, which leads
to the accumulation of triglycerides and contributes to excessive
weight gain. This theory of higher BMI in the presence of Pro-
12Ala polymorphism of the PPAR-y gene is also proved in two
cohort studies [9,13].

Consequently, according to our study, it can be concluded
that the Prol12Ala polymorphism of the PPAR-y gene, asso-
ciated with lipid and carbohydrate metabolism, has a direct
effect on the weight gain during pregnancy. In our opinion,
excessive GWG can be seen as a marker of the mother’s
genotype and genetic predisposition to the development of
metabolic diseases after delivery.
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SUMMARY

THE ROLE OF PRO12ALA POLYMORPHISM OF THE
PPAR-y GENE IN THE GENESIS OF THE GESTATION-
AL WEIGHT GAIN

IOstafiichuk S., 'Henyk N., 2Rossokha Z.

!Ivano-Frankivsk National Medical University, Department
of Obstetrics and Gynecology; *State Institution “Reference
Center for Molecular Diagnostics of the Ministry of Health of
Ukraine”, Kyiv, Ukraine

The aim of this study was to determine the role of Prol12Ala
polymorphism of the PPAR-y gene, associated with lipid and
carbohydrate metabolism, in the genesis of gestational weight
gain (GWG). We performed anthropometry, the determination
of GWG, the study of PPAR-y Prol2Ala polymorphism, the
concentration of markers of lipid and carbohydrate metabolism
in 97 pregnant women with normal body weight before preg-
nancy (55.2+4.8 kg, body mass index 20.3+1.5 kg/m?). The rec-
ommended GWG was diagnosed in 33 (34.0+4.8%), insufficient
in 19 (19.6+4.0%), and excessive in 45 (46.4£5.1%) patients,
according to the recommendations of the Institute of Medicine
(USA, 2009) and the Order of the Ministry of Health of Ukraine
Ne 417 (2011). The PPAR-y Pro12Ala polymorphism was deter-
mined by a molecular genetic study. “Statistica 6.0” was used.

The frequency of Ala-allele carriers is 0.28. We studied
that GWG is 1.6 times higher in women with PPAR-y Pro-
12Ala polymorphism, than the Pro/Pro genotype (p<0.05).
The frequency of Ala-alleles carriers in a group of excessive
GWG 2.6 times (OR 3.2; 95% Cl1 1.1-9.3; p<0.05) higher
compared to normal weight gain patients. In pregnant wom-
en with Alal2 polymorphism concentration of triglycerides
(p<0.05), cholesterol (p<0.05) are increased and no differ-
ences in glucose level (p>0.05), insulin level (p>0.05), and
HOMO-IR index (p>0.05) compared to women with Pro/Pro
genotype. The insulin concentration in PPAR-y Alal2 carri-
ers at the end of pregnancy was 1.4 times higher than the
early terms (p<0.01) on the background of normoglycemia and
the normal HOMO-IR index.

The modified transcriptional activity of PPAR-y gene, associ-
ated with lipid and carbohydrate metabolism, has a direct effect
on the weight gain during pregnancy. Excessive GWG can serve
as a marker for the maternal genotype and genetic predisposition
to the development of metabolic diseases after delivery.

© GMN

Keywords: gestational weight gain, Prol2Ala polymorphism
of the PPAR-y gene, lipid and carbohydrate metabolism.

PE3IOME

POJIb PRO12ALA ITOJIUMOP®U3MA I'EHA PPAR-y
B TEHE3E TIECTAIHHOHHOI'O YBEJIWYEHUS
MACCBHI TEJA

'0craduiiuyk C.A., 'Tenbik H.H., *Poccoxa 3.1.

' Heano-Dpankosckuil HAYUOHANbHYIU MEOUYUHCKUL YHUBEDCU-
mem, kaghedpa axywepcmea u cunekonozuu; “locydapcmeentoe
yuepesicoeHue “‘Peghepenc-yenmp no monexyisipHou ouacHo-
cmuke MO3 Vkpaunvt”, Kues, Ykpauna

Lenbto nccnenoBanus sIBUIOCH onpeneneHue ponu Prol2Ala
nomuMopdusma reaa PPAR-y, accorMupoBaHHOTO ¢ JIUTHTHBIM
U YTJIEBOJHBIM 0OMEHOM, B T€HE3€ TeCTAllMOHHOTO YBETHICHHS
MAccChl Tema.

[IpoBeneHBI aHTPOMOMETPHsI, ONpeJeTIeHHe TI'eCTAI[HOHHO-
ro yBenuueHus maccel tena (I'YMT), uccnenosanns PPAR-y
Prol12Ala monmmMop¢u3ma, KOHIEHTPAIIMH MapKepOB JHITHJI-
HOTO W YIVIEBOAHOTO OOMeHa y 97 OepeMeHHBIX >KEHIIUH C
HOPMAJIGHOW TperpaBUIapHOl Maccoil tema (55,2+4,8 kr, uH-
nekc maccol tema 20,3+1,5 kr/m?). Pexomenpyemoe I'YMT
quarnoctupoBaHo y 33 (34,0+4,8%), menocrarognoe - y 19
(19,6+4,0%), u30sITouHOE - y 45 (46,4+5,1%) maunueHTok, co-
mIacHo pexomeHnamwsM WMuctutyra memummasr CILIA (2009 1)
n npukaza MO3 VYkpaunsl Ne417 (2011 r). PPAR-y Prol2Ala
MOJUMOP(H3M OIIPE/ISNISUTH Ha OCHOBE MOJIEKYIIIPHO-TeHEeTHYE-
CKOTO HccleoBaHuA. [ cTaTucTHaeckoit 00paboTKH MaTepu-
ajia MCIoIbh30BaNd porpamMmy Statistica v. 6,0.

W3meneHHas TpaHCKpUMIMOHHAs akTHBHOCTE PPAR-y acco-
IIUMPYeTCs C YBEIMICHHON TyBCTBHTEIBLHOCTHIO TKAHEH K HHCY-
JIMHY, Cynpeccrel JIMMOoau3a B )KUPOBOM TKAHU U CTUMYIISILUEH
JIUIIOTEHEe3a, YTO CIIOCOOCTBYeT M30BITOUHON HagOaBKe B BEce.
Upesmepuoe ['YMT MOXKET Cily’>KUTh MapKepoM T€HOTHUIIa MaTe-
PH M TeHEeTUYECKOH IIPEeIPACTIONOKEHHOCTH K Pa3BUTHIO MeTa-
Oonmvecknx 3a00JIEBaHUH MOCIIE POIOB.

@9boydy

PPAR-y 3960l PRO 12ala 3m@odm@gobdol  @omo  Lbg-
gaools dolols ImdsGgdoby agb@sEoy® 3gdomedo

. oLHogoohbygo,'6. 296030,%b. Gmbmbs

'0g5bm-83@5b3mgligol  gdmgbymo  Ladgpozobm  gbo-
390L0H B0, d95bmdobs s gobgzmammaools  Jomgo®s;

2B g3 @0 ospbmbBogol @98 96L-396@®0", 3o-
930, 935065

380930L Jobobl Foddmopagbos ooy ©s bob-
Joe gemgob 3gasbomsb sbm@odgdygmo PPAR-y g9601

PRO 12ala  3m@odmdgobdols  @Gmarols 3oblobrmgms
39LA>30YA  3gBomedo Lbgymols dsliols bewol 2969bby.
mObgmmésdpg bbygmols bo@dsay@o Fmbol dJmby
97 Joenls (55,244,8 3, Lbgyanols dolols 06593;]15020,3i1,5
dg)/Hz) ho@o®s sbndMm3mdg@®os, yobolsbmgds Lbgy-
@ol dobol bAs glHo3oy® 3gdomedo, PPAR-y 39601
PRO 12ala 3m@odm@gobdo, Gooamoicg@oegdol, bog®-
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0o Joamgl@g®Hhobol, Jomogno, sds@o ©s do@osh ©o-
do-gn0 10dgg@mogol o 3m3MmEgogdol 30mb(396@@>300,
o@3mbobs s 0blbygmobol wmby YbIme.  Jobogo-
6ol dgwo3obol 0bLE0AYBOL (539, 2009) s 93¢5060L
Nobogol bosdobold@mml  Ned27  (2011) @g3mdgbgos-
(309%0L gbodsdobsw, 93mdgbpgdyemo boaws >mgbod-
6o 33 (34,0+4,8%) 3530963, s@slsgds@olo bAws - 19-1
(19,6£4,0%), do®do - 45-15 (46,4+5,1%). PPAR-y 3960l PRO
12ala  3m@o0dm@gobdo  gobolobmgms  dman gz y®-
3969003900 ggenggom. dobagrs LEsE0LH0gYOs© ©o-
39 ogms 3Mmy@sdom Statistica 6,0.

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

PPAR-y 2960l dg3gemomo @@sbli@odzogmo os@ogm-
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BJIUAHUE XPOHUYECKOI'O UMMOBUJIN3ALIUMOHHOI'O CTPECCA
BO BPEMSA BEPEMEHHOCTH HA MOP®O®PYHKIITUNOHAJBHOE COCTOAHUE NEYEHU
CAMOK KPbIC B TIOCJIEPOJOBOM INEPUOJE

Hukonaesa O.B., Kyznenosa M.A.

Xapvkosckuil HAYUOHATbHBIEL MEOUYUHCKULL YHUGepcumem, YKkpauna

CoracHO JaHHBIM OIHIAEMHOJIOTHYECKHX HCCIIEIOBAHUIA,
ony0IMKOBaHHBIX BcemMupHOW opraHmzanueil 3apaBoOXpaHe-
HUSs1, OKOJIO 29MJTH. YeJIOBEK B €BPOICHCKUX CTpaHax CTPaaroT
XpoHuuecknmu 3adoneBanusmu nedenu [1]. Tak oxono 0,1%
€BPOIICHCKOro HaceleHus crpagaer uupposom medenu (L),
4YTO COOTBETCTBYeT 14-26 HOBBIM ciydasm Ha 100 ThIc. Hace-
JieHust ¥ npuMepHo 170 ThIc. JeTanbHbIX ciiydaeB B rof [2]. B
VkpanHe HaOI0aeTCsl HHTEHCHBHBIN POCT yKcia OONBHBIX 3a-
OoJieBaHMSIMH TIEUCHU. B CBsI3M ¢ 3THM BechMa aKTyaJbHBI HC-
CJIC/IOBAHUS, HAIIPABJICHHBIC HA M3y4YeHHe (PaKTOPOB pUCKa Ia-
TOJIOTHH TICYCHHU.

YcTaHOBIICHO, YTO 3HAYUMYIO POJIb B TOBPEXKICHHUH MTEUCHU
UTPalOT KaK SK30T'€HHBIE, TAK M DHJOTeHHbIe GpakTopsl. Cpean
9K30TEHHBIX (PaKTOPOB, CIIOCOOCTBYIONINX PA3BUTHIO MOP(HO-
(YHKIMOHAIBHBIX HAPYIICHUH B TIEYCHN BEIyIlee MECTO 3a-
HUMaeT cTpecc. BrICOkHH cTpecc — HANONHEHHOCTh KH3HH
B COBPEMEHHBIX COL[MAJIbHBIX YCJIOBHSX JAUKTYET HEOOXOIM-
MOCTb M3Y4YCHHs MEXaHHU3Ma CTPECCOPHOIO IMOBPEXICHHS
neueHu [5]. B paborax psiga uccienoBareiicii ykasaHa CBs3b
MEX/y CTPECCOBBIMH BO3JACHCTBUSMH U PAa3BUTHEM pa3ind-
HBIX 3a00JIeBaHUH (CepleuHO-COCyaUCThIe 3a00IeBaHusl, I'-
nepToHuYeckas 6oie3ub, auabet) [6,7]. B sakcnepumenTe Ha
MBIIIAX YCTAHOBUIIM, YTO ITOBTOPSIOUIMNCS CTPECC HPUBOJIHUT
K Pa3BUTHIO THHEPMEeTabOIMYECKOro CHHJIPOMA, CONPOBO-
JKJIAIOIIETOCsl 3HAYMTENBHOW TOTepeil Macchl Telyia, THIep-
IJIMKeMUeH, TUCITUIHMASeMHeH, alluJ030M M Kak CICICTBHE
PE3KMM COKpAIlleHHEeM WHIMBHIYaJIbHBIX YHEPIeTHUECKHUX
pe3epBOB M YCTOWYMBOCTH K BO3ACHCTBHIO cTpeccopos [3,5].
Hmerorcst eiMHUYHBIC pabOThI, B KOTOPBIX U3y4aeTCs BIMSHUC
cTpecca Ha QYHKIIMOHAIIBHOE COCTOSIHUE TIeUeHH [6]. YcTaHOB-
JICHO, YTO OCTPBI CTpecC MPOBOLUPYET CHIKCHUE MHTCHCHUB-
HOCTH a3pOOHOT0 INIMKOJIN3a U ITTIOKOHEOTreHe3a, aKTHBALIHNIO
JIUIIONIN3A, a TAKKe HANPSDKEHHE CUCTeMbl aHTHOKCHIAHTHOM
3alIUTHl U YCHWICHHE IIPOLECCOB MEPEKHCHOTO OKHCICHHS
JIUIUO0B, YTO MPUBOJAUT K HAPYIICHUIO dTepUDHUIHPYOIICH
¢yHnkuy nedenu. OQHAKO, POJIb XPOHUYECKOTO CTpecca, KaKk
(akTOpa MOBPEXJCHHS MEUCHH, M0 Ceil JIeHb HEI0CTATOUYHO
H3ydeHa.

Ienbro nccaenoBaHys SIBUIOCH ONpPEAeIeHHe MOp(oiornye-
CKUX U OMOXMMHYECKHX OCOOCHHOCTEH TKaHU INEYEHH CaMOK
KpbIC, IOABEPraBIINXCS MMMOOWIM3ALHOHHOMY CTpEcCy BO
BpeMsi OEpPEMEHHOCTH.
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Marepuaj u MeToAbl. DKCICPUMEHTAIBHOEC HCCIIEA0BAHUE
HPOBEJICHO HAa 3-MECSYHBIX PAHIOMOPEIHBIX KpbICax-CaMKax
nonyisiiun WAG/G Sto, koTopble ObUIM pa3zielicHbl Ha JBE
IPYHIBL: 7 CaMOK, HaXOAMBILKXCS B MEPHOZ OSPEeMEHHOCTH B
CTaHJAPTHBIX YCJIOBUSIX BHUBapws - | rpynmna (KOHTponbHas); 7
CaMOK, KOTOpBIE Ha NPOTSHKEHUN OEPEeMEHHOCTH MOIBEPrallicCh
XPOHMYECKOMY HMMMOOMIM3aOHHOMY crpeccy - II rpynma
(9xcriepuMeHTanbHas ). MoJenupoBaHie BIHSHHS CTPECCOBOTO
(axTopa Ha KpPBIC OCYLIECTBISUIOCH C MCIIOJIb30BAHHEM JKCIIE-
PUMEHTaJILHOW MOZIeNH, pa3paboTaHHON Ha Kadeape naToIoru-
yeckoii pusuonorun um. JI.E. AnbniepHa XapbKOBCKOTO HAIHO-
HAJIBHOTO MEAMLIMHCKOTO YHUBEpcuTeTa [4].

Mopdonornueckoe HcclieOBaHUE TKaHH IIEUSHU OCYIIECT-
BISUIOCH 110 OOWICTIPUHATHIM MertorukaMm [8,9]. [lns oueHkn
COCTOSIHHSI DHJOTEIIUSI COCY/IOB ITEUYCHH MMMYHOTHCTOXHMHUYE-
CKMM METOJIOM BBISIBJISLIIH SKCIIPECCHIO MapKEPOB OOMEHa OKCH-
Jla a30Ta: SHJIOTEIHAIBHOM CHHTa3bI OKcKaa a3oTa (eNOS) u uH-
IyrubensHoi cuHTasbl okenna azora (iNOS). Vcnonb3oBanuch
KOHLIEHTPUPOBAHHBIC IIOJHMKJIOHAIBHBIE KPOJUYbH aHTUTENa
(ITKAT) ¢upmer Thermo scientific (I'epmanus), Nitric Oxide
Synthase inducible (iNOS) Rabbit Polyclonal Antibody B pa3se-
nennu 1:100, Nitric Oxide Synthase endothelial (eNOS) Rabbit
Polyclonal Antibody B paseaenun 1:50. B romorenarax TkaHu
HEeYEHH N3ydan (pPaKIHOHHBIN COCTAB JIMITUIOB - XOJIECTEPHH
(XC), pocdomunuusr (PJI), tpurmuuepuast (TT), Heactepudu-
1poBaHHble sxupHble kucsioTel (HOXKK) meTonom ToHkocmoi-
HOIt xpomarorpaduu Ha iactuHax Silufol [10] u conepxa-
nue rukorena (I'T) cekrpodoToMeTpuyecKuM METOOM 110
B.I. Acatuanu [10]. B cbiBOpoTKe KpOBU OIpEneIIsiId aKTUB-
HOCTb MHAMKATOPHBIX GepMenToB: ananuH- (AnAT) n acnapra-
tamuHoTpancdepassl (AcAT), y-rmyramuntpancdepasst (ITT),
copoutonaeruaporenassl (CII'), conepxanue obiero oenka u
ero paximii (anbOyMHUHBI, 0 -, .-, -, Y-IJIOOYJIMHBI), MOYEBH-
HBI U TJIIOKO3BI - CIEKTPO(OTOMETPHYESCKUM METOIOM C HOMO-
mpo Habopa peakTnBoB «®Dwmucur J[uarHoctukym» (duenp,
Vkpauna), XC, TI, numonpoTeupl BBICOKOW IUIOTHOCTH
(JIIBII) - ¢ nomomsio Habopa peakTHBOB (HUPMBI «OJIBBEKCH
(Poccust), mMnonpoTenibl HU3KOM U OYeHb HM3KOM IIOTHOCTH
(JIITHIT, JITTOHIT) - pacuérabiM metoom [10].

HWccenoBanust  BBIIIONHEHBI € COONIOACHHEM NPaBWI H
MEXKJIyHAPOIAHBIX pexkoMeHaauuii EBponeiickoil KOHBEHLMU
0 3aLIUTE TO3BOHOYHBIX )KUBOTHBIX, MCIIOJIb3YEMbIX JUISI OKC-
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HNEePUMEHTOB WM B MHBIX HayuHbIX memsix (CrpacOypr, 1986).
BriBesieHHE JKUBOTHBIX M3 SKCIIEPUMEHTA MPOBOAMIOCH Cpasy
HOCJIe POXKCHUS KPBICAT MyTéM aekanutanuu. s 06e360mu-
BaHMS HCIIOIb30BAJIM BHICOKHE KOHIIGHTPALMK JAUOKCHAA YIUIe-
pona (CO,). Craructuueckyro oOpabOTKy pe3yNbTaToB IPOBO-
quu ¢ ucnons3zoBanueM nporpamMmel STATISTICA-10. s
ONpee/ICHUs. JOCTOBEPHOCTH OTIMYMUN HCIONb30BaIU KpUTE-
puii U ManHa-YuTHu.

Pe3yabTarbl H UX 00CYy:K/IeHHMe. YCTaHOBJICHO, YTO Makpo-
CKOITMUYECKU I€YEeHb KPBIC 3KCHEPUMEHTAIbHON TpyNIbl 3HA-
YUTEIBHO OTIIMYAIach OT KOHTPOJBHOM - Ha pa3pe3e oHa ObL1a
MEJIKO3EPHHUCTAsl, KOPUYHEBO-KEJITOBATOrO 1IBETa, YTO CBUJIE-
TEJNbCTBYET O HAJIMYUU )KUPOBOT'O I'earosa.

Mukpockonuuecku B nedeHu Kpoic Il rpynmnsl ormedanocs Ha-
pyLLEHHE apXUTEKTOHUKU JIOJICK IEYEHH B BHJE BBIPAKEHHON
JIMCKOMILIEKCALMK  OaI0uHO—Pa/IMAIbHOTO  CTPOCHHS, KOTOPOE
PE3KO OTIMYATIOCh OT COCTOSHUS OpraHa B KOHTPOJIBHOW IpyIIe.
IenarouuTh! ObUTM HEpaBHOMEPHO HaOyX1Me (B OCHOBHOM BOKPYT
HOPTAJIbHBIX TPAKTOB) C BEIPAXKEHHOH TUCXPOMHEH LIUTOILIA3MBI 1
HEpaBHOMEPHBIM ITMKHO30M SIJIep, YTO CBUACTEILCTBYET O THOSIH
TeNaToLUTOB, CIIEJOBATE/ILHO, U APEHXUMBI IICUCHH.

CreneHb MOBPEXK/ICHUS APEHXUMBI [IEYCHH OLIEHHUBAJAch I10-
CpPEIICTBOM OIIpE/IeICHNs pereHepPaTHBHOM aKTUBHOCTH U OTHOCH-
TEJBHOr0 00bEMA DIIEMEHTOB MAPEHXUMBI U CTPOMBI C BBIUHCIIC-
HHMEM CTpOMaJIbHO-TapeHxuMarosHoro uxzaekca (CIIN), a tawoxe
CTENeHH IHIOTENIMAIBHON AUCHYHKINHY, MyTEM BBISBICHHUS JKC-
npeccun MapkepoB ooMeHa oxcuza azora: eNOS u iNOS.

PereneparuBHasi aKTUBHOCTh NIEYEHU OLIEHUBAJIACh MOJICUETOM
KOJIMYECTBA JIBYSIEPHBIX TI'ENAaTOLUTOB B IIPOLEHTHOM COOTHO-
IICHUH K UX OIHOSAEPHBIM (hopMaM. YCTaHOBJICHO, YTO Y KpbIC 11
IPYIIIbI KOJIMYECTBO JBYSIEPHBIX IenartonuTos B 3,6 pas (p<0,05)
HPEBBIIANIO UX Yucio B | rpymme (coorBeTcTBeHHO, 8,05+0,07%
u 2,37+0,03%), 4TO CBHIETEIBCTBYET O BHICOKOIl HHTCHCUBHOCTH
HOBPEXKJICHUS TTEYECHHU.

Pesynbrarhl Hccae10BaHUS CTPYKTYPHBIX 3JIEMEHTOB Ieye-
HU TpejCTaBIeHbl B Tabmuie 1. YCTaHOBIEHO, YTO y KpBIC
II Tpynmel oTMedaeTcst JOCTOBEPHOE YMEHbLIEHHE 00bEMa
MapeHXUMBl U JOCTOBEPHOE yBeJIMYeHHE 00bEMa CTPOMBI U
CIIH, 4T0 CBHAETEIBCTBYET O BHICOKOW MHTEHCHUBHOCTH I10O-
BPEXKJICHUS MIEUCHHU.

Ha napymenne MophodyHKIIMOHAIBHOTO COCTOSIHUS TTe4e-
HU YKa3bIBaJIU TAK)K€ U3MEHEHUS, BbIBICHHbIE IIPU UMMYHO-
TUCTOXUMUYECKOM MCCIE0BAaHUU TKAHU NedeHH. B meuenu
KpBIC KOHTPOJIbHOHM rpynmnbl peakius Ha eNOS mokasbiBana
YepeOBaHUE YYaCTKOB CJIa00 OKpAalllEHHBIX 3HA0TeNINalb-
HBIX CTPYKTYp B IEpUIIOPTAJIbHBIX 30HaX U Y4aCTKOB C BbI-
PaXXEHHOH JKCIPECCHEH JHIOTENHAIBHON CHHTA3bl B IICH-
TpaJIbHBIX OTAeNax jaosiek. [lpudem kak mpu cnadoi, Tak u
IpU BBIPAKEHHOM IKCIPECCHM OINMPEeNsUICh (OKYChI pac-
CIIOCHUS SHJOTEIMS B IEHTPAJIbHBIX BEHAX, €r0 CIyLIUBaHUE
¢ 00pa3oBaHHEM «TOJBIX» (PPArMEHTOB B CTEHKAX COCY/IOB, a
TaKXkKe IUIOTHBIE, KOHACHCUPOBAHHbBIC O4aru CIUSHUS SH0Te-
JINATBHBIX KIETOK.

NunymmnbensHas NO-cuHTa3a BbISBISUIACh B aKTUBHPOBAH-
HBIX KiIeTkax Kyndepa, sHIOTEIMH HEHTPaIbHBIX BEH M IMPH-

JeXKAMUX K HUM KPYNHBIX TeMaTOLUTAX, MBIIICYHBIX CTEHKAX
COCYOB IOPTAJIbHBIX TPAKTOB U B CKJIEPO3UPOBAHHOU COEAU-
HHUTEJIBHON TKaHU CaMHX HOPTaJIbHBIX TpakToB. Kak 1 B ciry4ae
C DHJIOTENHNANBLHON CHHTA30# OKkcuaa a3ora, (OKychl ¢ BbIpa-
KeHHOH 3kcrpeccueit iNOS mepeMexarch ¢ I0X0 OKpaIieH-
HBIMH y4YacTKaMH. BbIIBICHHbIE HMMYHOMOP(OIOrHYecKHe
0COOEHHOCTH MOATBEP)KIAI0T HATMYKME BBICOKOH CTENIEHH YH0-
TENNAIbHON AUCYHKIMU U 1oTepH (QYyHKIMOHAIBHOW aKTHB-
HOCTH [TAPEHXNMBbI [IEUCHH.

J1ist oueHKH (DYHKIIMOHATIBHOTO COCTOSTHHUS [IEYCHH ITPOBECH
KOMIUIEKC OMOXMMHYECKUX HCCIIEIOBAaHUIT CHIBOPOTKH KPOBH U
I'OMOI'€HATOB TKAaHH I1€4EHH, PE3yIbTaThl KOTOPBIX IIPEACTaBIIe-
HbI B TaOnuuax 2 u 3.

B ceiBopoTke kpoBHu KpbIc I rpynmsl, oTMeueHo 1ocToBep-
Hoe nossienue aktuBHocteit AJIT, ACT u opranocnenudu-
yeckux ¢pepmentoB CAI u I'TT na 14,03% u 9,69%, coot-
BETCTBEHHO, YTO MOXET OBbITh CBSA3aHO C AecTabuian3aiueit
MeMOpaH rernaToUTOB U yTEUKO [IUTOIIa3MaTHYeCKUX dep-
MeHTOB (Tabiuua 2).

B nporennorpamme kpbic 1l rpynmsl oOHapyxkeHO ymepeH-
HOC CHIKEHHE OOIIEro Oelka M ypOBHS 0,- M Y-IJIOOYy/IHMHA
Ha 30,04% u 19,59% npu HOpManbHOM ypOBHE ajabOyMHHOB,
a TaKxKe yBenuueHue ppaxuui o - u - molynuHa Ha 36% u
13,11% B cpaBHEHHHU C KOHTPOJIEM. BbIsiBIICHHBIE 0COOCHHOCTH
IPOTEUHOTPAMMBI YKa3bIBAIOT Ha JUCIPOTEHHEMHMIO, BBI3BaH-
HYIO JUIMTEIbHBIM cTpeccoM. CHIkeHne Y-1100yIMHOB CBHUIE-
TEJILCTBYET 00 YMEHBIICHUH IPONYKLMK aHTHTeN. [[oBbIIeHNE
[-r100yHHOB, 1O BCeil BEPOSITHOCTH, CBS3aHO C MOBBIILICHUEM
nponykuun JITTHIT (o6ecnieuenne XC aiist npoAyKIUH aHTH-
CTPECCOPHBIX TOPMOHOB - IIIIOKOKOPTUKOUIOB). CHIDKEHHE 0.
DJI00YJIMHOB, BEPOSITHO, CBSI3aHO CO CHH)KCHHEM CHHTE3a (ep-
MEHTOB (PMOPUHOIMTHYECKON CUCTeMBL. B 1ienom ocobeHHOCTH
IPOTEUHOTPAMMBI CBHUACTEIBCTBYIOT O HapYIICHUH OSIOKCHH-
Te3upyromed (QyHKLUUHM IEeYeHH. YBEIMYECHHE KOHICHTPALUH
MOUYEBHUHBI B CBIBOPOTKE KpOBU Ha 26,13% B cpaBHEHUHU C KOH-
TPOJIEM CBUJICTENILCTBYET O MMOBBILICHUH KaTaboJ13Ma OelIKOB.

B nunuznHOM cniekTpe chIBOPOTKHU KpoBHU KpbIc 11 rpymiie! BbI-
sBieHo nosbienue yposusa XC, TT" na 70,49%, JIIIOHII - na
67,05% u JIITHII - Ha 4,19%. JlaHHbIe U3MEHEHUS MOTYT OBITh
CBSI3aHbI C pealn3alyell CTPecc — Peaklny TaK KaK B SKCIEpHU-
MEHTJIbHBIX YCJIOBUSX ITOBBIIIAETCS OTPeOHOCTH TKaHeH B XC
u T, 4To moaTBepsKAaeTCs] U3MEHEHHUSIMH JIMITUIHOTO CIEKTpa
roMmoreHara nedenu (ysenudero copepxkanue TI' u XC).

HaxoruieHne JUMUIOB B NEYCHH MOATBEPIKIACTCS MOBBILIE-
HueM ypoBHsa XC Ha 35,94%, HOXKK - na 130,59% u TI' - Ha
9,81%, a Taxxe cHmwxeHueM ypoBHs DJI na 45,59% B romore-
Hare rnedeHu Kpsic I rpynmsl, 4To, BeposTHEe BCEro, CBSI3aHO C
YCUJICHHEM HX CHHTEe3a M 00paTHOro 3axsaTa. J[aHHbIe H3MEHe-
HHSI MOTYT OBITH PE3yJIbTATOM U30BITOUHOM MPOIYKIUH KaTeX0-
JIAMUHOB U IJTFOKOKOPTUKOUIOB.

W3yueHne nokasatesneil yriieBoJHOro 0OMeHa BbISBHIIO OBBI-
IIEHHE YPOBHs INIIOKO3bl Ha 17,85% npu HOpManbHOM YpOBHE
KETOHOBBIX TEJI. DTH U3MEHEHHs, BEPOSTHO, CBSI3aHbI C ITOHU-
KEHHEM CKOPOCTH I'€KCOKMHA3HOH pEeakluH, YTO MPHBOAUT K
3aMEIJICHNIO 00pa3oBaHus III0K030-0-hocdara B KIETKax Ie-

Tabnuya 1. CmpyxmypHule dnemenmul neyenu y kpvic (M+m)

I'pynna uccienoBanus

I rpynna, n=7 II rpynmna, n=7
Crpoma, % 28,1+1,1 36,3+1,2*
Tapenxuma, % 71,9+1,1 63,7+1,2%
CrpomanbHo-apenxuMarto3Hbli naaekc (CIIN) 0,39+0,01 0,56+0,01*

npumeuanue: * p <0,05 cpasnenue ¢ 2pynnoti KOHMpos
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Tabruya 2. Yposenv 6uoxumuyeckux nokazameineti hyHKYUOHALILHO20 COCMOSIHUSL NEHYeHU 8 CblBOPOmKe Kpogu Kpuic (M=+m)

I'pynna uccienoBanus
Iloxka3aTesn
I rpynna, n=7 II rpynna, n=7
ACT, amois/c 1 27,07+0,84 29,56+1,45%
AJIT, umonb/c i 28,13+0,92 30,42+1,54*
I'TT, amomnb/c 't 143,65+3,67 157,57+2,45%%*
C/I', amons/c i 5,63+0,62 6,42+0.4
OO6uii 6eoK, /1 64,86+1,01 62,25+1,15%
Anp0ymuH, % 52,48+0,75 52,72+0,98
o, — r100ymuH, % 8,05+0,39 10,93+0,65%*
0, — To0ymH, % 8,25+0,45 5,77+£0,71%*
B — rmoOymnuH, % 14,09+1,09 15,94+0,89
v — o0ynuH, % 16,39+0,65 13,18+0,54%**
MoueBuHa, MMOJIB/J 7,67+0,23 9,67+0,38%*
XomnecTepuH, MMOJIb/JT 6,63+0,21 7,26+0,32*
Tpuraunepuapl, MMOJIb/JT 1,07+0,32 1,82+0,16*
JITTHIT, MMouib/ 2,86+0,15 2,98+0,12*
JITTOHII, mmouts/1t 0,49+0,14 0,82+0,07*
JITIBII, Mmmouts/n 3,24+0,32 3,46+0,37
Wupekc areporennoctu (MA) 0,81+0,04 1,18+0,29*
T'mroxo3a, MMOJTB/I 6,17+0,34 7,27+0,09*
KeToHOBEIE TE1a, MMOJIL/JI 1,85+0,35 1,85+0,36

npumedanue: - * p <0,05; - ** p <0,01 cpasnenue c I rpynmnoi

Tabnuya 3. Cooepoicanue TunuoHbIX Gpaxkyuil u 2iuKko2ena 6 comozename nederu (M=+m)

I'pynna uccienoBanus
IMokazaTenu
I rpynna, n=7 II rpynna, n=7

XonectepuH, Mr/T 0,64+0,04 0,87+0,1%*
Dochoaunuas, Mr/t 24.37+1,34 13,26£1,25%*

Tpurnuuepuapl, Mr/t 5,71+0,82 6,27+1,01*
HD2XK, mr/r 8,55+1,3 19,72+1,54%%*
I'nukorew, mr/r 26,38+1,43 22,01+1,32%

npumeuanue: - * p <0,05; - ** p <0,01 — cpasnenue c I epynnou

YEHH, a 3aTeM M MCII0Ib30BaHMs 3TOr0 MeTaboIMTa Ha BCEX Iy-
TSAX NPEBPAILEHHS €ro B KIETKe, T.€. IPOLeccax CHHTE3a [IIUKO-
reHa, nento3oocharHoM HUKIe U TIHKoin3e. Hapsay ¢ atuM
MOBBIIIACTCSI AKTUBHOCTh MIHKOTeH(OCHOpHIa3bl U TIFOKO30-
6-¢pocdaraspl B MeUeHH, YTO CIIOCOOCTBYET YCHJICHHIO ITTHKO-
I€HOJIN3a U TIOBBIIICHHUIO YPOBHS IJIIOKO3bI B KpOBH. [ToaTBepiK-
JICHHEM 3TOMY SBJISCTCS BBISABICHHOE CHI)KEHHE COICPKAHUS
B NEYEHH TIIUKOTeHa - Ha 16,57% B cpaBHEHHMH C KOHTPOJEM B
rOMOTeHATE IEeYCHH.

Takum 00pa3oM, NPOBEACHHbIE HCCIENOBAHMS CBHUJIETEIb-
CTBYIOT, YTO y KPBIC, MOJIBEPTIINXCSA XPOHUYECKOMY MMMOOU-
JIM3AIIHOHHOMY CTPEcCy BO BpeMsi OEpEeMEHHOCTH, Pa3BUBACTCS
qucnunuaeMus ¢ noseimenueM yposas XC, JIITOHIL, JITTHII,
TI, runeprinkemMusi, 4To ClelyeT paclieHHBaTh KaKk PUCK pas-
Butust CJ1 Tuma 2.

Brrasnennsie nosbsimenns ypoBHs XC u HOXKK cBunerens-
CTBYIOT O TIOBBIIICHUM HAKOIUICHHUs JIMMUJOB B IIEYEHH, YTO
CBHETEJILCTBYET O HAIMYMU (DYHKIMOHAJIbHBIX HapyLICHHIl B
opraHe Ha MOMEHT 3KCIIEPUMEHTAIBLHOTO HCCIIEI0BaHMsA, KOTO-
pble MOTYT CTaTh MPHYKMHOI (rOpo3a, MOPTATBHOTO LHUPPO3a
ME€YEHHU U JPYTrOoi OpPraHnYeCKOM MaTONOIUH.
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BriBogbl.

1. XpoHuueckuii crpecc y 6epeMEeHHBIX )KUBOTHBIX IIPHBOIUT
K MOp()O]YHKIMOHAIBHBIM HAPYLICHUSIM IEYCHH, HPOSBIISB-
IIMMCST BBIPQKEHHOM IHMCKOMILIEKcaleld 0ajlouHo-paanalib-
HOTO CTPOCHUs, JKHPOBOH IHCTpOdHeil renaTonnuToB, MOBbI-
LIEHHOM pereHepaTopHOi akTUBHOCTBIO OpPraHa U IMOBBIIIEHUEM
CIIN B TKaHU MEYEHH, YTO CIIOCOOCTBYET pa3BUTHIO Grdpo3a u
MOPTAJIBHOTO IIUPPO3a MEYECHH.

2. 3y4yenne MapKepoB HIOTEINAIBHON TUCHYHKIIUHN yKa-
3BIBAET Ha BBIPA)KEHHOE CHIDKEHHE YPOBHS SKCIIPECCHU IH-
JOTENNANbHON CHHTA3bl U CBHJIETENBCTBYET O 3HAYUTEIHHOM
OpPraHUYeCKOM MOBPEKACHUU MaPEHXHMBbI IT€UeHH OepeMeH-
HBIX KPBIC, MOJBEPTIINXCSI XPOHUUECKOMY CTPECCOBOMY BO3-
JEHCTBUIO.

3. OyHKIMOHAJBHBIE M3MEHEHUS TIEUEHH, BBISBICHHBIE Yy
KpbIC, HaXOJMBIIUXCA B IEPHO] OEPEMEHHOCTH B YCIIOBHSIX
XPOHMYECKOTO CTpecca, MPOSIBISUINCH JUCHpPOTEenHEMHEH, Tu-
nepiunuaemueil (mossimenue yposHs JITTOHIL, JIITHIL, XC,
TI') 1 mOBBIIEHHEM YPOBHS INIIOKO3bI. XapakTep OOHapyXeH-
HBIX U3MEHEHMH YKa3bIBaeT HA BO3MOXKHBIN PUCK Pa3BUTHS WH-
CYIMHOPE3UCTEHTHOCTH.
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4. buoxuMHUYeCcKHe MOKa3aTesid TOMOI'CHATOB TKAHU ICYCHU
CBUJICTENILCTBYIOT O HAPYILICHUH CEKPELMH U 00paTHOTO 3aXBa-
Ta JIMIUIOB, YTO TPOSBIISCTCS B MOBBIIICHUH OOIIETO XOJIECTEe-
puna, HOXXK u TT, a taxxe B cHkeHnu OJI, cBUIETENBCTBYIO-
HIMX O HAJIMYUH MTPU3HAKOB JKUPOBOTO IeraTosa.
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SUMMARY

INFLUENCE OF CHRONIC IMMOBILIZATION STRESS
DURING PREGNANCY ON MORPHOFUNCTIONAL
STATE OF THE LIVER IN FEMALE RATS DURING
POSTPARTUM PERIOD

Nikolayeva O., Kyznetsova M.
Kharkiv National Medical University, Ukraine

Morphofunctional state of the liver (in particular, indexes of
carbohydrate, protein, and fat metabolism, structural elements
and condition of vascular endothelium of the liver) in female
rats subjected to immobilization stress during pregnancy, has
been studied. Morphological changes in the liver include dis-
complexation of beam-radial structure, pyknosis of hepatocyte
nucleus, increased regeneration activity of parenchyma, and

© GMN

increased stromal parenchymal index. Functional disorders are
manifested by development of dysproteinemia, hyperlipidemia,
hyperglycemia, and increased activity of organo-specific liver
enzymes. It testifies to risk of fibrosis and diffuse nodular cir-
rhosis development in the animals, as well as diabetes mellitus
of type Il in the future.

Keywords: morphofunctional state of the liver, immobiliza-
tion stress, pregnant rats.

PE3IOME

BJIUSAHUE XPOHUYECKOI'O UMMOBUJIN3AIIMOH-
HOI'O CTPECCA BO BPEMsI BEPEMEHHOCTH HA
MOP®OPYHKIIMOHAJIBHOE COCTOSIHUE ITEYE-
HU CAMOK KPBbIC B IOCJIEPOJOBOM IIEPUOJE

Huxonaesa O.B., Ky3nenosa M.A.

Xapvkosckuil  HAYUOHAbHBIL  MEOUYUHCKULL  YHUGEePCUMEeN,
Vrpauna

U3zydeHo MophodyHKIHOHATEHOE COCTOSHUE TIeueHH (TToKa-
3aTeNy YIIEeBOIHOr0, OEJIKOBOTO, XKMPOBOTO 0OMEHA, CTPYKTYp-
HBIC DJIEMEHTBI U COCTOSIHHE YHIOTEINHS COCYI0B IIEUEHN ) CAMOK
KPBIC, MOJBEPTIINXCS MMMOOUIIU3ALHOHHOMY CTPECCy BO Bpe-
Mst 6epemeHHOCTH. Mopdosornueckne H3MEHEHHUsI IEYCHH 3a-
KJIIOYAJTCh B JAUCKOMILICKCALUH 0aJ0uHO-PaAnalIbHOTO CTPOe-
HHS1, TUKHO3E sI/Iep TerarolUTOB, MOBBILICHUH PEreHepaToOpHON
AKTUBHOCTU IIapEHXHMBI M CTPOMAaJbHO-IIaPEHXMMATO3HOTO
nHaekca. DyHKIMOHAIbHBIC HAPYIICHUS MPOSBISUINCH B pas-
BUTHH JUCIPOTCHHEMHUH, TUTICPIUITHICMHH, THICPIIIMKCMUH U
MOBBILICHUY aKTHBHOCTH OpraHocrenuduueckux (epMeHTOB
IIEYCHH, YTO CBHCTEIBCTBYET O HAJIMYMU PHCKA PAa3BUTHS Y
’KUBOTHBIX (UOpO3a U MOPTAIBHOTO LMPPO3a TEUSHHU, a TAKIKE
caxapHoro auabera tumna 2.
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OVEREXPRESSED PROGENITOR GENE CSF1R IN PANCREATIC CANCER TISSUES
AND NERVE INVASIVE PANCREATIC CANCER CELLS

12Abiatari I., 'Midelashvili T., '"Motsikulashvili M., *Tchavtchavadze A., ‘Tawfeeq S.M., SAmiranashvili I.

"lia State University, Institute of Medical Research, Thilisi; ’Medical Center Innova, Thilisi; *Georgian National University, SEU,
Thilisi; *P. Shotadze Thilisi Medical Academy; *Thilisi State Medical University, Georgia

Pancreatic cancer is an important public health problem
worldwide as one of the most aggressive human tumors and the
fourth leading cause of cancer related deaths in the USA [1].
The rate of pancreatic cancer diagnoses is almost equal to the
mortality rate of this disease [1] due to late clinical detection
and its innate aggressiveness, stemming from its potential
for early local invasion and metastasis [2,3] early metastasis
to lymph nodes, the liver and other distant organs, also
perineural invasion are key characteristics of pancreatic can-
cer’s malignancy [3,4]. Perineural invasion (PNI), the growth
of tumor cells along nerves, is a key feature of pancreatic can-
cer. PNI precludes radical resection in the majority of pancreatic
cancer cases [5,6]. Thus, the prognosis of pancreatic cancer is
extremely poor and S-year survival is less than 5% [3]. Several
mutations of well-studied genes are associated with pathogene-
sis of pancreatic cancer, such as for instance: Kras, p53, p16 etc.
[7]. Deregulated expression of different molecular factors have
also been identified in previous studies [8]. Nevertheless, little is
known how endogenous expression/alteration of different genes
can be linked particularly to PNI of pancreatic cancer cells.

The colony-stimulating factor 1 receptor (CSF1R) belongs to
the platelet-derived growth factor (PDGF) family. The CSFIR
gene is located on human chromosome 5 (5g32) and in a syn-
tenic region on mouse chromosome 18 (18D) [9]. The protein
encoded by this gene is the receptor of CSF1 and interleukin-34
(IL-34).) CSF1R is implicated in progenitor activities and in-
volved in embryonic and postnatal development of different tis-
sues [10,11]. SFIR controls the production, differentiation, and
function of macrophages, thus it occupies a central role in hema-
topoiesis [12]. The CSF1/CSF1R axis is thought to be involved
in the development and aggressive behavior of several types
of malignancies, including gastric, lung and ovarian cancers
[13-15]. Several studies highlighted role of CSFIR expressing
macrophages in pathogenesis and treatment of pancreatic cancer
[16,17]; however, there are still limited knowledge about role of
CSF1/CSF1R in pancreatic cancer pathogenesis. Previously we
have established ex vivo model of perineural invasion and es-
tablished highly nerve invasive clones of pancreatic cancer cells
[8,18,19]. While making expression profiling we have identi-
fied, that CSF1R was significantly upregulated in nerve invasive
pancreatic cancer cells [8]. Here we decided to further validate
these results and analyzed endogenous expression of CSF1R on
the transcriptional level in different pancreatic cancer cells and
large scale of normal and pathological pancreatic bulk tissues.
Furthermore, we have also evaluated association of this gene to
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perineural invasion phenomenon of pancreatic cancer.

Material and methods. Tissue sampling: tissue specimens
were obtained from patients who underwent treatment at the
Departments of Surgery, University of Heidelberg, Germany.
Normal human pancreatic tissue samples were obtained from
previously healthy individuals through an organ donor program
at the same university. The Human Subjects Committees of the
University of Heidelberg approved all studies. Written informed
consent was obtained from the patients.

Cell culture: Cell lines were routinely grown in DMEM me-
dium supplemented with 10% fetal calf serum (FCS), 100 units/
ml penicillin, and 100 mg/ml streptomycin (complete medium).
Cells were maintained at 37°C in a humid incubator with 5%
CO2 and 95% of air atmosphere. Nine pancreatic cancer (wild
type) cell lines were used for the experiment. Additionally for
two of these cell lines (Pancl and Colo357) highly nerve in-
vasive clones were used in experiment as described before. [8]
Human embryonic kidney cells HEK293 were used as control.

Real-time quantitative Polymerase Chain Reaction (ORT-
PCR): Total cellular RNA isolation and RNA extraction from
normal, chronic pancreatitis (CP) and pancreatic ductal adeno-
carcinoma (PDAC) tissues was performed using the RNeasy
Mini Kit according to the manufacturers ‘instructions and as de-
scribed previously. [8, 20] Briefly, cDNA was synthesized from
total RNA by reverse transcription using the QuantiTect Reverse
transcription kit according to the manufacturers’ recommenda-
tions; Real-Time PCR was performed with Light-cycler Fast-
Start DNA SYBER Green kit. The number of specific transcripts
was normalized to the housekeeping gene ciclophilin B (cpb)
and presented as: copies/10,000 copies cpb. All primers were
obtained from Search-LC (Heidelberg, Germany).

Results were expressed as mean + SEM. For statistical anal-
yses, the nonparametric Mann-Whitney U test was used. Dif-
ferences in survival between the tumor cell expression/less-ex-
pression groups were analyzed using the Kaplan-Meier method.
Significance was defined as P<0.05.

Results and their discussion. Previously we have developed
an ex-vivo perineural invasion model for pancreatic cancer and
described the consensus transcriptome signature of perineual
invasion [8]. One of the genes which were found to be deregu-
lated in perineural invasive pancreatic cancer cells, was colony-
stimulating factor 1 receptor (CSF1R). Chip microarray analysis
reveald 7.2 fold (log2) upregulation of CSFIR in highly nerve
invasive cells compered to cells with low nerve invasion capaci-
ty [8]. In this study, we sought to validate this finding and further
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investigate this gene in wider set of experiments. Initially we
decided to analyze expression of CSFIR gene in normal, chron-
ic pancreatitis and pancreatic ductal adenocarcinoma tissues
on transcriptional level. We used 20 normal pancreatic tissues
(donor) 20 chronic pancreatitis (CP) and 58 ductal adenocarci-
noma (PDAC) tissue samples for this experiment. Quantitative
PCR analyze demonstrated that, CSF1R is significantly upregu-
lated in pancreatic cancer and chronic pancreatitis bulk tissues
compared to normal pancreatic tissues (Fig. 1-Left), (P<0,05).
Furthermore, we also investigated the survival rate of pancre-
atic cancer patients depending on CSF1R expression rate. The
median CSF1R value in pancreatic cancer patients was taken as
a cut-off to compere between patients with high CSF1R expres-
sion rate on transcriptional level and low CSF1R expression rate
on transcriptional level as well. For this analysis, we used Kal-
pan-Meier method. The result of our study shows, that higher
expression level of CSFIR gene indicates slight tendency for
a worsened prognosis for pancreatic cancer patients (14 vs. 15
months) (Fig. 1-Right). However, this difference did not reach
statistical significance (P=0.75).

Next we sought to analyze expression of CSFIR in different
widely used pancreatic cancer cell lines on the transcriptional
level. Quantitative PCR analysis demonstrated that, CSFIR is
expressed in all nine tested cancer cells. Among them highest
expression was observed in Capan2 and Pancl cells and low-
est in Colo357 and T3M4 cells (Fig. 2-Left). Human embryonic
kidney cells (HEK293), which were used as controls, demon-
strated positive endogenous expression of CSFIR mRNA as
well (Fig. 2-Left). Besides screening tests, our aim was to an-

alyze association of CSFIR expression to perineural invasion
phenomenon of pancreatic cancer. Initially it was suggested, that
this gene is upregulated in highly nerve invasive clones of pan-
creatic cancer [8]. To validate this result, we used highly nerve
invasive clones of Pancl and Colo357 pancreatic cancer cells
and performed QRT-PCR analysis. Interestingly experiment
demonstrated significant upregulation of CSF1R mRNA expres-
sion in highly nerve invasive pancreatic cancer cell clones (NP2
and NP3) compared to wild type cells (NPO) (Fig. 2-Right) and
confirm previous suggestions.

Perineural invasion is one of the hallmark features of pancre-
atic cancer, which largely defines its aggressive behavior and
poor patient survival [3]. This phenomenon was intensively ad-
dressed by scientists in last two decades using different experi-
mental methods [4]. Initially our approach was to identify ge-
netic profile of cells invading nerve tissue. We have performed
Genome-wide expression profiling, using 51K Human Unigene
III ¢cDNA microarrays. The microarrays were designed gener-
ated and hybridized as described previously [8]. Our study sug-
gested, that cancer cells upon invasion in nerve tissue acquires
particular genetic alterations and are presented as deregulated
expression of different genes [8,18-20]. These experiments iden-
tified, that CSFIR, the gene with progenitor activity is markedly
upregulated in highly nerve invasive pancreatic cancer cells [8].

CSFIR - the colony-stimulating factor 1 receptor belongs to
the PDGF family and is characterized as progenitor gene. The
CSF1R is expressed at low levels on hematopoietic stem cells,
[21,22] at higher levels on monocytes and tissue macrophages
[23,24] osteoclasts, myeloid dendritic cells [25] microglia [26]
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and Paneth cells [27] and controls the development of these cell
types. Initially the role of CSFIR in tumorigenesis was linked
to macrophages. High expression of tumor-associated macro-
phages (TAMs) is considered as important factor for carcino-
genesis. TAMs can promote proliferation, invasion, and metas-
tasis of tumor cells, stimulate tumor angiogenesis, and inhibit
antitumor immune response mediated by T cells, followed by
the promotion of tumor progression [28,29]. The intratumoral
presence of CSF1R-positive macrophages correlates with poor
survival in various tumor types [30,31]. CSF1 (M-CSF)/CSF1R
signaling is a key regulator of TAMs differentiation and surviv-
al. For these reasons, CSF1/CSF1R signaling is considered as
an attractive target for cancer treatment [32,33]. CSFIR plays
important roles in development and in innate immunity by regu-
lating the development of most tissue macrophages and osteo-
clasts, of Langerhans cells of the skin, of Paneth cells of the
small intestine, and of brain microglia [34]. Currently we don’t
know if TAMs are specifically involved in perineural invasion
of cancer cells, however we gain more knowledge about macro-
phage biology and it becomes obvious, that the complex pheno-
typic and functional characteristics of macrophages are greatly
influenced by a range of signals such as survival, differentiation,
etc., within the specific tissue environment. Therefore, the role
of macrophages in regulating carcinogenesis and the effect of
depleting and/or reprogramming TAM as therapeutic approach-
es for cancer patients may differ greatly based on organ-specific
features of these cells [14].

In this study, we showed, that CSF1R is overexpressed in
pancreatic cancer and chronic pancreatitis tissues. We did not
analyze localization of this gene, but increased expression of
CSFIR in pathological balk tissues of pancreas could also be
due to increased number of inflammatory cells in these tissues.
Consequently, we can assume, that CSF1R can be important fac-
tor for pancreatic cancer microenvironment. Nevertheless, we
have also identified, that CSFIR is significantly upregulated in
nerve invasive pancreatic cancer cells. This indicates, that en-
dogenous expression of CSFIR in cancer cells can be relevant
for tumor progression and expansion. Exact mechanisms of
how CSFIR expression is linked to perineural invasion is not
known yet, however it can be suggested, that CSF1R facilitates
aggressive behavior of pancreatic cancer cells. Further studies
are required to determine function of this gene in pancreatic can-
cer pathogenesis and progression. But based on our results we
can suggest, that CSF1R may be used as a potential diagnostic
marker or therapeutic target in clinical oncology.
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SUMMARY

OVEREXPRESSED PROGENITOR GENE CSF1R IN PANCREATIC CANCER TISSUES
AND NERVE INVASIVE PANCREATIC CANCER CELLS

12Abiatari 1., '"Midelashvili T., '"Motsikulashvili M., "*Tchavtchavadze A., “Tawfeeq S.M., *Amiranashvili I.

"lia State University, Institute of Medical Research, Thilisi; ’Medical Center Innova, Thilisi; *Georgian National University, SEU,
Thilisi; *P. Shotadze Tbhilisi Medical Academy, *Thilisi State Medical University, Georgia

Aim- pancreatic ductal adenocarcinoma is one of the most
aggressive oncological disease with early metastasis and high
mortality rate. CSF1R is a gene with progenitor activity, which
is also associated with different malignant diseases. In this study
our objective was to analyze expression of CSF1R in pancreatic
cancer tissues and nerve invasive cancer cells.

Quantitative real time polymerase chain reaction (QRT-PCR)
was used to analyze the expression of CSFIR mRNA in nine
cultured pancreatic cancer cell lines and pancreatic bulk tissues
of the normal pancreas, chronic pancreatitis (n=20/20) and pan-
creatic ductal adenocarcinoma (n=58). Nerve invasive clones of
two pancreatic cancer cell lines was also used.

QRT-PCR analysis revealed a significant up-regulation of

CSF1R mRNA expression in pancreatic adenocarcinoma tissues
compared to normal tissues and low expression of this gene in-
dicated a tendency for better survival of pancreatic cancer pa-
tients. Expression of CSFIR mRNA was present in all tested
pancreatic cancer cell lines with comparably low to moderate
expression levels. The CSF1R was significantly overexpressed
in nerve invasive pancreatic cancer cells.

Increased expression of CSF1R in pancreatic cancer might be
related to perineural invasion and poor prognosis. CSFI1R might
be an important factor during the development and malignant
transformation of tissues.

Keywords CSF1R gene, pancreatic ductal adenocarcinoma,
pancreatic cancer, expression of CSFIR mRNA.

PE3IOME

SKCHPECCHS NPOTEHUTOPHOI'O TEHA CSFIR B TKAHAX U B HEPB-UHBA3UBHBIX KJIETKAX
PAKA HOIKEJTYIOYHOM KEJIE3bI

2Aguarapu U.T., 'Mugenamsuiau T.I., '"Mouuxyramsuaun M.I., “Yapuasanze A.I11., ‘Taydex C.M., SAmupanamsuiaun U1

Tocyoapcmeennviii ynusepcumem Hnuu, Hnemumym meduyunckux ucciedosanut, Tounucu, *Meouyunckuii yenmp Hnnosa,
Tounucu, *Tpysunckuii Hayuonanvhwlil yrusepcumem, CEY, Tounucu,; *Tounuccrkas meduyunckasn axademus um. I1. Illomaose,
Tounucu, *Tounucckuti 20cyoapcmeeHHbit MeOuyurckutl ynusepcumem, I pysus

AJIeHOKapIMHOMA MOKETY0UHON Kee3bl SBIAETCS OTHUM
13 CaMBIX arpeCCHBHBIX OHKOJIOTHYECKNX 3a00/1eBaHui ¢ PAaHHUM
pacnpocTpaHeHueM U BbICOKoH cMmepTHOcThio. I'en CSF1R ume-
€T MPOTEHUTOPHYIO aKTHBHOCTb, KCIPECCHUsI KOTOPOTO CBS3aHA C
Pa3IHUYHBIMH 370Ka4eCTBEHHbIMH 3a0oneBaHnsiMu. Llenbto ncce-
JOBaHMSA sBIJICS aHanm3 skcripeccun reHa CSFIR B TkaHsax paka
TIOJIKEITY/IOYHOM KeJle3bl U B HEPB-MHBA3MBHBIX PAKOBBIX KIIETKAX.

KonnuecTBeHHas monuMepasHasi LieTHas peakuusl B peallb-
HoM BpemenHu (ITLIP) mcmonp3oBaHa A aHAnIM3a KCIPECCUU
MPHK CSFI1R B neBsTH KyIbTUBHPYEMbIX KJICTOYHBIX JIMHHUAX
MOJKETYI0YHOTO paKa M TKaHAX MOMKETyI0UHOMN jKeNe3bl: HOp-
MaJIbHBIX, XpOoHHYecKoro maHkpearnta (n=20/20) u paxa (n=58).
Jlns aHanmu3a MCMONb30BaHBI TAKKE M HEPB-MHBA3HBHBIE KIIOHBI
JIBYX JIMHUH KJIETOK PaKa MOKEITyI0UYHON JKEIE3bI.

© GMN

[1L1P-ananu3 nokasan 3HAYUTENIBHOE MOBBILIEHHE JKCIIPECCUU
reHa CSF1R B TkaHsX paka MOIKETyI0UHOM JKeJIe3bl B CPABHEHUU
C HOPMAaJIbHBIMHU TKaHAMHM. HM3KMI ypOBEHb SKCIIPECCHU 3TOrO
TeHa BBIABHJ TEHJCHIUIO YTydIIEHHs BbDKHBAEMOCTU OONBHBIX
paKoM IMODKETyI04HOH skere3bl. Dxenpeccus rena CSFIR npu-
CyTCTBOBaJla BO BCEX TECTHPOBAHHBIX KIETOUHBIX JIMHHUAX paka
MOKEITYI0UHON KeTe3bl, OHAKO ObLIA 3HAUYMMO TIOBBIIICHA B
HEPB-UHBA3HBHBIX PAKOBBIX KJIETKAX MOLKETYIOUHOI JKeNe3bl.

Takum 00pazom, creyeT 3aKII0uUTh, YTO TTOBBILIEHHAS SKC-
npeccust reHa CSFIR mpu pake momkenynodHOM jkesesbl, 1Mo
BCell BEPOSITHOCTH, CBsi3aHA C HEPBHOW MHBa3Wed W HeOiaro-
INPUATHBIM Iporao3oMm 3adosneBanus. ??CSFIR sBnsercs 3Ha-
4UMbIM (HaKTOPOM IIPU PA3BUTHH U 3JI0KAYECTBEHHOW TpPaHC-
(dopmanun TKaHeH.
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CTPYKTYPA MOJIB3/IOIITHOM KAIIIKA MOCJE PE3EKIIUA TAPEHXAMBI IEYEHA

Tarapuyk JI.B., I'apryaa T.U., I'natiok M.C., Caaowlii O.b., Sicunosckslii O.b.

Tocyoapcmeennoe gvicuiee yuednoe 3asedenue « TepHononvbckutl 20cy0apcmeentviil MeOUYUHCKUL yHgepcumem
um. UA. Topbauesckoco Munucmepcmea 30pasooxpanenust Yxpaunoly, Tepnonons, Yxpauna

CerofHs B XUPYPrUU€CKHX KIMHUKAX HEPEIKO BBIMOHSIOT
PE3EKIMI0 YacTH TEYCHH, KOTopas TMoKa3aHa mpu Jo0pokade-
CTBEHHBIX U 3JI0KAUECTBEHHBIX OITyXOJISIX, METACTa3ax, TpaBMax
[€YEHHU, BHYTPUIICUEHOYHOM XOJIAHTUOJIUTHA3E, AJIbBEOJISIPHOM
9XWHOKOKKO3€, TpaHcruantanuu nedenu [2,10,11]. Pesexuus
OONBIINX 00BEMOB MAPCHXUMBI TICYCHH TPUBOAUT K BOSHUKHO-
BEHUIO NIOCTPE3EKIIMOHHOM MOpTanbHON runeprensu [2,3,5,6].
[TopranbHas runepTeH3us — COCTOSHUE OpraHu3Ma, XapakTepu-
3yIOIIeeCst CTOMKUM MOBBILICHUEM JIaBJIeHUs B OacceiiHe BOPOT-
HOM TEYEHOYHOU BEHbI, OOYCIIOBIEHHOE aHATOMHYECKOW WIIH
(bYHKIIMOHATIBHOM 00CTPYKIMEl KPOBOTOKA B CHCTEME BOPOT-
HOM INMEYCHOYHOW BCHBI, MIEYCHOYHBIX BEHAX, a TAK)KE HIDKHEH
nosioii BeHe. OCHOBHBIMU KJIMHMYECKUMHU TPU3HAKaMU TOp-
TAJILHOW TUIIEPTEH3UU SIBIISIOTCSl pACIIMPEHHUE U MTOJTHOKPOBHE
BOPOTHOM TMEYEHOYHOU BEHBI, OPBDKECUHBIX BEH, BAPHKO3HOE
pacuipeHde BEH MHUIIEBOAAa M JKENIyJIKa, TeMOPPOUAATIbHBIX
BEH, NepeaHel OPIOIIHON CTEHKH, KeyI0uHO-KUIIEYHbIE KPO-
BOTEUEHHMs, CruieHomeramnus, acuut [3,7,10]. I'emomuHamuue-
CKH€ W3MEHEHHMS, KOTOPbIE BO3HUKAIOT B CHCTEME BOPOTHOM
[EYEHOYHON BEHBI, COMPOBOXKIAIOTCS BEHO3HBIM 3aCTOEM B
opraHax, BEHO3HBIH JPEHAK KOTOPBIX OCYIIECTBISIETCS 4Yepes3
YKa3aHHBIA COCY/I, TUIIOKCHEH M CTPYKTYPHBIMH W3MEHEHHUSIMH
B HUX. [loaB301IHAST KMIIIKA OTHOCUTCS K OpraHam, BEHO3HBIH
JIPEHaXK KOTOPBIX OCYILECTBISIETCS Yepe3 BOPOTHYIO MEYEHOU-
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HYIO BEHY, IJle TeMOJAMHAMUYECKUE PACCTPOUCTBA OCIIOKHSIIOT-
Csl Pa3NIUYHBIMU MOP(OIOTHYECKUMH H3MEHEHUSIMU B COCYy/IaxX
U CTPYKTypax ucciegyemoro oprasa. Heo0xoaumo oTMeTHTB,
YTO OCOOCHHOCTH PEMOEITUPOBAHMS MO/IB3IOLIHON KUILIKH TIPH
MOCTPE3EKLIMOHHON MOPTaJIbHON I'MIEPTEH3UU U3y4eHbl HElo-
crarouHo [11].

Lenbro uccnenoBaHus SABUIOCH IOCPEACTBOM KOJIHUUECTBEH-
HBIX MOP(OJOTHUECKHX METOJOB OIPENEIUTh OCOOCHHOCTH
pPeMOeINPOBaHMs OAB3IOUIHON KHUILIKHU IIPH NOCTPE3EKLUOH-
HOH NMOPTaNbHOHN MMIIEPTEH3UN.

Marepuaj u Metoabl. VccnenoBanus npoBefeHsl Ha 45 na-
0OpaToOpHBIX IOJOBO3PEIIBIX KpbICaX-caMiax, KOTOpble ObLIN
pazzaenensl Ha 3 rpynmnsl. | rpynmna coctosuia u3 15 HHTAKTHBIX
JKUBOTHBIX (KOHTposbHast), I — 15 kpeic nmocine pesekuuu aeBoi
6okoBoit nomu — 31,5% mapenxumsl nedenu, 111 — 15 xuBot-
HBIX MOCJIE PE3eKIMU IPaBOH U JIEBOH OOKOBBIX JI0JIEH MeueHN
(58,1%) [3]. DBTaHA3UIO KUBOTHBIX OCYIICCTBISIIM KPOBOITY-
CKaHHSAM B YCJIOBHUSIX THOIICHTAI-HATPUEBOIO HApKO3a CIIYCTS
1 Mmecsn or Hayana HSKclepuMeHTa. IIpu npoBeneHun uccie-
JIOBaHUH MPHICPIKUBAIUCH OOLIMX ITHUECKHUX MPUHIUIIOB pa-
0OTBI C DKCIEPUMEHTAJIbHBIMU JKHBOTHBIMU [3]. Bupesanusie
KYCOYKHM M3 MOJB3IOLIHON KHIIKK (ukcupoBain B 10% Heii-
TpaJbHOM pacTBOpe (opMalMHa M MOCIE COOTBETCTBYIOLIETO
IIPOBEJCHUS Yepe3 ATUIIOBBIC CIIUPTHI BO3pACTAIOLIEH KOHIIEH-
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Tpaluu 3aJUBaIH B MapapuHOBBIC OJOKH MO OOIIETPHHATON
Meroauke. I'mcronoruueckue cpesbl TONMMHON 5-7 MKM IHO-
cie nenapaduHU3AMU KPACHIM T'€MaTOKCHIIMH-203UHOM, I10
BaH-I'm30H, Mamnopu, Beiirepry, TomyuanHoBeIM cuHuM [1].
Ha rucronornueckux Mukponpenaparax MoaB3IOLUIHON KUILIKH
Mopgomerpuuecky onpenessiin ToinmuHbl cnusuctoit (TCO),
mbitrednoir (TMO), ceposnoii (TCepO) obomouek, moxciu-
suctoro ciost (TIIC), noxcnusucto-cnuzucteiil (IICH) n noa-
ciusucTto-Mplmeunslid (IIMW) unnexcesl, nuny (/AB), mupuny
(IIB) Bopcuuok, rmyouny (I'K), mmpuny (LK) xpunt, BbI-
coty snurenuountoB (BD), nuamerp ux supep (IS9), sanmep-
HO-IIUTOIUIa3MaTHUECKUE OTHOLICHUs B ATHX Kietkax (SL1O),
oTHOCcUTENbHBbIe 00beMbl MuoIUTOB (OOM), crpombl (OOC),
crpoManbHo-MuonuTapHsle (CMO) OTHOIIEHHS B MBIIICUHON
000J104Ke, OTHOCUTENIbHbIE 00BEMBI MMOBPEKICHHBIX DITUTEIH-
onutoB (OOIID) u muonutoB (OOIIM), nuamerp MHOLMTOB,
UX si7iep, saepHo-IuToIIa3MaTueckue otHomenus (JAM, J5IM
SIIIOM). KonuvecTBeHHble Moka3areian oOpabaThiBald CTATH-
ctuaeckd [1,3]. O6paboTka pe3ysbTaToB BBIIOIHEHA B OT/EIC
CHUCTEMHBIX CTAaTHCTHUYECKUX HccienoBaHuil [ocynapcTBeHHO-
ro BbICHIET0 y4eOHOro 3aBesieHusi « TepHOIMONBLCKUN Trocynap-
CTBEHHBIN MeMIMHCKUH yHUBepcuTeT uM. 1.5. Topbayesckoro
MuHuCcTEepCcTBa 3PaBOOXPAHEHUST YKPaUHbI» B IPOrpaMMHOM
nakere Statsoft STATISTIKA. Paznuune Mex 1y cpaBHHBaeMbI-
MU BEJIMYMHAMHU OIPEAEISUIN N0 KpuTepusiM MaHHa-YUTHH |
CreiozenTa [1,3].

Pesyabrarel m ux obcy:xknenue. [TomydeHnsile Mopdome-
TPUUYCCKUE MapaMeTpbl CTPYKTYp IOAB3IOIIHOW KHIIKH HC-
CJIeAyeMbIX >KUBOTHBIX HPEACTAaBICHbI B Tabiuue. AHAJIU30M
NPHUBE/ICHHBIX B TAOJIUIIE JAHHBIX BBISIBICHO, YTO CILYCTSI MECSILT
nocie pesexuuu 31,5% napenxumsl nedenu (11 rpynmna) ompe-
JieNisieMble MoKa3aTe/ld U3MEHSUINCh He3HauuTelabHO. B mccie-
JyeMbIX 3KCHEPUMEHTAIbHbBIX YCIOBHUAX TOJILIUHBI CIIM3UCTOM,
MBIILIEYHON U CEPO3HOI 000I04eK M3MEHHUIIHCh, COOTBETCTBEH-
HO, Ha 2,6; 1,4 ta 1,1%, a TONIIMHA MOACIU3UCTOTO CJI0SI — BCETO
Ha 0,9 %. HeobxomumMo ykas3arb, 4TO MOACIU3UCTO-CIU3UCTBIH 1
HOZICTTM3UCTO-MBILICUHBIH MHIEKCHI CITyCTsI MECSIL] IIOCIIE pe3eK-
u 31,5% napeHXuMbI IEUYCHU CYILECTBEHHO HE U3MEHWINCH
(p>0,05), uro yka3plBaeT Ha CTAOMIBHOCTH OPraHHOIO CTPYK-
TypHOro romeocrasa [1,3,8].

BbicoTa BOPCHHOK HOZAB3IOIIHONW KHUIIKU B JaHHBIX JKCIIE-
PUMEHTANIBHBIX YCIOBUSX yMeHbIImiach Ha 3,5% (p<0,05) B
CPAaBHEHMHU C KOHTPOJIbHOM BEJIMUMHOM, a UX IIUPUHA TOCTOBEP-
HO (p<0,05) yBenuuunack Ha 3,6%. DTU U3MEHEHUS CTPYKTYP
CIIM3UCTOM 0OOJIOUKHM MOJB3/IOUIHON KUILIKHU CITyCTSI MECSI] TI0-
cne ynanenust 31,5% napeHXUMBbI IEYSHH CBHJIETEIILCTBOBAIIH,
YTO IUIOLIAb UX BCACBHIBAIOIIEH TOBEPXHOCTH HE U3MEHSIACh.
I'myOuHa KpUNT IpU 9TOM yMeHbIIMIack Ha 3,9%, a ux mupruHa
Bo3pocia Ha 4,0 %.

B unccnenyembIX ycIoBUSAX DKCIIEPUMEHTA BBICOTA SIHUTEINU-
OIIMTOB CIIM3UCTON OOOIOYKH TMOAB3IOIIHON KHIIKH, AUAMETP
A1ep yKa3aHHBIX KJIETOK, SIAEPHO-LIUTOILIa3MaTH4YECKUe OTHO-
HIEHHUs He U3MEHsUINCh. [locneHee CBUIETENBCTBYET O IOCTO-
SHCTBE KJIETOYHOI'O CTPYKTYPHOTrO romeocrasza. OTHOCHUTENb-
HbIe 00BbEMbI MHOIIMTOB M CTPOMBI, CTPOMAaIbHO-MHOLIUTAPHBIC
OTHOUICHUS TAKXKe CYLIECTBEHHO HE U3MeHsUIHCh. [locTosHCTBO
CTPOMAJIbHO-MHUOLIMTAPHBIX OTHOLICHUH B MBIIICYHOH 000J104-
Ke MOJIB3/IOLIHON KHIIKH YKa3bIBaeT Ha CTaOMIIbHOCTh TKAHEBO-
ro CTPYKTYpHOIo roMeocrasa [8].

Cryerst Mecan nocie pesekiuu 58,1% napeHXuMbl e4eHH
(III' rpynma) MakpOCKOIIMYECKH OTMEYAJOCh PACLIMpPEHUE U
MOJTHOKPOBHE BOPOTHOM MEYCHOUHOM BEHBI U OPBIKECUHBIX BEH,
cIuleHoMeranusi, aciuT. CBETOONTUYECKH B MHUKpOIIpenaparax

© GMN

TO/B3/IOLIHON KHIIKK HAOJIIONAIOCh PACIIMPEHHE U MTOIHOKPO-
BHUE NPEUMYLIECTBEHHO BEHO3HBIX COCYH0B. B BeHO3HOM 3BeHE
MHKPOTeMOLUPKYJISITOPHOTO pycila OTMEUAJINCh PACIIMPEHHbIE,
IePEIOJIHEHHbIE KPOBBIO MUKPOCOCY/IbI, CTa3, TPOMOO3bI, Ana-
neJe3Hble apaBa3ajbHble KPOBOU3IMAHUS, OTEK, I1a3Moppa-
'Sl CTEHOK COCYJIOB U I1apaBa3ajbHbIX TKaHel. OnucanHoe CBU-
JICTEIbCTBOBAIO O HAJIMYUM MOCTPE3EKLUHOHHON HOpTajbHON
runeprensuu [3].

Cnycrst Mecsny nociie pesekuuu 58,1% mnapeHXumbl MeueHn
TOJIIIMHA CIU3UCTON 00O0JIOYKH HMCCIIELYyeMOr0 OpraHa CTaTUCTH-
yecku foctoBepHO (p<0,001) ymensumnack ¢ 320,44+4,5 mxm 10
272,3+3,2 MM, TO ecTh Ha 15,0%. TonumHa MbIedHol 000-
JIOYKH U3MCHSAJIACHh ITIOYTH aHAJIOTUYHO. B KOHTpOJ’[bHOf/i rpynne
JKUBOTHBIX YKa3aHHBIH MOP(OMETPUUSCKHH MOKa3aTeib HC-
cienyeMoro oprasa gocruran 62,70+0,84 MM, a cirycTst Mecsin
nocie pesexkuuu 58,1% napenxumsl nedenu — 58,90+0,66 MxM.
Mexy NpHUBEICHHBIMH MOP(POMETPHYECKUMH HapaMeTpaMu
BBISIBIEHO CTaTUCTHUeCKH pocroBepHoe (p<0,01) paznuume.
IIpn sToM mocnenHuil moxasarenb OKa3aJCs MEHBILIE IPEIbl-
nymero Ha 6,1%. TonmuHa MOACIM3UCTOrO OCHOBAHUS MOX-
BSﬂOLUHOﬁ KHIIKU B JaHHBIX SKCIIEPUMEHTAJIbHBIX YCJIOBUAX CTa-
TUcTHYecKH ocToBepHO (p<0,01) yBemuumnacs ¢ 29,60+0,39 Mxm
1o 31,80+£0,36 mxm, T.e. Ha 7,4. Cepo3Has 000JI09Ka JAHHOTO
opraHa Ipu 3TOM TaK)Ke OKa3ajach yBEJIMUYCHHOW M JOCTUraja
5,65+0,06 MxM. JlaHHBIN TIOKA3aTeNIb CTATUCTHYECKU J10CTOBEP-
HO (p<0,05) Ha 6,6 % OTIIMYAJICS OT AHAJIOTMYHOTO KOHTPOJILHO-
ro Moppomerpuueckoro napamerpa. [1o1cIu3ucTo-CIu3uCThIN
UHJICKC ITpH 3TOM Bo3poc Ha 27,2% (p<0,001), a moaciusucro-
MbleuHbli — Ha 14,4% (p<0,001) B cpaBHEeHUM C aHAJIOTHYHbI-
MM KOHTPOJIbHBIMUA MOP()OMETPHIESCUMH [TOKA3ATESIISIMU.

AHanu3 Moixy4eHHbIX MOP(OMETPUUSCKHUX TTapaMeTPOB CIIU-
3HCTOM 00OJIOYKM MOAB3IOIIHON KHMIIKHM CITyCTSI MECSIL IOCIe
pesexiu 58,1% mnapeHXUMbI MEYEHH BBIIBHJ yMEHbIICHUE
JUIMHBI BOPCUHOK U DIyOMHbI KpUNT. J[JIMHA BOPCUHOK CIM3U-
CTOW 000JIOUKH HETOBPEXKICHHOM MOJIB3IOIIHON KUIIKH PaBHSI-
nace 145,5+1,8 mxmM, a B Il rpynne nabmonennii 122,70+1,41
MKM. JlaHHBIE MOp(OMETPUYECKHIE MapaMeTPbl C BBIPAKEHHON
CTaTUCTUYECKOH 1ocToBepHOCTHIO (p<0,001) oTinnyanuch Mex-
1y coboit. [Ipu 9TOM nocneaHuii KonudecTBeHHbIH MOpdooru-
‘leCKHﬁ IOoKa3areiib yMeHbLLll/lJ'[CH B CpaBHCHHUHU C l'[pe)lbl)lyl_].ll/IM
Ha 15,7%. [1ouTH Takue ke U3MECHEHUS BBISIBIICHBI IIPH OLICHKE
CTPYKTYpPHOW NEpeCcTpOiKNM TIIyOUHBI KPHUIIT CIU3UCTOH 000-
JIOYKH IOAB3IOLIHOM KHIIKU CIyCTS MECSL Iocie yOaJeHUs
58,1% napeHxuMbl nedeHu. [1y0rHa KpUNT CIU3UCTOH 0005104~
KU HO}IB3)10LHHOﬁ KHUIIIKHU B Mccne;[yeMbe OKCIEPUMEHTAJIbHBIX
YCIOBHAX CTaTUCTHUYECKH A0cToBepHO (p<0,001) ymeHbIIMIach
Ha 15,4%, T.e.c 91,35+1,20 mxm 10 77,30+0,93 MKM.

[IIuprHa BOPCHHOK U KPHUIIT CITU3UCTON 000IOUKH MO/B3/IOMI-
HOHM KHUILIKHU CIyCTd Mecsl nocie pesekuuu 58,1% napeHxuMsl
neueHu yBenauuuiach. [lIuprHa BOPCHHOK CIU3UCTON 000J10YKH
HCCIIEyeMOro OpraHa KOHTPOJIBHOW TpyMNIbl KUBOTHBIX J0-
crurana (54,90+0,72) MkM, a IIpH MOCTPE3EKIIMOHHON MOPTab-
HOH runepreHsuu — 62,20+0,69 MxMm. Mexny npuBeAeHHBIMU
MOpq)OMeTpI/I'-lQCKI/IMI/I napaMeTpamMu BbISABJICHO CTAaTUCTUYCCKU
noctroBeproe (p<0,001) paznuume. Ilpu 3TOM mocneaHuii Ko-
JIMYECTBEHHBIH MOP(OJIOrnYecKuil 1mokasaresib OKa3aycsl yBe-
muueHHbIM Ha 13,3% B cpaBHeHuu ¢ npensiayium. [llupuna
KPHIIT CIIM3UCTON 0OOJIOUKH TTO/IB3/IOLITHOM KUIIKU B YCIIOBHSIX 10~
CTPE3eKLIMOHHOM MOPTAJILHOM rurepreH3uu gocrurana 32,90+0,42
MKM, a B KOHTPOJIbHBIX HaOmoaeHnsx — 28,80+0,36 mxm. Heobxo-
MO OTMETHTb, YTO JIaHHbIE MOP(OMETpHUYECKHE HapaMeTpbl
C BBICOKOH CTaTUCTHUYECKOW aocToBepHOCTHIO (p<0,001) oTiu-
YaJHUCh MEXy COOOW M MOCIEIHUN KOJINYECTBEHHBINH Mopdo-
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Tabauya. Moppomempuueckas xapakmepucmurka no08300UHOU KUWKU IKCHEPUMEHMATbHBIX Jcugomuwlx (M+m)

I'pynna nadmonenust
Iloxa3arean
I II I
TCO, mxm 320,4+4,5 312,10+4,14 272,343 2% %%
TIIC, MM 29,60+0,39 29,80+0,42 31,80+0,36%**
TMO, MM 62,70+0,84 61,80+0,81 58,90+0,66*
TCepO, MkM 5,30+0,06 5,36+0,05 5,65+0,06*
cu 0,092+0,001 0,09540,003 0,117+0,0027%%*
MU 0,4724+0,006 0,482+0,003 0,540+0,007%*%*%*
JIB, MkM 145,5+1,8 140,4+1,5% 122,70+1,41%**
HIB, MM 54,90+0,72 56,90+0,75* 62,2040,69%***
'K, Mmxm 91,35+1,20 87,80+1,20* 77,30+0,93%**
HIK, Mmxm 28,80+0,36 29,96+0,33* 32,90+0,42%**
BO, Mxm 10,90+0,15 10,70+0,18 9,300,127+
JUID, MM 3,30+0,03 3,28+0,03 3,31+0,03
A0 0,091+0,002 0,094+0,003 0,126+0,003***
OOII3, % 2,30+0,03 6,20+0,06%** 64,50+0,72%**
OOM, % 88,6+0,6 88,5+0,7 86,6+0,6*
00C, % 11,4+0,2 11,5+0,2 13,4+0,3%*
CMO 0,128+0,001 0,13040,003 0,155+0,003***
OOIIM, % 2,10+0,02 5,5040,06%** 41,10+0,54***
JM, Mxm 9,10+0,06 9,20+0,07 9,30+0,06*
JISIM, Mxm 2,83+0,02 2,85+0,003 3,55+0,05%**
AOM 0,097+0,002 0,096+9,004 0,146+0,003***

npumeuanue. *-p<0,05; *

JIOTUYECKUH MOKa3aTedb YMEHBIIWICS B CPABHEHHH C IPEJIbI-
nyumM Ha 11,6%.

Crycts Mecan nocie yaaiaenus 58,1% mapeHXuMbl HeUeHH
BBICOTA DHJOTEINOLUTOB CIU3UCTOH 000TOKN MOAB3AOIIHON
KHUIIKH CTaTHCTHYECKH AocToBepHO (p<0,001) cHmM3mmace c
10,90+0,15 mxm 1o 9,30+0,12 MM, To ecTh Ha 14,7%. Pa3-
MEpHI SIJIeP B MCCIEAYEMBIX YCIOBHAX SKCIEPUMEHTa Cy-
IIECTBEHHO HE WM3MEHWINCH. SIepHO-IUTOMIa3MaTHIeCKHe
COOTHOILIEHHSI B MUTEINOLUTAX CIU3UCTON 000I0UKH HEIO-
BpEeXKACHHOH nmoaB3nomHoi kumku gocturanu 0,091+0,002,
a nipu ynanenun 58,1% mapenxumel neuenu — 0,126+0,003.
Mexay 3THMU IHUQPOBBIMH BEINYMHAMH BBISBICHO BBIpa-
KEHHOE CTAaTUCTHYECKH AOocToBepHOEe paziamuue (p<0,001).
[Ipu sTOM mocnenHuil nmokazareab MPEBbIIAT MPEABITYIIHT
Ha 38,6%. 3HaunTenpbHOE YMEHBIICHHE AEPHO-IIUTOIIa3Ma-
TUYECKUX OTHOLIEHNH B SMHUTEIMONNUTAX CIU3UCTOH 060m04-
KM TIO/IB3I0ITHON KMIIKH Mocie ynaneHus 58,1% mapeHxuMsl
MEUeHH YKa3bIBaJIO Ha HAPYLIEHNE KIETOYHOTO CTPYKTYPHOTO
romeocrasa [3,8].

W3BecTHO, YTO MOCTPE3eKIMOHHAs MOpTajdbHas THUIEp-
TEH3Usl IPUBOANUT K BBIPAKEHHBIM HAPYLICHUSM BHYTPU — U
BHEIIHENEYCHOUHOH TeMOJMHAMUKH, a TaKKe CHIDKCHHIO
aJlalTallMOHHO-KOMIIEHCATOPHBIX BO3MOXXHOCTEMN COCYIUCTOMN
cucteMbl. Hapymienue reMoguHaMUKN B COCyJaX MOPTaNbHO-
rO TpaKkTa OCJIOXKHIETCA MPOTPECCHPYIOIINM pacIIUpEeHHEM
MIPEUMYIIECTBEHHO €T0 BEHO3HBIX COCYJOB, HapyIICHUSIMH
reMoMuKpouupkyasinuu [3]. CHKEHHE BBICOTHI SMUTEIHO-
LUTOB, TOJIIMHBI CIN3UCTONH OOOIOUKH, BBICOTHI BOPCHHOK
CIAM3UCTON 000JIOUKH MOJB3IOIIHON KHUIIKK IPU MOCTPE3eK-
LUOHHOW MOPTANbHOW TUMEPTEH3UN CBHUJECTEIHCTBOBANN 00
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-p«0,01; ***p<0,001

aTpo(UYECKUX MPOIECcax B UCCIEAYEMOM OpraHe, 00ycioB-
JICHHBIE BEHO3HBIM TTOJIHOKPOBHEM M TMIIOKCHEH, MECTHBIMH
MMMYHHBIMU TIponieccamu [3,4,9].

OTHOCUTENBHBII 00EM MUOLIUTOB B MBIIIEYHOH 000I0UKe
MOJB3A0MIHON KUIIKU CITyCTsI MecsI nocie pesexuun 58,1%
MapeHXUMbI TMEYEHU CTAaTUCTHYECKH aocToBepHO (p<0,05)
cHuzuics ¢ 88,6+0,6% no 86,6+0,6%, T.e. Ha 2,25% (p<0,05).

OTHOCHUTENBHBI 00bEM CTPOMBI B MBILICYHOH 000I0UKE
HCCIIEAYEMOT0 OpraHa Mpu CMOJAEIHPOBAHHON MOCTPE3EKIH-
OHHOW TMOpPTanbHOM rumepreHsuu ypemuuuncs c¢ 11,4+0,2%
no 13,440,3%. Mexny nmpuBeIeHHBIMH LH(DPOBBIMU BEIHU-
YUHAMH BBISBICHO CTaTHCTHYECKH aocTtoBepHoe (p<0,01)
paznuune. [Ipu sTomM mocnenHuii MopdomeTpuuecKuil ma-
pameTp mpeBbIman npeabaymuil Ha 17,5%. Briasnennoe
JUCTIPONIOPIIMOHANIBHOE U3MEHEHNE OTHOCUTENBLHOTO 00beMa
MHUOILIUTOB U CTPOMBI B MBIIMIEYHOH 00O0IOUYKE MOAB3IOIMIHOM
KHIIKHA NCCIIEAYeMOTo oprana nocnie pesexkunu 58,1% mnapen-
XHUMBI TT€YEeHU NPHBOANUIO K BBIPAKEHHOMY HApYHICHHUIO OT-
HOWICHUH MEXAy KOIMYECTBOM CTPOMBI U MHOIHUTaMu. [Ipu
9TOM CTPOMAalIbHO-MHOILUTAPHBIE OTHOUIEHUS B MBIIMIEYHOM
000J104Ke HETMOBPEKACHHOW MOAB3AOLIHONW KHIIKH JOCTH-
ramu 0,128+0,001, a coyctst mecsan nocne ynanenus 58,1%
napeaxuMbl nedenu — 0,15540,003. IlpeacraBnennbie Mop-
(dhomeTpuyeckue mapaMeTpsl MEXIy co00i CTaTHCTHUECKH
noctoBepHO (p<0,001) oTnMYanuCh M MOCIEIHUN KOIHYe-
CTBEHHBIH MOP(}OIOrHYecKHil MoKa3aTeiab MPEBbILAT Mpe-
aeigymuit Ha 21,1%, yka3eiBas HE TOJIBKO Ha BBIPAXKEHHOE
YBEIIMUEHUE CTPOMBI B MBIIIEUHOH 000J0YKE OpraHa, HO H
Ha HapylIeHHE TKaHEBOTO CTPYKTYpHOro romeocrasa [3].
OTHOCHUTENBHBII 00BEM MOBPEKICHHBIX MHOIMTOB B MBI-
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HICYHOH 000JI04Ke IPpH ITOM yBenuuwics B 19,6 pasza u jo-
crurain 41,1+0,54%. IMony4yennsiii Mmopdomerpuyeckuii na-
paMeTp CBUIETEIBbCTBYET O TOM, YTO IIPU NOCTPE3CKLUOHHON
HOPTAJIbHONW T'MIIEPTEH3UU KOJIMYECTBO IOBPEKIACHHBIX MU-
OLIMTOB B MBIIIEYHOM 000I0UKE MOAB3IOIMHON KUILIKHA OBLIO
MEHBIIIE B CPABHEHHUH C TIOBPEXKACHHBIMH SMUTCIHOLUTAMU B
CIIM3HCTOH 000JI0UKE UCCIIEAYEMOT0 OpraHa.

[Ipu pesexuuun 31,5% mnapeHXUMBI NEYEHU pa3Mepbl MU-
OLIMTOB B MBIIICYHOH 000JIOYKE IOAB3IOIIHON KHIIKH, HX
Aa5ep, AACPHO-LUUTOINIA3MAaTHUYEKUE OTHOILEHHUS B HCCIIENye-
MBIX KJIETKaX HOYTH He udMeHsuch (p>0,05). Ilpu ynane-
HuM 58,1% mapeHXUMbI HEYSHH HCCIeayeMble MOP(pOMETpH-
YeCKHE I10Ka3aTedd MbIIIEYHOW O00O0JOUYKH HCCIeIyeMOro
opraHa OKa3ajuCh CYLUIECTBEHHO M3MEHEHHbIMH. J(namerp
MHUOIMTOB TPHU ATOM CTAaTUCTHUYECKH JIocToBepHO (p<0,05)
yBeauuuics ¢ 9,10+0,06 no 9,30+0,05, To ects Ha 2,2%. YBe-
JIMYeHHE AMaMeTpa Aaep yKa3aHHBIX KJIETOK B MCCIIEAYEMBbIX
YCJIOBUSAX IKCIEPUMEHTA OKa3al0ch Oosiee BBIpa)KEHHBIM. B
KOHTPOJILHOM IpyTine HabIIoeHUH yKa3aHHbIIl MOppOoMeTpH-
yeckuil mapametp 6611 paBeH 2,83+0,02 MKM, a cIycTs MecsI]
MocJje ylajleHus JeBOH U npaBoi OOKOBBIX YacTEeH MEYCHU —
3,55+0,05 mkm. Mexay npuBEASHHBIMU KOJIMYECTBEHHBIMU
MOP(OIOTHYSCKUMH TT0KA3aTEISIMU BBISBJICHO BBIPA)KEHHOE
cratucTuuecku pocroseproe (p<0,001) paznuune. Ilpu sToM
HociaeIHUi MoppoMeTpruUecKuid mapaMeTp HpPEeBBIIIal Mpe-
Oy Ha 25,4%.

HepaBHoMepHOE, AMCHPONOPLMOHATIBHOE yBEIMYCHUE IIPO-
CTPAHCTBEHHBIX XapaKTEPUCTHUK IIAJKUX MUOLUTOB MBIIICYHOM
000JIOYKH TOAB3JOIIHON KUIIKK ¥ UX sAep B YCIOBHSX JKC-
HepUMEHTa MPUBOIWIO K BBIPAKEHHBIM H3MEHEHHSM sJepHO-
LIUTOIIA3MaTHYECKUX OTHOIICHUHA. B KOHTponbHBIX HalO-
JCHUSIX YKa3aHHbIH MOP(OMETPUUSCKHH Hapamerp JOCTUTral
0,097+0,002, a cmycts Mecsn nocie ynaineHus 58,1% mapen-
xuMbl riedeHu — 0,146+0,003. Heo0xo1uMoO OTMETUTh, YTO I1O-
CIIEHUH KOJMMYECTBEHHbIH MOpP(OIOrHYecKuil Mokasareib ¢
3HAUUTEIbHON CTaTUCTHUYECKOH nocToBepHOCTHIO (p<0,001) 0T1-
JIMYAJICS OT MPEeAbIAyLIero U mpesblmal ero Ha 50,5% u ykasbl-
BaJI Ha 3HAYUTEJIPHOE JOMHHUPOBAHUE Pa3MEPOB A1pa B Cpas-
HEHUU C LIUTOIUIa3MON HCCIIEAYEMBIX KIICTOK.

Takum 00pa3om, aHaJIM3 MOJTYYCHHBIX B pPe3y/bTare MpoOBe-
JICHHOTO HCCJIe0BaHNsI MOP(HOMETPUIECKUX MapaMeTPoB MO/~
B3JIOIIHON KHUIIKHU MOKa3aJl, YTO CIyCTS MECALl IIOCJIe PEe3EKLUH
58,1% napeHXuMBbI IEYEHH BO3HUKAET [TOCTPE3EKIIMOHHAs 110p-
TaJbHAs TMIIEPTEH3US, KOTOPasi OCIOKHACTCS CYILIECTBCHHBIMU
HapyLIEHUSIMA OPraHHOI0, TKAHEBOTO U KJIETOYHOTO CTPYKTYyp-
HBIX TOMEOCTA30B B HCCIEAyeMOM opraHe. M3BecTHO, UTO BbI-
paKEHHOE HapyLICHHE OPraHHOI0, TKAHEBOI'O M KJIETOYHOTO
CTPYKTYPHBIX TOMEOCTA30B MOXKET MPUBOIUTH K JUCHYHKIUH
oprana [1,3,9]. [Ipu 5TOM npocTpaHCTBEHHBIE U MATOJIOTHYCKHE
U3MEHEHUS B CTPYKTYpPax MOAB3AOIIHON KUIIKY HEOJUHAKOBBIE,
4TO IOATBEPIKAACTCS MOJTYUYSHHBIMH MOP(POMETPHUESCKUMHU
napamerpamu. B Oomblueil creneHd Npu MOCTPE3EKLUHOHHOM
HOPTaJbHOW TMIIEPTEH3MU CTPaJaeT CIU3HCTas 000JI0uKa MO/-
B3/IOIIHON KUIIKHU B CPABHEHUHU C MBIILICUHON (OTHOCHUTEIIbHBIH
00BbEeM MOBPEXICHHBIX MHOLIUTOB B CIM3HUCTONW 00OJIOYKE J0-
cruran 64,50+0,72%, a MUOLMTOB B MBLIILIEYHONW 000I0UYKE —
41,10+0,54%. Ilo-BunumoMmy, 3TO CBS3aHO ¢ Oosiee BBIPa’KeH-
HBIM (YHKIOHUPOBAHUEM CIM3UCTON OOOJIOYKH M MECTHBIMH
UMYHHBIMH PEaKIMSAMH, KOTOPbIE AOMHHUPYIOT B yKa3aHHOM
000J104Ke KHIIKU U NIEPBBIMU PEArupyloT Ha MOBPEKICHUE Kile-
TOK W TKane# [11].

I'ucrosiornyeckd B 000JI0YKAX CTEHKH I1OAB3IO0LIHOM
KUIIKA HaONIoganu BbIPaXXCHHBIC COCYAMCTBIC PacCTpoil-
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CTBa, OTEK CTPOMBI, OYaru AUCTPOPHUECKU, HEKPOTUUECKH
¥ alONTHYSCKH M3MEHEHHBIX OSIUTEIUOLUTOB, MUOLHUTOB,
KJIETOYHBIX MH(QUIBTPATOB M Pa3pOCTaHHUE COCAMHUTEILHON
TkaHU. OTMeUascs TaKkkKe OTeK YHAOTESIUOLUTOB, UX JUCTPO-
¢dus, HeKpoOHO3, neckBamanus U npoaudeparnus. [TocnenHee
CBUJICTEJIHCTBOBAJIO O HAJIMYUH FMIIOKCHH. BhIpaskeHHbIE 110-
BPEXKICHHS OOJBIIMHCTBA DHIOTEIHOLUTOB MOXKET MPHBE-
CTH K SHAOTEIHAIbHON TUCHYHKIUH ¥ YCUIMBATh HOBPEKIC-
HUS KJIeTOK U TKaHeH [3,9]. HeoOxoqumo Taxke yka3aTh, 4TO
BBISIBJICHHBIC TATOTUCTOJIOTHYECKUE ITOBPEXKICHUS CTEHKU
IOAB3JOIIHON KHUIIKH B YCJIOBHUAX MOCTPE3EKIMOHHON MOp-
TaJbHOI THIEPTCH3UH KOPPEIUPOBAIH C TAKUMH MoOpdome-
TPUUCKUMH TapaMeTpaMH KaK MOACIU3UCTO-CIU3UCTBIH |
MO/ICTM3UCTO-MBILICYHBIH HWHACKCHI, SACPHO-IUTOIIa3Ma-
THYECKHE OTHOUICHHUSI B SMUTEIHOLUTAX U MHOLMTAX, CTPO-
MaJIbHO-MHOLMTapHbIE OTHOIICHHUS B MBIIICYHOUH 000JI0YKe
OopraHa, OTHOCHTEJIbHBIE OOBEMBI MTOBPEKICHHBIX dMUTEIH-
OLIMTOB ¥ MHOLUTOB. [Ipy 3HAYMTEILHOM U3MEHEHUH yKa3aH-
HBIX KOJIMYECTEHBIX IOKa3aTeslell MaTOruCcTOJIOTUYECKHE I10-
BPEXKACHUS CTPYKTYpP 000JI0UEK IO/B3IOLUIHON KHIIKH ObLIN
0oJiee BbIpAXKEHHBIMHU.

BeiBoabl. Ha ocHOBaHMH MOJIyYEHHBIX PE3YJILTATOB MOX-
HO 3aKJIOYUTh, YTO yAaJieHHe OOJBIINX 00BEMOB MapeHXH-
MBI IIEUYEHH HPUBOJUT K IOCTPE3CKIHOHHON MOPTaIbHON
TUIIEPTEH3UH, BBIPAXKECHHON CTPYKTYpHOH mepecTtpoiike (pe-
MOJICJINPOBAHUE) CTPYKTYP HOJB3IOLIHOM KHIIKH, KOTOpas
XapaKkTepu3yeTcsl MUCIPONOPIHOHAIBHBIMUA  M3MEHEHUSIMH
IPOCTPAHCTBEHHBIX XapaKTEPUCTHK CTPYKTyp OpraHa, Ha-
PYLICHHUEM COOTHOIICHHN MEXAy HUMH, COCYAUCTBIMH pac-
CTPOICTBaMH, OTEKOM, AUCTPOPUUSCKUMHU U HEKPOOHOTHYE-
CKHMH HM3MEHEHHUSIMH SIUTEIHUOLUTOB, INaJKUX MHUOLUTOB,
JH/IOTEIHOLUTOB U YIEMEHTOB CTPOMBI, & TAKXKe HHPHUIbTpa-
THBHBIMH U CKJICPOTHYCCKUMH HU3MEHECHUSIMHU.
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SUMMARY

THE STRUCTURE OF THE ILEUM AFTER THE RESECTION OF LIVER PARENCHYMA

Tatarchuk L., Gargula T., Hnatiuk M., Slabyi O., Yasinovskyi O.

State Higher Educational Institution “I. Ya. Horbachevsky Ternopil State Medical University of Ministry of Health Ukraine”’, Ukraine

The ileum was morphologically examined in 45 sexually ma-
ture white male rats, which were divided into 3 groups: I group
included 15 intact animals, II — 15 rats, in which 31.5% of the
liver parenchyma was removed, III - 15 animals after resection
58,1% of liver parenchyma. Euthanasia of rats was performed
by bloodletting under the conditions of thiopental anesthesia 1
month after the beginning of the experiment. Histological mi-
cropreparations were made from the ileum, which were studied
morphometrically. Quantitative indicators were processed sta-
tistically. It was revealed that after resection of 31.5% of the
parenchyma of the liver, the morphometric parameters studied
were insignificantly altered. Resection of 58.1% of the liver
parenchyma lead to postresectional portal hypertension, which
was characterized by venous full-blood in the veins of the portal
hepatic vein system and morphological changes in the ileum.

Venous thrombosis, edema, dystrophic, necrotic, infiltrative,
sclerotic and atrophic processes were observed in the investigat-

ed organ. The relative volume of the damaged epitheliocytes of
the mucous membrane of the ileum reached 64.50+0.72%, and
myocytes in the muscular membrane - 41.10+0.54%. The pro-
nounced changes in nuclear-cytoplasmic relations in epithelio-
cytes and stromal-myocytic muscle tissue testified to violations
of tissue and cellular structural homeostasis. Thus, the removal
of large volumes of liver parenchyma leads to postresectional
portal hypertension expressed by remodeling of the structures
of the ileum, which is characterized by uneven disproportional
changes in the spatial characteristics of the organ structures,
disturbances between them, vascular disorders, edema, dystro-
phic, necrobiotic changes in epitheliocytes, endothelial cells,
myocytes, stromal elements, infiltrative, sclerotic and atrophic
processes.

Keywords: resection, liver parenchyma, portal hypertension,
ileum.

PE3IOME

CTPYKTYPA MTOAB3IOIIHON KHIIKHW MOCJE PE3SEKIIUA TAPEHXUMbI IEYEHA

Tarapuyk JI.B., I'apryna T.U., I'natiok M.C., Caaoslii O.b., Sicunosckslii O.b.

Tocyoapcmeennoe gvicuiee yuebnoe sasedenue « Tepnononbcxkuii 20Cy0apcmeenblil MEOUYUHCKUL YHUBEPCUMEm
um. UA. T'opbauescroco Munucmepemea 30pasooxpanenusi Yxpaunvl», Teprononns, Yxpauna

Mopdooruuecku ucciieoBaHa MoAB3AONIHAS KUIIKa 45 1Mo-
JIOBO3PEJIBIX OEJIBIX KPBIC-CAMIIOB, KOTOPbIE OBUIN pa3aeieHbl
Ha 3 rpynnsl: | rpynna Biirodana 15 MHTaKTHBIX JKUBOTHBIX,
II — 15 kpbIc, y KOTOpBIX ObLIO yHaneHo 31,5% napeHXxumsl re-
yenw, III — 15 xuBoTHBIX nocie pesekunun 58,1% mapeHXUMbI
[ICUCHU. DBTaHA3Usl KPBIC OCYILECTBIUIACh KPOBOILYCKAaHUEM
B YCIJIOBUSIX THUOIICHTAJOBOIO HapKo3a ciycTs 1 Mecsl OT Ha-
yajia SKCIepUMeHTa. 3 moAB3MOLIHON KMINKM H3rOTOBILSUIN
TFHCTOJIOTMYECKUE MUKpPOIperaparsl, KOTOpbIC M3ydalld MOp-
¢domerpuuecku. KonndecTBeHHBIE NOKa3aTenn oOpabarhiBaIM
craTuctuuecku. BeisiBiieHo, uto npu pesexuuu 31,5% napes-
XHMBI NIEYCHH HCCIeyeMble MOP(pOMETPHUYECCKUE MOKa3aTeIH
U3MEHSINCh He3HauuTenbHO. Pesexuusa 58,1% mnapeHXuMbl
[ICUCHU NPUBOJUT K IOCTPE3EKLUOHHOH INOPTaJbHOU rumep-
TEH3UM, KOTOPas XapaKTepU3yeTCs BEHO3HBIM IOJIHOKPOBUEM
B CHCTEME BOPOTHOW MEYEHOYHOH BEHbI U MOP(HOIOTHYECKUMH
HM3MEHEHUSIMU IOJB3I0IIHON Kuiuku. B uccienyemom oprane
Ha0JII0aJI0Ch BEHO3HOE ITOJIHOKPOBHE, OTEK, TUCTPOPHIECKHUE,
HEKpOTHYECKHe, NHOUIBTPATUBHBIC, CKICPOTHYECKHE U aTpo-
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¢uaeckue nporeccbl. OTHOCUTENBHBI 00bEM MOBPEKICHHBIX
SIHUTEIUOLUTOB CIU3UCTOW O0OJOYKU MOAB3IOUIHON KHIITKH
npocturan 64,50+0,72%, a MHOLIUTOB B MBIIICUHOW 000JI0YKE
— 41,10+0,54%. BplpakeHHBIC M3MEHECHUS SACPHO-LUTOILIA3-
MaTHYECKUX COOTHOLUCHHWH B AMUTEIMOLUUTAX U MHOLMTAX, a
TaKXKe CTPOMaJbHO-MHUOIMTAPHBIX B MBIIICYHOH 00OJIOUKE,
CBUJICTEILCTBYIOT O HApYyILIEHUSIX TOMEOCTa3a Ha KIETOYHOM U
TKaHEBOM ypOBHE.

Taxum o0Opa3om, ygaieHue 0OIbIIHX 00HEMOB MaAPECHXHMBI
MEeYEHU MPUBOJUT K IMOCTPE3EKIUOHHON MOPTaNbHOM runep-
TEH3UHU, BBIPAXKEHHOMY PEMOJCIMPOBAHUIO CTPYKTYpP IOJ-
B3JIOIIHON KHUIIKH, YTO XapaKTEPHU3yeTCss HEpaBHOMEPHBIMU
JIACTIPONOPLIMOHANIBHBIMU U3MEHEHUSIMU IIPOCTPAHCTBEHHBIX
XapaKTepUCTUK CTPYKTYp OpraHa, HapyUIEHUEM OTHOIIECHHH
MEX]ly HUMHU, COCYAUCTBIMU PacCTpPOUCTBAMHU, OTEKOM, JHUC-
TPOPUUECKUMHI M HEKPOOMOTHUYCCKHUMH H3MCHCHHSIMH SIHU-
TEJIMOLUUTOB, HHAOTEIUOLUUTOB, MUOILMTOB U CTPOMAJIbHBIX
2JIEMEHTOB, HHOWIBTPATHBHBIMU, CKIICPOTUICCKUMU U aTPO-
(uyeckuMu TpOIECCaMu.



GEORGIAN MEDICAL NEWS
No 12 (285) 2018

Agboydy

0gdol bofasgol @gdmgmomgdols msgoligdygdgdsbo
3mbB®9bgJogeo oGRSy 3039HE96bool ™ML

@. Ao@Ao®Mh730, B oM, d. 2b5H0730, M. Lensdo,
. 0sbobmglgo

9do@angbo  Lobgandfogm  ULsbfsgarm  wsfglgdyamgds
"9305060L xobwsogol LodobolBMMmL 0. gm@dshgglzol
Lob. @g@bm3menol Lobgadfogm Lsdgwoizobm ¢boggm-

Lo@dgHo", 9300065

JoOgma@maogo  gsdmygmggmos 45 bO©slmy-
@0 30900 goAmopagol mgdml bofasgo. go®mogggdo
d°g0goso 0g3bgb 3 xaagee: I xagg0 - 0bdodh-
@0 3bmggegdo (n=15), II - 3bmggangdo, GmIagdlisg
sdmgggmomo dJmboso @godanol 31,5% (n=15) oo I
NXo9B8o - @bmggegdo  @godgol  3omgbJodol  58,1%
A9bgdcool gdogy (n=15). goMmspggdol  gg@sbsbos
bodogmegdmes  Lobbarolpsh ws@mol dgdggmdom,
H0M396@ > M0 bo®3mbol 300™mgddo, gdbdgdodgb@ol
(4990006 ghmo mgol gdwgy. mgdml bsfaogol-
356 IbospEgdmes JobFmammaoyg®o 030M3Mg35M5d g
b0, ®mdmgdoi  Vgolfegargdmws  dm@FmMEmyog@s©.
Ao bmdmogo  dohggbgomgdol  ©sdydoggds  bogdm-
©> bAsBologg®se. asdmgmobps, @md 31,5% g0d-
ol 35Mgbdodol  @gbgdzool  Fgdmbgggsdo  Lsgg-
@930 JnORmIgAOYao dobggbgdergdol (3ganoargdgdo

0y Legmse  9dbodgbganm.
58,1%-0l  @gbgiools

@godanols  3oMgbJodols
Ygdobgggedo  goms®EgdmEs
3obA®gbgJogmo  3md@omygdo  J039MmEBgbbos, @m-
dgeroz  bolbosmpgdmps  ggbydo  Lolbanloglgmdom
®godenols 3m@@smygdo ggbols LolEgdsodo o mgdml
bofanagols dm@gmammaoygdo 3gmomgdgdomn. bszgem gy
MGabmTo  smobodbgdbmws  ggbyg®o  Lobbaobsglgmds,
9393909, 0obBOMR0YE0, 6930090, 0680@ B@S30-
gano,  bimg@mbygmo ©s SAOmPoygmo  3Gmi3glgdo.
0gdob bofasgol @m®@fmgsbom as@lol wsbosbgdyaro
930mge00m30E 900l GoMwmdomo ImEgamods s ggos
64.50+0.72%, bergoe dJomEodgool dmEgemds 3gbomem-
356 go®MlLdo - 41.10+0.54%. g3omgeomzodgdobs s

dom 3049030 doMmgye-30@m3gsbIgMo  ©sdmgowy-
b gool  godmbs@ygmo  3gmomgdgdo s LHO®Io-
@-domEodgao  3gbomgeb  go®@bPo,  doygmomngdl

Jbmgogrmgsbo s gxdgemgsbo LEAGYIH YO dm-
dgmlHobol wommg939dby.

53BMAgdo  oslzgbool, Mmd  @godeol 3omgbJodols
oo dnEgEmdomn  sdmgggms 0fgggl 3mbEmgbgdio-
o bAOgJAH a0l aodmbs@ye  Ggdmpgmogdsl,
@o3 baloompgds m@gsbml  LEOYJHacol  LogdEm-
d®0go dobolioomgdagdols @oldMM3M@ B0 s@omsb-
d0dpg3dgeo 330 gdgdom, dom  dmdols  3ogdodols
dmIgom, Lobbards®gmgsbo ©ommgggom, dgdy3gdom,
930mge00m30Egool, gbpmmgmmomzo@gdol, domEodgdols
©s  bA®OmIgmo  gangdgb@gool  olOmgoygmo  ©s
6930mMd0mB039M0 (33800969600, 0bBogEE@S0gE0
bgerg@mbom s sGORogmo 3GmiEglgdon.

COMPARATIVE ANALYSIS OF WHOLE CARTILAGE TISSUE THERMOSTABILITY
IN DISEASED PATIENTS VERSUS INJURED PATIENTS

Monaselidze J., ’Kikalishvili L., *Sharia Sh., *Ramishvili M., 'Lezhava T.

I. Javakhishvili Thilisi State University, °E. Andronikashvili Institute of Physics;
3Tbilisi State Medical University, “Sokhumi State University, Thilisi, Georgia

In organism, collagen carries out different biological func-
tions. Its important role is cogently proved by various inherit
genetic defects which are bound to mutations in collagen mol-
ecule. As a result of mutation, procollagen chains are formed in-
correctly what results in creation of abnormal trimeric collagen
which forms defective fibers [2,3].

Among inherit diseases of musculoskeletal system prevail hip
dislocation. In Georgia share of this disease among children is
around 4% and among adults 2.8%. To clinical morphological
manifestations of hip dysplasia-relate changes connected with
damage of collagen fibers, cartilage and in case of skin its hyper-
elasticity and tendency to trauma. Joint pathology results in ex-
cessive mobility of joints, dislocations, subluxations determined
by weak collagen fibers, unable to withstand proper mechanical
burdens [7]. The goal of this work is to reveal that fine changes

© GMN

of collagen fiber thermostability of whole cartilage in tissue of
patients with inherit hip dislocation.

Material and methods. DSC (differential scanning micro-
calorimeter) researchwas carried out by devise with sensitivity
0.1 uW. [1,4]. Temperature range of the measurement is 20-
130°C. Volume of measuring cells 0.3 ml. heating rate in all ex-
periments 0.5°C/min. As a biological object for research, we use
connective tissue of capsule of hip joints received after surgery
and cartilaginous femoral tissue of patients aged 5-30 year taken
after traumatic amputation, which were used as a control. Mea-
surements were made on 5 samples of patients with physical
trauma and 5 patients with inherit diseases.

Results and their discussion. Experimental data. Fig.
1 shows cartilages and skin tissues DSC curves of injured
(healthy) and not healthy patients. We see that denaturation pro-
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cess in all 3 cases is characterized by one intensive heat absorp-
tion peak, place of which on temperature scale depends on tissue
type, Weak shoulder around 50-60°C, Diffusive heat absorption
within 80-120°C.
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Fig. 1. Heat absorption of human tissue calculated on 1gr dry
biomass: 1. cartilaginous femoral tissue of 5 year old girl with
inherit hip dislocation, 2. Hand skin tissue of injured 21 year old
man, 3. Cartilaginous femoral tissue of 30 year old sportsman.

Difference between denaturation curves of healthy and dis-
eased patients is that in case of cartilage tissues — heat absorp-
tion peak maximumof diseased patient is shifted by 6.4°C to
lower temperatures and skin tissue heat absorption peaks shifted
by 3.5°C to lower temperatures.

Areas under curves within temperature interval 18-120°C
presents heat value absorbed during denaturation process of
studied objects and in case of cartilage tissue, skin tissue and
pathological cartilage tissue are: 52+2.6, 51+£2.6 and 50+2.5 J/g
of dried biomass accordingly.

In order to clear question of collagen fibers denaturation with-
in temperature range 75-120 °C (Fig. 1) we increased concentra-
tion of biopolymer in tissue by evaporation free water on 30°C
(Fig. 2). This method was used due to fact that denaturation tem-
perature of collagen solutions and its native fibers are in strong
correlation with polymer concentration while for globular pro-
teins and elastin such correlation is not observed [6].

8
T.
Fig. 2. Heat absorption of human femoral tissue with inherit

hip dislocation, calculated on 1gr dry biomass after evaporation
from wet mass 15% of water.
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DSC denaturation measurements of: Injured (healthy) car-
tilage tissue with 60.5% protein and 39.5% water content and
pathological tissue - 45% protein and 55% water content shows
that heat absorption curves have 3 clear and intensive maximum
peaks around 78, 86 and 105°C. From the three 78°C peak is
dominant (Fig. 2). These temperature values well match with
weak shoulders and maximums observed on denaturation curves
of normal and pathologic tissue (Fig. 1). Acquired data directly
shows that weak diffusive peaks on curves 1,2,3 (Fig. 1) within
temperature range 75-110°C corresponds to collagen fiber de-
naturation with different density order. This statement is sup-
ported by data, according to which in case of decreasing water
volume in collagen solutions and collagen fibers thermostability
increases notably [1].
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SUMMARY

COMPARATIVE ANALYSIS OF WHOLE CARTILAGE
TISSUE THERMOSTABILITY IN DISEASED PATIENTS
VERSUS INJURED PATIENTS

*Monaselidze J., *Kikalishvili L., “‘Sharia Sh.,
SRamishvili M., 'Lezhava T.

'I. Javakhishvili Thilisi State University, °E. Andronikashvili In-
stitute of Physics; Thilisi State Medical University; *Sokhumi
State University, Thilisi, Georgia

We conducted comparative thermodynamic analysis of fem-
oral cartilages tissue of injured (healthy) patients and patients
with congenital hip dislocation. It is shown, that temperature
which corresponds to maximum of heat absorption peak of
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femoral cartilages tissue of diseased patient is on 6.4°C lower
than heat absorption peak of femoral cartilages tissue of healthy
patient. Heat absorbed during denaturation process in all these
cases are close to each other with experimental error accuracy
and corresponds to 52+2.6, 51+2.6 and 50+2.5 J/g of dried bio-
mass accordingly.

Analysis of the published data makes it possible to assert that
the dominant heat absorption stage on DSC curves of tested
fresh tissues samples is associated with melting of collagen fi-
bers, hence the thermal stability of the collagen fibers in the pa-
tient’s tissue is reduced relative to norm.

Keywords: cartilage tissue, collagen fibers, DSC, hip disloca-
tion.

PE3IOME

CPABHUTEJBHBIN AHAJIN3 TEPMOCTABHJIBHO-
CTH LEJBHOI XPSIIEBOI TKAHU MALIMEHTOB U
TKAHE TPAMBHUPOBAHHBIX IALIMEHTOB

Monaceaunnze Jx.P., *Kukanamsumm JLA.,
‘IMapus LI, *PamumBuian M.B., Jlexkasa T.A.

"Tounucckuii 2ocyoapemeennviil ynusepcumem um. M. Jicasa-
xuweunu, *Hucmumym ¢usuxu um. E. Anoponuxaweunu, Tou-
JUCCKULL 20Cy0apcmeaennvitl meouyunckull ynusepcumem, *Cy-
Xymckutl 2ocyoapemeennviil ynueepcumem, Tounucu, I pysus

[IpoBeneH cCpaBHUTENBHBIH TEPMOAMHAMMYECKUN aHAIU3
Oe/peHHON XPSIIEBOM TKaHU TPAaBMUPOBAHHBIX (310POBBIX)
IALMEHTOB U MAllMEHTOB C BPOXKJICHHBIM BBIBUXOM Oezpa. Ilo-
Ka3aHo, YTO TEeMIIepaTypa, COOTBETCTBYIOLIAsi MAKCUMYMY ITHKa
TEIUIONOIIOIIEHUST OSPEHHOr0 XpsIeBOH TKaHH OOIBHOIO
nanueHTa, Ha 6,4°C HibKe TeMIepaTyphbl AeHaTypauun OeapeH-
HOM XpALIEBOM TKaHM TPAaMBHPOBAHHBIX MALMEHTOB (HOpMA).
CyMMapHble BEJIMYMHBI TEIUIONOMIOLICHUS. B IpoLiecce JeHa-
Typaluu B 00€UX CIydasx OJM3KH JAPYTr K APYry ¢ TOYHOCTIO
SKCIIEPUMEHTAIBbHON OIIUOKU U COOTBETCTBYET 52+2,6, 5142.6
u 50+2,5 Jx/r cyxoit 6uomaccsl. [Tony4deHHbIe pe3ysibTaThl M0-
3BOJIAIIOT 3aKJIFOYUTh, YTO OCHOBHAS CTaIysl TEIUIONONIOLICHUS

Ha KpUBBIX U] EepeHIIaIbHOI0 CKaHUPYIOLIEro KoJIopuMeTpa
CBEXCH TKaHM MCCIIeyeMbIX 00pa3LoB CBA3aHa C IUIABICHUEM
KOJJIAr€HOBBIX (DMOpHII, CIIEZ0BATEIbHO, TEPMOCTAOMIBHOCTh
KOJUIAreHOBBIX BOJIOKOH B COCTaBE TKAHHM OOJBHBIX IAl[HEHTOB
MOHM)KEHA OTHOCHUTEINILHO K HOpME.
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THE EFFECT OF VIBRO-ACOUSTIC STIMULATION ON CELL DYNAMICS OF INFLAMMATION
IN RATS AND THE POSSIBILITIES FOR VIBROACOUSTIC SOUND THERAPY
IN COMPLEX TREATMENT OF BRONCHITIS IN CHILDREN

'Nechypurenko O.,’Kaliuzhka A.,’Lutsenko O.

!Kharkiv Medical Academy of Postgraduate Education, *’Kharkiv National Medical University, Ukraine

Inflammation is the basis of most human diseases and, in
particular, with the development of bronchitis in children. Sci-
entific research on this problem is conducted throughout the
history of medicine and does not lost its relevance up to nowa-
days. Involvement in the inflammation process of many types of
cells, subcellular elements, and body systems predetermines the
formation of complex, multilevel mechanisms of regulation of
inflammatory and immune reactivity both at the local level and
throughout the body.

Modern problems and tendencies in the development of bron-
chitis in children suggest that the number of obstructive and re-
lapsing forms of this pathology increases [1, 6, 14]; the propor-
© GMN

tion of patients with immunodeficiency states increases [2, 8,
12]. Due to various concomitant pathologies, including allergic
processes the premorbid background of the disease worsens [6,
9, 13], the etiological structure of pathogens of bronchopul-
monary pathology changes, their resistance to pharmacologi-
cal preparations increases [2, 11, 12]. Regarding the problem,
the expansion of knowledge in this area dictates the need for
new approaches to the prevention and treatment of bronchitis
in children. An important role in solving this problem should
be played by studying and developing new complex methods of
anti-inflammatory therapy with the use of physiotherapeutic fac-
tors. It is known [7] that they can influence not only the multi-
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level hierarchy of pathogenetic links, developing pathological
processes, but also the physiological measures of protecting the
organism, the main component of which is sanogenesis that in-
cludes the following basic processes: immunity, compensation,
restitution, repair, adaptation reaction, antioxidant protection
system [3, 12].

One of the methods of physiotherapy, which is used in the
complex treatment of various diseases based on the inflamma-
tory process, is vibroacoustic exposure (VAE) using the Vitafon
apparatus [4].

The main mechanisms of vibroacoustic exposure are lying in
the ability to increase blood and lymph flow that is achieved by
two basic physical effects: the first one is the reduction in vascu-
lar resistance to blood movement under the influence of micro-
vibrations of continuously changing sound frequency, with each
vessel diameter having its own optimum frequency. The second
one is the effect of a hydrodynamic pump in the veins. Yet the
mechanisms of the anti-inflammatory effect of VAE have been
poorly studied

The objective of this work was to study the effect of VAE on the
cellular dynamics of the inflammation focus in the experiment.

Material and methods. The experimental study was per-
formed on 72 male Wistar rats weighing 180-200 g. The age
of the rats was 1-1.5 months. All painful and stressful proce-
dures were carried out under ether drug (in accordance with the
European Convention for the Protection of Vertebrate Animals
(Strasbourg, 08.03.1986). Acute aseptic inflammation of the
soft tissues of the thigh of rats was caused by the injection of
5 mg A-caraginen (“Sigma” .USA) in 1 ml of isotonic sodium
chloride solution. The animals were sacrificed by decapitation
at different periods of inflammation. The animals were divided
into the main and control groups of 36 in each group. The rats
of the main group immediately after the injection of A-caraginen
weresubjected to VAEat the area of the inflammatory focus from
the Vitafon apparatus, daily, for 10 days, in 1 constant mode,
with frequency subranges from 20 to 18,000 Hz, and the micro-
vibration amplitude of the membrane within 2, 8 - 5.4 microns,
exposure 10 minutes. Cell-tissue dynamics of the inflammation
focus was studied after 6 hours, and on the 1-, 3-, 7-, and 10th
days. In the control group the inflammation proceeded naturally.
To study the content of neutrophils, macrophages, immature and
mature fibroblasts, fibrocytes, and granulation tissue formation
histological preparations were stained with haematoxylin-eosin
according to Van Gieson by standard methods. Statistical pro-
cessing of the study results was carried out by the methods of
variation statistics using the Student t-test, estimating the prob-
ability of the results obtained at a significance level of not less
than 95% (P <0.05).

Results and their discussion. As a result of an experimen-
tal study on the rats, it was established that the development of
caraginen acute aseptic inflammation was accompanied by in-
flammatory changes in the leukocyte reaction of the focus. The
dynamics of the cellular composition of the soft tissues of the
rat’s thigh against the background of VAE and with the natural
development of aseptic inflammation is presented in the Table.

The data obtained in the experiment showed a marked leuko-
cyte infiltration of tissues, primarily neutrophilic, in the inflam-
matory focus.

It was found that the number of neutrophils in the focus of
inflammation was maximal after six hours and on the first day,
then it decreased significantly, yet it exceeded the initial num-
ber on the third, seventh days and did not differ significantly
from the initial data on the tenth day. In course of inflammation
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against the background of VAE the accumulation of neutrophils
in the focus was markedly reduced, compared to that in the natu-
ral course of the process, by the sixth hour and by the third day
accordingly.

Monitoring the dynamics of the quantitative composition of
monocytes - macrophages in the natural development of caragi-
nous inflammation and against the background of VAE, showed
that the number of these cellsinitially was decreasing up to the
sixth hour, and then it increased to the maximum on the third
day and returned to the initial quantity on the seventh day, both
in the natural course of inflammation, and in course against the
background of VAE.

In inflammation against the background of VAE the accumu-
lation of monocyte-macrophages was increased on the first and
third days, but decreased on the seventh and tenth days; the peak
of this accumulation was noted earlier - on the first day against
the third in the natural course of inflammation.

The dynamics of the quantitative composition of immature
fibroblasts in the natural development of inflammation and
against the background of VAE was as follows: the content of
immature fibroblasts was reduced to the sixth hour and in the
first day, but significantly exceeded the initial amount on the
third - the tenth day, with the peak on the seventh day at the
natural development of inflammation. The number of immature
fibroblasts on the background of VAE was greater on the third
and seventh days, their peak was observed earlier - on the third
day instead of the seventh in the natural course of inflammation.

The study of the dynamics of the quantitative composition
of mature fibroblasts in the natural development of caraginenic
inflammation and against the background of VAE showed that
in the natural course of inflammation the content of mature fi-
broblastswas decreased by the sixth hour and the first day, but
increased against the initial on the third - the tenth day, on the
seventh day. The number of mature fibroblasts with inflamma-
tion on the background of VAE was also greater by the third
- the tenth day. However, with the development of inflamma-
tion against the background of VAE, the number of mature fi-
broblasts on the third day significantly exceeded their number
with the natural development of inflammation (p <0.05) with a
maximum on the third day instead of the seventh day with the
usual course of inflammation.

The dynamics of the quantitative composition of fibrocytes in
the natural development of inflammation and against the back-
ground of VAE was the following: the content of fibroblasts was
reduced in all terms of the study, both with the natural develop-
ment of inflammation and with the development of inflammation
against the background of VAE. With the natural development of
inflammation, a gradual tendency toward recovery of fibroblasts
was observed on the seventh and tenth days. In inflammation
against the background of VAE the content of fibroblasts was
higher already on the third day, followed by an increase on the
seventh and tenth day. Since fibroblasts participate in the local-
ization of microorganisms, inflammatory processes, produce fi-
broblastic interferon, an earlier restoration of their number con-
tributes to the development of the above processes.

The results of the experimental study showed that when the
inflammation develops against the background of VAE, the neu-
trophil reaction is markedly inhibited and the macrophage-fibro-
blastic reaction is enhanced. Taking into account the leading role
of neutrophils is in the deployment, and monocyte-macrophages
and fibroblasts - in the subsidence of inflammation [6], it can
be considered that the anti-inflammatory effect of VAE consists
in limiting the alterative and enhancing reparative phenomena.
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Table. Dynamics of the cellular composition of the soft tissues of the thigh of rats against
the background of vibroacoustic exposure and with the natural development of aseptic inflammation

Development of inflammation on the background of BAE The natural development of inflammation
main group (n - 36) control group (n-36)
] s
el < 2 z z z | | z| z| =z z| &
El 20 Z| S| 2 2| & B OZ O 2| o=
2 ° — ) = = 2 © - £ &~ =
] <
=} =}
1,50 50,33 35,17 9,00 1,17 0,83
Neutrophils, | +0,43 +1,48 +1,40 +0,37 +0,31 +0,31 1,33 | 65,67 | 51,83 | 15,67 | 2,00 1,33
% t=0,31 | t=7,01 t=8,41 t=5,79 t=1,72 | t=0,96 |+£0,33 | £1,61 | +1,40 | 1,09 | +0,37 | +0,42
P>0,05 | P<0,001 | P<0,001 | P<0,01 | P>0,05 | P>0,05
24,67 22,67 42,00 33,00 20,17 19,83
Macrophages, | 0,84 | +1,41 +1,55 +1,13 +0,70 +0,79 | 2533 | 13,50 | 23,17 | 44,17 | 22,83 | 23,67
% t=0,34 | t=4,17 | t=9,46 | t=5,85 | t=1,99 | t=3,70 | £1,73 | £1,69 | £1,25 | £1,54 | 1,14 | 0,67
P>0,05 | P<0,01 | P<0,001 | P<0,005 | P>0,05 | P<0,05
Immature 2,33 1,33 1,50 13,50 6,00 1,83
fibroblasts +0,21 +0,33 +0,43 +0,72 +0,37 +0,31 2,17 1,00 1,17 6,83 9,17 | 6,00
% > | t=0,42 | t=0,67 | t=0,62 | t=7,41 t=5,82 | t=7,63 | +0,31 | £0,37 | 0,31 | £0,54 | +0,40 | £0,45
P>0,05| P>0,05 | P>0,05 | P<0,001 | P<0,005 | P<0,001
Mature fibro- 20,17 11,00 11,83 30,17 33,17 28,33
blasts +0,79 | +0,63 +0,60 +1,49 +0,79 +1,33 | 19,00 | 9,33 11,67 | 23,67 | 38,17 | 31,50
%’ t=1,09 | t=2,09 | t=0,003 | t=3,94 | t=3,90 | t=1,96 |+0,73 | £0,49 | +0,56 | +0,71 | +1,01 | +0,92
P>0,05| P<0,05 | P>0,05 | P<0,05 | P<0,05 | P>0,05
51,33 14,67 9,67 14,33 39,33 48,67
Fibrocytes, | +£0,84 | +0,63 +0,42 +0,49 +0,67 +0,67 | 52,71 | 11,50 | 12,17 | 9,67 | 27,83 | 37,5
% t=0,71 | t=3,00 | t=3,92 | t=2,55 | t=9,89 | t=9,54 |+1,74 | £0,85 | £0,48 | £1,76 | +0,95 | 0,96
P>0,05 | P<0,05 | P<0,05 | P<0,05 | P<0,001 | P<0,001

Complex of treatment for ASB in children. The results of
our experimental study, constantly expanding knowledge of
pathogenetic and sanogenetic mechanisms of the develop-
ment of acute simple bronchitis (ASB) in children were the
basis for the inclusion of VAE in the complex of treatment
for ASB in children that we have developed. It includes a
combination of the following physiotherapeutic factors: the
electric field of UHF, vibroacoustic exposure, singlet-oxygen
therapy. Our physiotherapeutic complex treatment for ASB
was used in 46 children of the main and 40 children of the
control group at the age from 6 to 14 years. The results of
clinical observation of the children of the main and control
groups showed that the inclusion of a new complex of phys-
iotherapy in children with ASB has a more pronounced effect
on the positive dynamics of clinical symptoms in the children
of the main group compared with those of the control group
of patients. The duration of treatment for ASB in the children
of the main group was on average 3 days less compared to the
control group of patients (p<0.05).

Conclusion.

1. In the experiment on rats, it was established that when in-
flammation occurs on the background of VAE, the accumulation
of neutrophils in the focus is markedly reduced in comparison
with the accumulation of neutrophils in the natural course of the
process.

2. Analysis of the dynamics of the macrophage-fibroblastic
reaction according to the results of the experiment indicates that,
in comparison with the natural development of inflammation,
inflammation on the background of the VAE demonstrates a
marked increase in it.

© GMN

3. Anti-inflammatory effect of VAE consists in limiting dam-
aging and enhancing reparative phenomena, taking into account
that neutrophils play a leading role in the development of the
inflammatory process, and monocytes-macrophages and fibro-
blasts - in its attenuation.

4. Results of an experimental study of the effect of VAE on
the cellular dynamics of the inflammatory focus show that VAE
exerts a pronounced anti-inflammatory effect by active involv-
ing the cellular component of physiological body protection
measures.
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SUMMARY

THE EFFECT OF VIBRO-ACOUSTIC STIMULATION
ON CELL DYNAMICS OF INFLAMMATION IN RATS
AND THE POSSIBILITIES FOR VIBROACOUSTIC
SOUND THERAPY IN COMPLEX TREATMENT OF
BRONCHITIS IN CHILDREN.

"Nechypurenko O.,’Kaliuzhka A.,*Lutsenko O.

'Kharkiv Medical Academy of Postgraduate Education;
2Kharkiv National Medical University, Ukraine

One of the methods of physiotherapy used in the complex
treatment of various diseases is vibroacoustic exposure (VAE),
however, the anti-inflammatory effect of this factor has not been
studied insufficiently. The purpose of this research was to study
the effect of VAE on the cellular dynamics of the inflammation
focus. The experimental study was performed on 72 male Wistar
rats weighing 180-200 g. The age of the rats was 1-1.5 months.
All painful and stressful procedures were performed under ether
drug (according to the European Convention for the Protection
of Vertebrate Animals (Strasbourg, 08.03.1986). Acute aseptic
inflammation of the soft tissues of the thigh of rats was caused
by injection of 5 mg A-caraginen («Sigma». USA) in 1 ml of
isotonic sodium chloride solution The animals were sacrificed
by decapitation at different periods of inflammation The main
and control groups consisted of 36 animals in each group. After
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the introduction of A-caraginen in the main group, animals were
subjected to VAE at the area of the inflammatory focus from the
Vitafon apparatus, daily, for 10 days, in 1 mode, with frequency
subranges from 20 to 18000 Hz, and the amplitude of microvi-
bration of the membrane within 2.8-8.4 microns, exposure 10
minutes. Cell-tissue dynamics in the focus of inflammation was
studied after 6 hours, as well as on the 1-, 3-, 7-, and 10th days.
In the control group the inflammation proceeded naturally. The
results of an experimental study carried out on the rats showed
that the physiotherapeutic factor VAE has an anti-inflammatory
effect due to the active involving of the cellular components
of physiological body protection measures. Activation of the
mechanisms of sanogenesis under the influence of VAE resulted
in its inclusion in the physiotherapeutic complex for the treat-
ment of acute simple bronchitis in children, that helped to short-
en the periods of their treatment. The anti-inflammatory effect
of VAE consists in limiting alterative and enhancing reparative
phenomena, considering that neutrophils play a leading role in
the development of the inflammatory process, and monocytes-
macrophages and fibroblasts - in its attenuation.

Keywords: vibroacoustic sound in therapy, vibroacoustic an-
ti-inflammatory effect, bronchitis in children, physiotherapeutic
treatment.

PE3IOME

BJUSIHUE BUBPOAKYCTHYECKOTO BO3JEM-
CTBUSI HA KJETOYHYIO JUHAMMUKY OYATA
BOCHAJIEHUSA ¥V KPBIC U BO3SMOXHOCTH UC-
MOJIb30BAHUSI BUBPOAKYCTUYECKOM TEPA-
AU B KOMILIEKCHOM JIJEYEHUU BPOHXUTA ¥
JNETEM

"Heunnypenko O.H., 2 Kamoxkka A.A., 2 JIyuenko E.B.

! Xapvkosckas meouyunckas akademus ROCLeOUNnIOMHO20 00pa-
s068anus; *XapbkoGCKUll HAYUOHANLHBLI MEOUYUHCKULL YHUBED-
cumem, Yxkpauna

OnHKMM 13 METOJI0B (pHU3NOTEpaNNH, KOTOPbIH IIPUMEHSETCS B
KOMIIJICKCHOM JICYHECHUHW Pa3JIMYHBIX 3a00JIEBaHUI SBIISICTCS BH-
Opoakycruueckoe Bozaeiictaue (BAB), onqnako, mporuBocnanu-
TeNbHBIN 2P (EKT TaHHOTO (paKTOpa HEAOCTATOUHO H3YUCH.

Llenbio uccienoBaHus SIBUJIOCH M3YyUCHUE BIMSIHUSL BHOPO-
AKYCTHYCCKOI'o BOSﬂeﬁCTBMﬂ Ha KJIICTOYHYIO AMHAMUKY o4ara
BOCHAJICHUS.

DKCHEepUMEHTAIbHOE UCCIIeIOBAaHUE BBIIIOJIHCHO Ha 72 KpbI-
cax-camuax JuHuM Bucrap maccoit 180-200 r. Bospact kpbic
cocraBui 1-1,5 mecsana. Bee Gone3HeHHbIe U cTpeccoBbIE MPO-
HEAYPbI BBIITOJIHAINUCH 110/ 3(1)HprIM HapKO30M B COOTBETCTBUH
¢ EBporielickoli KOHBEHIIMEH 110 3alIMTe MTO3BOHOYHBIX YKMBOT-
HbIX (CtpacOypr, 08.03.1986 1) OcTpoe acenTudeckoe BocHa-
JICHHE MSTKUX TKaHei Oelpa KPbIC BBI3BIBAIM BBEICHHEM 5 MI
A-kaparunena («Sigma», CIIIA) B 1 MJI H30TOHHYECKOTO pac-
TBOpa HaTpus xjaopuaa. JKUBOTHBIX 3a0MBaIK JCKATUTALUCH B
Pa3HbIC CPOKKU BOCIHAJIICHUA OcHoBHas U KOHTPOJIbHAs I'PYIIIIBI
COCTOSIN M3 36 JKMBOTHBIX B Ka)k10i. B ocHOBHOI rpynme sxu-
BOTHBIM Cpa3y MOCJE BBEJACHUs A—KapariHeHa MPOBOANIOCH
BAB Ha oGnacte ouara BocnajeHus amnapatoM «Buradony,
exeqHeBHO, B TeueHue 10 aHeid, B 1 pexxume, ¢ 4aCTOTHBIMU
nopauanasoHamu ot 20 1o 18000 I't 1 aMmInTyn0# MUKpPOBH-
Opauuu mMemOpanbl B npeaeiax 2,8-5,4 mxwm, skcriozuius 10
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MuH. KileTo4HO-TKaHeBYIO IMHAMHUKY O4ara BOCIAJICHUS U3y4a-
JIU cItycTs 6 yacoB, a Taxoke Ha 1, 3, 7, 10 cyTku. B kKoHTposibHOM
rpylIe BOCHAJICHUE IPOTEKAI0 €CTECTBEHHBIM IIyTeM. Pe3yib-
TaThl HKCIIEPUMEHTAIBHOTO HCCIISOBAHUS, MPOBEICHHOIO Ha
KpbICax-caMIlax MoKa3aiu, 9To PU3n0TepaneBTHUCCKU (ak-
Top BAB 006azaer npoTuBOBOCHANUTEIbHBIM ACHCTBUEM 32
CYeT aKTUBHOIO BKJIIOUCHHS KJIETOYHOTO COCTaBa (pHU3HOIIO-
MYECKUX MEp 3alUThl OpraHu3Ma. AKTHBU3ALUS MEXaHM3-
MOB caHoreHesa 1o BiaussHueM BAB sBuIIMCHL OCHOBaHHEM
JUISL €r0 BKIJIIOYEHUS, B pa3paboTaHHBI HAMU (U3UOTEpaIIeB-
TUYECKHH KOMIUIEKC JICYEHUS OCTPOro MPOCTOro OPOHXUTA Y
JeTeil, 4TO MO3BOJIMJIO COKPAaTUTh CPOKU MX jeudeHus. IIpo-
THBOBOCHANUTENbHBIN 3¢ ekt BAB 3akitouaercs B orpanu-
YEHUU QJIBTEPATHBHBIX M YCUJICHUH pEelapaTHBHBIX SIBICHUH,
YUUTBIBAs, YTO HEHTPODUIBI MIPAIOT BEIYILIYIO POJIb B pa3-
BEPTHIBAHUH BOCIIAIUTEIBHOIO MPOIecca, a MOHOIMTHI-Ma-
kpodaru u GpudbpodIaCTHI - B €T0 3aTyXaHUU.

9boydy

3000ms3qbGogn@o  dmdgogdol  gobommg@ssoygeo
RoJBm@ols dmJdgegdols 3gdsbobdgdol aogamgbols Jgb-
Jogans  obomgdol 390l gx@goge  ©obsdogoby s
dobo aodmygbgds d539390d0 d6@MbJoBol 3md3e gy
3390bogrmdsdo

‘o, bghodyg@gdgm, o, gomoggss, s @9Gabge

'bo®gmgol ©o3@mdoldgdeamdo gobomagdols Lsdgwo-
30bm 5350930 Tho@gmgol bsombsgyg@o Lsdgwoio-
by 960390 L0R 9B 0, Yg0o0bs

obmgds Logydgmow 9ggl o©sdosbol osgs@gdosms
999@9Lmdsl. 53 3O gdolimsb ©sjgogdodgdymo bo-

3936090™m 33093900 903060l gobgoms®gdols yggeos
9Bo3bg dodobsdgmdes s ol wEabsi Low®dolygy-
o dgobsgmgds. mobsdgodmgg Godsjmmg@ssdools
o 93900 doybgosgow, 5393900 d@MbJm3yadmb-
WO ©oog509dg00l  bOwols  BHgbwgbizos  s®0bodbgds,
Go3 dOmbJoRol d39@bogmdols 3GMdegdals oJ@eow-
90 beob. ol Tgbmogdo ©agds d539390T0 dG™bJo-
Hob 33g@bogmdols sbogo 3md3egJbydo dgmmegdols
Y9I doggds Bobommgdadoymo Roddm@gdols hodmgom,
O®Igdoz Somm@maoyg®o 3GmEglol gobgoms®gdols

5M3d5MBM  3ommygbgby@, sModg  Lobmygbyd  dgde-
60bdgobg  ImJdggdgh.  goddmsggbBoggdo  bgdemd-
390905 (35b) ULbgowolbgs @osgomgdoms 3mddaglyd
3390bsgmdsTo  2s3mygbgdgmo  gobommgdsdoygaro
dgomos. dobo obmgdollsfobss@dwgym g89]B0 o@o-
bogdomobswos  dgbfogemoao.  Fobsdwgodsdyg  ggerggols
dobobl  FodmImopagbos  sbmgdols  3g9dol  Yx@ gy
©0653035bg gob-ol gogangbols Yglfogans. 9Jl3g@odgb-
Ao ggenggs hodoms gobHodol «xoTol 72 dodd
300m5335bg dolbom 180-200 o. godmopgol obsgo oym
I-15 mgg. gggems 3B3ogbgamo o LE®Mgbymo 3Gmiyg-
YOS GomEgdmes gmgmol bsdimboo (bgdbgdaosbo
3bmggmgdol o330l ggmm3gemo 3mbggbiool dgbe-
d5dobos@  (LA®SLOY@Yo, 08.03.86F.). goMmopagsl do@-
dogol @doemo  Jbmgoagdol 3I(gogg sLg3poga®  ob-
09dol  goFgggoom  bs@@moygdol  Jemm@ool 1 dan
0bmF®byg@ bliboddo aobliboano 53y A — jo@sy0b9600m
(«Sigmay, 599). sbmgdols ULbgowslbgs gooby 3bmgyg-
9ol g3er o800 093530353000, doMoms© ©s Logmb-
BOm@em  xagx9ddo ogm 36-36  3bmggaro. dJoGomsw
X985 30, A= 30052069601 dgygobobmobsgy sbomgdols 39@-
obg BoMmEgdmEs gob-0 835Mo@Gom ,,50858Mbo". gob-
0 BoOEgdmes ymggmmomg 10 ool aobdogarmdsdo 1
@9g0d0m, LobTdo@ol Jggwosdsbmbon - 20-sb 18000 3(3-
dg, 393d@ 560l JogMmgod@sizool sd3go@ywom - 2,8
54 339, 10-Fgmosbo  gdbdmboigoom. sbmgdomo  3g@ols
GO gge-Jlmgogmgsbo ©obsdogs dgolfsgmgomws 6
basmols, obiggg 1,3 7, 10 ool 3g3wgy- Logmb@@menem
No9Rdo sbmgds hgguemo abom goms®egdmws. 9dL3g@o-
396 e0ds 3gemgged ohggbs, ™I gob Gobommgdsdoygaro
BoJAHmMA0  bosbosmpgds  sbmgdollsfobsomdpgym  dmd-
3909000, Molo MAA60bIoL oliszogem PN gogero
Bobom@ma0®0 BoBm@gdol hodmgs gobsdoMmmdgol.
35b-0l Bodmgs 353939030 dMmbJo@ol d3@bogmdols
3M33agJLTo  gdysdgds  dobo  gogangboo  Lobmggbg-
bol dgJobobdgdol goodBoymgdol, @odsi d3@bogom-
b0l boby@darogmdols dgdEodgos  Yb@ybggamym. 09
3o30mg5@oli{obgom, @md  bgod@mgomgdo  sbomgdols
hodmysgodgdsdo, boam  dmbmEodo-ds3@maengdo  ©s
RQ0oOMd@sbBgoo  dob  hogb®mdsdo  360dgbganmgeb
Al sLoymgdgb, Jgodegds ©ogoliggbsm, @md gob-ols
560 gdolilsfobsomdmgam 989JH0 serBgdocogmo 3G M-
39Lgdol gbeygogols ©s Mgdodozoygmo 3Mmm3glgdols
39dg09® 93530 dymdo@gmdl.

SELECTION OF THE ACTIVE PHAGES AGAINST B.FRAGILIS FOR FURTHER STUDY
OF THRAPEUTIC PERPECTIVES

2Bakuradze N., ?Makalatia Kh., *Merabishvili M., “Togoshvili L., "?Chanishvili N.

!G. Eliava Institute of Bacteriophage, Microbiology and Virology, Thilisi; °I. Javakhishvili Tbilisi State University, *Ghent Univer-
sity, Laboratory of Bacteriology Research, University Hospital, Gent, Belgium; ‘Eliava Diagnostic Center, Thilisi, Georgia

B.fragilis is a Gram-negative obligatory anaerobic bacteria
that colonize the intestinal lumen, but is also found in other parts
of the digestive tract. It has been shown that normally B.fragilis
serves as one of the major components of gut microflora which
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takes part in maturation of immune system [9]. B.fragilis is the
most virulent amongst Bacteroides species [16]. Within this
species two major classes of strains may be identified: entero-
pathogenic B.fragilis (ETBF) and non-enterotoxigenic B.fragilis
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(NETBF). The ETBF contain pathogenic island in their genome,
encoding enterotoxin called fragilysin, which is a zinc-depen-
dent metalloprotease toxin that disrupts tight junctions between
the intestinal epithelial cells by cleaving an intercellular adhe-
sion protein e-cadherin. Toxic effect leads to increased perme-
ability between the epithelium lining the intestines, which is
clinically expressed as acute diarrhea [15]. In case of chronic
carrier state, showing no signs and symptoms, the risk of de-
veloping colon cancer is likely to increase substantially [12].
The studies show that the ETBF can be cultured more frequently
from patients with inflammatory bowel syndrome than from the
unaffected population and have been detected in 20 % of colon
cancer patients [12].

Although B.fragilis represents 0.5% of normal intestinal
microbiome, it is the major anaerobic bacteria isolated from
abscesses and septic infections. Virulence of non-enterotoxic
strains is due to the polysaccharide capsule they possess [1].
Septic disease, like peritonitis, sepsis and abscesses of different
body organs, can be caused due to the spread of non-enterotoxi-
genic B.fragilis (NETBF) directly from intestines or via blood-
stream [15]. Sepsis and inflammatory infections that together
with B.frgilis are polymicrobial are mainly treated with metro-
nidazole. On the other hand, diarrhea and chronic carrier state is
rarely if ever treated [14].

Bacteriophages (phages) have been recently suggested as
alternative treatment of infectious diseases. Although phage
therapy has been in practice since the World War I, already for
a century, it remained in use for treating different topical and
systemic bacterial infections only in some of the post-Soviet and
Eastern countries, namely, Georgia and Poland [2].

Due to growing resistance towards antibiotics, the idea of
treating with phages recently has become more appealing. An-
other benefit of phage therapy is its high specificity towards the
target microbe and the absence of side effects like dysbiosis, which
is a common consequence for most antimicrobial drugs [7].

Currently, a growing number of in vitro and in vivo studies are
dedicated to evaluating the efficacy of phages in treatment and
prevention of infectious bacterial diseases. At the same time,
there are numerous studies indicating that bacteriophages play
important roles in keeping healthy gut micorbiome [8].

Though antibiotic therapy remains the main course for treat-
ment of infections caused by B.fragilis, we suggest the phages
to be used as a tool for reducing the number or eradicating the
ETBF from intestines and thus to decrease the risk for develop-
ment of colon cancer. It should be noted that so far B.fragilis
specific phages have had been used only for monitoring of fecal
contamination of water [6].

The aim of the present study was to isolate and select lyt-
ic phages that would be active against pathogenic strains
of B.fragilis carrying bft gene as well as for nonpathogenic
B.fragilis.

Material and methods. Isolation and identification of

B.fragilis strains

Eight clinical strains of B.fragilis were provided by the De-
partment of Clinical Biology, Microbiology and Immunology,
Ghent University, Belgium. The rest of the strains were isolated
from the clinical stool samples of the 80 randomly selected pa-
tients. For presumptive identification of bacteria, the 10" dilu-
tion of the fecal specimens were first cultured on bile-esculin
(BE) agar medium (Highmedia Laboratories) enriched with
0,5% hemin (Sigma) and vitamin K1 (Liofilchem) and gentamy-
cin (80mcg/ml) for selection of Bacteroides species.

Further identification included biochemical and morphologi-
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cal studies, such as Gram-staining (Deltalab), catalase and ready
to use indole tests (Liofilchem) held according to the Wad-
sworth’s manual of anaerobic bacteriology [15].

Presumably identified strains were then examined using
MULDI-TOF spectrometry (Bruker Dultonics muldi biotyper).
Small fraction of pure colonies of each strain were gently spread
on the biotyper plate and 0.5ul of matrix added on the top of
each of distributed strain. The plate was then placed inside the
biotyper for the identification process [3].

Isolation and of B.fragilis specific bacteriophage

For phage isolation the waste water samples were collected
from different locations in Tbilisi (Georgia) and Ghent (Bel-
gium). Clinical fecal samples appropriately handled by the diag-
nostic center of Eliava Institute were also used as the source for
phage isolation. The enrichment method was used for isolation
of bacteriophages [4]. For this purpose 1 ml of BPRMB liquid
medium was inoculated with 9ml of each waste water or fecal
sample (in the last case 1g of feces were diluted in 10ml of sa-
line solution) and mixed with 1 ml of each B.fragilis cultures.
The mixture was incubated in 40ml tubes at 37°C for 48 hours
anaerobically with CO, 10% using anaerobic sachets (BD). After
incubation, the mixture was centrifuged at 6000g (Thermo IEC
220/240) and the supernatant was filtered using 0.45um mili-
pore filters (Pall Corporation). A spot test method [5] was used
for evaluation of the presence of phages in the filtrated solution.

Preparation of bacteriophage stocks. Phage stocks were col-
lecting using double layer plating methods according to the pro-
tocol [5].

Transmission electron microscopy. The morphology of the
phages was studied by transmission electron microscopy (TEM
Tecnai G2). 10 ul of a phage lysate with the titer of 10'° was
spotted onto carbon coated grids and stained with 1% uranyl ac-
etate. The negatively stained grids were observed in the Tecnai
G2 transmission electron microscope at 80kV.

Spot test assay (STA) is commonly used for evaluation of the
host range of the phages that are considered to be used in therapy
[10]. For this purpose the bacterial strains were grown in en-
riched BHI (Liofilchem) broth. The inoculums were used in an
exponential growth phase to make the bacterial streaks on the
Petri dish with BHI solid medium using 10pul loops (Deltalab).
A 10 pl drop of the phage lysate with the titer 10® pfu/ml were
spotted onto the surfaces of dried bacterial streaks. The plates
were incubated at 37°C for 18-24 hr. anaerobically, after which
the results were evaluated according to visible lyses. Lytic ac-
tivity was qualified as: confluent (CL), overgrown (OL), super
overgrown lyses (SOL) and formation of individual plaques (IP)
on the strain all were considered as positive results demonstrat-
ing killing activity of phages

Evaluation of the efficiency of plating (EOP). 5 different dilu-
tions of each phage were plated on the lawn with the bacterial
strains that were found to be susceptible on spot test assay. Bac-
terial strains were grown in the same conditions. Double layer
plating method was used for testing diluted phage lysate activity.
10%, 108, 107, 10, 10°, dilutions were plated with 200ul of bac-
terial culture. After overnight incubation number of the plaque
forming units (PFU) on each dilution were counted. EOP of each
strain was calculated by dividing the number of PFU formed on
target bacteria by the number of PFU of the host bacteria [10].

Results and their discussion. From the fecal samples cul-
tured on BBE solid medium we have selected grey, smooth
edged colonies, with © 1-3 mm that were stained as Gram-nega-
tive coco-bacilli, showing variable catalase and indole-negative
activities. Presumptive identification revealed 27 samples of
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Table 1. Characterization of the isolated phages

Source Titer Dimensions of Phage
Phage Place of isolation . . Colony Morphology -
of isolation pfu/ml Head Tail
DOVA-7 Thilisi, Georgia Waste water 108 @ 2mm, clear regular edged 60 nm 100nm
DOMTK Thilisi, Georgia Waste water 10" @ 2,5mm, clear regular edged 42 nm 166nm
UZ-1 Ghent, Belgium Waste water 10¢ 0 1,5mm, clear regular edged 266 nm 54nm
80nm 52 nm
A C P
Fig. 1.TEM images of phages: Phage ®VA-7(A4), phage ®UZ-1 (B), phage MTK (C). Magnification x 250 000
Table.2. Results of spot test assay
Phage B.fragilis strains Other Bacteroides species
DVA-7 10/18 0/12
DUZ-1 4/18 0/12
OMTK 17/18 0/12
Table 3. Results of EOP
. 1 2 3 4 5 6 7 8 9 10 | 11 12 13 14 | 15 16 17
Strains
/Phages | gy | s2 | $3 | S6 | S10 | S11 | S16 | E1 | E3 | E6 | E8 | A5 | A6 | A7 | 33 | M3 | 69
DVA7 - 0.03 | 0.2 - 0 0.1 0 - 0.1 0 - - 0.1 H - 0.1 -
OMTK 0 0 03 1] 0 0 0 0 H 0 0 0 0 0 0 0 0 0

note: ®VA7 has been testes on 10 and ®MTK on 17 bacterial strains that gave positive results on STA. H stands for host strain

B.fragilis. However, after testing those on Bruker MULDI-bio-
typer only 15 of them were confirmed as the representatives of
B.fragilis species and the rest turned out to be either B.vulgatus
(6), B.thetaiotaomicron (2) or belong to Parabacteroides spp.
(4). Among 8 strains received from Ghent University (Belgium)
we selected three. Two out of them showed enterotoxigenic
properties, while one was a nonenterotoxigenic standard strain
(ATCC 25285).

From the waste water samples obtained in Tbilisi (Georgia)
and Ghent (Belgium), we have isolated three lytic phages. Ac-
cording to the TEM imaging all of them turned out to be the
tailed phages with hexagonal heads characteristic to Siphoviri-
dae family (Fig. 1).

Spot test assay was performed by use of three phages against
18 strains related to B.fragilis and 12 other species, such as
B.vulgatus (6), B.thetaiotaomicron (2) and Parabacteroides spp.
(4). Lytic activity was qualified as: confluent (CL), overgrown
(OL), super overgrown lyses (SOL) and formation of individual
plaques (IP) on the strain streaks after overnight incubation at
37°C, all were considered as positive results demonstrating kill-
ing activity of phages. Two phages, ®VA-7 and ®MTK showed
significant activity by lysing 10 (56%) and 17 (94%) out of 18
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tested strains, respectively. The phage ®UZ-1 which was iso-
lated from the waste water samples obtained in Ghent (Belgium)
had relatively weak lytic effectiveness on the both Georgian and
Belgian bacterial strains by lysing only 4 strains out of 18 (22%)
(Table 2). Therefore, this phage was not further included into
the experiment. All three clones of phages did not lyse any other
strains related to Bacteroides species. This fact indicates on their
high specificity to B.fragilis.

Two phages, ®VA-7 and ®MTK showing broad host ranges
were selected for more precise evaluation of their reproductive
ability on the host cells by use of efficiency of plating (EOP)
test. The results showed that the phage ®VA-7 having relative-
ly narrow host range activity demonstrated higher EOP index,
in contrast with the phage ®MTK with a broad host coverage
showed lower EOP index than expected (Table 3).

Up to date Bacteroides bacteriophages were studied as an
indicator for water pollution [11] and have been never evalu-
ated for antimicrobial therapy of infectious diseases caused by
B.fragilis.

In the scope of this research three new phage clones were
isolated from the river and sewage water samples collected in
Ghent (Belgum) and Thilisi (Georgia) by using conventional
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enrichment method. Similarly to other known B.fragilis phages
used for evaluation of water pollution all newly isolated phages
morphological properties typical for Siphoviridae family [11]
as well. The phages demonstrated high specificity to B.fragilis,
while they appeared completely ineffective to other Bacteroides
species, such as: B.vulgatus, B.thetaiotaomicron and to Para-
bacteroides spp.

Bacteriocidal potential of these phages were evaluated ac-
cording to the spot test assay. Phage ®MTK showed broad host
coverage, phage ®VA-7 — moderate, and phage ®UZ-1 - weak
bactericidal activities to clinical strains of B.fragilis. However,
according to literature [10] for the phages to be considered ap-
plicable for human or animal therapy, evaluation of the effec-
tiveness of plating (EOP) is required to approve a productive in-
fection of the virus. The phage ®MTK which was characterized
by the broad host range showed lower EOP index in contrast to
phage ®VA7, which demonstrated the narrow host range, but a
better index of productive infection. Thus, taking into consider-
ation the above results only ®VA7 can be selected as the best
candidate for the model in vitro tissue culture experiments aim-
ing demonstration of the therapeutic and prophylactic potential
of phages against ETBF and/or NETBF.
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SUMMARY

SELECTION OF THE ACTIVE PHAGES AGAINST
B.FRAGILIS FOR FURTHER STUDY OF THRAPEUTIC
PERPECTIVES

I2Bakuradze N., "“?*Makalatia Kh., “*Merabishvili M.,
“Togoshvili L., *Chanishvili N.
g

!G. Eliava Institute of Bacteriophage, Microbiology and Virolo-
gy, Thilisi; °I. Javakhishvili Thilisi State University; *Ghent Uni-
versity, Laboratory of Bacteriology Research, University Hospi-
tal, Gent, Belgium; *Eliava Diagnostic Center, Tbilisi, Georgia

B.fragilis is an obligate anaerobic commensal colonizing hu-
man intestines and carries number of physiological functions.
At the same time B.fragilis is commonly isolated from the sep-
tic clinical samples and due to its capsule represents one of the
provoking agents for abscess development. Enterotoxigenic
B.fragilis (ETBF) strains also increase the likelihood of devel-
oping colon cancer. Increasing incidence of antibiotic-resistant
pathogens led to the high demand to alternative antimicrobials.
Bacteriophage (phage) therapy already practiced for a century
in some of the Post-Soviet countries including Georgia has been
suggested as a substitute of antibiotics. It should be noted that
this study is the first attempt to isolate virulent B.fragilis phages
for further therapeutic application as all phages known up until
now were used for detection of fecal water contamination only.
The aim of the study was to isolate B.fragilis specific phages for
their further use against infections caused by this bacteria

Eighteen B.fragilis strains were isolated from human feces
using conventional microbiological methods and precise iden-
tification was done via MULDI-TOF mass spectrometry. Three
ETBF strains were provided by the University of Ghent (Bel-
gium). Three lytic phages (PVA7, ®MTK and ®UZ-1) of Si-
phoviridae family were isolated from the waste water samples
collected in Thilisi and in Ghent using conventional phage isola-
tion and enumeration techniques. Electron microscopy was used
for the visualization of the phage particles. To determine lytic
activity of the isolated phages and estimate their antimicrobial
efficacy the spot test assay and efficiency of plating (EOP) were
studied using 18 clinical strains of B.fragilis and 12 intestinal
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commensal strains related to Bacterioides spp. and Parabacte-
rioides spp.. Although according to the spot test results two of
the isolated phages expressed high specificity to B.fragilis dem-
onstrating broad host range within this species, however EOP
results showed that only ®VA7 can be selected as the best can-
didate for the model in vitro tissue culture experiments aiming
demonstration of the therapeutic and prophylactic potential of
phages against ETBF and/or NETBF.

Keywords: B.fragilis, Bacteriophage (phage), phage therapy.
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OTBOP ®AT'OB AKTHUBHBLIX II0 OTHOLIEHUIO K
B.FRAGILIS JJIs1 HOCJIIEAYIOLWEI'O U3YYEHUS TE-
PAIIEBTUYECKUX INEPCIIEKTUB

2Bakypanze H.T., "?Maxanarus X.B.,
3Mepadumsuiu M.T., ‘Toromsuan JLL., “Yannmsumu H.A.

"Hnemumym b6axmepuoghazuu, MUKpoOUOIO2UU U SUPYCONOSUU
um. I Dnuasa, Tounucu; *Tounucckuil 20Cy0apcmeenuvlil yHu-
sepcumem um. U. [rcasaxuweunu, I pysus; *Tenmexuil ynusep-
cumem, Yuusepcumemckuil eocnumans iabopamopus 6axme-
puonouueckozo uccredosanus, benveus, *Juacnocmuueckuil
Lenmp um. I’ Dnuasa, Tourucu, I py3us

B.fragilis siBnsiercst 00s3aTeNbHBIM aHA3POOHBIM KOMMEHCA-
JIOM, KOJIOHH3HUPYIOILIUM KHIIEYHHK YeJIOBeKa U ONPe/IeIIsIOIINit
HekoTopble (usnonornyeckue ¢QyHkuuu. B.fragilis 0ObIYHO
BBIZICIISICTCSl M3 KIMHHYECKUX CeNTHYeCKuX o0pasuos, u, Ona-
rojapsi CBOeil Kamcyine, sIBISETCS OJHUM M3 NPOBOLUPYIOMINX
areHTOB pPa3BUTHs abcrecca. DHTEPOTOKCHICHHBIC IITaMMBI
B.fragilis (ETBF) crocoOHBI Take MOBBIIIATH BEPOSITHOCTD
pa3BuTHs paka TOJICTOM KUIIKH. PocT mokasareneil 3aboneBa-
€MOCTH aHTHOHOTHKOPE3UCTEHTHBIMH MATOT€HAMH TPHBEIIO K
HOBBIILICHHOMY CIPOCY Ha ajJbTepHATUBHBIC MPOTUBOMUKPOO-
HBIe TIpermapathl. bakrepuodarosas (harosas) Tepamnus, Mpu-
MEHSBIIASCS B TEYCHHE CTOJETHS B HEKOTOPBIX MTOCTCOBETCKUX
cTpaHax, BKJIrodas [py3uio, Oblia IpeyiokeHa B KadyecTBe 3a-
MEHBI aHTHOMOTHKOB. [IpOBeIEHHOE HCCIIeIOBAHUE SIBISETCS
HEpBOii MOMBITKOI BBIJICTNTD BUPYICHTHBIE Garu B.fragilis nns
UX JaJbHEHIIero TepaneBTHYecKoro MPUMEHEHHs, TaK Kak BCe
paHee M3BeCTHBIE (aru Mo ceil IeHb UCIIONB30BAIUCH TOJIBKO
JUTst OOHApyKeHHsT PEeKaIbHOTO 3arpsiI3HEHUs BOJIbL.

Llenblo MccieoBaHus SIBUIOCH H30JIMPOBATh Crielupuye-
ckue (aru B.fragilis nis UX NaabHEHIIEro HCIONb30BAHUS PO-
TUB NH(EKIMH, BBI3BAHHBIX 3TUMHU OaKTePHIMH.

C ucronb30BaHHEM OOBIYHBIX MHUKPOOHMOJIOTHYECKHX METO-
JIOB M3 YEJIOBEUSCKHX (DeKaIHi BbIETICHBI BOCEMHA/IIATH IITaM-
MOB B.fragilis, TouHast NISHTUPUKALMSA KOTOPBIX MPOBOJMIACH
¢ nomoursio Macc-criekrpomerpurt MULDI-TOF. Tpu mramma
ETBF npenocrasnenst Yausepcurerom I'enrta (benbrus). Tpu
nmutudeckux ¢para (DVA7, ®DMTK u ®UZ-1) oTHOCsmmecs K
cemeiictBy Siphoviridae BeieneHbl U3 MPOO CTOYHBIX BOJ, CO-
Opanubix B TOnnucu u B ['eHTe, ¢ UCMOIB30BaHHEM OOBIYHOX
METO/IOB BBIJIENICHUs ¥ ToficueTa (aros. [ist Busyanusanuu ¢da-
TOBBIX YaCTHIl HCIOJIB30BaHA YIEKTPOHHAsT MUKpOCKommsi. J{is
OIPE/ICNICHNS JIUTHIECKOIl aKTUBHOCTH M30JIMPOBAHHBIX (aros
U OIICHKH UX aHTUMHUKPOOHOW 3(h(HEKTUBHOCTH HCIOIb30BAIH
cnot-TecT 1 Meton dddexruBHoctH nocesa (II1). TecTs mpoBo-
JIMJIM C UCTIONb30BaHUEM |8 KIIMHUYECKHUX ITaMMOB B.fragilis
U 12 KHIIEYHBIX KOMMEHCAIBHBIX IITAMMOB, OTHOCSIINXCS K
Bacterioides spp. u Parabacterioides spp. CornacHo pe3yiib-
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TaTram CHOT-TEeCTa J[Ba U3 UCCIICOBAHHBIX ()aroB MOKa3aln BbI-
COKYIO crieu(UUHOCTb K B.fragilis, TeMOHCTpUPYS IIUPOKUI
JIMaIa3oH ACHUCTBUS B IpeesiaX JaHHOTO BUJA, OAHAKO Pe3yllb-
tatbl DI mokaszanu, yto TosbK0 ®VAT MoxeT ObITh 0TOOpaH B
Ka4eCTBE HAMJIYUIIero KaHauaara JUisl in vitro MOJIeIbHbIX IKC-
IEPUMEHTOB, CTABALIMX LEJIBIO JIEMOHCTPALUIO TepaleBTHYe-
cKoro u npoduiaktuyeckoro noreHuuana ¢aros nporus ETBF
w/unu NETBF.

@9boydy

B.FRAGILIS 3035t oJBogdo gopgdols bgegdizos dgdc-
amdo mg@sdoygmo 39ML3g]Boggdol Igb{sgeol Jobbom

126, dog9@5dg, b, 85 gogomos, 3. 89@sdodgogno,
fan. memgmAgogno, 6. dobodgogno

ta. garosgsl Lob. ds@g@momasyools, Jog@mdomamaools
©s godgbenmaools 06LE0GYE0, mdoaolio; 20. xogobod-
goeools Lob. mdomobol ULsbgandfoxnm 9bogg@lodgdo,
bodo@mggem; 3y96@ 0l 9bogg@lodg@o, Laygbogg@lbodg-
B 3mb3oGomo, do@gnomemmaog@o gganggol @odm-
AoBMA0S, dgaans; . garosgsl Lok  oogbmbEogydo
(396G ®0, mdogoolo, bsJsMmnggenm

B. fragilis s@ols Lsgomegdagmm sbogdmdgao 3mdgbls-
0, ®@mdgaoi sbegbl s©sdosbol bofasgol smenmbo-
boosl s 2oblsbwg®aglh bmyoghom gobomanmaoy®
g96diosl. B. fragilis hggnagdmog gsdmogmegs  gewobo-
390 Lg3Bognmo 60d9dgdosb s dobo goglygas Fom-
oy gbl sdLglol gobgomsmgdol g@Hm-ghon dod3@m-
gmE0Ggdgm  sa96@ L. B. fragilis gb@g@m@mloygby®o
(ETBF) 9®0d90ds sbiggg dgodengds gobs@oml dbbgoeno
bo(amagols 30dml 2063005090l sandsmmds. sbGodom-
B0303bobAJbH PO Iommpgbgdols  gogdgegds  b®-
ol sanBg@bo@doygmo 560dogMmmdygmo Lodgoegdgdols
d0ds®m  Immbmgboagdol bO©SL. dod@gBHomgsygdbom
(359900m) Mg 305, GMIgemoi 9339 Lboggnbol gobds-
geomdsdo godmoyggbgds 3mbAloddmms 39969030, dom
Yo@ol  LogodmgganmTo, s3gedse  Tgdmmsagsbgdgaos
OmamO 3 SbBHodom@oggd0l  Fgdgmgmo  mg@ados.
9bos 5006036mL, HmI HoBodgogmo jgmggs Fomdms-
296l mg@s3oygmo gs8mygbgdolsmgols B. fragilis ggoggdols
odmgmagol  Jodggen I3 mmosl, gobsowsb  yggans
bbgs 3bmdogmo gspo aodomygbgomes dbmmme Fyamols
B9350 M0 ©5606d7Mgdol g@gdiaoobomgol. 3gerggols
dobobo ogm B.fragilis 353 g@00ls b3gaogogn®o goagdols
odmygmas domo  Igdamdo  mg@sdogeo  yodmygbgdo-
Lomgol o8 doJBgMmogdom  aodm{gggeo 0bggdEogdols
b3 39@boenme.

B. fragilis mg@s8930 8@ odo godmymagomo ogm sosdos-
6ol 89300960056 FHOS©0E0YE0 03MHMbomEma0M0
dgomEgdols godmygbgdom, bomem Jsmo bylGo goblob-
®ghs asbbmdogees MULDI-TOF 351-b3g @ ®mdg@®ools
9939mdom. bsdo ETBF-ol I@sdo dowgdygao ogm g96@ 0l
960390L0o@gBowsb (dgenaos). Siphoviridae dm@gmenm-
30900 mxsbobswdo 3gmgbogo bsdo @omogdo gsao
(OVA7, DMTK s OUZ-1) godmygmeggogno ogm hadwobsdy
Vyengdols 603d9dgdowsb mdoaolils s 296@ Do, Gobm-
gobo  293m0yggbgdgmo  ogm  gopagdol  0obmensizools
©> HoabmoMmomdols ©oEagbol bmaswse  Jowgdymo
dgomegdo.  ¢96900L  bofogsggool  gobysmobszos
3obbm®Eogm s gangdB®mbye dogdmmbgmdols dsTggm-
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d0m. 0bmmomgdymo godBgdol @omydo sfBogmdols
3obLobmgmols s domo 56@03030mdgmo 9539]B 9GO ™-
b0l Jggobgdolmgols asdmygbgdygemo ogm L3mE-@gl-
B0 o smglgol 9x9]@Omdol  (©g) Igmmeo. gl
BabBgdo ho@odmes B. fragilis 18 jemobogyg®o dHsdols
©s 12 bofemogy@o Bacteroides spp. wo Parabacterioides
spp. gmdgbloemyg@o dBsdol asdmygbgdom. dogbgoes-
go 0dols, @md Bododgdymo ggaggol Vgogygdol
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dobgogom, m@ds gopads ohggbs oo L3gEoxgoy®m-
b5 B.fragilis 0ds@m s 35@Gmbns godmm b3gdeo »d
Labgmdols ‘dogbom,g-b Igogagool dobgogom dbmanmo
OVA7 Jgodangds Jgodhgl Gmam®i boygggmgbe gobwo-
©sBo in vitro bsdmpgarem  gJb3gmodgb@gddo, GmIgmns
dobsbos ETBF o/ob NETBF-0l {oboomdmgy gopols mgde-
300 s 3O0MmZoasIBogg®o 3mBgbiosmol ©gdmb-
LA®oMgdo.

INTERACTION BETWEEN THE THALAMIC NUCLEUS AND PREOPTIC AREA NEURONS

12Bilanishvili 1., 'Barbakadze M., 'Khizanishvili N., “*Gaikharashvili T., "*Nanobashvili Z.

[. Beritashvili Center of Experimental Biomedicine, Thilisi; *P. Shotadze Tbilisi Medical Academy,
*Caucasus International University, Thilisi, Georgia

The study was aimed at clarifying the relationship between
the thalamic reticular nucleus and the preoptic area neurons.

The thalamic reticular nucleus which is known to delineate
the dorsal thalamus stipulates development of inhibitory pro-
cesses in the thalamo-cortical neurons that is necessary for gen-
erating slow (8-12 Hz), high-amplitude electric activity in this
system [7,14]. The thalamic reticular nucleus neuron activity
was also shown to vary in different phases of the sleep-waking
cycle — their activity enhances in the slow-wave phase also after
administration of small doses of barbiturates to animals when
recorded in electroencephalogram is the so-called “spindle”
activity [5,7,14]. At the same time, the importance of a preop-
tic area and adjacent structures in sleep regulation was stated
still by Economo — as damage to these areas in humans caused
insomnolence [6]. Further, this fact was confirmed also by ex-
periments on animals [3,4]. Even more, it was demonstrated
that majority of preoptic area neurons get activated during slow-
wave sleep [3,8,9,12,15]. Activation of neurons in the anterior
hypothalamus and preoptic area during slow-wave sleep and
synchronization of the brain electric activity was demonstrated
still by Parmegiani et al. [11].

A systematic study was pursued by Oniani and assoc. [2] of the
interaction between desynchronizing and synchronizing structures
of the brain electric activity and of changes in preoptic area neuron
activity at different stages of the sleep-waking cycle.

It was demonstrated that the axons of galanine and GABA
containing preoptic area neurons project to the neurons of the
activating systems histaminergic (tuberomammillary), sero-
toninergic (raphe) and noradrenergic (loc. coeruleus) nuclei and
have an inhibitory action on their activity [13].

Material and methods. Under acute conditions experiments
were carried out on mature cats (n=6). Steel electrodes were im-
planted in the mesencephalic reticular formation and preoptic
area with the coordinates from the atlas of Reinoso-Suarez [12].
Surgery, insertion of electrodes and bilateral pneumothorax
were performed in ether narcotized animals, thereafter occurred
immobilization of animals via administration of d-tubocurarine
into the blood. Low doses (4-5 mg/kg) of Nembutal were used.
Brain electrical activity was recorded throughout the entire ex-
perimental period.
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Recording of preoptic area i was performed using the wol-
fram microelectrodes (tip diametr 6-8 pm, resistance 12-15 MQ.
For this we used multilevel amplitude selector which enabled to
divide multineuronal activity according to their amplitude and
their isolated recording (for details see —[1]).

Results and their discussion. It was demonstrated that of 85
neurons recorded from preoptic area 45 (52.9%) appeared fa-
cilitated in response to thalamic reticular nucleus stimulation,
28 (32.9%) neurons activity was inhibited, whereas 12 (14.1%)
neurons activity did not change either during stimulation period
or after cessation of stimulation.

At the same time, at mesencephalic reticular formation stim-
ulation of 85 neurons recorded from preoptic area 55 (64.7%)
underwent inhibition, 16 (18.8%) neurons activated and 14
(16.4%) neurons activity remained unchanged during stimula-
tion and after its cessation as well.

The results of one of such experiments is shown in Fig.1.
The Fig. represents spontaneous activity of two simultaneously
recorded neurons from preoptic area. Spontaneous activity of
the first (2) neuron is characterized by a high-frequency group-
activity, while the other neuron (3) underwent tonic activation.
As seen from the Figure, in response to MRF high-frequency
(80Hz; 0,3 msec) threshold stimulation there occurred a sig-
nificant attenuation of spontaneous activity of both recorded
neurons (Fig. 1B), that was expressed in different degrees. In
response to thalamic reticular nucleus stimulation with the same
parameters there occurred a significant enhancement of neuron
activity in preoptic area, reflected in development of high-fre-
quency, sustainable group discharges (Fig. 1C).

In the subsequent Figures is shown in response to thalamic
reticular nucleus (Fig.2A,B) and mesencephalic reticular
formation stimulation a graphical designation of changes
in spontaneous activity of three neurons simultaneously re-
corded from preoptic area. As seen from the graphs, thalamic
reticular nucleus stimulation caused intensification of the
neurons activity that persisted during several seconds after
offset of stimulation (Fig.2A). In contrast, activity of record-
ed neurons tangibly inhibited in response to mesencephalic
reticular formation stimulation (Fig.2B). In this case inhibi-
tion after-effect occurred.
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Fig. 1. Influence of the thalamic reticular nucleus and mes-
encephalic reticular formation stimulation on the activity of the
preoptic neurons. Lines indicate moments of stimulation. Cali-
bration — 2 sec., 250 uVv
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Fig. 2. Changes in three preoptic neurons at thalamic re-
ticular nucleus (A) and mesencephalic reticular formation (B)
threshold (80 Hz; 0.3 msec) stimulation. The figure shows aver-
age value of 6-6 stimulation.

Abscissa — time in sec; Ordinate — number of spikes. Lines
indicate moments of stimulation

It is remarkable that against a background of thalamic reticu-
lar nucleus stimulation evoked activation of preoptic area neurons,
mesencephalic reticular formation stimulation on the one hand sup-
pressed the thalamic reticular nucleus stimulation effects and on the
other hand, suppressed spontaneous activity of neurons (Fig. 3A).
On the background of mesencephalic reticular formation stimula-
tion evoked preoptic area neuron activity suppression, thalamic
reticular nucleus stimulation caused on the one hand blockade of

© GMN

mesencephalic reticular formation influence and on the other hand,
enhanced activity of neurons (Fig.3B).
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Fig. 3. Graphically depicted changes in the same 3 neurons
(as in Fig. 2) of preoptic area at thalamic reticular nucleus and
mesencephalic reticular formation conjugated stimulations: A —
thalamic reticular nucleus (1) + mesencephalic reticular forma-
tion (2). B — mesencephalic reticular formation (1) + thalamic
reticular formation (2). The rest is the same as in Fig. 2.

The conducted experiments clarified that thalamic reticular
nucleus activation stipulated activation of preoptic area neurons.
It was also shown that on the background of thalamic reticular
nucleus stimulation and preoptic area neurons activation, mes-
encephalic reticular formation stimulation blocked the recorded
neurons activity. Also, during mesencephalic reticular formation
stimulation and inhibition of preoptic area neurons, thalamic
reticular nucleus stimulation caused intensification of the recorded
neurons action, though this intensification appeared to be weak as
compared to thalamic reticular nucleus isolated stimulation effects.

For interpretation of data obtained the following is to be
taken into account: a) there is a reciprocal interrelation between
the mesencephalic reticular formation and preoptic area neurons
[2]; b) activation of thalamic reticular nucleus conditions inhibi-
tion of mesencephalic reticular formation neurons activity; c)
activity of thalamic reticular nucleus and preoptic area enhances
in the presence of slow oscillations in the EEG and during slow-
wave sleep [4,10,13,15]. Therefore it is no wonder that blockade
of preoptic area neuron activity during mesencephalic reticular
formation stimulation and the fact that on the background of
mesencephalic reticular formation stimulation thalamic reticu-
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lar nucleus stimulation elicited preoptic area neurons activation
must be in part stipulated by the fact that thalamic reticular nu-
cleus activation leads to suppression of mesencephalic reticular
formation neuron activity. Respectively, blocking of mesence-
phalic reticular formation inhibitory effect on preoptic area neu-
rons must be stipulated by activating action of thalamic reticular
nucleus neurons. Although a direct impact of thalamic reticular
nucleus neurons on preoptic area neurons is not excluded [5].
Similarly, on a background of thalamic reticular nucleus

stimulation, in response to mesencephalic reticular formation
stimulation, inhibition of preoptic area neuron activity might be
caused by mesencephalic reticular formation inhibitory action
on thalamic reticular nucleus neuron activity. At the same time
there is no doubt that mesencephalic reticular formation exer-
cises a direct inhibitory action on preoptic area neuron activity.

Acknowledgements. The autors thank Ms. Ninelli Skhirt-
ladze for her help in the preparation of the manuscript.
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SUMMARY

INTERACTION BETWEEN THE THALAMIC NUCLEUS
AND PREOPTIC AREA NEURONS

L2Bilanishvili L., '‘Barbakadze M., 'Khizanishvili N.,
12Gaikharashvili T., *Nanobashvili Z.

!I. Beritashvili Center of Experimental Biomedicine, Thilisi;
2P. Shotadze Thilisi Medical Academy; Caucasus International
University, Thilisi, Georgia

The thalamic reticular nucleus which is known to delineate the
dorsal thalamus stipulates development of inhibitory processes in
the thalamo-cortical neurons that is necessary for generating slow
(8-12 Hz), high-amplitude electric activity in this system.

It was demonstrated that majority of preoptic area neurons get
activated during slow-wave sleep. Activation of neurons in the an-
terior hypothalamus and preoptic area during slow-wave sleep and
synchronization of the brain electric activity was demonstrated.

The study was aimed at clarifying the relationship between the
thalamic reticular nucleus and the preoptic area neurons. Under
acute conditions experiments were carried out on mature cats.

It was shown that blockade of preoptic area neuron activity
during mesencephalic reticular formation stimulation and the
fact that on the background of mesencephalic reticular forma-
tion stimulation thalamic reticular nucleus stimulation elicited
preoptic area neurons activation must be in part stipulated by the
fact that thalamic reticular nucleus activation leads to suppres-
sion of mesencephalic reticular formation neuron activity.

Keywords: thalamus, preoptic area, neuron, cat.
PE3IOME

B3AUMOJIEMCTBAE MEXIY HEMPOHAMM PETH-
KYJISIPHOI'O SIIPA TAJAMYCA W IPEOIITHYE-
CKOM OBJIACTH MEPEJTHEI'O MO3I'A

2bunannmBwm WL, 'bap6axanze M./, "Xuzannmsuwm H.A.,
Tanxapamsuwin T.3., *Hano6amsuian 3.1.

Ilenmp sxcnepumenmanvrou ouomeduyunvl um. M. Bepu-
maweuny, Tounucu,; *Tounucckas MeOUYUHCKAST AKA0eMust UM.
I1.1llomaosze; *Kasxazckuil mexcOyHapoOuwill yHUSepcumenmn,
Tounucu, I'pysus

B pabote 3KCIEpHUMEHTAIBbHO HUCCIIE0BAaHO B3aMMOOTHOLIIE-
HHUE MEXy HeHpOHAMHU PETUKYJISIPHOTO sApa Tajamyca U Ipe-
ONTHYECKOH 00JIaCTH MEpEeAHEro Mo3ra.

DKCHEepUMEHTHI IPOBOAMIMCH Ha B3POCIBIX KOLIKAaX B YCIIO-
BUSX OCTporo onbiTa. [lokazaHo, 4To pazapakeHue peTHKYIAp-
HOI'O s/ipa TajlaMmyca BbI3bIBACT YCUJIICHUEC CIIOHTaHHOM aKTHB-
HOCTH HEHPOHOB IPEONTHYECKOH 0ONAaCTH INEpeiHEero Mosra.
PaznpaxkenneM Me3dHLIEDATMISCKOH PETHKYISIPHOI (hopManuu
TOPMO3UTCS aKTHMBHOCTh HEHPOHOB IPCONTHYECKONW 00IacTu
nepenHero Mosra. Ha doHe pasnpaxenns Me3sHuedaindeckoi
PETHKYJIIpHON (OPMALK U TOPMOXKEHUSI aKTUBHOCTH HEHpo-
HOB IIPEONTHYECKON 00JacTH MEpPEeJHEro MO3ra, CTUMYJISALU
PETUKYIIIPHOTO sIpa TajlaMyca OKa3bIBaeT aKTUBUPYIOILEE BIIU-
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SIHHE Ha aKTUBHOCTh HEHPOHOB MPEONTUYECKON 00J1aCTH Mepe/-
HEro Mo3ra, 4To, OYEeBHIHO, 00YCIOBICHO TOPMO3HBIM BIIMSIHHEM
PETHKYJISIPHOTO sIpa TalaMmyca Ha aKTUBHOCTh HEHPOHOB MeE39H-
nedanyeckoil petukymsipaort popmarn. He wuckiroueHa Bo3-
MOXHOCTbB U IIPAMOIO BIMAHUA PETUKYJISIPHOTO sAapa TanaMyca Ha
AKTUBOCTb HEHPOHOB NPEONTUUYECKOH 001aCTH NEPEIHETO MO3ra.

®gboydy
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PAAUOITPOTEKTOPHASA AKTUBHOCTbD IIOJIMMETOKCHUJIMPOBAHHBIX
®OJIABOHONJAOB IUTPYCOBOI'O OKCTPAKTA

I'Bunasa U.B., Opmouanse IJ1., UxuxkBumBuiau U.J., F'noprodonann M.T., Kunuanu Huna B., Canuxunze T.B.

Tounucckuii 2ocyoapcmeentviti MeOUYUHCKULL yHugepcumen,
Llenmp sxcnepumenmanvroii ouomeouyunvt um. M. Bepumaweunu, I pysus

B mocnennue necsatmieTus MOHU3MpYIOIee oOIydeHHE
WHTEHCHUBHO IIPUMEHseTCS B c(epe AUATHOCTHKHU U PaIHoOTe-
pamuuu [3,8]. Bo Bpemst pagnorepanuu Bo3HUKaeT IpodieMa
3alUTHl 30POBBIX TKaHEH OT pajnalus-HHIYIHPOBAHHBIX
MOBPEXKJICHHH, YTO, B CBOIO OUepe/b, TPeOyeT CHIDKSHHS pa-
JUOTEpaNneBTUYECKUX 103 U, COOTBETCTBEHHO, OFPAHUYUBACT
¢ dexTuBHOCTS JiedeHus [3,14]. s BeraBneHus dpQGeKTHB-
HBIX PaJIMOIPOTEKTOPOB MPOBEACHO MHOXKECTBO HCCIEN0BA-
Hui [3,6,8,9,13].

Lenpro HacTOAIIErO MCCIENOBAHUS SBHIOCH YCTaHOBIIEC-
HUE PAJUONPOTEKTOPHOH aKTHBHOCTU IOIMMETOKCHIMPO-
BaHHBIX ()NIAaBOHOWIOB LUTPYCOBOTO OJKCTPAKTa HA MOJEIH
X-00JTyIeHHBIX KPEIC.

Matrepuaj ¥ MeTOAbl. DKCIEPUMEHTB IPOBOJUINCH HA
100 6enbrx kpoicax nuHEH Wistar Becom 180-200 r. XKusot-
HBIE PaHJIOMHU3UPOBAHHO Pa3/eJIeHBl HA 3 TPYHIIBI ¥ 00Tyda-
JIUCHh PEHTTEHOBCKUMHU Jrydamu B 1o3e 5 I'p (I rpymma, n=40)
n 7 I'p (Il rpynma, n=40) ¢ momompio ammapata PYM-17.
III rpynny cocrtaBiasinu 20 KpbIC, B KOTOPBIM UMUTUPOBAIU
nporecc o0aydeHns: (JIOKHO-O00JIydeHHBIE) - KUBOTHEIE I10-
MEIIAJINCh B paJHallHOHHYI0 KaMepy 0e3 HaJIW4HsI HCTOUHHKA
obyuenus. B xaxxnoit rpynme 20 xuBoTHEIM (moarpymmna la,
IIa n I11a) crrycTst 2 waca mocie oGITydeHHsI, a 3aTeM eKeTHEeB-
HO, B TeueHUE 7 AHEH, BHYTPUMBIIIEYHO BBOJUIH PACTBOP
MOJIMMETOKCHIIMPOBAHHBIX (DIIABOHOUIOB IIUTPYCOBOTO HKC-
tpakra ([IM®I[D) B kauecTBe paxuonporTekTopa, B no3e 30
Mmr/kr. [locie 4ero UBOTHBIE pacHpPEACSUINCH MO KISTKaM
¥ HaOJIIOAIINCE.
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JKuBOTHBIE COAEPKAIUCH B CTAHIAPTHBIX YCIOBHUSX HA CTaH-
JApTHOM muere U notpedmsinu Boxy ad libitum. ITpotokon mpo-
BEJICHUS SKCIIEPUMEHTOB M COJCPXKAHUS JKMBOTHBIX OJOOpEH
DTHYeCKUM KOMUTETOM IIPOBE/ICHHS IKCIIEPUMEHTOB Ha )KHUBOT-
HbIX TOWIMCCKOTO rOCYapCTBEHHOTO MEIUIIMHCKOTO YHHBEp-
cureta (mportokon Nel ot 4.07.2014 1)

Crycrs 2 yaca ocie oOMy4eHHs U B TeYCHUE MOCTICAYIOMNX
7 mHEW y KpBIC M3 XBOCTOBOM BeHBI 3a0upanu kposb (0,5 mur)
JUISL OTIPEJICTICHUSI COZICPIKAHMUS JIUTIONIEPOKCHpaanKaios. Ha 3
JICHb 110CJIe OOIYYEHNUS 110 3 KPBICHI M3 KayKJI0if TPYIITBI yMepIL-
BIISUTICh METOJIOM JICKalMTALMHU 11071 S(UPHBIM HAPKO30M M 3a-
Oupanu 00pasLbl KPOBU JUIS UCCIIEIOBAHMS aHTHOKCUIAHTHOTO
craryca.

Onpeoenenue akmusHOCMU AHMUOKCUOAHMHBIX (epMeHmos.

B masMe KpOBHM ONpPEACISIM aKTUBHOCTH AHTHOKCH/IAHT-
HBIX (epMeHTOB - cynepokcuaaucmyTtassl (COJl) m karamasbl
(KAT). Meton ompenenenust aktuBHOcTH KAT ocHoBBIBascs
Ha CIIOCOOHOCTH MEPEKHCH BOAOPOAA 00Pa30BBIBATH OKPAIICH-
HbIH KOMIUIEKC C COIIMH MOJIMOACHA; MHTCHCUBHOCTD OKPACKH
OTIPENeNsUIn CIEKTPO()OTOMETPHUCCKH Ha UIMHE BOJHBI 110
oM. Onpenenenne aktuBHOCTH COJl 0CHOBBIBAIOCH Ha CIIOCO0-
HOCTH (hepMEeHTa KOHKYPHPOBATh C TETPA30JIeM 3a IPUCOCANHE-
HHUE CYNEPOKCUI-PATNKAIOB [7].

Onpeoenenue runonepoxcudpaouxanos ( LOO:).

Conepxanue LOO: B KpoBH onpeensiii METOAOM IIEKTPOH-
HOTO mapamarHuTHoro pesonanca (OI1P) ¢ momompio crmH-
MeTKH o-peHmn-Terp-oytunautrpon (PBN, SIGMA), kotopyro
n00aBisM B KpoBb B jgo3e 1,5 mM/mi [16]. B kposu DIIP
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CHTHAJIBl PErMCTPHPOBAIMCH NPH KOMHATHOH TeMmeparype u
MHUKPOBOJIHOBOK MoiHocTH 20 MBT Ha pagmocnekrpomerpe
PD2-1307 (Poccus).

CraTucTHYecKyl0 00pabOTKy JaHHBIX MPOBOAMIN METOIOM
BapuanmonHoro anaiauza (ANOVA) ¢ nomouipio Maremarnye-
ckoro nakera “STATISTICA 12”.

PesynbraTel m ux obcy:xaenue. Ha puc. 1A,b npusene-
Hbl JTaHHBIC O KyMYJIATUBHON BBIKUBAEMOCTH X-00Ty4EHHBIX
#uBOTHbIX (rpynnsl I, Ia u II, Ila). U3 nanusix puc. 1A aB-
CTBYyeT, 4To Ha 14 nenp HabOmonenus norudiao 50% kpsic, 00-
Jy4eHHBIX 1030# 5 I'p; B rpy1re >KuBOTHBIX, 00JIYYCHHBIX J10-
300t 7 I'p ye Ha 3 1eHb HAaOMIOIEHHSI CMEPTHOCTh COCTABUIIA
55%, Ha 5 nenp HaOMIOAEHUS BCE KpbICH moruouu. [IMOLD
HE OKa3bIBaJl CTATUCTUYECKU JIOCTOBEPHOTO PaJUONpPTEKTOP-
Horo 3¢ deKTa Ha KUBOTHBIX, 00JydeHHBIX 10301 5 I'p, oqHa-
Ko 1pu 03¢ 7 I'p Ha 3 ieHb 00Iy4YeHUsI CHU3MIM CMEPTHOCTh
Kpbic Ha 20%, mpu 3TOM 0011ast MPOJOIKUTEIBHOCTD KU3HH
JKUBOTHBIX yBEJIMYMIACh BABOE (10 7 nHE).

Cumuabie Froporton Surviving (Kagdan Mesr)
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Puc. 1. Kpusvie KyMynamugHoll 8bI3CUBAEMOCU KPIC 8 YCILO-
susx X-oonyuenus dozamu 5Ip (A) u 7 I'p (B) npu nocmpaoua-
yuonnom o3zoeticmeuu I[IM®PI]D u He3 nezo

Pesynbrars! HaOmonenuii mokasanu, 4ro [IM®DLD He oka3bl-
BAJI BIIMSIHUSL HA TIPOJIOJDKUTEIIBHOCTD YKU3HH JIOKHO-00ITyYeH-
HbIX KpbIc (rpynna III, I1la) (nanHbIe HEe IPUBENEHBI).

Ha puc. 2 npuBeaeHbl JaHHBbIE NMHAMUKHU COAEPIKAHUU
JIUIOTEPOKCHI-PAJAUKATIOB B KPOBH X-00JyUYEHHBIX KPBIC
(5 I'p, 7 I'p) B ycuoBusax 7-ngHeBHOro jedeHus [IMPID u
6e3 Hero.

Kak cnenyer n3 npuBeeHHBIX Ha pHC. 2 JaHHBIX, HEIIOCPE-
CTBEHHO 1ocJie X-001ydeHus ciycTs 2 yaca B KPOBU KUBOTHBIX
(UKCHPOBAIOCH MHTCHCHUBHOE 0303aBHCHMOC 00pa30BaHUE
nunonepokcua-paaukaioB (LOOY), 4ro sBIsSETCS CIEICTBUEM
MOCTPAAMAIIIOHHOTO JIABHHHOTO 00pa30BaHUs PCAKTUBHBIX
coemunenuii kucnopona (PCK) - cynepokcua-panukanos (O,)
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MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

¥ MPoAyKTOB MX aucMyTtaumuu, H,O,, HHUIHAINK OKHUCIIUTENb-
HOTI'O CTpecca, U3MEHEHHsI aKTUBHOCTH aHTHOKCHAAHTHBIX (ep-
menToB (KAT, COJl), nuTecuduKanny LEMHbIX peakiui nepe-

KHCHOT'O OKHCJICHUA MeM6paHH]>IX JIMITUTOB.
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Puc. 2. Jlunamuka codepoicanusi 1unonepokcud-paouxaios
6 Kpogu X-obnyuennvix scusommuuix ¢ 0ozax 5SIp (4) u 7Ip (b)
6 YCI06UAX nocmpaouayuonnozo eosoeicmeusi IIM®DLID u 6e3
Heeo

B Tabnuie npuBeieHbl JaHHbIE aKTHBHOCTH aHTHOKCHJIAHT-
HbIX pepmentoB (KAT, CO/l) B kpoBu X-00IIydEeHHBIX KUBOT-
HBIX Ha 3 JICHb [0CIIe 00Ty YCHHS.

U3 naHHBIX, IPUBECHHBIX B TAaOJIHUIIE SBCTBYET, YTO B KPO-
BU X-00JIy4eHBIX KPBIC CIyCTs 3 JIHsI 1OCiIe OOIy4eHNS aKTHB-
HOCTh aHTHOoKcuaaHTHbIX GepmentoB (KAT, COJl) no3o-3aBu-
cumo ymenbriaercst (KAT - Ha 43% npu obnyuenuu 5 I['p u Ha
65% npu obyuennn 7 I'p; COJL - Ha 60% npu obnydenun 5 I['p
u Ha 69% 1npu obmydenun 7 I'p). Kak cienyer u3 naHHbIX, pu-
BeJICHHBIX B Tabnuue, aktuBHOCTh COJI pe3ko yMeHbIIaeTcs 1
MPaKTUYECKH HE 3aBUCHUT OT JI03bI OOJIyUYEHHs, TOTa KaK U3Me-
HeHue akTuBHOCTUH KAT HeceT BbIpa)kK€HHBIH 1030-3aBUCUMBIH
Xapakrep.

KAT u CO/l — 3HaunMBbIe 3BEHbS SHIOTCHHON aHTHOKCHIaHT-
Hoii cucrembl opranu3ma ot PCK. Maunmuuposanusiii COJl npo-
ecC aucMyTanuu cynepocui-paaukainos (0,), 3asepuiaercs
KAT, xoropas obecneunsaet npeodpaszosanue H,0, (o6paso-
BAaBIIETOCs B MpOLecCe TUCMYTAllUU CYNEPOKCHI-paJnKaa)
B Boxy. B ycioBusix okucinutensHoro crpecca n3ositok PCK
MOXKET BBI3BaTh WHAKTHBALMIO aHTHOKCHIAHTHBIX (epMeH-
ToB. [lokasano, yro uzbwitox H,O, CHocoOCTBYET MHAKTHU-
Banuu COJl, cnenoBarenpro, KAT obecrieunBaeT coxpaHe-
nue aktuBnoctu COJl, ¢ npyroii croponsl, O, uHTHOUpyeT
KAT. Otn nannsle ykassiBarot, uto KAT u CO/l obpasyior
B3aMMO3AIIUTHBIN (EPMEHTHBIH KOMILJICKC, paOOTAOLIHiT 10
IPUHLUIY NPsSMOH U 0OpaTHOH CBsI3M M 0OeCIeUNBAIOLIN
OCYILIECTBICHUE AHTHUOKCHUIAHTHON 3alllUTBl B OpraHU3Me
[11]. B ycnoBusX HHTEHCUBHOTO PaAHOI€HHOIO OKHCINUTENb-
Horo crpecca B opranusme usbeirok H,0,, oGpasyromuiics
npu aucmyTtamuu O,, MOXKET CIOCOOCTBOBATH IMONABJICHHIO
aktuBHoctd COJl, a HaKomieHHE HEOOE3BPEKECHHBIX CyIle-
pokcun-panukanoB - uHaktuBauuun KAT. B pesynbrate Bo3-
MOXKHO HapyIlIeHHE MeXaHW3Ma NpsSIMOW M 0OpaTHOW CBS3H,
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Tabnuya. Akmusnocms anmuorkcudanmuwvlx pepmenmos (KAT, COI)
6 Kposu X-o06ryuennoix kpvic 0ozamu SIp u 7 I'p (8 ycrosusix nocmpaouayuonnoeo osoeiicmsusi [IM®DL[D u 6e3)

. KAT coa
aKT/mr 0eska aKT/ Mr OeJsika
X-00myueHue 3 0,395+0,158%* ** 0,205+0,127*
(I rpymma, 5 I'p)
X-06myyenue+ IIMOID 3 0,502+0,190 0,308+0,195%*
(I rpynma, 5 I'p)
X-o0my4yeHue 3 0,220+0,104* 0,127+0,093*
(Il rpymma, 7 I'p)
X-O6J’Iy‘{eHI/Ie + HM(DLIS 3 0,340:|:0,095* 0,334i0,125*
(II rpynma, 7 I'p) e -
Kontpons 3 0,625+0,173 0,503+0,135
(III rpymma)
Konrpons+ [IMOLID 3 0,648+0,150 0,512+0,102
(III rpymma)

* - cmamucmuyecku 3nauumas pasnuya 6 cpasmenuu ¢ konmponem (p<0.01);
** _cmamucmuuecku 3navumas pasnuya medxicoy oozamu (p<0.01);

sesksk

PerylIupyoIero COXpaHeHHe aKTUBHOCTH aHTUOKCHIaHTHBIX
¢depmenrtos (COJL u KAT).

Pesynbrarsl NpoBEAECHHBIX UCCICIOBAaHUN CBUAETEIBCTBYIOT
o HecriocobHocTH sHI0reHHOH COJl MOTHOCTBIO TUCMYTHPO-
BaTh OOJBIIOE KOJTMIECTBO Cynepokcu-paankanos (O,), obpa-
3YIOIUXCS B TEUCHUE KOPOTKOIO MOCTPaJAUAllMOHHOTO IIepHoja
B )KUJKHX Cpeliax OpraHu3Ma BCIECICTBUU PaJU0JIN3a BOJBL, YTO
MOATBEPKAACTCS BBICOKUM COAEPKAaHUEM JIUIIONCPOKCUA-PaIH-
kanoB (LOO") B KpoBH )KMBOTHBIX U YKa3bIBaeT Ha MHTCHCH(H-
KaIMIO IIEIHBIX PEaKIHi MepeKHCHOTO OKUCICHUS MeMOpaH-
HBIX JIMITHIO0B. B ycroBusx BeICOKOH 10361 X-00mydenus (5Ip,
7I'p) nHTEHCHU(HUKAINS PAJTHOTSHHOTO OKUCINTEIBHOTO CTpecca
npeBbImaeT SHaoreHnsie pecypesl COJl 1 m30BITOK CyIepoKCH-
npanukanos (O,) BBI3BIBACT J1030-3aBHCUMYIO AKTHBAIHIO TPO-
[IECCOB JIMIONepoKcHaauu 1 uHaktuBanuio KAT (ocobenHO
BEICOKasi IpH oOydeHnu no3oit 7 I'p). Hakorurenne nepexncu
Bogopona (H,0,), oOycloBieHHOE CHIKCHHEM aKTUBHOCTH
KAT, B cBOW0 ouepenp, o0ccCrieunBacT IMOJABICHUEC aKTHBHO-
ctn COJl ¥ nmanpHEeHIIylo HHTEHCU(DUKAIUIO OKHCINTEIEHOTO
ctpecca. CienoBarensHo, mpu X-o0mydennn B go3e 7 Ip BBI-
cokuii ypoBeHb LOO' B KpOBHU >KUBOTHBIX YKa3bIBa€T HA HHTCH-
cudukanuro odpaszosanust paxuoreHHsix PCK, mHaxTHBarmio
anTrokcuanTHEIX GepmentoB (CO/l, KAT) u na pasButne uH-
TEHCHBHOTO OKUCIIUTEIBHOIO CTpecca B OpraHUu3Me, COIPOBaXK-
JIAIOIIerocst OBICTPON IMOENBI0 KUBOTHBIX - Ha 3-5 THH TOCie
o6myuenust. [1pu obyuenun nosoit 5 I'p yposerns LOO' B kpoBH
JKMBOTHBIX OBUI CPaBHHUTEIHHO HIDKE, YTO CBHUJIECTEILCTBYET O
HU3KOI MHTEHCHUBHOCTU OKHCIIUTEIBHOIO CTpecca, yMEPEHHOH
unaktuBaiu COJ u KAT u yBenuueHUH BbDKUBAEMOCTH JKU-
BOTHEIX - Ha § 1eHb nocie obmydeHns: 50% BEDKHBAEMOCTb.

Kaxk criemyer u3 naHHBIX, IPUBEICHHBIX Ha PHC. 2, SIBCTBYET,
49T0 3P (HEKTUBHOCTD aHTHpAIUKaIBHON akTHBHOCTH [IM®DID
3aBUCUT OT J03Bl PaJHAaIlIOHHOIO OOJyYEeHUWS: IPH CpPaBHU-
TEJIHO HU3KUX J03ax obmydeHus (5 I'p) comeprkanme HIo-
MIePOKCHIOB B KPOBH KMBOTHEIX (la rpymnma) B mepsble 3 1HS
rocie OOTydYeHUs] HEIOCTOBEPHO CHIKAIOCH B CPAaBHEHHH C
MOKa3aTesIMU Y HEeJIeYeHHBIX XKHUBOTHEIX (I rpymma), Torna xak
¢ yBenuueHueM 10361 ooiyuenust (7 I'p) BBISBIEH cTaTHCTHYC-
CKH JIOCTOBEpPHBIH aHTHpaguKaIbHBIH dpdext [IMOLD (Ila
rpynmna) (CTaTHCTUYECKH JOCTOBEPHOE CHIDKEHHE COIEpIKAHHS
nurnonepokcua-paaukaios). Iloxg peiicreuem IIM®ID B kpo-
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- cmamucmu4ecku 3Hauumas pasuuya na gone sosoeiicmsus IIMPLD (p<0.01)

BU 00mydeHHBIX Kpbic akTuBHOCTHE KAT m COJl x0T M mpo-
SIBJISIa TEHJICHIINIO K YBEJINYCHUIO, OHAKO ITOKA3aTeNH ObLIH
craTucTudeck HepoctoBepHbl. CoorBeTcTBeHHO, [IMDIID He
OKa3bIBaJl CTATUCTUYECKU JIOCTOBEPHOIO BO3ACHCTBUS HAa KyMYy-
JSITUBHYIO BBDKHBAEMOCTB JKMBOTHBIX, OOTYYECHHBIX 030U 5
I'p, a B ciyuae no3sl 7 I'p cHu3MIM cMepTHOCTH Kpbic HA 20%
(Ha 3 meHb OONyYeHHMS) U CIIOCOOCTBOBAIM YBEIUUCHUIO ITPO-
JIOJDKUTETBHOCTH KHM3HU KMBOTHBIX B 2 pasa (1o 7 mHeit). B
JTAHHOM CIJTy4dae TPOSIBISETCS AyaldbHBIH UTONPOTEKTOPHBII/
ruroTokcnueckuit apdexr [IMPID Ha opraHu3M B yCIOBHSIX
OKHCJIMTEJIBHOIO CTPECCA, XAapAKTEpHBIA UIA Pa3IUYHBIX Ha-
TYpaJbHBIX aHTHOKCHAAHTOB (BUTaMHH C, KaTeXUHBI 3€JICHOTO
Yasi, TeCTIepuIuH UTpycoB) [4,15]. M3BecTHO, 4TO (heHONBHBIE
COeIMHEHHS (KaTeXMHBI 3€JICHOTO Yasl, [IUTPYCOBBIC (pIIaBOHOM-
IIBI), @ TaKXKe pa3iIMIHbIe HehepMEHTHbIC aHTHOKCHIAHTHI (BHU-
tamMuH C) IPOSIBISIFOT IUTOTOKCHYHOCTD, COIPOBOKIAIOILYIOCS
MHUIMALMEN anonTo3a, Kak mocpencrsom H,O,-3aBucumoro
OKHCJIUTENBHOTO CTpecca, Tak W myreMm akrupanuu H,O-
HE3aBUCHMBIX CTPECCOPHBIX CHUTHAJOB M SICPHBIX (DAaKTOpOB
[1,17]. IIyckoBble MeXaHU3Mbl aHTHPAJUKAJIbHOHI 3aIUTHI Op-
raHusMa IpHu paguallOHHOM IIOPaKCHUU IO ceil JeHb IO KOH-
1Ja HE YCTAHOBJICHBI, OJJHAKO CYLIECCTBYIOT JaHHbIC O 3HAUMMOM
POJIM SHJOTCHHOH He(epMEHTHONW aHTHPAANKAIbHONW CHCTEMEI
[2,8,12]. Cnenyer npennoONoOXKUTh, YTO B YCIOBUSAX pajHaly-
OHHOTO MOPAKCHUSI 0COOEHHO BBICOKOH MHTeHCHBHOCTH (7 I'p)
9K30ICHHBIC AHTHOKCHJAHTBI CUHEPIHYECKH C J0303aBHCUMO-
AKTUBUPYIONMIEHCS SHIOTEHHOW He(epMEeTaTUBHOM CHCTEeMOW
opranusma [7,12] croco6cTBYyIOT 3P HEKTHBHOMY TTOJJaBICHHIO
OKHCJIMTEIIBHOTO CTpecca, LEMHBIX peakluil MpoLeccoB mepe-
KHUCHOT'O OKHCJICHUSI, CHUDKCHHUIO MHTCHCUBHOCTH CMEPTHOCTH U
YBEJIUUCHUIO IIPOJOJIKUTEIIBHOCTH KHU3HU )KUBOTHBIX.

B pesynsrare uccinenoBaHus pagUOINpPOTEKTOPHOM aKTHUB-
HoctH [IM®IID Ha Monenu X-00IydeHHBIX KpbIC OBLIO ycTa-
HOBileHO, 4TO [IM®IID crnocoOCTBYIOT CHMKCHHIO HHTEH-
CUBHOCTH IIPOLIECCOB JIMMONEPOKCUIALUU B OpraHu3Me u
YaCTUYHOMY BOCCTAHOBJICHHIO aKTHBHOCTH aHTHOKCUJAHTHBIX
¢depmentos (CO/l n KAT) kpoBH 00Ty4eHHBIX )KUBOTHBIX. BBI-
SIBICHHOE YBEIMYCHUE KyMYIATHBHOH BBDKHBAEMOCTU KpPBIC
X-o0my4qeHHbIX 1030# 7 I'p (HO He 5 I'p) moszBomsieT mpexno-
JIO’KHUTB, YTO B YCIIOBUSIX PAANAMOHHOTO HOPAKEHUSI 0COOCHHO
BBICOKOH mHTeHCHBHOCTHU (7 I'p) SK30TE€HHBIE AaHTHOKCHAAHTHI
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CHUHEPrUYeCcKH C J0303aBUCHMO aKTUBUPYIOLIEHCS YHIOTCHHON
He(hepMEHTATHBHOI CHCTEMOIl OpraHmu3ma CIOCOOCTBYIOT (-
(EKTUBHOMY MMOAABICHHUIO IICMHBIX PEAKIHi MPOIIECCOB IMepe-
KHUCHOI'0 OKHMCJICHHSA, CHHXKXCHHUIO CMEPTHOCTU H yBeHl/lL[eHI/I}O
MPOAOJDKHUTEIIBHOCTU XKU3HU KUBOTHBIX. HJ’[S{ yCTaHOBJ’leHI/IH
MEXaHH3MOB PaJUONPOTeKTOpHOI akTBHOCTH [IMDI]D HE06-
XOJIMMO MPOBEICHUE NaTbHEUIINX UCCISIOBAHUMN.
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SUMMARY

RADIOPROTECTIVE ACTIVITY OF POLYMETOXY-
LATED FLAVONOIDS OF CITRUS EXTRACT

Gvilava 1., Ormotsadze G., Chkhikvishvili I.,
Giorgobiani M., Kipiani Nina V., Sanikidze T.

Thilisi State Medical University, 1. Beritashvili Center for Ex-
perimental Biomedical Medicine, Georgia

The aim of the study was to establish the radioprotective ac-
tivity of citrus polymetoxylated flavonoids extract (CPMFE) on
the X-irradiated rats.

The experiments were carried out on white Wistar rats. Ani-
mals were irradiated with X rays in doses of 5 Gy and 7 Gy. The
control group consisted the sham-irradiated rats. Part of animals
of each group were treated with intramusculary injections of
CPMFE (dose 30 mg/kg) during 7 days; blood was taken from
the tail vein (0.5 ml) for detection of lipoperoxides (LOO.) con-
tent. On the 3rd day after irradiation 3 animals from each group
were sacrificed (under ether anesthesia) and blood samples were
taken for the study of antioxidant status. The activity of antioxi-
dant enzymes (catalase (CAT) and superoxidedismutase (SOD))
was determined by the spectrophotometric method; the content
of LOO.in the blood was determined by electron paramagnetic
resonance (EPR) mrthod.

In group of irradiated rats a sharp dose-dependent inactivation
of blood antioxidant enzymes (SOD, CAT) and intensification
of the lipid peroxidation were detected. The direct and feedback
mechanism in the regulation of CAT and SOD activity, ensuring
the implementation of antioxidant protection in the body was
revealed. Under irradiation with 7Gy rapid death of animals (on
3-d day after irradiation the mortality of animals was 70%, and
on the 5th day all died) were detected. During irradiation with
dose 5 Gy the survival of animals increased (on the 8-th day
after irradiation - 50% survival rate).

CPMFE in dose-dependent manner supported the reduce the
intensity of lipid peroxidation processes - at relatively low doses
of radiation (5Gy) during the first 3 days the content of LOO.in
the blood decreased insignificantly compared with indices in un-
treated animals, whereas with an increase in the dose of irradia-
tion (7Gy) a statistically significant antiradical effect of CPMFE
(a statistically significant decrease in the LOO. content) was de-
tected. Under the effect of CPMFE in the blood of rats irradiated
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with a dose of 5 Gy and 7 Gy, the activity of CAT and SOD, not
statistically significant tends to increase (more significant with a
dose of 7 Gy). CPMFE did not affect the cumulative survival of
animals irradiated with a dose of 5 Gy, but reduced the mortality
of rats by 20% (on the 3rd day of irradiation), and contributed to
an increase in the life expectancy of animals by 2 times (up to 7
days) in the case of dose 7 Gr.

Based on the analysis of the research results, it can be as-
sumed that under conditions of radiation damage, exogenous
antioxidants synergistically with a dose-dependently activated
endogenous non-enzymatic antioxidant system of the body (es-
pecially at 7Gy) contribute to the effective suppression of chain
reactions of peroxidation, reduction of mortality and increase in
life expectancy of animals.

Keywords: radioprotective activity, citrus polymetoxylated
flavonoids extract (CPMFE), the X-irradiated rats.

PE3IOME

PAIUOIIPOTEKTOPHASI AKTUBHOCTbH IOJIUME-
TOKCUJIMPOBAHHbBIX ®JIABOHOUJOB LHUTPYCO-
BOI'O DKCTPAKTA

I'Buaasa U.B., Opmounanze I.JI., Uxuxkpumsuian U. 1.,
I'voproonanm M.T., Kunuanu Huna B., Canuxunze T.B.

Tounucckuil 20cyO0apcmeeHHblil MeOUYUHCKULL YHUSepcumen,
Lenmp skcnepumenmanvhoti ouomeouyunst um. M. bepumaw-
eunu, I pysus

Lenbro uccnenoBaHus sIBUIOCH YCTAHOBICHUE PaIUOIPOTEK-
TOPHOW AKTHBHOCTH MOJMMETOKCHIMPOBAHHBIX ()JIaBAaHOMIOB
LUTPYCOBOTO IKCTPAKTA HA MO X-00JIydEHHBIX KPbIC.

DKCIEepUMEHTBI MPOBOAMINCH HA OENBIX KPBICAX JIMHUM
Wistar (n=100). )KuBoTHbI€ 0011y4aI1Ch pEHTTEHOBCKHMH JTy4a-
MU B 103ax 5 I'p u 7 I'p. KonTponbHas rpynna BKiIrodaia KpbIC,
KOTOPBIM UMHUTHPOBAJIH IpoLiecc o0iydeHus (JIKHO-00TydeH-
Hble). 20 )KMBOTHBIM B Ka)KIOH I'PYIIbI SKEIHEBHO, B TCUCHUE
7 nHeW, BHYTPUMBIILICYHO BBOIHMJIM PACTBOP IMOJIMMETOKCHIIHU-
poBaHHBIX (1aBaHOMIOB LUTPycoBoro skcTpakra (IIMOID) B
no3e 30 MI/Kr, U3 XBOCTOBOM BeHbI 3a0upaiu KpoBb (0,5Mit) st
onpeAeNeHus couepxkanus gunonepokcuapaarnkaios (LOOY).
Ha 3 nenp nociie obmydeHus M0 3 KPBICHI U3 KaXKIOW IPYIIIIBI
yMepIIBISUIUCh (1107 UPHBIM HApKO30M) M 3a0upanun 00-
pasibl KPOBU JUIS MCCIIEAOBAaHUS aHTHMOKCHIAHTHOIO CTaTyca.
AKTHBHOCTb aHTHOKCHIAHTHBIX (epmenToB: Karanasbl (KAT)
u cynepoxcugaucmyTassl (CO/l) B kpoBH oIpenessin CIek-
TpodoTOMeTpHUIECKIM MeTosIoM; cozepxkanre LOO: - metonom
JIEKTPOHHOIO TapaMarHUTHOTO PE30HAHCA.

[Tpn X-06myyeHun B KpOBHU KMBOTHBIX HaOIIOAAsIach pe3Kast
J1030-3aBHCHMasl MHAKTUBALMs AHTHOKCHIAHTHBIX (DEPMEHTOB
(COM u KAT) u renepamms LOO-. BoisiBiieHO HalTule MEXaHu3Ma
npsiMoit 1 oOpatHoli cBsi3u B perysaiuu aktuBHocTd KAT u CO/J,
obecrieunBaroliell aHTHOKCHIAHTHYIO 3alUTy B opraHu3me. [Ipu
o0iydennn 03oi 7 I'p cMEpTHOCTB )KUBOTHBIX Ha 3 JICHb MOCIe
o0yueHust coctaiia 55%, a Ha 5 JIeHb BCE MOTHOMM; TIPU 00ITy-
YeHuH 10301 5 ['p BEDKHBaEMOCTh KUBOTHBIX ObLiIa CPABHUTEIILHO
BBILLIC - HA BOCBMOM JIeHb Tocie 00myueHust coctasuia 50%.

[MonuMeToKCHITMPOBaHHbIE (IaBaHOWABI ILIUTPYCOBOIO JKC-
TpaKTa [10303aBUCHMO CHIKAJIUM HHTEHCHBHOCTH IIPOLIECCOB
JIUIONIEPOKCHUAALIMU B KPOBHU X-00JIy4E€HHBIX KPBIC — IIPU CPaB-
HHUTENBHO HHU3KUX J03ax obmyuenus (5 I'p) comepxanne LOO:

© GMN

B KpPOBH B IIE€pBble 3 IHS mociie OOMydeHHs Ioj JeiicTBueM
[IM®IID cHmxanoch HEAOCTOBEPHO B CPABHEHHH C TOKa3aTe-
JISIMU HEJICUEHHBIX )KUBOTHBIX, TOIIAa KaK C YBEJIMYCHUEM J103bl
oOiryuenus (7 I'p) BBIABIICH CTAaTUCTUUECKHU JOCTOBEPHBII aHTU-
panukanbHbii 3¢ ekt [IMDID - ctatucTUYecku T0CTOBEPHOE
cumkenue coxepxkanus LOOY). Tlox neiicrBuem [IM®PID B
KPOBH KpbIC, 00TyueHHbIX go3aMu 5 [p u 7 I'p, akruBHocTh KAT
u COJl X0Ts ¥ IpOsIBIIsIA TEHACHIUIO K YBEIHMUCHHIO, OTHAKO
IOKa3aTenu ObLIM CTaTUCTUYECKH HemocToBepHbl. [IMOID
HE OKa3blBaJ BO3JACHCTBHS HAa KyMYJISTHBHYIO BBIKMBAEMOCTb
JKHBOTHBIX, OOJy4eHHBIX 1030i 5 I'p, oqHako, npu 00IyueHUH
no3oit 7 I'p cHusmiu cMepTHOCTB Kpbic Ha 20% (Ha 3 neHb o0iy-
YeHHsI) U CIIOCOOCTBOBAIIM YBEJIMUCHHUIO HPOIODKUTEIBHOCTH
JKU3HU JKUBOTHBIX B 2 pa3a (10 7 nHen).

Ha ocHoBanum aHanmsa pe3yJabTaToB HCCIEIOBaHUS MOXHO
IPEANONIOKUTh, YTO B YCJIOBHAX PaJHAllMOHHOIO IOPAKEHHS
SK30TCHHBIE aHTHOKCHJIAHTBI CUHEPIMYECKH C J1030-3aBUCHMO
AKTHBUPYIOLIEHCS HIOTCHHOH He()epMEHTAaTHBHOM CHCTEMO
opranusma (ocoderHo npu 7 ['p) crocoOcTBYIOT 3 HeKTHBHOMY
IIOZIaBJICHUIO LICTIHBIX PEaKIHii MPOLECCOB NEPEKUCHOTO OKUC-
JICHUS1, CHYDKCHUIO CMEPTHOCTH U YBEJIMUEHHIO MTPOJOJIKUTEIIb-
HOCTH KHM3HU JKUBOTHBIX.
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AWARENESS OF PRIMARY IMMUNODEFICIENCY DISEASES AMONG MEDICAL STUDENTS

"Boyarchuk O., 'Volyanska L., 'Kosovska T., 2Lewandowicz-Uszynska A., 'Kinash M.

'I. Horbachevsky Ternopil State Medical University, Ukraine, *Wroclaw Medical University, Poland

Primary immunodeficiency diseases (PID) are a group of
more than 300 rare, chronic disorders in which a part of the
body’s immune system is missing or functions improperly.

Early detection of PID is very important for adequate preven-
tion and management of PID infectious complications. Previ-
ously PID were considered rare diseases, however, in recent
years the use of modern diagnostic methods uncovered more
evidence of their wide distribution [1]. Many patients with PID
are undiagnosed, under-diagnosed, or misdiagnosed [2]. In most
countries, including Ukraine, the delayed and poor diagnosis of
PID is an important problem.

At least 1-2% of the world population are affected with PID
[3]. It is thought that worldwide about 6 million of people have
PID, while only 27 to 60 thousands had been diagnosed.

In Ukraine, the number of PID diagnoses has increased in re-
cent years, but it remains much lower than in the EU and USA.
Currently in Ukraine there are about 1,500 children with PID
under immunological specialist care, which is only a few per-
cent of the expected number [4].

The late detection of PID, which in many cases lasts from §
to10 years, also indicates the low awareness of doctors to these
diseases. Often children die before the diagnosis is being set,
or irreversible morphological changes develop in their organs.
Worldwide, the mean diagnostic delay between the onset of
symptoms and the date of diagnosis is currently 4.08 years [5].
A similar situation is in Ukraine, particularly in Ternopil region.
Most cases of PID in Ternopil region were diagnosed in patients
older than 4 years of age; a process where children are being
examined and treated by a variety of medical specialists [6] pre-
cedes the diagnosis.

Therefore, the issue of early diagnosis, timely and effective

124

treatment, prevention of complications and improved prognosis
remains extremely relevant. One of the main reasons of current
situation is poor awareness of physicians concerning these rare
disorders.

The aim of this study was to assess the awareness of graduat-
ing medical university students about the signs of primary im-
munodeficiency in children and adults.

Material and methods. We conducted a survey among
sixth year (graduating) students of the Faculty of Medicine of
I.Horbachevsky Ternopil State Medical University, Ukraine on
their awareness of PID. The study was conducted in June 2017.
271 students answered the questionnaires, which were offered in
the classrooms after the last exam.

The questionnaire consisted of 25 questions (Table 1). It can
be divided into four sections: warning signs of PID in children
(4 questions) and adults (2 questions); general signs of PID (5
questions); specific signs of PID (9 questions); and treatment
strategies and immunization of patients with PID (5 questions).
The questionnaire was developed by immunologists, and con-
tained only True or False statements.

Verbal consent was obtained before conducting the question-
naire survey; the participants were informed of the reasons why
the information was collected and how it would be used. Prior to
handling the questionnaire, a statement was read to participants
informing them that their participation was voluntary and as-
sured that their answers were anonymous and confidential.

Ethical approval for the study was provided by the scientific
ethics committee at I. Horbachevsky Ternopil State Medical
University.

The study conformed to the principles outlined in the WMA
Declaration of Helsinki.
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The results were analyzed using standard procedures with
Statistica StatSoft 6.0 software package. The distribution of
variables was assessed by Chi-square test and the Fisher’s exact
test. Significance level of the tests was set at 0=0.05.

Results and their discussion. Age of the respondents ranged
from 23 to 31 years. The majority of the surveyed students were
women (64.6%). The list of the questions and percentage of
answers options of all the respondents are presented in Table 1.

Table 1. Survey questions, number and percentage of response options given by the surveyed students (n=271)

Yes No Don’t know
N Question
abs. % abs. % abs. %
1. | Primary immunodeficiencies occur only in children 72 26.6 188 69.4 11 4.1
2 Telangiectasia may be specific to ataxia-telangiectasia (A-T) 206 76.0 16 5.9 49 181
syndrome (Louis-Bar syndrome)
3. | The absence of thymus confirms Di George syndrome 173 63.8 94 34.7 4 1.5
4 Common variable immunodeficiency is most oftenly diagnosed 168 62.0 91 335 12 45
in children
5. | Oncological diseases can be a sign of PID 180 66.4 85 314 6 2.2
6. Alpha-fetoprotein (AFP) appears in high concentrations in A-T 149 550 11 40.9 1 41
syndrome
7 Four.or more new ear infections within 1 year may be a warn- 193 712 70 258 p 30
ing sign of PID
8. | Failure of a child to gain weight normally may be a sign of PID | 171 63.1 89 32.8 11 4.1
Repeated abscesses of skin and organs (without damage to the
% tissue integrity caused by trauma) may be a sign of PID 223 82.3 40 14.8 8 29
Numerous (6 and more) of ‘coffee-with-milk’ colored spots are
10. particularly specific to Nijmegan breakage syndrome (NBS) 142 2.4 36 207 73 269
1. T\qu or more cases of pneumonia in a year may be the only 11 410 159 58.7 | 03
clinical manifestation of PID
Four or more episodes of infection (otitis, bronchitis, pneumo-
12 nia) in an adult patient may be a sign of PID 189 69.7 76 281 6 2.2
In adults, two or more cases of pneumonia (radiographically
13. confirmed) within three years may be a sign of PID 105 38.7 165 60.9 ! 04
14 Ch1.1dr6n diagnosed with microcephaly should undergo genetic 68 251 198 731 67 18
testing
15 Infections with atypl'cal localization or caused by atypical 206 76.0 56 207 9 33
pathogen may be a sign of PID
Dismorphic facial features are specific to
16. common variable immunodeficiency (CVID) 139 >3 61 223 & 262
The only method of treatment for PID with antibody deficiency
17. | is therapy with intravenous or subcutaneous immunoglobulin 218 80.4 49 18.1 4 1.5
agents
18 Normal levels 9f leukocytes (WBC), helpoglobln, platelets, 106 391 160 590 5 19
HCT are sufficient to exclude neutropenia
19. | Live vaccines are contraindicated for patients with NBS 173 63.8 78 28.8 20 7.4
Inflammation+ thrombocytopenia + eczema may be a sign of
20. Wiskott-Aldrich syndrome 194 71.6 41 15.1 39 133
21 In cases of Nijmegen syndrome chest X-ray examination is 161 504 107 395 3 11
allowed
22. | Live vaccines can be administered to children with severe PID 74 273 188 69.4 9 33
Vaccination against pneumococcus should be given to children
23. | with PID that retained the ability to synthesize antibodies 189 69.7 79 29.2 3 1.1
(within the risk group)
24 All adults \ynh primary and secondary gsplema should be vac- 155 579 112 413 4 15
cinated against pneumococcus and meningococcus
25 Autoqnmu@ diseases are much more common 170 62.7 99 36,5 5 0.7
in patients with PID
© GMN 125
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The list of the questions and proportion of correct answers out of all responses are presented in Table 2.

Table 2. Percentage of correct answers for each question given by the surveyed students (n=271)

Correct answer
No. Question
%
1. | Primary immunodeficiencies occur only in children 69.4
2. | Telangiectasia may be specific to ataxia-telangiectasia (A-T) syndrome (Louis-Bar syndrome) 76.0
3. | The absence of thymus confirms Di George syndrome 63.8
4. | Common variable immunodeficiency is most oftenly diagnosed in children 335
5. | Oncological diseases can be a sign of PID 66.4
6. | Alpha-fetoprotein (AFP) appears in high concentrations in A-T syndrome 55.0
7. | Four or more new ear infections within 1 year may be a warning sign of PID 71.2
8. | Failure of a child to gain weight normally may be a sign of PID 63.1
9 Repeated abscesses of skin and organs (without damage to the tissue integrity caused by trauma) 223
" | may be a sign of PID '
Numerous (6 and more) of ‘coffee-with-milk’ colored spots are particularly specific to Nijmegan
10. 52.4
breakage syndrome (NBS)
11. | Two or more cases of pneumonia in a year may be the only clinical manifestation of PID 41.0
Four or more episodes of infection (otitis, bronchitis, pneumonia) in an adult patient may be a sign
12. 69.7
of PID
In adults, two or more cases of pneumonia (radiographically confirmed) within three years may
13. . 38.7
be a sign of PID
14. | Children diagnosed with microcephaly should undergo genetic testing 25.1
15. | Infections with atypical localization or caused by atypical pathogen may be a sign of PID 76.0
16. | Dismorphic facial features are specific to common variable immunodeficiency (CVID) 22,5
17 The only method of treatment for PID with antibody deficiency is therapy with intravenous or R0.4
" | subcutaneous immunoglobulin agents '
18 Normal levels of leukocytes (WBC), hemoglobin, platelets, HCT are sufficient to exclude neutro- 59.0
" | penia '
19. | Live vaccines are contraindicated for patients with NBS 63.8
20. | Inflammation+ thrombocytopenia + eczema may be a sign of Wiskott-Aldrich syndrome 71,6
21. | In cases of Nijmegen syndrome chest X-ray examination is allowed 39.4
22. | Live vaccines can be administered to children with severe PID 69.4
Vaccination against pneumococcus should be given to children with PID that retained the ability
23. . o o . 69.7
to synthesize antibodies (within the risk group)
24 All adults with primary and secondary asplenia should be vaccinated against pneumococcus and 572
" | meningococcus ’
25. | Autoimmune diseases are much more common in patients with PID 62.7
Total 59.2

The average percentage of correct answers given by the sur-
veyed students to each questions was 59.2+10.9% (ranging
from 22.5% to 82.3%). Satisfactory response rate (over 75%)
was given to the questions about some warning signs of PID,
in particular repeated abscesses of skin and organs (82.3%) and
infections with atypical localization or caused by atypical patho-
gen (76.0%). Students know quite well the treatment methods
for PID with antibody deficiency (80.4% of correct answers) and
specific signs of ataxia-telangiectasia (76.0%).

However, only 33.5% of medical students know that com-
mon variable immunodeficiency (CVID) is often diagnosed
in adults and 22.5% know that dismorphic facial features are
not specific to this PID. The students demonstrated insuffi-
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cient knowledge about specific features of NBS. Thus, only
25.1% of students indicated that children with microcephaly
should be directed to genetic testing and only 39.4% of them
indicated that chest X-ray examination is contraindicated for
children with NBS.

The percentage of correct answers among surveyed students
ranged from 26 to 88%. 223 medical students (82.3%) had an-
swered more than 50% of their questions correctly, however
only 21 person (7.7%) had more than 75% of correct answers.

Analysis of the answers was conducted in the context of dif-
ferent groups of the questions. The number and percentage of
correct answers to the questions about the warning signs of PID
in children and adults are presented in Table 3.
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Table 3. Number and percentage of correct answers to the questions about warning signs in children and adults

N Question n %
Warning signs in children 698 64.4
1. | Four or more new ear infections within 1 year may be a warning sign of PID 193 71.2
2. | Failure of a child to gain weight normally may be a sign of PID 171 63.1
Two or more cases of pneumonia in a year may be the only clinical mani-
3. . 111 41.0
festation of PID
Repeated abscesses of skin and organs (without damage to the tissue integ-
4. . . 223 82.3
rity caused by trauma) may be a sign of PID
Warning signs in adults 294 54.2
Four or more episodes of infection (otitis, bronchitis, pneumonia) in an adult
1. . . 189 69.7
patient may be a sign of PID
In adults, two or more cases of pneumonia (radiographically confirmed)
2. o . 105 38.7
within three years may be a sign of PID
Table 4. Number and percentage of correct answers to the questions about general signs of PID
N Question n %
1. | Primary immunodeficiencies occur only in children 188 69.4
2. | Common variable immunodeficiency is most oftenly diagnosed in children 91 335
3. | Oncological diseases can be a sign of PID 180 66.4
4. | Autoimmune diseases are much more common in patients with PID 170 62.7
5. | Infections with atypical localization or caused by atypical pathogen may be a sign of PID 206 76.0
Total 835 61.6
Table 5. Number and percentage of correct answers to the questions about specific signs of PID
N Question n %
1. | Telangiectasia may be specific to ataxia-telangiectasia syndrome (Louis-Bar syndrome) 206 76.0
2. | The absence of thymus confirms Di George syndrome 173 63.8
Numerous (6 and more) of ‘coffee-with-milk’ colored spots that are particularly specific to Nijmegan
3. 142 52.4
breakage syndrome (NBS)
4. | Dismorphic facial features are specific to common variable immunodeficiency (CVID) 61 22.5
5. | Inflammation+ thrombocytopenia + eczema may be signs of Wiskott-Aldrich syndrome 194 71.6
6. | Alpha-fetoprotein (AFP) appears in high concentrations in A-T syndrome 149 55.0
Normal levels of leukocytes (WBC), hemoglobin, platelets, HCT
7. . . 160 59.0
are sufficient to exclude neutropenia
8. | In cases of NBS chest X-ray examination is allowed 107 39.5
9. | Children diagnosed with microcephaly should undergo genetic testing 68 25.1
Total 1260 51.7

Medical students demonstrated average knowledge of the
warning signs of PID in children. The average percentage of cor-
rect answers was 64.4%; it ranged from 41.0% to 82.3%. Unfor-
tunately, students did not show better awareness of PID warning
signs in adults (54.2% of correct answers). The percentage of
correct answers to the questions about warning signs in adults
was significantly lower than in children (p=0.0491).

The answers to the questions about general signs of PID are
presented in Table 4.

The percentage of correct answers to this block of questions
ranged from 33.5% to 76%. Most students thought that CVID
is found primarily in children. Medical students demonstrated
slightly better knowledge of general signs of PID, such as auto-
immune diseases, oncopathology, and atypical infections.

© GMN

The answers to the questions about specific signs of certain
PID are presented in Table 5.

The percentage of correct answers to the questions about
specific signs of certain PIDs was 51.7%, ranging from 22.5
to 76.0%. The lowest knowledge was shown about NBS and
CVID. The most difficult topic for students was the correct signs
and appropriate management of NBS.

The percentage of correct answers to the questions about spe-
cific signs of PID was significantly lower than the percentage
of correct answers to the questions about general signs of PID
(p=0.0016).

The analysis of the answers to the questions about treatment
and immunization of children with PID in terms of specialties is
presented in Table 6.
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Table 6. Number and percenage of correct answers to the questions about treatment and vaccination of children with PID

N Question n %
| The only method of treatment for PID with antibody deficiency is therapy 218 20.4
" | with intravenous or subcutaneous immunoglobulin agents '
2. | Live vaccines are contraindicated for patients with NBS 173 63.8
3. | Live vaccines can be administered to children with severe PID 188 69.4
4 Vaccination against pneumococcus should be given to children 189 69.7
| with PID that retained the ability to synthesize antibodies (within the risk group) '
5 All adults with primary and secondary asplenia should be vaccinated against pneumococcus 155 572
" | and meningococcus '

Total 923 68.1

The average percentage of correct answers to the questions
about vaccination was 65.0%, ranging from 57.2 to 69.7%.

Diagnostic delay not only reduces the quality and duration of
life of children with PID, but it also has significant economic
costs [3]. Taking into account that the number of PIDs increases
every year due to the discovery of new genetic defects, there
is a great need to improve knowledge about diagnosis of PID
not only among primary care physicians and specialists, but also
among students of medical universities who will undoubtedly
encounter these diseases in their daily practice.

A number of studies examined PID awareness among physi-
cians of the first contact, pediatricians and residents [7-10]. Our
study targeted PID knowledge of graduating medical students.

In our opinion, it is very important to raise awareness for PID
in physicians starting from the student’s age, as these diseases
are being encountered in the practice of various specialists, such
as surgeons, ENTs, neurologists, rheumatologists, cardiologists,
etc. Currently, in Ukraine, postgraduate education of surgeons
and physicians of adult specialities does not include the study of
primary immunodeficiencies.

Signs of such PID, as Di George syndrome, Wiskott-Aldrich
syndrome and A-T syndrome are better known to students as
they are in the curriculum. Good knowledge and the possibility
of genetic confirmation of Di George syndrome made it possible
to improve its diagnosis in Ukraine and in Ternopil region, de-
spite the variability of clinical symptoms [11].

Consequently, education and training programs of medical
universities should give more attention to teaching about the
warning signs of PIDs. This knowledge will be necessary in the
practice of both primary care physicians and physicians of sub-
specialties.

In recent years a number of educational campaigns and activi-
ties were developed all over the world targeting both physicians
and general public. Since 2003 the Jeffrey Modell Foundation
(JMF) implemented a physician education and public awareness
program for the earliest diagnosis, appropriate treatment, and
proper care management of PID with a view to reducing mor-
bidities and mortalities related to PID [2,12].

PID can cause severe, sometimes life-threatening, infections
if not diagnosed and treated appropriately [1,3]. That why timely
diagnosis and registration of PID cases is very important, given
that appropriate therapy prevents the development of severe and
irreversible changes, significantly improves the quality of life
and prognosis of patients, and changes the attitude toward PID
as incurable and hopeless diseases.

Conclusions. The average percentage of correct answers giv-
en by the surveyed students was 59.2 % (ranging from 22.5%
to 82.3%), pointing the lack of awareness of PID among medi-
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cal students. The lowest knowledge among PID-related subjects
was about the warning signs in adults; specific signs of PID;
and verification and management of specific diseases such as
Nijmegan breakage syndrome and common variable immuno-
deficiency. This study suggests a significant need to increase the
knowledge of medical students about primary immunodeficien-
cies, taking into account low incidence of diagnosis of these
diseases in Ukraine and the need for improved knowledge and
awareness about PID for physicians of all specialties.

Acknowledgments. The authors wish to thank Jeffrey Modell
Foundation for the financial support of this study.
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SUMMARY

AWARENESS OF PRIMARY IMMUNODEFICIENCY
DISEASES AMONG MEDICAL STUDENTS

"Boyarchuk O., 'Volyanska L., 'KosovskaT.,
2Lewandowicz-Uszynska A., 'Kinash M.

'I. Horbachevsky Ternopil State Medical University, Ukraine;
*Wroclaw Medical University, Poland

Primary immunodeficiency diseases (PID) are a group of
more than 300 rare, chronic disorders in which a part of the
body’s immune system is missing or functions improperly. The
issue of early diagnosis, timely and effective treatment, preven-
tion of complications and improved prognosis remains extreme-
ly relevant.

The aim of this study was to assess the awareness of graduat-
ing medical university students about the signs of primary im-
munodeficiency in children and adults.

A survey on awareness of primary immunodeficiencies was
conducted among sixth year (graduating) students of the Faculty
of Medicine of I.Horbachevsky Ternopil State Medical Univer-
sity, Ukraine. Questionnaires were offered to 271 students. The
questionnaire consisted of 25 questions.

The average percentage of correct answers given by the
surveyed students for each question was 59.2% (ranging from
22.5% to 82.3%). The percentage of correct answers to the ques-
tions about warning signs of PID in children was 64.4%, and
in adults was 54.2% (p=0.0491). The percentage of correct an-
swers to the questions about general signs of PID was 61.6% and
about specific signs of PID 51.7% (p=0.0016). The percentages
of correct answers among surveyed students ranged from 26
to 88%. 223 (82.3%) medical students gave more than 50% of
correct answers to all questions, but only 21 surveyed students
(7.7%) gave more than 75% of correct answers.

This study has revealed the lack of awareness for PID among
medical students. The lowest knowledge was about PID warn-
ing signs in adults and the specific signs of PID, especially those
concerning verification and management of Nijmegan breakage
syndrome and common variable immunodeficiency. This study
indicates a significant need to increase knowledge of medical
students about primary immunodeficiencies, taking into account
low levels of diagnosis of these diseases in Ukraine and the need
to raise knowledge and awareness about PID among physicians
of all specialties.

Keywords: primary immunodeficiencies, students’ aware-
ness, Ukraine.
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PE3IOME

OCBEJIOMJIEHHOCTb O TEPBHYHBLIX UMMYHO-
JE®UILUTAX CPEJIN CTYIEHTOB-MEJINKOB

"Bosipuyk O.P., 'Bossinckas JLA., 'KocoBckas T.M.,
2JlepanaoBuy-YinuHcKas A., 'Kunam M.H.

'Tepnononvcruil 2ocyoapcmeentvlii. MEOUYUHCKULL  YHUBEPCU-
mem um. U. [opbauesckozo, Ykpauna; *Bpoynasckuti meduyun-
ckuil ynueepcumem, Ilonvuia

Llenmpro mccmenoBaHMs SIBUNACH OIEHKA OCBEIOMIICHHOCTH
BBIITYCKHUKOB METUIIMHCKIX YHUBEPCUTETOB O MPHU3HAKAX Mep-
BHUYHBIX HMMYHOAE(HUINTOB y AETEil U B3POCIBIX.

O6cnenoBanne nepBUYHbIX UMMyHOnehuuuToB (I11/1) mpo-
BEJICHO CPEAN CTYAEHTOB INECTOTO Kypca (BBITYCKHHUKOB) Me-
JUIUHCKOTO (hakymbreTa TepHOMONBCKOTO TOCYIapCTBEHHOTO
MEIUIIMHCKOTO yHUBepcuTeTa uM. W. ['opbadeBckoro, YkpanHa.
AHKeTHI ObLUTH TIpeiokeHbl 271 cTyneHTy. BonmpocHUK cocTostn
u3 25 BOTIPOCOB.

[IpoBeneHHOe McceIOBaHNE TTOKA3AI0 HEIOCTATOUHYIO OC-
BepomiieHHOCTs 0 [IMJl cpemu crymeHTOB-MennkoB. Cambie
HU3KHE 3HAHMSI KacaJluCh HACTOPAKUBAIOMMX npu3HaxkoB [TH ][
y B3pocibIx 1 crienuduaecknx npusHaxos [11 /1, ocoGeHHO Tex,
KOTOpBIE KacaroTCs TUarHOCTHKH U Jtedenus Hulimeren cuuapo-
Ma U 00Iero BapuadenbHOr0 MMMyHOneunuTa. Pe3ymprarst
MPOBEICHHOTO MCCIIEIOBAHMS YKa3bIBAaeT Ha BHICOKYIO TOTPEO-
HOCTb B YITyUIIIEHUN 3HAHUH CTY/ICHTOB-MEIUKOB O TIEPBUIHBIX
UMMYHOZE(HIUTAX C yYETOM HU3KOTO YPOBHS IHATHOCTHKH
9THX 3a0oneBaHNi B YKpanHe U HEOOXOANMOCTHU TOBBIIICHUS
3HaHMU# U ocBegomiienHocty o [IM]1 cpenu Bpaueit Bcex crenu-
albHOCTEH.
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PUBLIC ATTITUDES TOWARDS THE USE OF ANIMALS IN BIOMEDICAL RESEARCH IN GEORGIA

Melikishvili M., Mitskevich N., Pitskhelauri N., Lobzhanidze G., Chikhladze N.

1. Javakhishvili Tbilisi State University, Georgia

Animal testing has a long history upon which many devel-
opment and findings are based [1,2]. However, the modern
biomedical research requires to provide proper care to labora-
tory animals and respect ethical aspects based on internation-
ally approved ethical guidelines and regulatory norms [3.,4]. In
different societies there are different opinions about moral and
ethical aspects of animal testing in biomedical research. Many
studies have been conducted in different countries since 1980s
to evaluate public perception and attitude towards the animal re-
search [5-15]. In developed countries, ethical handling of animals
for biomedical research is regulated by national guidelines and le-
gal standards on protection of vertebrate animals testing for experi-
mental purposes. In order to minimize the differences between the
legislation and ethical regulations specifically across the European
countries, EU Directive 2010/63/EU is used additionally. More-
over, in order to promote acceptance of alternative 3Rs approaches
(replacement, reduction and refinement) in biomedical research the
H2020 and FP7 reference document ,,Ethics Review Checklist on
Research on Animals” has been elaborated by EC [16].

In EU Eastern Neighboring Countries, including Georgia,
ethical aspects of animal usage for biomedical experiments have
not been well emphasized. There are no ethical-legal regulations
on animal use for biomedical research in Georgia neither on na-
tional nor on institutional level.

At the same time, public attitude concerning the animal test-
ing for scientific research is unclear.

The aim of the study is to explore public attitudes towards the
animal research in Georgia for the first time. The assumption is
to explore how society is treating animals and what is their at-
titude towards animal testing.

Material and methods. In this survey quantitative and quali-
tative research method was used. A special questionnaire was
developed and an individual interview method was utilized.
Questionnaire consisted of 11 questions, among them 10 closed
and 1 open question.

Closed questions examined what kind of attitude did the re-
spondents have had towards the animal testing and additionally
open questions gave possibility to specify why did they have this
or that attitude.

Questionnaire also included questions about personal charac-
teristics that might theoretically influence their answers and un-
derlie these attitudes (age, gender, place of residence, education,
occupation, experience of owning a pet/animal). The survey was
conducted in capital (Tbilisi) and in 4 randomly selected regions
in Georgia in summer 2016. It was used Random approach to the
citizens in the streets of 5 cities.

Additionally, 210 representatives of Academia, academic
personnel and students from TSU the biggest state University
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in Georgia were interviewed (30 randomly selected academic
personnel and 30 randomly selected students from seven differ-
ent Faculties). The exclusion criterion was the respondents’ age
- less than 17 years. Totally 750 interviews were conducted and
715 questionnaires were used for analysis (response rate 72,8%).

Before the start of each interview, respondents were informed
about the voluntary participation and anonymity of the survey.
Codified questionnaires were included in the database and then
analyzed using SPSS 27 software. The technique of cross-tabu-
lation was used for the bivariate analysis.

Results and their discussion. The larger percentage of the re-
spondents was female (69.0%), with higher education (54,0%),
lining in urban areas (68,0%), with experience of owning a pet/
animal, employed in non-academic field, 43,0% of the respon-
dents were in the age interval of 26-50. For most respondents
(98.0% of respondents) it was known that animals were used in
experimental studies, and their main part is lab-farmed (72.0%
of respondents). 68.0% of respondents fully or partly agree to
the concept that animal testing is essential, while 66,0% and
74,0% fully and partly agree to the concept that animal test-
ing is recommended correspondingly in basic (e.g. research in
anatomy and physiology) and applied (e.g. Studying diseases
and their causes, testing medications) research.

For 72,0% of respondents it is acceptable if a couple of animals
die for saving lots of human lives, and 57,0% of respondents partly
or fully disagree with concept that human beings have no right to
perform animal research despite the potential benefits for the soci-
ety. 84,0% of respondents partly or fully agree with the concept,
that future generations will use the knowledge obtained through
biomedical research conducted on animals.

Most of the respondents didn’t have an information about Inter-
national norms or alternative 3R approaches in this field, and after
had been informed about that during the interview process, 82,0%
fully or partly agreed with the concepts, that Involving animals in
experiments which comply to the principles of international norms
and regulations (reduction of the number of animals, improving the
experiment / lowering pain for animals, and using alternative meth-
ods) is acceptable, and 77,0% of respondents partly or fully agree
with the concept that in case of the Ethics Committee approval, the
use of animals in experiments is acceptable.

With open questions, it was possible to obtain scarce informa-
tion. However, it should be noted here, that respondents who
agreed to the use of animals in biomedical research have brought
some arguments to strengthen their position. For example, “if
research will bring real and useful results to scientific field”; “If
the research serves the purpose of creation of a new drug neces-
sary for disease treatment”; And the respondents who disagreed
with the use of animals in biomedical research, do not give any
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arguments in favor of their position. For example, they just re-
plied: “I do not agree” or ,,In any case “.

Age. Data received from bivariate analysis showed statistical-
ly significant difference between respondents of different ages in
their attitude to ethical aspects of animal use in biomedical stud-
ies. Involvement of animals in biomedical studies is acceptable
for most of the respondents in all age groups. However, number
of those who agree to the involvement of animals in biomedical
studies, increases with age: in 17-25 age group 57.8%, in 26-50
age group 69.4%, and more then 51 age group 79.6%. Pearson
Chi-Square = 32.479, df = 8, p<0.05 (p = 0.000).

The use of animals in basic research (e.g. research in anatomy
and physiology) is also acceptable for the majority of respondents
in all age groups. However, number of those who agree to the use
of animals in basic research, increases with age: in 17-25 age group
56.6%, in 26-50 age group 68.2%, and more then 51 age group
76.2%. Pearson Chi-Square = 23.141, df=8, p<0.05 (p=0.003).

The use of animals in applied research (e.g. studying diseases
and their causes, testing medications) in comparison with basic
research is acceptable for approximately 10% more respondents
in all age groups: in 17-25 age group 65.2%, in 26-50 age group
76.5%, and more then 51 age group 83.7%. Pearson Chi-Square
=20.010, df = 8, p<0.05 (p=0.007).

The statement, that future generations will use the knowledge
obtained through biomedical research conducted on animals,
is acceptable for 79.1% of respondents in 17-25 age group,
for 85.0% in 26-50 age group, and 87.8% in more then 51 age
group. Pearson Chi-Square = 16.320, df=8, p<0.05 (p=0.038).

Involving animals in experiments which comply to the prin-
ciples of international norms and regulations (reduction of the
number of animals, improving the experiment / lowering pain
for animals, and using alternative methods) is acceptable for
77.2% of respondents in 17-25 age group, for 84.6% in 26-50
age group, and for 86.4% in more then 51 age group. Pearson
Chi-Square = 30.553, df=8, p<0.05 (p=0.000).

In case of the Ethics Committee approval, the use of animals in
experiments is acceptable for 67.8% of respondents in 17-25 age
group, for 80.3% in 26-50 age group and for 85.0% in more then 51
age group. Pearson Chi-Square = 31.630, df=8, p<0.05 (p=0.000).

Education. Data analysis has shown statistically significant
difference between respondents with different level of education
(secondary, professional, higher, scientific degree) in their attitude
towards the ethical aspects of animal use in biomedical studies.

Most of the respondents with various levels of education (sec-
ondary, professional, higher, scientific degree) agree with the
necessity of animal use in biomedical studies. However, the in-
crease in the level of education increases the number of respon-
dents who agree with this concept: 50.5% of respondents with
secondary education; 61.8% of respondents with professional
education; 68.5% of respondents with higher education; 73.9%
of respondents with scientific degree. Pearson Chi-Square =
27.850 df = 12, p<0.05 (p=0.006).

The use of animals in basic research is also acceptable for
the majority of the respondents (with secondary, professional,
higher, scientific degree). However, the increase in the level of
education increases the number of respondents who agree with
this concept: 52,0% of respondents with secondary education,
56.7% of respondents with professional education; 66.5% of
respondents with higher education; 71.8% of respondents with
scientific degree. Statistically significant difference is: Pearson
Chi-Square = 30.233 df=12, p<0.05 (p=0.003).

Similar trend has been observed for the use of animals in ap-
plied research, which is acceptable for 58.6% of respondents
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with secondary education, 70.2% of respondents with professional
education, 74.9% of respondents with higher education, 79.8% of
respondents with scientific degree; Statistically significant differ-
ence is: Pearson Chi-Square = 26.201 df=12, p<0.05 (p=0.010)

Involving animals in experiments with respect to the prin-
ciples of international norms and regulations is acceptable for
70.7% of respondents with secondary education, for 69.4% of
respondents with professional education, for 83% of respon-
dents with higher education and for 89.4% of respondents with
scientific degree. Statistically significant difference has been ob-
served: Pearson Chi-Square = 42.045 df =12, p<0.05 (p=0.000)

In case of the Ethics Committee approval, the use of animals
in experiments is acceptable for 58,6% of respondents with sec-
ondary education, 69.4% of respondents with professional edu-
cation; 77.9% of respondents with higher education; 84.5% of
respondents with scientific degree. The statistically significant
difference was observed: Pearson Chi-Square = 45.452 df=12,
p<0.05 (p=0.000).

Occupation. Data analysis has shown statistically signifi-
cant difference between the respondents with different occupa-
tions (academic field, non-academic field) and students cohort
concerning some topics of the questionnaire. The necessity of
involvement of animals in biomedical studies is acceptable for
respondents in academic and non-academic fields - 74.8% and
60.6% respectively, and for 63.8% of student respondents. Pear-
son Chi-Square = 37.767 df = 16, p <0.05 (p = 0.002).

Similar tendency was seen concerning the use of animals in
basic research, which is acceptable for the majority of respon-
dents in academic and in non-academic fields - 71.8% and 57,0%
respectively, and for 64.6% of student respondents. Pearson Chi-
Square = 29.527 df = 16, p<0.05 (p=0.021).

Use of animals in applied research (e.g. studying diseases and
their causes, testing medications) is acceptable for the majority
of respondents in all groups: 80.2% in academic field, 67.2% in
non-academic field and 69.5% in student group. Pearson Chi-
Square = 26.434 df=16, p<0.05 (p=0.043).

If the issue is related to the sacrifice of the lives of several
animals to save the lives of a large number of people, then the
attitude of the respondents in the academic filed does not change
significantly (76.1% of respondents agree) while it increases up
to 72% in non-academic field. In a student group, 63.4% of the
respondents agree to the statement above. Pearson Chi-Square =
26.970 df=16, p<0.05 (p=0.042).

The statement, that future generations will use the knowledge
obtained through biomedical research conducted on animals, is
acceptable for 85.2% of student respondents, 87.7% of academ-
ic field respondents and 75.9% for the rest of the respondents.
Pearson Chi-Square=25.909 df=16, p>0.05 (p=0.055).

Involving animals in experiments with respect to the prin-
ciples of international norms and regulations is acceptable for
88.5% of respondents in academic field, for 73.6% of respon-
dents in non-academic field and for 82.6% of students. Statis-
tically significant difference has been observed: Pearson Chi-
Square = 28.667 df = 16, p<0.05 (p=0.026)

In case of the Ethics Committee approval, the use of animals
in experiments is acceptable for 85.4% of respondents employed
in academic field, for 68.5% of respondents in non-academic
field and for 73.3% of students. Pearson Chi-Square = 37.327
df=16, p<0.05 (p=0.002).

Different characteristics that influence public attitude towards
animals testing in biomedical research are well identified in the
literature [5-14]. We selected and included in the questionnaires
the most influential factors.
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The results of the study have demonstrated that the attitude
of the study sample towards the animal testing in biomedical
research is influenced by age, education and occupation. With
increase of age and level of education, the number of respon-
dents who agree with animal testing also increases.

Age related results of our study correspond with those in most
of other similar studies [5,17-21], where age correlates with the
moral acceptance of animal testing.

Some authors describe it as cohort effect, some others - at-
titudinal change with age. We agree with the later opinion, and
apparently, the result is due to the experience and responsibili-
ties of respondents which increases with age. 40-50 years and
above is the period of life of social commitments. People of this
age use knowledge, experience and skills not only to solve their
problems but also to solve the problems of other people (family,
community, and work). Consequently, they are more supportive
of biomedical research on animals, as results of such studies can
bring positive results to the public. In addition, the age-related
risks are related to health problems, and therefore elderly people
consider outcomes of biomedical research on animals signifi-
cant, as they can address health problems of the older people.

Results related to education, similarly to other studies also
demonstrate positive correlation of level of education with mor-
al acceptance of animal testing.

Gender, living area and experience with owning a pet (animal)
are factors, which have influence on public attitude. Some studies
have shown that for respondents with rural place of residence and
from least industrialized countries animal use is more acceptable,
but for pet owners and female respondents - animal use is less ac-
ceptable [8,20,22-26]. Although, according our results there’s no
statistically significant difference between genders. Place of resi-
dence and experience owning the pet/animal doesn’t have statisti-
cally significant influence on the public attitude either.

Conclusion. The results of our study highlight that animal
testing in biomedical research is acceptable for more than a half
of the respondents involved in the study. The same time, most
of them consider animal testing in applied research more ap-
propriate, with immediate benefit to humanity (drugs, treatment
methods) or next generations. Most of the respondents consider
use of International regulations highly important.
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SUMMARY

PUBLIC ATTITUDES TOWARDS THE USE OF ANI-
MALS IN BIOMEDICAL RESEARCH IN GEORGIA

Melikishvili M., Mitskevich N., Pitskhelauri N.,
Lobzhanidze G., Chikhladze N.

L. Javakhishvili Thilisi State University, Georgia

In different societies there are different opinions about moral
and ethical aspects of animal testing in biomedical research.
Many studies have been conducted worldwide since 1980s to
evaluate public perception and attitude towards the animal re-
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search. In EU Eastern Neighboring Countries, including Geor-
gia, ethical aspects of animal usage for biomedical experiments
have not been well emphasized. There are no ethical-legal regu-
lations on animal use for biomedical research in Georgia neither
on national nor on institutional level. At the same time, pub-
lic attitude concerning the animal testing for scientific research
is unclear. The aim of the study has been to explore public at-
titudes towards the animal research for the first time in Georgia.

In this survey quantitative and qualitative research methods
had been used. A special questionnaire was developed and an
individual interview method was utilized. Totally 750 interviews
were conducted and 715 questionnaires were used for analysis.
Codified questionnaires were included in the database and then
analyzed with SPSS 27 software. The technique of cross-tabula-
tion was used for the bivariate analysis.

For most respondents (68.0%) animal use in Biomedical re-
search is acceptable. 82,0% of respondents fully or partly agreed
with the concept, that involvement of animals in experiments
which comply to the principles of international norms and regu-
lations (reduction of the number of animals, improving the ex-
periment/lowering pain for animals, and using alternative meth-
ods) is acceptable. The results of the study have demonstrated
that the attitude of the study sample towards the animal test-
ing in biomedical research is influenced by age (Pearson Chi-
Square=32.479, df=8, p<0.05; p=0.000), education (Pearson
Chi-Square=27.850 df=12, p<0.05; p=0.006) and occupation
(Pearson Chi-Square = 37.767 df=16, p<0.05; p=0.002). Gen-
der, place of residence and experience with owning the pet/ani-
mal doesn’t have statistically significant influence on the public
attitude.

The results of our study highlight that animal testing in bio-
medical research is acceptable for the respondents involved in
the study. However, most of the respondent’s consider use of
International regulations highly important.

Keywords: animal testing, public attitude, animal research,
ethics committee, ethical standards.

PE3IOME

OTHOHMEHHUE OBIECTBEHHOCTHU K HUCIIOJb30-
BAHHUIO KUBOTHBIX B BUOMEJIULMHCKUX HC-
CJIIEJOBAHMUSX B I'PY3UHN

MemukumBuiau M.H., Muukesuu H.I"., [Tunxenaypu H.B.,
Jloo:xanunze I.B., Unxmnanze H.H.

Tounucckuii cocyoapcmeennviii ynusepcumem um. M. Jocasa-
xuweunu, I pysus

O MOpPaJIbHBIX U ITUYCCKHUX aCICKTaxX HCIIOJb30BaHUA KH-
BOTHBIX B 6I/IOM6111/ILU/IHC](I/IX UCCIICNOBAaHUAX CYLIECTBYIOT pa3-
nuuHble MHeHHA. C 1980 IT. mpoBeeHO MHOXECTBO UCCIEN0-
BAHUI C 1IEJIBIO OLIGHKH OOIIECTBEHHOTO OTHOIICHUS K OIbITaM
Ha JKMBOTHBIX. B BocTouHbIX cocennux crpanax EC, Bkiouas
pr3mo, OTHYCCKHUEC aCIICKThbl HMCIIOJIb30BAaHUS >XKHUBOTHBIX IJIs1
OMOMEMIIMHCKHUX IKCHEPUMEHTOB He paszpaboransl. He cyie-
CTBYET D3THKO-IIPABOBLIX HOPM HCIIOJIb30BAaHUS KUBOTHBIX IS
OMOMEIULIMHCKUX UCCIECIOBAaHUN B I'py3un, HU Ha HaLMOHAJIb-
HOM, HH Ha HHCTUTYIIMOHAJIBHOM YPOBHAX. O0IIEeCTBEHHOE OT-
HOIIEHUE K OIIbITaM Ha XWBOTHBIX TSI HAYYHBIX I/lCCJ'le}lOBaHI/II\/'l
HE U3YYCHO.

Lenpro uccienoBanyst ABUIOCH ONPEAEIUTh OTHOLICHUE 00-
II€CTBA K OIIbITAM Ha KMBOTHBIX B pr3HPI.
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B ucciieoBaHUM HCIOIb30BaHbl KOJMMYESCTBEHHBIC U Kade-
CTBEHHBIE METO/BI MccliefoBaHus. Pa3zpaboraH crienualibHbIH
BOIPOCHHK U HCIIOJIb30BaH MHIMBUAYaTbHBIH MeTOT cobece1o-
BaHusl. [IpoBeneHo 750 MHTEPBBIO, ISl aHAJIM3A MCIIOIB30BAHO
715 BonpocHukos??. KonupoBaHHble BOIPOCHUKHU OBLIH BKJIIO-
4eHbI B 0a3y JaHHBIX, a 3aTE€M [IPOAHAIM3UPOBAHbI C TIOMOIIBIO
nporpammuoro obecrniedenust SPSS v.27. Jnst 1ByMepHOTO aHa-
JM3a IPUMEHEeHa METOANKA KPOCC-Ta0yIsInu.

bonpumaeTBO pecrionneHToB (68,0%) OMbITHI Ha KUBOTHBIX
B 6I/IOMCJJ,I/IL[I/IHCKI/IX HCCIICA0BAHUAX CUHUTAIOT NMPUEMIIEMbIMU.
82,0% pecroHIeHTOB TMOJIHOCTHIO WJIM YaCTHYHO COIVIACH-
JINCh C TOHSATHEM “BOBJICUEHHE >KUBOTHBIX B OKCIIEPUMEHTBI,
KOTOPBIE COOTBETCTBYIOT MNPUHIUIIAM MEXIYHApOIHLIX HOPM
U IpaBW (COKpAILlCHHE KOJMYECTBA >KUBOTHBIX, YITydllIEHHE
SKCl'Iepl/IMeHTa/CHI/I)KeHI/Ie oo JUIA KHUBOTHBIX W HCIIOJIB30-
BaHUE AJIBTEPHATUBHBIX METO/0B)”. Pe3synbraTsl HcCieI0BaHUSA
IPOACMOHCTPUPOBAJIA, YTO OTHOUICHUE K OIIbITaM Ha KUBOTHBIX
B OMOME/IMIIMHCKUX UCCIICIOBAHMSIX 3aBHCHT OT BO3PAcTa PECIIOH-
nentoB (Pearson Chi-Square = 32,479, df=8, p<0,05, p=0,000), 06-
pasoanust (Pearson Chi -Square=27,850 df=12, p<0,05, p=0,006)
¥ poria 3ausTHii - mpodeccuu (Pearson Chi-Square = 37,767 df=16,
p<0,05, p=0,002). ITon, MecTo >KUTEIBCTBA U OIBIT BIAJAECHUS J10-
MAIIHUM >KHMBOTHBIM HE€ OKa3bIBAKOT CTATHCTUYCCKU 3HAYUMOI'O
BIIMSIHUS Ha OOIIECTBEHHOE OTHOILICHHE.

Pe3ym>TaT1>1 MCCIICIOBAHUS ITOKa3av, YTO IMPOBEACHUE ONbITOB
Ha )XMBOTHBIX B 6I/IOMCJJ,I/ILII/IHCKI/IX HCCIICAOBAHUAX I 60J'lbl_LlI/IH—
CTBA PECTIOH/ICHTOB MIPHEMIIEMO, OJTHAKO, OOJBIIIAs 4aCTh PECITOH-
JEHTOB CHYHUTACT, YTO UCIIOJIL30BAHUEC MEKYHAPOAHBIX ITPAaBUJI 06
UCIIOJIb30BAHUU YKUBOTHBIX B OKCIICPUMEHTE HGOGXOJII/IMO.
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dmbsigdms  dsbsTo  YgHobogno  jm@odgdymo  gomb-
3500 gooboamobgdyen 0dbs SPSS 27 3dmy@sdom. do-
35M053079e0  sbogmobolmgols godmygbgdymos  3@M®L-
Bodgms3ool Bgdbogs.

Agb3mbpgbBms 9dgBgbmdobmgols (68.0%) 3bmggammms
35dmyggbgds  dombsdgooEobm  ggagggodo  dobomgdos.
3dmgombeems 82,0% LG gmmaw,sb bofognmd®og gmsbb-
3905 gmb3gnEosl, @md gJlidg®modgb@gddo 3bmggamgdols
bodmgs  dobowgdos, My gganggs  gglodsdgds  Loge-
05dmdobom  bon@dgols s @gagmsiEool 3Mobio 39l
(3bmggems Gobmgbmdols dgdiomgds, 9Jldg@modgb@ols
3099xmdgbgds/3bmggamgdols @ gogogol dgdiEoMgds ©s
sen B g@bo@ oo Jgmmegdols 3sd3mygbgds).
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3320930l gogagdds shggbs, M3 domlsdgwozobe  3geng-
39090 bmggamms  aodmygbgdol dods®m  sdmowygd-

P goobyg  aogagbsls  sbgbl  dggamggemgdol  sbsgo
(Pearson Chi-Square = 32.479, df=8, p<0.05; p=0.000), go-
bomangds  (Pearson Chi -Square=27.850 df=12, p<0.05;
p=0.006) s Logdosbmds (Pearson Chi-Square = 37.767
df=16, p<0.05; p=0.002). Lglo, Loibmg@gdgeo sEyoeno
©> (3bmggargdols gmaol godmEpomgds 5@ sbogbl
LAs@ob@ogy®se 360dgbgemgsb  aogemgbsls  Labmps-
©MYoM0g ©oIM 0o gdoby.

38g30L  Jgegagd0 bobl  glgsdl 0d aodgdmgdsl,
b0mbsdgeo3obm  33emg39ddo  bmggmms  aodmygbgds
dobowgdos  3gamggsdo  Jmbofommg @glsdmbogb@gdolio-
30b. myd3s, Mgldmbogb@gdols 9ddsgmglimds doohbygl,
A0 bog@Omsdm@olem @gyges3ogdol godmygbgds do-

@0ob oY@ gdgenos.



