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Volos L.I. “=/, Stoliar H.L. Multiple myeloma associated with diffuse pulmonary calcifications: pathomorpho-
logical study.

Danylo Halytsky Lviv National Medical University, Communal Non-Commercial Enterprise of Lviv Regional Coun-
cil «Lviv Regional Pathology Bureau», Lviv, Ukraine.

ABSTRACT. Background. Multiple myeloma is an aggressive lymphoproliferative disease with plasma cell dyscrasia,
with symptoms associated with bone marrow infiltration, damage of the hematopoiesis, finally leading to renal failure, bone
damage, hypercalcemia, and metastatic calcification. As with all lymphatic tumors, multiple myeloma is characterized by
the development of secondary immunodeficiency. Antibody deficiency syndrome is the cause of increased susceptibility of
patients to bacterial infections, primarily of the bronchopulmonary system. Objective: to study the nature of pathomorpho-
logical changes in the lungs of patients who died from multiple myeloma, and to establish the relationship between multiple
myeloma disease with renal dysfunction and metastatic pulmonary calcification. Methods. A pathomorphological study of
the autopsy material of two cases of deceased persons, who were diagnosed with multiple myeloma during their lifetime,
was carried out. According to autopsies, morphological changes in internal organs were studied, with an emphasis on
changes in the lungs. A detailed morphological examination of the kidneys, bone marrow in the sternum, vertebral bodies
and the ilium was carried out also. Results. Two cases of multiple myeloma associated with diffuse pulmonary calcinosis
in patients in whom renal and pulmonary-cardiac failure were the immediate cause of death are presented. Myeloma disease
with damage to many bones was complicated by nephropathy, diffuse metastatic calcification in the lungs and focal - in the
myocardium and blood vessels. Diffuse focal deposits of calcium in the interstitium and interalveolar membranes, numerous
intraalveolar polypous growths of loose connective tissue (according to the type of organized pneumonia), foci of carnifi-
cation were found in the lungs. In the lumen of the alveoli there is a thick edematous liquid, fibrin threads, separate sidero-
phages, desquamated alveolocytes, macrophages. There are widespread hemorrhages, focal round cell infiltration of the
interstitium, emphysema, dystelectasis, foci of purulent pneumonia, erythrostasis in the microhemaocirculatory channel.
Conclusion. Metastatic calcification and metastatic pulmonary calcification are rare complications in patients with multiple
myeloma, even in patients with renal failure. The risk of metastatic calcification in multiple myeloma is likely strongly
related to renal impairment.

Key words: multiple myeloma, lung histopathology, pulmonary complications, metastatic pulmonary calcification, sec-
ondary immunodeficiency, pneumonia.
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Beryn

MHOXHHHA Mi€loMa — 3JI0SKiCHA TIyXJIMHA
TTa3MaTHYHUX KIIITHH, SKa IOPIYHO Bpakae Maiike
35 000 sroneit [1]. 3axBoproBaHHS XapaKTEPU3YETHCS
MOHOKJIOHAJIFHOIO TIPOJidepariiero Iura3MaTHIHIX
KIITHH, 10 MPHU3BOJUTH IO 30LIBIIEHHS MOHOKIIO-
HaJIbHUX aHTHUTLI 1 TIOIIKO/PKEHHS KICTKOBOTO MO3KY,
1110 B CBOIO Yepry MPU3BOJIUTDH O LUTOIEHIT 1 KpHX-
KOCTi KicTok [2]. HakomuyeHHS MOHOKJIOHAJIBHHX
aHTUTLN, OiKiB benc-/lxoHca NpU3BOIUTE TAKOXK 1O
ypaskeHHs! HUPOK 1 HUPKOBOT HEIOCTATHOCTI, 11O CII0-
CTepiraeThbes y ABOX TPETUHAX BUIIAIKIB MHOXKHHHOT
Mi€JIOMH. AKTHBAIlisI OCTEOKJIACTIB B KICTKaX depes
mirasg saepHoro ¢akropa kamma-B (RANKL), sxuit
€ PEeNTOPOM OCTEOKJIACTIB, IPU3BOAUTH JI0 CTHMY-
Tl pe3opOrii i pyiiHyBaHHS KiCTKH depes3 JIITHIHI
YpakeHHS, IO CHOPUYHMHSAE Oilb, MEpeIoMH, Ipo-
OnemMu 3 pyXJIUBICTIO Ta KaJIbIUHO3 [3].

3rigHO 31 CTATUCTHYHMMHU AaHUMH [ mobanbHOT
obcepraropii paky (GLOBOCAN), y 2018 poui B
yCbOMY CBITi OyI0 3apeectpoBano 01m3bko 160 000
BMIIAKIB MHOKMHHOI Mi€JIOMH, 1110 cTaHOBHUTE 0,9%
ycix giarHo3iB paky [4]. Maibke 90 000 i3 nux Bunai-
KiB Oynmu nmiarHOCTOBaHi y 4onoBikiB Ta 70 000 — y
JKIHOK, III0 TOPIBHIOE CTAaHJAPTHU30BaHIlN 32 BIKOM Ya-
ctoTi 2,1/100 000 ta 1,4/100 000 BigmosixHo. CykyTi-
HUH PU3HK IIarHOCTYBAaHHS MHOKHHHOI MIi€JIOMH BiJl
HapOKEeHH: 10 74 pokiB craHOBHTH 0,24% cepen do-
noBikiB 1 0,17% cepen XiHOK, III0 TOBOPHUTH IIPO TE,
1110 3aXBOPIOBaHHS B 1,5 pasa yacrilie 3ycTpidaeTbes
y vonoBikiB [5]. 3 1990 no 2016 pik rnobanbHa 3a-
XBOPIOBaHICTh HAa MHOXXHHHY MI€JOMY 3pocia Ha
126% 1 npoJOBXKYy€E 3pOCTaTH B PO3BHHYTHX KpaiHax
CBITY, IpY LIbOMY HaWBUIIINII pIBEHb 3aXBOPIOBAHOCTI
criocrepiraerbesi B ABcrpanii, 3axigHii €Bpomi Ta
CIIA. Y CHIA, 3a ominkamu ekcnepTis, y 2020 pomi
Oyno miarroctoBaHo 32 000 BUMaaKiB paky, IO CTa-
HOBUTH 1,8% ycix JiarHo3iB paxy, Ipu bOMY MHO-
JKMHHA Mi€JoMa 3aiiMae 3a MOIMIMPEHICTIO cepes HOo-
BoyTBOpeHb 14 mosumiro. ¥ CIIIA Ha MHOXUHHY
MiesoMy npunasiae nonax 2% cMmepreil Bi paxy, o
Oinble HXK yIBiYi MI0/10 TOKA3HUKIB Y BCbOMY CBiTI
[6].

3rinHo broserenro HamioHaabHOrO KaHIEp-
peecTpy 3arajbHa KiIbKICTh BUTIA/IKIB 3aXBOPIOBAHHS
Ha MHOXXHMHHY Miesiomy B Ykpaini y 2022 poui cknana
709, 3 HEX y YoNOBIKiB — 357, y *kiHOK — 352. 3a-
rajpHa KUTBKICTh IOMEPIINX BiJI MHOKUHHOT Mi€JTIOMHA
y 2022 pomi ckiana 279 BUnaakis, 3 HuX 131 9omoBik
1 148 xiHok. He mposxmim 1-ro poky 3 4nciia Brepiie
BusBieHUX y 2022 pomi 19,7%, 3 Hux 19,2% do-
noBikiB 1 20,2% >xiHok. MopdornoriyHo minTsep-
JUKEHO MHOXXHHHY Mienomy y 96,2%, 3 Hux y 95%
4oJI0BiKiB 1 B 97,4% xiHOK. I'icTONOTIYHO MiATBEp-
JUKEHO MHOXKHHHY MiesoMy y 64,2%, 3 Hux y 63,3%
YOJIOBIKiB 1 B 65,1% xiHok [7].

3 yIOCKOHAJNEHHSM JIiKyBaHHS BIKUBaHICTh
MAIieHTIB 3pocia OiIbII HIXK YABiYi, 3aBISKH BIPO-
Ba/PKCHHIO HOBHX  KOMOIHAIii  XiMioTeparii,

MITFOBUX 1HTIOITOPIB MaqUX MOJIEKYJT i MOHOKIIO-
HaIbHHUX aHTHUTLI. MHOXXHMHHA Mi€loMa cTae Oinblie
CXO0OI0 Ha XPOHIYHE 3aXBOPIOBaHHS, 1 MeTa Teparii
MOJISITa€e B 3aM00iTaHHI MOMKOIKEHHIO OPTaHiB 1 J10-
CSITHEHHI Oe3perInBHOTO BIDKUBaHHA [8]. Yckmaza-
HEHHS MOXYTb OyTH BTOPMHHHMH IO BiJHOIICHHIO
JI0 caMoi XBopoOH abo CIpUYMHEHI TPUHOMOM JIKIB.
VYpaxkeHHsI HUPOK Jy>K€ MOLIUPEHE MPU MHOXHUHHIN
MI€JIOMI Ta IHIIUX AUCKPA3isiX Ia3MaTUYHUX KIITHH.
MHOXHHHA Mi€JIOMa € OJJHI€I0 3 TIOIIMPEHUX IPHYUH
rinepKaibLieMil BHACTIIOK 3JIOSKICHOT MyXJuHH [9,
10].

Y OGaraTpoX TNPOBEICHUX TOCIIKCHHAX BKa-
3YETBCS HAa HEBPOJIOTIUHI yCKIIaIHEHHS, SIKi BKJIIOYa-
0Th TIepU(EepUIHy HEHpOMaTiio Ta KOTHITUBHI TPO-
OnmemMu, BTOPHHHI IO BiZHOIIEHHIO A0 Tepamii. Y
TMIAI€HTIB, SIKi OTPUMYBAJN IMyHOMOIYJISTOPH, Bif-
3HAYar0Th KOTHiTHBHUH nedimur [11, 12]. 3a narnMu
aBTOPIB ICHY€E MiJBUIICHUI PU3UK PO3BUTKY SIK BTO-
PHHHOTO TeMaToJIOTiYHOTO PaKy, TaK i paKy COJiJHHUX
OpraHiB, OCOOJMBO 3a YyMOB MIATPUMKH Ji€-
HamigoMizoM micis Tpanciuiantamii [13]. Takox
CIIOCTEPIraeThCs IMIJBUIICHHS YaCcTOTH BEHO3HOI
TpoMOoeMOoITii MOPIBHIHO i3 3aralbHOI0 TOMYJIs-
miero [14]. CepueBo-cyIuHHI YCKITaTHEHHS, TaKi SK
ceplieBa HEIOCTATHICTh, OiNb y TpyAsx, apuTMil Ta
JIeTEHEBa TIMePTEeH31s, CIIOCTEePITaloThCs y MAIIEHTIB
i 9ac JTiKyBaHHS Kapginsomioom [15, 16].

OcTaHHI JOCSTHEHHS B JIKYBaHHI ITOJOBXKHJIH
TPUBAJIICTH peMicii Ta yac MK (a3zaMu peLuIuBy y
Nalli€HTIB 3 MHOXHHHOIO Mienomoro. OnHak JiKy-
BaHHS MHOXKMHHUX PELUIMBIB MOXE MPU3BECTH JI0
KyMYJISITHBHOI iIMyHOCYyHpecii Ta IiJIBUIIEHOTO pH-
3MKY iH(EKIi}, TOMy Nali€HTH MalOTh BUIIUI PH3UK
iH}iKyBaHHS yepe3 XBOpoOy Ta BTOPHHHY IMyHOCY-
mpecito micig ximiorepamii. [Tatoreres iMmyHHOT He-
JIOCTaTHOCTI € 6araTro(pakTOPHUM, BKITFOYAFOUN YUH-
HUKH, TIOB’si3aHi 3 XBOpoOOK Ta JikyBaHHsM [17].
CuHIPOM HENOCTaTHOCTI AHTHTUI € TPUYUHOIO
MiIBUIIEHOT CXWJIBHOCTI XBOPHUX HA MHOXXHHHY
Mi€eJIoMy J0 OakTepialbHUX iH(EKIiH, HacaMIiepe 3
00Ky OpOHXOJIET€HEBOI CHUCTEMH, Yy TMAI[i€HTIB
YacTille po3BUBAIOTHCS THEBMOHIT.

Mertor0 po6oTH OysI0 BUBYHTH XapaKTep Haro-
MOP(}OJIOTIUHHUX 3MIH B JIET€HIX y XBOPHUX, SIKi I10-
MEpJHM BiJ MHOXHHHOI MI€JIOMH, 1 BCTaHOBHTHU
3B'A30K Mi’K MHO>KHHHOIO Mi€JIOMOIO 3 HUPKOBOIO He-
JIOCTATHICTIO Ta METACTATHYHUM KaJIbIIMHO30M.

Marepiaau Ta meToaun

Hamwu O6yno mpoBenene maroMopdooriybe mo-
CITiDKEHHS aBTOIICIHHOT'O MaTepially JBOX BHIAIKIB
MOMepIMX 0ci0, y SKHX 3a XHUTTSA HiarHOCTOBAaHO
MHO>XHHHY Mi€JOMy. 3a JaHUMH aBTOTICiii BHBUYEHI
Mop(hoJIoTivHI 3MiHH y BHYTPIIIHIX OpraHax, 3 aK-
IIEHTOM Ha 3MiHHU B JiereHsX. KpiM Toro, JgeTanbHO
JOCIIJKEHHI HHUPKH, KICTKOBHH MO30K B TPYIHHI,
Timax xpebuiB Ta KyOoBii kictmi. icTomoriuni mo-
CITi/PKEHHS aBTOIICIHHOTO MaTepiay MPOBOAMIHCA 13
3aCTOCYBaHHSIM YHIBEpCAJHLHOTO CBITJIIOBOTO MIiKpO-
ckoma Leica DM750 (Leica Microsystems GmbH).
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JlocmimpkeHHs BUKOHAHI 3 TIOTPUMaHHSAM OCHOBHUX
nonoxxkeHb «lIpaBua e€TUYHMX NPUHLUIIB IPOBE-
JICHHSI HAyKOBUX MEIWYHMX IOCIIKEHb 32 Y4acTiO
JTIOIUHM», 3aTBEPIKCHUX [ €IbCIHCBKOIO JeKia-
pauiero (1964-2013 pp.), ICH GCP (1996 p.), upex-
tuBu €EC Ne 609 (Bix 24.11.1986 p.), Hakaziz MO3
VYkpaian Ne 690 Bim 23.09.2009 p., Ne 944 Bin
14.12.2009 p., Ne 616 Bix 03.08.2012 p.

3pa3ky TKaHWH BHYTPIIIHIX OpraHiB Micys 3a-
rajbpHOTO JociikeHHs (ikcyBanu B 10% HeHTpab-
HOMY 3a0ydepeHoMy po3uuHi GpopMaltiHy, 3 HACTYII-
HHUM 3HEBOJHEHHSM Y CIIMPTaxX 3pOCTar04y0i KOHIIEH-
Tpamii i 3aTMBKOI0 B TapadiH 3a CTaHAapTHOIO METO-
JKoro. 3 mapadiHoBHX OJIOKIB 31 3pa3kaMy TKaHUHU
Ha poratiitHomy Mikpotomi Leica RM2235 Burotos-
JSUTA TiCTOJIOTIYHI 3pi3M TOBIMMHOIO 5+1 MKM, sKi
HAHOCWJIN Ha MPEAMETHI CKENbI 3 alf€3UBHUM I10-
KpuTTsAM. JlenapadiHoBi ricTonorivyni 3pi3u 3a0aps-
JIFOBAJIMCS TEMATOKCHUIIIHOM Ta €03MHOM 3a CTaHIapT-
HOIO METOAMKOIO.

Pe3yabTaTH qocaixkeHHst

Mu npexacraBisieMO BUMAIKH  MHOXXHUHHOIL
MIEJIOMH, acOI[ifloBaHOI 3 IU(Y3HHM JIETCHEBUM
KaJIBIITHO30M, y TAIli€HTIB, B SIKUX HUPKOBA Ta JIETe-
HEBO-CEplieBa  HEJOCTATHICTh CTauM  Oe3moce-
PEIHBOIO MPUYNHOIO CMEPTI.

Bunaook 1

66-piuHNit 9oNOBiK 3 KOBTHS 2023 poKy OTpH-
MyBaB aMOyJIaTOPHO 3aMiCHY HHPKOBY TEpaIio Me-
TOJIOM NPOTPaMHOTO FeMOlialli3y 3 HIPUBOAY Mi€IOM-
HOi Hedpomarii. B Toif camuii yac niarHocroBaHa
MHOXHHHA MiesgoMa, Ha KT 3 KOHTpacToM BHUSIBJICHI:
MHOXXHHHHH OCTEOJIi3, JWIATaIlisl MPaBUX BiIUIIB
cepls, KapAiOTeHHI 3MIHM Te4iHKH («MyCKaTHa
MeYiHKa»), MHEBMOHIT. Y CTEpHAJIbHOMY ITyHKTATi:
mudy3Ha Mieaoma. XBOpHIA po3MOYaB Kypc XiMmioTe-
pamii. bpuramoro mBHIKOI MEAWYHOI TOIIOMOTH
TpaHCHOpTOBaHWKA y JIBBIBCBKY OOJNIaCHY KIiHIYHY
JKapHIO 3 MiJ03pOr0 Ha JBOOIYHY MHEBMOHI0. [Ipn
MOCTYIUIEHHI ~ cTaH  BKpail  BaXkuif, corop,
nepiognuno 30ymxenns, Y1=24, Sp02=92% (3 O:
Mmackorw), YCC=74, AT=100/60, 3umwkeHuiA aiypes,
BUCOKa a30TeMisi, anemis. [Ipu3Haueni 3He0000Yi,
iHQYy3ii, cenaruBHi, neda3oniH, iHriOITOPH MPOTOH-
Hoi nomnu iH. [IpoTe yepe3 20 roauH micist NOCTYII-
JIeHHsI HacTana cMepTh. [1ix yac cexuii JgereHi 301ib-
IICHI, MOBEPXHS X KPYIMHOTOpPOWCTa Cipo-4epBOHA,
€aCTUYHICTh Ta MOBITPSHICTH 3HIDKEHI, Ha PO3pisi
TKaHWHA YIIUTBHEHA 3 «MapMypOBHM» MAaJFOHKOM,
JpiOHO3EPHHCTA, MICISIMU Ty0YacTa, IPH CTHCKAaHHI
BUIIUISETHCS BEJIUKA KiJIBKICTh TEMOPATivyHOl PiTUHH,
3aJHhO-0a3aIbHI BiJIIJH TAKOXK MICTATh HENIPaBHIIb-
HoOi ramy3ucToi (opMH cipi ymiapHEHI BOTHHIIA PO3-
Mipamu 1-1,5¢cM (cyOmeBpagbHi Ta iHTPATOOyISIpHi)
(puc. 1A).

MikpoCKOmiYHO B TPYAWHI, Tilmax XpeOuiB Ta
KIIyOOBiH KICTHi AIarHOCTOBAHO TiNEPIETIOJISIPHUN
KiCTKOBHH MO30K 32 paXyHOK I1(y3HHX Ta BOTHHIIE-
BUX CKYIUEHb AaTUIIOBMX IUIA3MaTUYHUX KIITHH;
CPUTPOIIOE3 3BYKCHHI, MIEIONOE3 OMOJOKCHHIA,

Merakapionuta 1-2 B 1/30py, HE3HAUYHO 30iJIbIIICHA
KUIBKICTh  €03uHOQMiB. B JereHsx BUSABICHO
MG y3HO-BOTHHINEBI BiKIQaHHS KaJbIlil0 B iHTEP-
CTHLIi Ta MIXKaJTbBEOJSIPHUX MEPETUHKAX, YHCICHHI
IHTpaaTbBEOJIPHI TOMIMO3HI PO3POCTAHHS ITyXKOI
CIOJYYHOI TKaHWHU (32 TUIIOM OPraHi30BaHOI ITHEB-
MoHiT), ¢okycu kapuidikamii. ¥ mpocBitax anbBeos
rycra HaOpsiIkoBa pinHa, HUTKU (iOpHHY, OKpEMi CH-
nepodard, JIecCKBaMOBaHI aJbBEOJIOLUTH, MaKpo-
¢aru. MaroTs Miclie MOIIMPEeHi KPOBOBWIMBH, (ho-
KaJbHa KPYIJIOKIITUHHA 1HQUIBTpalis IHTEePCTHILIIO,
eMdizemMa, TUCTEICKTa3W, BOTHHINA THIIHOT THEB-
MOHI{, €pUTPOCTa3H B MIKPOTEMOIMPKYISITOPHOMY
pyci (puc. 2). B HupKax giarHocToBaHa 3HaYHA KiJlb-
KiCTh €03MHO(TBHUX Ta MITMEHTOBAHUX ITHIIIHIPIB B
MPOCBITaX PO3MIMPEHUX KaHAIBIIIB, JOKAJIbHA JiM-
¢doinHa iHINBTpaLis, MOOAWHOKI APiOHI KAIBIIUHATH
Ta CKJIepO3 IHTepCTHLIi0. 3BepTac yBary BHUpa)KCHa
rimepemist BeH, TriaigiHo3 ApiOHuX aprepiit. [lo-
CMEpPTHO, KpiM KanbludikaIii JereHb, IiarHOCTO-
BaHa BipyCHO-OakTepiiiHa MHEBMOHIs (rpun A MeTo-
nom TJIP ta Gakrepiomorigno E coli+St L-haemol).
CmMmepTh XBOPOTO HacTalla BHACIiJOK HUPKOBOI Ta Jie-
TEHEBO-CEPLIEBOI HEAOCTATHOCTI.

Bunaoox 2

52-piyHnii  YONOBIK  MPOTATOM  Micss
CKap>KUBCS Ha OOJi B IUIeYi, IPUIMaB HECTEPOINHI
MpOTH3AaIajibHi mpenapaTi. 3a ABi JOOH A0 IMOCTYII-
JEHHS B CTAaIllOHAp CKAaprd Ha IIJBHUIICHHS ap-
TepiaJIbHOTO THUCKY, OJIIOBOTY, TOJIOBHUH OiJib,
YTpY/AHEHE CEYOBUAUICHHS. 3BEPHYBCS B ICHTPAIbHY
paiioHHY JKapHIO, JIiarHOCTOBaHAa HHUPKOBAa HEMO-
CTaTHICTh, CKepoBaHMi Yy JIbBIBCbKYy oOnacHy
KITiHIYHY JiikapHio. [1ig yac mocTyruieHHs CTaH Bax-
kuii, YCC=117, YA=16, AT=140/85, kpemnitaiiis B
HIDKHIX BIJJIUTaX JeTeHb, B CEYOBOMY Mixypi 1 11 KOH-
LIEHTPOBaHOI cedi, mpoteinypis 3 r/1. KoncynproBa-
HUH yposioroM (TOcTpe IMOUIKOIKEHHS HUPOK, 3a-
TPUMKa cedi, TinepIuiasis npocratu), mpu Y3l op-
TaHiB YEpeBHOI IOPOKHWHHU BHABJIEHO IiArocrpe
i y3He ypakeHHsT HUPOK, aJleHoMa rpocratu. [1pu-
3HauYeHa 3aMiCHa HHUPKOBA Teparis METOJOM TIe-
Mozianizy. HeBoB3i HeraTuBHa JUHaMiKa — rapsiaka
38°C, szamummika, cnadicts, Sp02=91%, rematypis.
KoHcynbpToBaHMiA My IbMOHOJIOTOM - O3aIIMHUTAIbHA
JMBOOIYHA TTHEBMOHIsI, MHEBMOHIT?, BacKyiT? BHa-
CIIIIOK TsOKKOI gecarypanii (SpO2=81%) xBopwmii me-
peBENCHUI HAa KEPOBaHY BEHTHJIALIIO JIereHb. Buko-
HaHa aBTOIMyHHA MaHeNnb (yci TOKa3HWKHA Hera-
tuBHI). Maszok Ta ITJIP SARS-Cov-2 HeratuBHi,
MikobakTepii TyOepkynbpo3y He BusiBieHi, Cito Test
BT Bixg‘emunii. Hamani xBopuit mepeOyBaB y Bax-
KOMY CTaHI Ha KepOBaHIN BEeHTWIALIi JeTeHb Ta Ba-
3ompecopax. 3TriJHO JaHUX  MYJIbTHUCTIpaIbHOL
KOMII'F0TepHOi ToMoTpadii 3 KOHTPACTOM JIIarHOCTO-
BaHI IHTEPCTHIIHO-aTFBEOSIPHUI HAOPSK JETEHb,
MHOKHHHI OCTeONiTH4HI Mts B KicTkax. PeHTtreno-
JIOTiYHO KiCTKH "eperna 6e3 3miH. Ha BocbMy 100y Tie-
peOyBaHHS, He3Ba)KaloUM Ha IPOBEJCHY Tepariio,
XBOpHH IIOMeEDP.
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ITig gac cexiiii JiereHi 30ibII€H], BUTIOBHIOIOTH
IIEBPaIbHI TOPOXKHUHU, IPUKPUBAIOTh IEPUKAp] HA
2/3, moBepxHs TNajika Cipo-poxkeBa, yci BiAIIN Ha
PO3pi3i 31 3HIKEHOO MOBITPSHICTIO, APiOHO3EPHHUCTI,
VIOiTbHEHI, CIpO-pOXKEBi 3 «MapMypOBHM MaJIOH-
KOM), IIIMaTOYKH JIETeHb TOHYTh Y (PiKCYI0UOMY PO3-
YHHI, IPU CTUCKAaHHI BUAUIAETHCS IIOMipHA KUIBKICTB
MIHKUCTOT PIMHYU Yepe3 HaKOIMYEHHS TPAaHCCYIaTy,
obymoBieHoro rineprigparanieto (puc.1b). Crinku
OpOHXIB TOHKI, 3 IPOCBITY OKPEMHX BHUIIISAETHCS He-
BeJIMKa KUTBKICTh CIM3HCTOTO excyaaty. Cepie 3BU-
YallHUX pO3MIpiB, MOPOXHUHU MICTATH 3MillaHi
3TOPTKH, MTOMIPHO PO3MIMPEHHUHA MPAaBUH IITYHOYOK,
MIOKapJl YepBOHO-KOPHIHEBOTO KOJIBOPY, MPYKHHUH.

MikpocCKOIiYHO B TPYAWHI, Timax XpeOmiB Ta
KITyOOBiH KiCTIIi JiarHOCTOBAHO TiNEPIICTIOIAPHUA
KICTKOBHIT MO30K 3a paXyHOK IH(y3HHUX Ta BOTHHIIE-
BUX CKYITUCHb ATHIIOBHX IUIA3MaTUYHUX KIITHH, SIKi
MaJi pi3Hi po3MipH, 0a3o¢ineHy nuromiaasmy. Ya-
CTHHA TaKUX KIITHH 3 HASBHUMHU siiepusiMu (puc. 4).
KicTkoBi Oajikv CTOHINICHI, 30HH JeMiHEpai3oBa-
HOTO OCTEOINy, XpSILOBUI OCTEOTeHEe3, EPUTPOIIOE3

3BYXXCHHH, MI€JIONOe3 OMOJOKEHHUHA, Merakapio-
uutu 3-4-5 B 1/30py. B nereHsx ToTtanbHi BiAkia-
JaHHA KaJbIil0 B MIDKAJIBBEOJSIPHUX ITIEPETHHKAX,
HaOpsIKOBa pifMHA, OKpeMi cuaepodaru, IecKBaMo-
BaHi aJbBEOJIOIUTH Ta Makpodaru B MpOCBITaxX ajb-
BeOJI, IpiOHI KPOBOBWJIMBH, IMOJIMO3HI PO3POCTAHHS
ITyXKOT CIIOJy4YHOI TKAaHWHH B allbBEOJIaX (32 THIIOM
OpraHi3oBaHOI ITHEBMOHII), 30HH eM(}i3eMaTO3HOIO
PO3LIMPEHHS aNbBeo, B OpOHXax JiarHOCTOBaHaA I1e-
PEXiTHOKIITHHHA MeTamasis emitemiio (puc. 3). B
cepui ApiOHI KajNbIMHATA B JIBOMY LUIYHOUKY,
MOMIpHUA HAOpsIK  IHTEPCTHLIIO, HEpiBHOMIpHA
rinepTpodist KapAIOMiOIUTIB, KOHIICHTPHYHUNA KaJIb-
MHO3 CepeHiX Ta APiOHMX eImiKapAiaTbHUX CYIUH.
MiemomHa xBOopoOa 3 ypaKeHHAM 0aratboX KiCTOK
ycKiIagHMiIacs Hedpormatiero, Audy3HIM MeTacTa-
TUYHHAM 3BaITHIHHAM B JIETCHAX 1 POKAITBHAM — B MiO-
Kapzi Ta cyauHax. HupkoBa Ta iereHeBo-cepiieBa He-
JOCTAaTHICTh CTaja Oe3NocepeIHbOI0 NPUIHHOIO
CMepTi XBOPOTO.

Puc. 1 (A, B). Ilereni 36inbLueHi, NOBEPXHS rMajka Cipo-poXkeBa, BCi YaCTKM Ha po3pisi 3i 3HWKEHOI MOBITPSHICTIO, APiOHO-

3EPHUCTI, YLWiNbHEHI, CIpO-pOXeBi 3 «<MapMypPOBUM MaritoHKOM».

Puc. 2. BorHuweBuin kanbunHO3 B NereHsx 3 po3BuT-
koM nHeBMOdiGpo3y. B3gosxk cTiHKM anbBeon cnocTepira-
nncst 6asodbinbHi ApibHoaMcnepcHi kanbumdikaTn. 3abaps-
NEeHHsI remaToKCUiHOM Ta €o3nHoM. x100.

Puc. 3. Oudy3sHnin kanbLUUHO3 B NEreHsix 3 po3BUTKOM
nHeBModibpo3y. B3gox CTiHKM anbBeon crnocTepiranucs
OndysHi 6asodpinbHi ApibHoaucnepcHi kanbuudikaTh, Ha-
SIBHICTb ibpuHY i reMopariii B anbBeonax. 3abapBrneHHs re-
MaTOKCUNIHOM Ta eo3nHoM. X400.
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Puc. 4. IHdinbTpauisa KICTKOBOrO MO3KY KriTUHaMu
mienomu. 3abapBrneHHs remaTokcuiHoM Ta eo3vHom. x200.

AHaNi3yl04Yl OMUCaHI BHUMAJAKH B 000X 3 HHX
MaJia Miclie Tudy3Ha MieaoMa 3 TUIIOBHMHU 3MiHAMU
B KICTKax Ta HHUPKax, a TaKOXK KJIIHIYHO HE 1ICHTH-
(hikoBaHe KaNBIU(iKyrOUe ypakeHHs JICTeHb, HE3Ba-
JKafoud Ha CydYacHI MapakiiHigHI MeToan. 3a3Ha-
YMMO, 10 MaKpOCKOIIIYHA KapTHHA TaKOX He Oyia
OTHO3HAYHOIO 3 OIJSAYy Ha JApiOHI BiAKIamaHHS
KaJbIlif0 B iHTepcTHUINi 0e3 medopmamnii gu 30i76-
IIeHHA opraHy. Pa3oM 3 TuM, MeTacTaTH4HE 3Ba-
MHIHHS JIETeHb Ta MiOKap/ia sSIK YCKJIaIHeHHS Mi€JIoM-
HOT XBOpOOU OyJI0 OZTHUM 3 BarOMUX YNHHUKIB TaHa-
TOTCHE3Y.

Muckycis

MHOXHHHA Mi€JoMa € 3J0SKiCHUM HOBOYTBO-
PCHHSM IUIa3MaTHYHUX KJIITHH, 1 B HALI€HTIB, 3a3BH-
4aif, cHocTepiraeTbcs IHQUIBTpALis KiCTKOBOTO
MO3KY KJIOHQJbHUMH IUIa3MaTHYHUMH KITITHHAMH 1
MOPYIIEHHS! KPOBOTBOpPEHH:A. JliarHO3 MHOXHWHHOI
MI€EJIOMH BCTaHOBIIOIOTH, KOJIM SIBHE yPa)KCHHS Op-
TaHiB OB’ s13aHe 3 Mpoidepaliero aTUIIOBUX IIa3Ma-
TUYHUX KIITHH, a00 KOJHM HAasBHI Pe3yibTaTH, SKi
CBiUaTh MPO BHCOKY HMOBIPHICTH iX po3BUTKY [18].
YpaxkeHHsI OprasiB 3pelITO0 PU3BOAUTH 10 HUPKO-
BOT HEIOCTATHOCTI, MOINKOKEHHS KICTOK 1 Timep-
KanbIiemii [2, 19].

MHOXHHHA Mi€JoMa B JaHHH Yac He IMiAJaeThCs
BWJIIKYBaHHIO, aJle JIIKYBaHHS MOXKE€ TTOJIOBXKHUTH 3a-
raneHy BrkuBaHicTh [20]. Anani3z 1000 marmieHTiB i3
MHOXKHHHOIO MI€JIOMOIO, SIKI OTPUMYBaJIH PEKOMEH-
JIOBaHy KOMOIHAIIIO JIeHANiAOMiay, OopTe3omidy Ta
JIeKcaMeTa30Hy, [T0Ka3aB CEPEAHIO 3arajbHy BIKH-
BaHicTh mpubmm3Ho 10,5 pokiB [21]. B miteparypi
OMHUCYIOTHCS MOOAUHOKI 1 PiIKICHI BUIIAIKA MHOYKHH-
HOT Mi€sIoMH 3 ypakeHHsM Jierens. Tak, Kaburagi T.
31 cmiBaBTOpamu [22] HaBenu BHNAJOK MHOKHHHOI
MienoMu 3 U y3HUM METacTaTHYHUM KaJbIIMHO30M
nerenb. IlamienTom OyB 60-piunHnit 4onoBik 3 IgA-
KaIla-MieJOMOI0, Y SIKOTO PO3BUHYJIACS HUPKOBA He-
JIOCTATHICTH 1 TilepKaIbIlieMis. MHOKUHHI HEBEITUKI
By3JIyBaTi TiHI cHOCTepiragucs sIK Ha 3BHYAHHUX
3HIMKax TpyAHOI KIITKH, Tak 1 Ha 3HIMKax KT. XBo-
puii TIOMep BiJl MPOTpecyrovoi AUXaIbHOI HeJ0CTaT-
Hocti. [laToMopdomnoriuae MOCTIKEHHS TOKa3alI0
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JIlereHeBi iH(UIBTpaTH Ta MacHBHI JIETEHEBI KaJbITU-
HaTH. ManeHpki By3dyBaTi TiHI OyiHM HacCigKOM
IU(Y3HUX BiAKIaJEHb KaJbIilo, SKi CIIOCTepiranucs
B aNbBEOJIPHUX 0a3ambHUX MeMOpaHax OpoHXION i
KPOBOHOCHHX CYIUH 1 HAaBKOJIO HHUX. 3arajlbHOTPHIA-
HATO BBa)KaTH, IO JITCHEBUI KalbIIMHO3 HE MOXeE
OyTH BUSBJICHUI 32 JIOMOMOTOI0 3BUYAaHUX 3HIMKIB
IpyQHOI KIITKM, OJHAK BY3JIyBaTi TiHI, SIKi CIIO-
cTepirajiicss y Talli€HTa, 34al0ThCs I1aTOTHO-
MOHIYHUMH, 1 HAa JTYMKY aBTOPIB MOXYTbh BKa3yBaTu
Ha TSOHKKICTh KalbIIMHO3Y [22].

Crippa C. 3i cmiBaBTopamu [23] mpeacTaBuin
TaKOX BHITAZOK METACTATUYHOI KaibIdikamii 3 Toc-
TPOIO AWXATBHOIO HEIOCTATHICTIO MPH MHOXXHHHIN
Mienomi. Y 60-piuHOi mMaIlieHTKH HiarHOCTOBAHO
MienoMy Jerkoro jasmrora, cranmis ITA 3a [ropi-
CanpmoHOM 1 ctanis I 3a MDKHapOZHOIO CHCTEMOIO
BH3HaUeHHs craxii. [lamieHTKa OTpHMyBasia JIKy-
BaHHsI 3TiIHO 3 mpoTokosioM Gruppo Italiano Malattie
Ematologiche dell'Adulto (GIMEMA) (RV-MM-
P1209 EUDRACT Ne 2007-001610-16). He 3Baxa-
I0YM Ha NpU3HAYCHE JIKYBaHHS, Y XBOPOI LIBHIKO
PO3BHHYIACS TOCTpa qUXajbHa HEOCTaTHICTh. PeHT-
TeH TPyAHOI KIINTKH TIOKa3aB MABOOIYHY iHTEp-
CTHILIHHO-AIFBEOIIPHY MIUIBHICTE 1 TapeHXIMATO3HI
KOHCOJTiJTaIlii, sIKi HACTYITHOTO JHS MEPEepOCHIH B IMO-
BHE NOMYTHIHHA 00OX JlereHeBHX MoOIiB. [Ipm3Ha-
YeHO B/B MPOTHBIPYCHY Ta aHTHOAKTEpiallbHY Te-
pamiro MHUPOKOTO CHEeKTpy Aii (imMimeHeMm, JTiHe30Ii,
neBo(IOKCaIUH, allMKIIOBIp 1 JIimocoManbHui amdo-
TepunuH). CTaH XBOpoi LIBHIKO MOTipIIyBaBCs,
HE3BKAIOYM Ha LITyYHY BEHTWIALIIO JIETEHb Y
BIJTIJICHHI iHTeHCUBHOI Teparii. Ha 4 1eHs y Hel po-
3BHHYJIACS IMOJIIOPTaHHA HEJIOCTATHICTD, 1 HA 5 JCHb
micyst rocmiTamizalii mamieHTka momepria. Makpo-
CKOIIIYHO BHSIBIICHO MW(Y3HO MIUTGHI Ta PUTITHI Jie-
redi. [1i1 9ac MiKpOCKOTIII B aTbBEOJIIPHAX MIEPETHH-
Kax JiarHOCTOBAaHO TOHKI TeMaTOKCH(iIBbHI IIapu
a00 TOHKI Iudy3HI 3epHUCTI BIIKIAACHHS KANbIIO,
10 MiATBEpKeHO papOyBaHHAM 32 MeTogoM Kocca.
Kpim TOrO, cmocrepiramucs By3bKi KalbIUHATA B
CTiHKaxX JpiOHUX CyIuH i OponxiB. HeBenuka Kijb-
KIiCTh aJIbBEOJSIPHUX MPOCTOPIB MICTHJIA TPAHYJIO-
uutd. JudysHe 3epHUCTE BiIKIaJACHHS KaJIbI[IO Ta-
KOXK MOXKHa OyJI0O PO3Mi3HATH B MiOKapii, TOMl SIK
JIaMiHAPHI CYJUHHI KaJbI[HHATHA CIIOCTEPIrajiucs B
KiTpKOX opranax. [likaBo, mo ¢idpo3 iHTUME, MiKpO-
TpoMOHM Ta iMIeMiYHHHA HEKPO3 HE BUSBICHI. Yci i
O3HAKW BiJIMOBIJaId METACTATUYHIA KaabIH(iKaIlii.
VY HupKax crocrepiranacs Heppomnaris 3 BiIKIaIeH-
HAM OLIKOBOTO MaTepially B KaHAJBIAX, MPH YOMY
riioMepysonarii He BusiBieHo. KicTkoBuii MO30K I10-
Ka3aB BaXKy 1H(QIIBTPAIi0 aTUIOBUMH IJIa3MaTH-
HuMH KiiTuHaMHu (60% 3aranbHOi KIIITHHHOI MacH).
OcTteoknactu OyJy YUCICHHUMH, BUCTUJIAIOYH KiCT-
KOBi TpabeKyIu, SKi JJOKaIbHO JEeMOHCTPYBAIN €KC-
TpemMalibHy peadbcopoOiito. PokanpHHIA MapaTpadexy-
nsapHuit Gpi0po3 Takox OyB oueBUAHNUM [23].

Xoua OyI0 3apeecTpOBaHO KiIbKA BHIIAJIKIB Jie-
TeHEBOT METAaCTaTUYHOI Kanblu(iKallii y MalieHTiB,
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SKi Tiepe0yBalli Ha XPOHIYHOMY remomiamisi [24],
OIMCAaHO BUHATKOBI BUITA/IKK JISTCHEBOI METAaCTaTH-
HOT KanpudikaIii y mamieHTiB, SKi HE OTPUMYBAIIN
3aMicHy HUPKOBY Teparito [25, 26].

B miTepartypi € IOBiTOMIICHHS IIPO BHUIIAAOK CH-
CTEeMHO]I BicuepaJbHOI KambIudikalii y mamieHra 3
JIIarHOCTOBAHOI0 MHOXKHHHOIO MI€JIOMOIO, Y SIKOTO
BUHMKJIA MAaCHBHAa METacTaTU4Ha KaJlbIuDikaris jie-
TeHb, MIO IMITyBana JBOOIYHMN IHTEPCTUIHHUI
ITHEBMOHIT 1 CIPUYMHWIIA TOCTPY AUXAIbHY HEMIO-
CTaTHICTh 13 JICTAJbHUM HACTIIKOM. Y KICTKOBOMY
MO3Ky HalOCOOJIMBIIIOI 03HAKOIO OyJa rimepruiasis
OCTEOKJIACTiB, M0 CHPHUYMHIIA TIOMITHY pead-
copOmit0 KiCTKOBOI TKAaHWHH 3a BIACYTHOCTI JITH4-
HHUX ypakeHb Ta TinepkaibilieMito. [laTorenes mera-
CTaTUYHOI KanbI(piKamii y mamieHTa 3aJHITNBCS B
OCHOBHOMY He3’sicoBaHUM. [imepmiasis ocrteo-
KJIACTIB TAaKOXX OyJa MPHUCYTHSA IIiJ] Yac JiarHOCTHKH,
ajyie TOCMEPTHO B 3pa3Ky BOHA CTalia Pi3KOI0 i Oyna
OB’ sI3aHa 3 iCTOJIOTTYHUMH 03HAKaMH Ba)KKOTO ypa-
JKCHHsSI KICTKOBOTO MO3Ky. Bakko mnoctymoBaTu
ATPOTEHHUH e(eKT JIiKyBaHHsS, 0COOJIMBO BPaxoBY-
104H, 110 JICHANIZIOMIJl € HOBUM IMyHOMOIYJTIOIOUHM
npenapaToM, e(peKTUBHUM P MI€JIOMi 338 JOTIOMO-
TOI0 KITBKOX MEXaHi3MiB, BKIIFOYAIOUN iHT10yBaHHS
ocTeokacTorenesy [27].

Fukuta T. 3i ciBaBTOpamu [ 10] Takox moBigom-
JSUTH TIPO BHMAJIOK MHOXXHHHOI Mi€JIOMH y TIaIli€eHTa
3 TepMiHAJIBHOIO CTAi€10 HUPKOBOI HEOCTATHOCTI, B
SIKOTO PO3BHUHYJIHUCS KalblIM(iKaTH CyVH 1 JeTeHb. Y
51-piuHOro 4YOJOBiKa JiarHOCTOBAaHO MHOXXHHHY
Mmienomy 1 Hedpomarito Tuny benc-J[»oHca, mpusHa-
YEeHO MIATPUMYIOUMI TeMoAiani3 Ta XiMioTepariko.
ITix yac mIocToro MUKy XiMioTeparii cTaH XBOPOTO
noripmuBes. Komm’iorepHa Tomorpadisi mokazaia
MOIIMPEHE EHTPOIOOYIIpHE OMYTHIHHS OOHIIBOX
JereHb, OUQY3HE BIAKIAACHHS KaJbIiI0 Y BEPXHIiH
00J1acTi JIereHp, Mo € TUIIOBUM Ul METaCTaTUYHOTO
nereneBoro kaneuuHo3y [10]. IIpore 3a pe3ynbra-
TaMH¥ IHIIKX aBTOPIB i 9ac cepil ayTorciii BKa3yBa-
JIOCh, TIO METAacTaTH4YHA JIeTeHeBa KaibIH(iKailis
cnoctepiranacs y 60% (9/15) [28] i B 75% (42/56)
[29] mnauienriB, siki nepeOyBanu Ha XPOHIYHOMY
miamizi. TakuM YHHOM, OYyJIO MPHUIYIICHO, IO
XpOHIYHHH Jiaji3 Hece BHCOKHM pH3HMK Kajb-
udikariii JereHb.

Hns 3’sicyBaHHA 3B’SI3KYy MDK MHOXXHHHOIO
MI€JIOMOIO Ta METACTATHYHOIO KaJdbIH(DIKAII€I0 Jie-
reap Oymo mposeneHo momyk B PubMed 3a xiro-
YOBUMH CJIOBAMH «MHOXXMHHA MI€JIOMa» Ta «MeTa-
CTaTHYHA KanblOuQiKallis IJereHp» i, 3a TaHUMHU
Fukuta T. 3i cmiBaBTopamu [10] BcTaHOBIIEHO, IO Y
92% maiieHTiB 3 MHOXXHHHOIO Mi€JoMO0 Oyra
JIIarHOCTOBaHAa HUPKOBA HEAOCTaTHICTh, y 90% po-
3BHHYJIACS Timepkanbliemis. [Ipore Timekm y 28%
MAIi€HTIB MiATBEPHKEHO KAIBIIU(IKAIIIO SK JIEeTeHb,
TaKk 1 CyIOWH, L0 BKa3ye Ha Te, LIO0 MHOXHHHA
MiejoMa, HMOBIpHO, HE BiZlirpae meprioueproBoi poi
B METACTaTUYHIN Kabudikamii. Pusnk meracrarny-
HOI Kampludikamii 0Opu MHOXKUHHIN MiemoMi,

WMOBIPHO, CHJILHO TOB’SI3aHUH 13 HUPKOBOIO HEIO-
CTaTHICTIO, aJI¢ HE 3 CAMOI0 MHOXKHHHOIO Mi€JIOMOIO.
MeracTarnyHa KaiabIuQikallis i MeTacTaTHyHa Jiere-
HeBa KaNbIU]IKaIis € PIAKICHIM YCKIaIHCHHAM Y
MAIli€eHTiB 3 MHOXHUHHOIO MI€JIOMOIO, HaBiTh Yy
MAaIli€eHTiB 3 HUPKOBOIO HemocTatHicTio. OmHak
KIIHIIICTaM BapTO 3HATH PO 1€ CTaH, OCKUTBKY BiH
MOJKE CIIPUYMHHUTH MOIIKO/DKECHHS OpraHiB abo Je-
TanbHi Hacaiaku [10].

Yepe3 po3BUTOK BTOPHHHOTO iMyHOAE(DILHTY,
SIKMH CHIOCTEPIraeThes y OIIBIIOCTI MAIIEHTIB 13 MHO-
JKMHHOIO MIEJIOMOIO, TaKOX 30UIBLIYETHCS 3aXBO-
pIOBaHICTH Ha ITHEBMOHII Ha Ti3HIX eTanax IMyXJIHH-
HOi mporpecii y XBopux 3 nedopMamiero TpygHOi
KIIITKH BHACTIIOK HAsIBHOCTI KiICTKOBHX NECTPYKIIH
Ta eM(izeMu JereHs. IMyHOeIUT Y X MaIlieHTiB
CHIIFHO BIUIMBA€ HA PH3HUK iH(IKYBaHHSA, y CBOIO
yepry 30UTBIIYIOUHM 3aXBOPIOBAHICTE i CMEpPTHICTBH
HaBITh Yepe3 POKH IICINsl 3aBEpIICHHS JIKYBaHHS
[30]. Hdyxe yacto MHEBMOHIi TNPH MHOKUHHIN
Mi€JIOMiI HaOyBarOTh BaKKOTO, 3aTSKHOTO, PELUIM-
BYIOUOT'0 XapaKTepy, 0COOIMBO 3a HASIBHOCTI XPOHIU-
HOT HUPKOBOI HeocTaTHOCTI. 3a manumu Marcia Gar-
nica [31], mamieHTH 3 MHOKHHHOI MI€JIOMOIO
XBOPLIM Ha THEBMOHIIO B 13 pa3iB gacrire, HiX ce-
pex yChoro HaceJIeHH, a 010 BaKKHX iH(EeKIii, Ta-
KHX SIK CeIcHC, 9acToTa npubmmsno B 30 pasis
Oinmpma. JlaHi MOPiBHAHHS MAIi€HTIB, ¥ AKUX JiarHO-
CTYBAJIH MI€JIOMY B Pi3Hi JECATHUIITTS, TOKA3aIH, 0
KyMYJISITHBHA 3aXBOPIOBaHICTh Ha H(DEKIiI0 3pocTae
B OCTaHHI JAeCATWIITTS. 3 1HIIOro OOKYy, piBEHb
CMEPTHOCTI BHacHiJoK iH(pekwuii OyB crTaOiIbHUM,
HMOBIpHO, 3aBISKH Kpallii e(eKTHBHOCTI AiarHO-
CTUYHHUX Ta JIKYBaJIbHHUX 3aXOJiB B oOyacti iH}pek-
uiitaux  3axBoproBanb [31]. [icromoriune [mo-
CIIIJDKEHHS JIETEHb BHSBISIO UYEPTYBAaHHS IUITHOK
rocTpoi Ta XpOHIYHOI eM(izeMH, AUCTENCKTa3iB 3
rpyliaMy aabBeoJl, IO MICTATh 3acTiHHO-3amanbHIN
BMICT (CETMEHTOSICPHI, TATHIKOSIICPHI HEUTpOPin
3 JOMIIIKOI Makpo(ariB Ta 3IIYIIEHOTO EMITENil0).
Ha Benukux MiNsTHKax MPOCBITH aIbBEOI Ta IPiOHUX
OpoHxiB OyJu 3anI0BHEH] GpiOpUHOM.

VY mpezacraBieHHX HaMHU BHIIQJIKaX IPH TicTO-
JIOT1YHOMY JTOCIIDKEHHI JIT€Hb Y MPOCBITaX aJIbBEOJT
rycra HaOpsikoBa pifinHa, HUTKHU (iOpHUHY, OKpeMi CH-
nepodard, IeCKBaMOBaHI aJIbBEOJIOIUTH, MaKpO-
(¢arn. Mamu Micre TONIMPEeHI KPOBOBHIWBH, (O-
KaJlbHa KPYTJIOKIITHHHA 1H(IIBTpAIlis iHTSPCTHIIIFO,
eMdizeMa, TUCTEIEKTa3H, IOJIMO3HI PO3POCTAHHS
ITyXKOI CIIOJY4YHOI TKaHWHH B aJIbBEOJIaxX (3a THIIOM
OpraHi30BaHOI ITHEBMOHI1), 30HH eM(}i3eMaTo3HOTO
PO3LIMPEHHS albBEOJI, BOTHUIIA THiIfHOT MHEBMOHIi,
€PUTPOCTA3N B MIKPOTEMOIIUPKYIATOPHOMY pycii. ¥
TaKMX XBOPUX ITHEBMOHIS 3 JIETEHEBO-CEPLIEBOIO He-
JIOCTATHICTIO Oyna 0e3MmocepeHbO0 MPUIHMHOIO
cmepti. HeoOXigHO BiA3HAUNTH, IO B MAIIE€HTIB, SKi
TTOMEPJIN BiJl MHOXHHHOI Mi€JIOMH, IIPH TPOBEACHHI
PEHTT€HOJIOTIYHUX METO/IB JOCHiIKEHHS 3a KHUTTS
Ta TIOCMEPTHOI TiCTOJOTIYHOI iarHOCTUKU Mi€JIoM-
HoOi 1H}ITBbTpaIil TKAHUHY JIETeHb HE BUSBJIEHO.
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Mincymox

MeracTaTnyHa KalmbIUQiKaimis i MeTacTaTHIHA
JieTeHeBa KanbIM(iKaIlis € piIKiCHIM YCKIQTHEHHIM
y TAIi€eHTiB 3 MHOXHHHOIO Mi€JOMOIO, HaBiTh Y
MAII€HTIB 3 HUIPKOBOIO HEJJOCTATHICTIO, IPOTE JaHUN
CTaH MOXX€ CIIPUIMHUATH TOIIKOHKEHHS OpTaHiB abo
neTaabHi HacHigku. JliarHO3 BHUMarae y3aralbHCHHS
KJTIHIYHUX, J1a0OpaTOpHHUX, PEHTI€HOJNOTIYHUX 1
TICTOJIOTIYHHX JTAHHX.

AHAI3yIO4YM ONHKCaHI BUIMAAKH, B 000X 3 HUX
MaJia Miclie Tudy3Ha MiejaoMa 3 TUIIOBHMHU 3MiHAMU
B KICTKax Ta HUPKaxX, a TaKOXK KJIIHIYHO HE 1ICHTH-
(hikoBaHe KaNbIUQiKyIOoUe ypakeHHS JICTeHb, HE3Ba-
JKafoud Ha CydJacHI MapakiiHigHI MeToxu. Makpo-
CKOITiYHa KapTHHA HE Oyia OJHO3HAYHOIO 3 OTIISAY
Ha JpiOHI BigKIamaHHA Kalblilo B iHTEpCTHII O0e3

nedopmarii gu 30UTbIIeHHS OopraHy. Pazom 3 TuwM,
MeTacTaTHYHE 3BallHIHHA JIETeHb Ta MiOKapaa SK
YCKJIaTHEHHST Mi€JIOMHOT XBOpoOHU OYyJI0 OJTHUM 3 Ba-
TOMHX YHHHHKIB TAHATOTCHE3Y.

[THeBMOHIT 3 JIEr€HEBO-CEpPLEBOI0 HENOCTaT-
HICTIO 9acTo € 0e3mocepeHhOI0 MPHINHOI0 CMEPTi
XBOpUX Ha MHOKHHHY MI€JIOMY.

IlepcnekTHBY MOAATBIINX JOCTiIKEHD

[IpoBeneHHsT IMYHOTiICTOXIMIYHUX JOCIIIKEHb
JUISL KiJIBKICHOTO BH3HAUEHHS IUIa3MAaTHYHUX KITITHH
(CD138), dapOyBanns Ha Ig xanma Ta nsamOpa st
BCTaHOBJICHHSI KJIOHAJIbHOCTI IJIa3MOLIUTIB.

Indopmanis npo koHQJIIKT iHTepeciB

[Morenmniitanx abo SBHUX KOHQIIIKTIB iHTEpECiB,
o0 TOB’S3aHI 3 IMM pPYKONHCOM, Ha MOMEHT
myOikamii He iCHye Ta He rmepeadadaeThes.
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Bouoc JI.I., Ctoasip I'.JI. MHokuHHA MieaoMa, aconifioBana 3 TU(PY3HUM JiereHeBUM KaJbIIMHO30M:
naToMopdoaoridyne A0CiaKeHH.

PE®EPAT. AkTyalibHicTh. MHOXHHHA Mi€JIoMa — Ie arpecuBHe JiMdomnporiepaTiBHE 3aXBOPIOBAHHS 3
JICKPAa3i€lo MIa3MaTHIHUX KIIITHH, 13 CAMITOMAaMH, ITOB’SI3aHUMH 3 iH(IBTpaIi€to KiCTKOBOTO MO3KY, TOPYIICH-
HSIM KPOBOTBOPEHHS 200 ypakKEHHSAM OPTraHiB, 10 3PEIITO0 IIPU3BOIHUTH 10 HUPKOBOI HEIOCTATHOCTI, YpaKeHHS
KiCTOK, TillepKaJbIlieMii 1 MeTacTaTnaHO1 KanmbImdikamii. Ak 1 ams Beix TiM(paTHIHUK MyXITUH, IS MHOXHHHOL
MIEJIOMH XapaKTEepHUH PO3BUTOK BTOPUHHOIO iMyHOAe(inuTy. CHHAPOM HEJOCTATHOCTI aHTHTLN € IPHUYHHOIO
MiIBUINEHOT CXWIBHOCTI XBOPHX 10 OakTepialbHUX iH(EKIIH, Hacammepea 3 00Ky OpOHXOJEreHEeBOi CHCTEMHU.
Meta. BuunTH Xapaktep natoMop(OJIOTIHYHUX 3MiH B JIETEHIX Y XBOPHX, sIKi IOMEPJIH BiJl MHOXKHHHOT Mi€JIOMH,
1 BCTAHOBHTH 3B'130K M1’k MHO)KMUHHOIO Mi€JIOMOIO 3 HUPKOBOIO HETOCTATHICTIO Ta METACTATHYHNUM KaJIBIITHO30M.
Metoau. [Iposenene naromoposoridHe JOCHiPKEHHS aBTOIICIHHOTO MaTepially IBOX BUIAJKIB TOMEPIIHX 0Ci0,
y SKHX 3a XKHUTTS A1arHOCTOBaHO MHOXHMHHY Mi€JIoMy. 3a JaHUMH aBTOIICIH BUBYEHI MOPQOJIOTIUHI 3MiHH Y
BHYTpIIIHIX OpraHax, 3 aklEHTOM Ha 3MiHH B JieTeHsX. JleTalnbHO JOCIiIKeHHI HUPKHU, KiCTKOBHIA MO30K B TPY-
JIUHI, TiJIaX XpeOIIiB Ta Kiry0oBid kictui. Pe3yabraru. [IpencraBieno qsa BUagku MHOKHHHOI Mi€JIOMH, acOITiH-
OBaHOI 3 MU(Y3HUM JIETeHEBUM KaJIbIIMHO30M, Yy MAII€HTIB, B IKUX HUPKOBA Ta JETCHEBO-CEPIIeBa HEJOCTATHICTh
cTany Oe3rmocepenHbOI0 MPHYUHOI0 CMepTi. MienoMHa XBopoOa 3 ypakeHHSIM 0araThOX KiCTOK YCKJIaIHHIIACS
Hedpomartiero, AU y3HAM METaCTATHIHIM 3BaITHIHHAM B JIETEHSX 1 (POKaIFHUM — B MiOKapAi Ta cyauHax. B mere-
HSIX BUSBJICHO TU(Y3HO-BOTHHUINEBI BiKIaJaHHS KaJbIIil0 B IHTEPCTHIIIT Ta MXKaJIbBEOSIPHUX TIEPETHHKAX, YHC-
JICHHI 1HTpaaJbBEOJIAPHI IOJIIO3HI PO3POCTaHHS IMyXKOI CIIOMY4HOI TKaHMHU (32 TUIIOM OPTaHi30BaHOI ITHEB-
MoHiT), poxycu kapHidikamuii. Y mpocBiTax albBeos rycTa HaOpSIKOBA piinHa, HUTKH (iOpHHY, OKpeMi CHIepo-
(aru, neckBaMOBaHI albBEOJIONMTH, Makpodaru. MaroTh Miclie MONIMPEHI KPOBOBHWIMBH, (OKaIbHA KPYT-
JIOKJTITHHHA 1HQUIBTPAIlis IHTEPCTHIIIFO, eMpizeMa, TUCTEICKTa3H, BOTHUINA THIHHOT MTHEBMOHII, EpUTPOCTa3U B
MikporeMouupkynsitopuomy pycii. Ilimcymok. MeracraTnyna Kanpludikamis i MeTacTaTHYHA JIET€HEBa Kallb-
muQiKkaIis € piAKiCHIM YCKJIaJHCHHSM Y MAalli€HTiB 3 MHO)KHHHOIO MI€JIOMOIO, HAaBITh y MAIi€HTIB 3 HUPKOBOKO
HelocTaTHiCTI0. Pu3nk MeracTaTndHOI Kanpnudikamii mpu MHOKUHHIA Mi€IoMi, IMOBIpHO, CHIIBHO TOB’sI3aHHUN
13 HUPKOBOIO HEJOCTATHICTIO.

KnrouoBi cjio0Ba: MHOXXHHHA Mi€JIOMa, TICTOIATOJIOT IS JIereHb, JISTEHEBI YCKIIaITHEHHSI, METaCTaTHYHA JIeTe-
HeBa KalbI]ikamist, BTOPHHHUHN iMyHOAe(DIINUT, THEBMOHII.
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ABSTRACT. Background. A significant number of factors of both physical and chemical origin can have a negative
impact on the organs of the cardiovascular system. At the same time, implementing the damaging effect of factors of various
genesis consists not only of changes in the normal functioning of the heart but also in the launch of complex pathogenetic
mechanisms that cause pronounced structural changes in the organ, which are sometimes irreversible. Objective. The aim
of the study is an analytical and quantitative assessment of the heart wall of rats exposed to the venom of the vipers Vipera
berus berus and Vipera berus nikolskii. Methods. Experimental studies were conducted on white nonlinear male rats. The
animals were conditionally divided into control and experimental groups, ten individuals each. Experimental rats were in-
traperitoneally administered a semi-lethal dose (LDso) (1.576 mg- g-!) of the venom of Vipera berus berus and Vipera berus
nikolskii in saline. The animals of the control group were intraperitoneally injected with saline only. Rats were removed
from the experiment 24 hours after exposure to the poison and anaesthetised by cervical dislocation. Heart samples were
taken for microscopic examination. Material fixation and preparation of paraffin blocks were carried out according to gen-
erally accepted methods. Histological preparations of the heart were stained with Picro Sirius Red/Fast Green and hematox-
ylin-eosin. For a detailed assessment of the effect of the venom of two species of vipers on the general condition of the rat
heart, we compared absolute and relative variables, which were measured and calculated, respectively, using Fiji: ImageJ
program, between the control and both experimental groups exposed to the venom of the vipers Vipera berus berus and
Vipera berus nikolskii. Statistical processing was carried out using the Excel program with subsequent construction of graphs
to visualise the results obtained. Results and conclusion. According to the data of morphometric studies, a more pronounced
harmful effect of the venom of Vipera berus nikolskii was established, which was manifested in the violation of the structure
and shape, oedema of cardiomyocytes, which led to significantly higher indicators of the width of these cells both in com-
parison with the control group and with the second experimental group. In addition, the action of both venoms, albeit to
different degrees, led to the growth of connective tissue elements within the endomysium, which was reflected in an increase
in the indicator of the proportion of this tissue in the myocardium. The venoms of both vipers provoked an increase in the
proportion of connective tissue in the myocardium; however, against the background of oedema of muscle cells, the relative
increase in the area of endomysium to them shows a tendency to increase but is not reliable.
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Introduction

A significant number of factors of both physical
and chemical origin can have a negative impact on the
organs of the cardiovascular system. At the same
time, the implementation of the damaging effect of
factors of various genesis consists not only of changes
in the normal functioning of the heart but also in the
launch of complex pathogenetic mechanisms that
cause pronounced structural changes in the organ,
which are sometimes irreversible [1, 2]. That is why
a comprehensive study and generalisation of the fea-
tures and pathways of damage to the cardiovascular
system is critical.

Cardiotoxicity and pronounced electrocardio-
graphic changes are frequent complications of snake
bites [3, 4, 5]. The most common are sinus arrhyth-
mia, atrioventricular block and sinus bradycardia.
Cases of snake bites of the Viperidae family are often
associated with pathologies such as myocardial in-
farction and ischemic stroke, which arise as a result
of activation of the coagulation cascade of blood co-
agulation and direct cardiotoxicity of proteolytic en-
zymes of the venom, in particular SVMP (snake
venom metalloproteinases). Also, their toxins' com-
ponents cause hypofibrinogenemia, damage to the
vascular endothelium and impaired platelet aggrega-
tion [6, 7, 8, 9]. According to the literature, the path-
ogenesis of myocardial infarction in the bites of
snakes of the Viperidae family also includes impaired
oxygen supply to cardiomyocytes due to excessive
hemolysis of erythrocytes, vasoconstriction of coro-
nary vessels due to significant production of endo-
thelin and the effect of aflatoxins of the venom. Sci-
entists note that the development of myocarditis with
pronounced necrosis of contractile myocytes, haem-
orrhages and accumulation of blood clots in the ves-
sels of the microcirculatory bed of the heart muscle is
possible [10, 11, 12].

Cobra cardiotoxins cause impaired contractility,
depolarisation and contracture of the heart muscle. It
has been established that when they affect the papil-
lary muscle of the heart of guinea pigs, they exhibit a
transient positive inotropic effect accompanied by the
development of tonic contraction. Studies of the
mechanisms of action of cobra cardiotoxin show that
in cardiomyocytes, they cause an increase in Ca®
ions, a change in their shape, hypercontracture, and
destruction of the plasmalemma. The latter fact is as-
sociated with the ability of cardiotoxin to interact
with cell membrane lipids. At the same time, the char-
acteristic features of this interaction depend on the
type of toxin — P or S. The P-type contains proline at
position 30 of the amino acid sequence; the S-type
contains a serine residue at position 28. There is evi-
dence that both types cause destabilisation of the lipid
bilayer of cardiomyocyte cell membranes but with
different intensities [13, 14]. The features of the car-
diotoxic effect of snake venom, especially of the Vi-
peridae family, on the heart muscle's structural organ-
isation and functional properties have not yet been
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elucidated. Experimental data available in scien-
tometric databases are few and do not fully reveal the
picture of pathological changes. Since the problem of
snake bites is steadily growing every year worldwide,
studying the effect of viper venom toxins on the or-
gans of the cardiovascular system is an important task
today.

The study aims to analytically and quantitatively
assess the condition of the heart wall of rats exposed to
the venom of the vipers Vipera berus berus and Vipera
berus nikolskii.

Materials and methods

Experimental studies were conducted on white,
non-linear male rats. For preliminary acclimatisation,
the animals were kept in the Taras Shevchenko Na-
tional University of Kyiv animal facility for 7 days and
then in laboratory conditions in compliance with tem-
perature and light regimes. Rats received standard food
and water ad libitum. All experiments were conducted
following the Recommendations of the National Insti-
tute of Health for the Care and Use of Laboratory Ani-
mals and the European Council Directive of November
24, 1986 on the Care and Use of Laboratory Animals
(86/609/EEC). The studies were approved and con-
firmed by the Bioethics Commission of the National
Scientific Center "Institute of Biology and Medicine"
of Taras Shevchenko National University of Kyiv (pro-
tocol No. 2 dated 08/19/2021). Viper venom Vipera
berus berus and Vipera berus nikolskii were obtained
from V. N. Karazin Kharkiv National University. Ly-
ophilised native venom was stored at -20°C and dis-
solved in saline immediately before the experiment.

The animals were conditionally divided into con-
trol and experimental groups of ten individuals. In sa-
line, experimental rats were intraperitoneally injected
with a semi-lethal dose (LDso) (1.576 mg- g-1) of Vi-
pera berus berus and Vipera berus nikolskii venom.
Animals in the control group were intraperitoneally in-
jected with saline only. Rats were removed from the
experiment 24 hours after exposure to the venom and
euthanised by cervical dislocation.

For a detailed assessment of the effect of the
venom of two species of vipers on the general condi-
tion of the rat heart, we compared absolute and relative
variables, which were measured and calculated, re-
spectively, using Fiji: ImageJ program, between the
control and both experimental groups exposed to the
venom of the vipers Vipera berus berus and Vipera
berus nikolskii.

The width of cardiomyocytes in the myocardium
was measured. To increase the accuracy of the meas-
urements, the width of heart muscle cells was esti-
mated at a magnification of x1000 on digital images of
preparations stained with eosin and hematoxylin. The
width of the fibres was measured in microns and com-
pared between three groups of rats. In each, the width
of 4 random fibres was measured in 20 different “fields
of view” - digital images taken in other parts of the or-
gan. Thus, we had 80 measurements for the control and
both experimental groups.
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When photographing, a 0.01 mm scale was ap-
plied to the image to correctly establish the relationship
between the points of the digital image and the micro-
metres.

The second parameter we chose for quantitative
assessment and analytical analysis was the ratio of the
area of the endomysium present between the myocar-
dial fibres to the area of the fibres themselves. To per-
form these measurements, we used digital images of
preparations stained using the Picrosirius Red method,
which leads to the colouring of collagen fibres in red
and cardiomyocytes in green. This creates a colour
contrast sufficient for applying thresholds in Fiji: Im-
ageJ program, filtering out one colour using these
thresholds and measuring the area occupied by the
other. Measurements were performed on images of

preparations taken at a magnification of x1000.

We measured the area of the endomysium in um?,
We calculated the percentage of the area occupied by
the connective tissue element relative to the entire
preparation area using Fiji: ImageJ program.

Statistical processing was carried out in Excel
with subsequent construction of graphs to visualise the
results.

Results and conclusion

Since when checking the measurements from the
control and both experimental groups for normal dis-
tribution, the graphs did not correspond to a Gaussian
curve; we used the nonparametric Mann-Whitney test
to determine the significance of the differences be-
tween the groups.
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Fig. 1. The average value of the width of cardiomyocytes in the control group, the group introducing Vipera berus berus
venom and Vipera berus nikolskii. * - The difference from the control group is significant at p<0.05, ** - the difference from the
group with the introduction of Vipera berus berus venom is significant at p<0.05.

According to our measurements, a significant
difference in the width of cardiac muscle cells was
found not only between the control group and rats
from the groups exposed to the venom of both species
of vipers (Vipera berus berus and Vipera berus nikol-
skii) but also between these two experimental groups
(Fig. 1).

If the average value of this indicator for the con-
trol group is 11.72985 um (first quartile 9.76525 pm;
third quartile 12.6685 pum), then for the group whose
animals were exposed to the venom of Vipera berus
berus, it is 14.93661 pum (first quartile 13.07675 pm;
third quartile 16.49025 um). A significant expansion
of cardiomyocytes in this experimental group relative
to the control is a logical consequence of the venom's
effect on the heart's structures. It is fully correlated
with morphological changes in this organ.

When describing the condition of the heart of an-
imals from the experimental group exposed to the
venom of the Common Viper, oedema was observed

in the muscle fibres, which was probably caused by
vacuolisation of the sarcoplasm. The effect of toxic
substances causes microcirculation disorders already
3 hours after the external poisonous effect on the or-
gan, which, in turn, leads to acute myocardial hy-
poxia, which is morphologically expressed in vacu-
olisation of the sarcoplasm, probably due to the ex-
pansion of the internal lumen of the smooth endoplas-
mic reticulum and oedema of lysosomes in an attempt
to fight toxins that have entered the cell cytoplasm. In
addition, we noted a violation of the shape of cardio-
myocytes, which could not be reflected in their diam-
eter. If in the control group, cardiomyocytes were
characterised by clear boundaries and a regular rec-
tangular shape, under the influence of the venom, a
loss of the rectangular shape, irregularity and round-
ness, and convexity of the contours were noted. Such
changes in cell shape are quantitatively reflected in
increased width.
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In addition, during the morphological descrip-
tion of cardiomyocytes, a violation of myocardial stri-
ation was noticeable, which indicates a violation in
the cytoplasm associated with the regular and clear
organisation of actin and myosin fibres - the stratifi-
cation of these structures also increases the volume of
the cytoplasm, and, accordingly, the width of the cell.

If we talk about the surface complex of cells,
then the morphological study showed local areas of
destruction of the sarcolemma, which is an essential
factor in limiting and structuring the cytoplasm.
When the structure of the sarcolemma, the precise or-
ganisation of actin and myosin fibres, is disturbed, the
sarcoplasmic reticulum cisterns likely expand; all
these factors together affect the increase in the size of
cardiomyocytes, which is reflected in the results of
our measurements.

Pronounced pathological changes in the heart
wall of rats from the experimental group exposed to
the venom of the viper Vipera berus nikolskii are re-
flected in both the results of morphological and mor-
phometric studies (Fig. 1). The average width of car-
diomyocytes of animals exposed to the venom of this
species of a viper is 19.45278 um (first quartile
17.18925 pm; third quartile 21.22775 pm) - signifi-
cantly greater not only than the parameters of the con-
trol group but also statistically significantly different
from the width of these cells in animals from the
group exposed to the venom of the common viper.
This indicates a powerfully destructive effect of the
studied venom, which enhances the processes of oe-
dema, disorganisation of intracellular structures and
the surface apparatus of cardiomyocytes.

In particular, muscle fibres in preparations from
this group were more fragmented and disoriented in
the plane than in the other experimental group. They
thickened, swelled and acquired a tortuous shape. Un-
even staining of myocardial fibres, revealed during
morphological description, also indicates the devel-
opment of oedema processes in the sarcoplasm. Stri-
ation, and therefore the organisation of intracellular
fibres, was finally lost, the fibres were stratified, and
the sarcolemma was no longer partially damaged but
in places completely absent. All these morphological
signs indicate a more pronounced course of oedema,
destruction and necrosis processes in cardiomyocytes
of animals from this group, which numerically re-
sulted in a significant increase in their size and width.
Thus, we can speak of a morphometrically confirmed
effect of the venom of the Nikolsky Viper, which in
its negative effect surpassed the other studied venom,
which resulted in a statistically significant increase in
the width of myocardial fibres relative to not only the
control but also the second experimental group with
the introduction of venom in our study.

To quantitatively assess the condition of the
heart wall of rats exposed to the poison, we chose to
measure the area occupied by endomysium in cross-
sections because it is this connective tissue that di-
rectly surrounds the heart muscle fibres and, together
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with them, reacts to adverse external influences.
Moreover, it acts as a barrier on the path of toxic sub-
stances directly to cardiomyocytes because it contains
the vessels of the microcirculatory bed that carry all
substances to and from the heart cells. For an ade-
quate and accurate quantitative assessment of the fate
of the endomysium, digital images of sections stained
with Picrosirius red were used because this dye is
considered the standard for detecting collagen and its
quantitative assessment in histological sections of
normal and abnormal tissues.

The quantitative assessment of the endomysium
area in sections showed a statistically significant in-
crease in both experimental groups compared to the
control group (Fig. 2, 3), which confirms the results
of morphometric studies of myocardial tissues. In
particular, in the experimental groups, an activation
of the synthetic activity of fibroblasts was noted, as
evidenced by their high nuclear-cytoplasmic index.
Such activity led to increased collagen production in
the surrounding matrix, forming a network of fibres
between cardiomyocytes - we measured its area
within the endomysium.

In the control group, the mean endomysial area
was 2513.25 um? (first quartile 1886.422 pm?; third
quartile 3018.703 pum?), while for the group exposed
to Vipera berus berus venom, it was 5119.338 pum?
(first quartile 4013.16 um?; third quartile 6234.56
um?). This figure is statistically significantly higher
than the control group, which is explained by several
aspects.

Firstly, as already mentioned, morphological ev-
idence of increased synthetic activity of fibroblasts
indicates collagen production within the endo-
mysium. Secondly, during the morphological study of
the myocardium of this experimental group, the thick-
ening of the vessel wall, growth of the adventitia of
both veins and arteries, which are formed by loose
connective tissue, which is woven into the surround-
ing connective tissue with its collagen fibres, was
noted. Accordingly, this also generally leads to an in-
crease in the area of the endomysium within which
they lie. Thirdly, the toxic effect of the poison causes
the development of oedema processes not only in car-
diomyocytes but also in the elements of the endo-
mysium and the walls of the vessels in its composi-
tion, their perfusion, loosening and oedema of the in-
tima. Congestive phenomena in the venous system of
the myocardium are also morphometrically reflected
in a decrease in the part of the area occupied directly
by cardiomyocytes to the location of the connective
tissue with the vessels included in it.

The average width of cardiomyocytes of animals
exposed to the venom of the Nikolsky Viper is
7112.648 um? (first quartile 6346.12 pm?; third quar-
tile 8137.129 um?) - significantly more significant
than the corresponding indicator of the control group,
while no significant difference in this indicator was
observed between the two experimental groups.
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These data correspond to our observations of the mor-
phological state of the myocardium of rats from these

groups.

Myocardial endomysium area
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Fig. 2. Individual indicators of the area of endomysium in the myocardium of animals from the control and experimental
groups with standard deviation. Row 1 — control group; row 2 — a group introducing the venom of the viper Vipera berus berus;
row 3 — a group introducing the venom of the Vipera berus nikolskii.

The average value of the endomysium area in
the myocardium of rats of the control and
experimental groups
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Fig. 3. The average value of the endomysium area of the heart myocardium in the control group, the group with the intro-
duction of Vipera berus berus and Vipera berus nikolskii venom. * - The difference from the control group is significant at p<0.05.

In particular, this experimental group's foci of
necrosis and myocytolysis are surrounded by zones of
significant myocardial tissue oedema. The collagen
fibres, which we visualised using Picrin red and
measured, were added to the total area of connective
tissue, as were the adventitia of the vessels, in which
collagenisation was noted during the morphological
examination. The vessels were dilated and full of
blood, increasing their area.

It is important to note that both connective tissue

and muscle components of the myocardium are sub-
ject to oedema; during the morphological study, we
saw a rounded shape and numerous intracellular ede-
mas in them. The nuclei of cardiomyocytes swelled
and lost their elongated shape, reflecting a change in
the cells' shape. This is also reflected in the statistical
data - the absolute values of the endomysium area in
both experimental groups are significantly larger than
the control; at the same time, the percentage ratio of
the area of connective tissue to the total area of the
section is not considerably more significant, although
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it shows a tendency to increase (Table 1). The frag-
mentation of cardiomyocytes noted by us during the
morphological description of myocardial tissues,
which was accompanied by a violation of the integrity
of the sarcolemma of these cells, also necessarily led
to an increase in their area.

This suggests that, against the background of
specific activation of fibroblasts and a corresponding

increase in the content of collagen and other connec-
tive tissue elements in the extracellular matrix, vari-
ous factors increasing the area index, in particular oe-
dema, delamination of structures and distortion of
their shape, uniformly affect both the connective tis-
sue components of the endomysium and the cardio-
myocytes themselves.

Table 1

Indicators of the average endomysium fraction in the myocardium of rats from the control and experimental groups

Group Control Group

Experimental group with
common Viper venom

Experimental group with
Nikolskii viper venom

Average value and

standard deviation, % 10,56+3,47

21,5146,28 29,88+4,88

Summary

According to the data of morphometric studies,
a more pronounced harmful effect of the venom of
Vipera berus nikolskii was established, which was
manifested in the violation of the structure and shape,
oedema of cardiomyocytes, which led to significantly
higher indicators of the width of these cells both in
comparison with the control group and with the sec-
ond experimental group. In addition, the action of
both venoms, albeit to different degrees, led to the
growth of connective tissue elements within the en-
domysium, which was reflected in an increase in the
indicator of the proportion of this tissue in the myo-

cardium. The venoms of both vipers provoked an in-
crease in the proportion of connective tissue in the
myocardium; however, against the background of oe-
dema of muscle cells, the relative increase in the area
of endomysium to them shows a tendency to increase
but is not reliable.

Prospects for further development related to
the study of ultrastructural changes in the heart wall
of rats exposed to the venom of the vipers Vipera
berus berus and Vipera berus nikolskii.
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Boop A.M. AnaaitnyHa i KinbKicHa ol[iHKA cTaHy CTiHKM cepusi IIYpiB MpH BIUIMBI OTPYTH rajioK
Vipera berus berus Ta Vipera berus nikolskii.

PE®EPAT. AkTyanbHicTh. 3HaUHA KUTBKICTh (DaKTOPIiB AK (PiI3WIHOTO, TaK i XIMITHOTO ITOXOKECHHS MO-
JKYTh YHHHUTH HETaTHBHUI BIUTUB Ha OPT'aHH CEPLIEBO-CYIUHHOI cHCTeMH. [Ipu 1iboMy, pearnizamis IIOMIKOHKYI0I01
Iii YMHHUKIB PI3HOTO T'eHe3y MOJIIrae He JIMIIEe B 3MiHAX HOPMAIBHOTO (PYHKITIOHYBAaHHS CEpIld, alie 1 B 3aITyCKy
CKJIQIHUX MATOr€HETUYHMX MEXaHi3MiB, 1[0 CTalOTh MPUYMHOIO BUPAKCHUX CTPYKTYPHHX NepeOyJ0B opraHy, siKi
MOAEKYIM HOCSATh HE3BOPOTHIN xapakTep. Mera. MeToro JOCHI/DKEHHS € aHAJITHYHA 1 KIbKICHA OLliHKa CTaHy
CTIHKH ceplis IIypiB pH BIUIMBI OTpyTH raarok Vipera berus berus ta Vipera berus nikolskii. Meroau. Excriepu-
MEHTAJIBHI JOCHIPKSHHsI TIPOBOAMIIM Ha OUIMX HENIHIWHMX Iypax camusix. TBapMH YMOBHO PO3HOALISAIM Ha IBi
TPYIU — KOHTPOJIbHY 1 ocuiany mo 10 ocoOuH B KOXHiH. JlochaiHUM 1lypaM BHYTPIIHbOOUEPEBHHHO BBOIHIIH
mamnisneTansHy 103y (LDso) (1.576 mr- r't) orpyrm Vipera berus berus ta Vipera berus nikolskii ma ¢izionoria-
HOMY po3uuHi. TBapuHAM KOHTPOJBHOI IPYNH BHYTPIIIHHOOYECPESBHHHO BBOAWIIH JIMIIE (i310J0TTYHUNA PO3UHH.
BuBoani 1ypiB 3 eKCIEPUMEHTY 4epe3 24 TOIUHH IMICIIs BIUIUBY OTPYTH, 3HEXKUBIIIOIOYH IIUIIXOM LepBiKaIbHOT
mucnokamii. JIjst MiKpOCKOIIITHOTO JOCIiKeHHS 3a0upann 3pa3ku cepi. Dikcarliro MaTepiary Ta MPUTOTyBaHHS
napagiHOBHUX OJIOKIB MMPOBOIMIIN 32 3aralIbHONPHHHATAMH MeToanKaMu. @apOyBaHHS TiCTONOTIYHUX TpenapaTisB
ceps 3aivicHtoBann Picro Sirius Red/Fast Green Ta reMaTOKCHIiH-€03MHOM. IS METaabHOT OIIHKY Tii OTPYTH
JIBOX BUJIIB T IIOK Ha 3araJIbHU{ CTaH ceplis IypiB HaMu OYJI0 ITPOBEICHO MOPIBHSHHS a0COIIOTHHX 1 BIZIHOCHUX
3MIHHHX, 1K1 OyJI0 BUMIPSIHO 1 ITiJpaXx0BaHO BiJIIOBIIHO, 32 JOIIOMOT00 rporpamu Fiji:Imagel, Mi>k KOHTPOJIBHOIO
Ta 000Ma eKCIIepUMEHTATbHUMHU TPYIIaMH, 0 IiAIaBaiuch il oTpyT raaiok Vipera berus berus ta Vipera berus
nikolskii. Cratuctuyna o6pobka 3 moAanbInow moOymaoBo0 Tpadiki A Bisyamisaiil onep:KaHUX Pe3yJIbTaTiB
npoBoaniack y mporpami Excel. PesyabraTu Ta migcymok. 3rigHo 3 JaHUMH MOP(QOMETPUYHHX JOCTIHKEHD
BCTAHOBIICHO GBI BUpAXCHUH MIKiAIMBHiA BItUB oTpyTu Vipera berus nikolskii, o nposiBnsBes y mopyieHHi
CTPYKTypH Ta (popMu, HAOPSKY KapJiOMiOIHTIB, SKi IPU3BOAMIH 0 JOCTOBIPHO BUIINX MOKA3HUKIB MIUPHHN [IUX
KIITHH 5K Y TIOPiBHSHHI 3 TPYIOI0 KOHTPOITIO, TaK 1 3 IPYTOI0 eKCIIEpUMEHTaIbHOIO rpymnoto. KpiM Toro, ais o6ox
OTPYT, X04 i PI3HOIO MipOIo, MPU3BOAMIIA IO PO3POCTAHHS €JIEMEHTIB CHOJYYHOI TKAaHWHU y MEXaX eHIOMIi3ilo,
10 BimoOpaxanock y 301IbIICHHAI TTOKa3HUKA YACTKH I[i€1 TKaHWHU B MioKapai. OTpyTH 000X ra/lfoK IPOBOKYBaJIN
MiABUIICHHS YaCTKU CIIONYYHOI TKAHUHH B MIOKapi, MpoTe Ha (OHI HAOPSIKIIOCTI M’SI30BHX KIIITHH, BiTHOCHE
30UTBIICHHS TUTOMII €HOMI3if0 JIO HHUX MPOSBIE TCHISHIIO IO 30LTBIICHHS, ajie HEe € JOCTOBIPHUM.

Kiro4oBi cjioBa: rajfoku, OTpyTa, Cepiie, CapKoIIa3Ma, M’ si30Bi BOJIOKHA, [IYPH.
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ABSTRACT. Background. Improvement of the technical aspects of surgery in aesthetic surgery led to an increase in the
number of transactions and significant increase contingent of women who are turning to specialized clinics. But it also
significantly increased the proportion of patients with a variety of concomitant diseases requiring new approaches to oper-
ational technologies and special attention in the postoperative period. In this group of patients is high risk of intraoperative
and postoperative complications significantly limits the range of indications. So to prevent these complications is an im-
portant question when planning operations in aesthetic surgery of the face. Objective. Determine structural and functional
changes of temporal region skin in women of different age groups with an additional internal pathology. Methods. In-
traoperative biopsy material of skin of 104 women at the age from 19 to 73 years, that was taken during standard surgery
instrumentations for different defects of face skin correction, was investigated. Results and conclusion. It was determined,
that involutive dynamic of microvessel condition in papillary layer of derma coincides with grade reduction of relative
volume of microvessels bed. Microcirculation age changes include structural disorders of intrapapillary capillary loops,
disorganization of arterioles in papillary and reticular layers of derma, disorders of venules because of the changes in mi-
croenvironmental fibrillar network. It is typical at the patients with nicotinic dependence, ischemic heart disease, hypertonic
disease, a diabetes, and also adiposity of a different degree essential infringement of microvessels bed structure criteria of
skin condition that gives the basis for allocation of the given contingent of patients as group of high intraoperative and
postoperative risk at carrying out of frontlift.
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Beryn JBLIEHHST KUIBKOCTI omepaniii Ta CyTTE€BE pO3IIH-
Y 10cKOHaIEHHS TEXHIYHUX aCIEKTIB OIlepaTHB- PEHHsI KOHTHHT'€HTY JKIHOK, 1110 3BEPTAIOThCS JI0 CIie-
HUX BTPY4YaHb B €CTETHUHIN Xipyprii 00ymoBHIo 36i- mianmizoBaHux KimiHIK [1-3]. Ane mpu IIbOMY TaKOX

3HAYHO 3pOCiia YacTKa MAIi€HTIB 3 Pi3HOMAaHITHOIO
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CYIyTHBOIO TATOJIOTIEI0, IO TOTPeOy€e MONIIyKy HO-
BHX IIXOIiB JIO OTIEPATUBHUX TEXHOJIOTIH 1 0COOIH-
BO1 yBaru y IicisornepariitHoMy mepioni. Y maiieH-
TiB TaHOT'O KOHTHHTEHTY caMe BUCOKHI PU3UK iHTpa-
oTepaniiHuX i MiCIIONepaIlifHuX YCKIaIHeHb CYT-
TEBO OOMEXYE iarma3oH mokasass [4, 5]. Tomy none-
PEIDKEHHS TaKMX YCKJIaJHEHb € BOXKIIMBUM ITUTaHHIM
NpY [UTaHYBaHHI onepauiii B eCTeTHYHiN Xipyprii 00-
JMYYsL.

BusnauansHuMu (akTopamu 11 BHOOpY Me-
TOJy ONEpPaTUBHOTO BTpPYYaHHs BBaKaroTb Mopdo-
(yHKIIOHaNBHUI CTaH TKaHWH, TSHKKICTH CYITyTHIX
3aXBOPIOBaHb OPTaHIB i CHCTEM, a TaKOX BIUIMB Pi3-
HOMAaHITHUX E€K30T'€HHHX Ta €HIOTCHHUX YHHHHKIB.
e 3Ha9HOIO MipOIO 0OYMOBIIIOE MOKIIMBICTH 1 IO~
JBHICTE BUKOPHCTAHHSI MOP(OJOTIYHUX TaHUX IS
0OTpYHTYBaHHS METOiB XipypTidyHOTO JTiKyBaHHS a-
LI€HTIB 3 IHBOJIOTUBHHUMH Ta IATOJIOTIYHHUMH 3Mi-
Ham¥ 1IKipH [2, 6]. ChOTOIHI € OYCBUIHOI BaXKIIH-
BICTb MOJAJBIIOr0 BHBYEHHS CyOCTpary cTrapiHHS
HWIKipH — T CTPYKTYpH, JI¢ OJHE 3 HaWBa)KJIMBIIINX
MICI[b [TOCIZJa€ CHCTEMa FreMOMIKpoIpKysiii. Came
11 CUCTeMa HAMOIIBII YITKO i aJlcKBaTHO pearye Ha
YHCIICHHI €K30TeHHI BIUTMBY, BOHA BU3HAYA€ TiCTOTe-
HETHYHI 3aKOHOMIPHOCTI IepeTBOPEHb IMIKIpH 3 Ya-
coM [7], came BOHa € HAHYYTIUBIIIAM KOMIIOHEHTOM
JIEpMHU, IO BiAIIOBiNA€ 3a CTaH EMiTeNiANbHUX 1 CIIO-
JYYHOTKAaHUHHHX CTPYKTYp wikipu [8, 9].

Meta pocJiigskeHHs] — BUBHAUEHHS BIUIUBY CY-
MYTHBOI BHYTPIIIHBOI TATOJIOTIi Ha CTPYKTYpHI 1 dy-
HKI[IOHAJIbHI XapaKTEPUCTUKU HIKIpH CKPOHEBOI [i-
JSIHKY TOJIOBH Y XKIHOK PI3HOTO BIKY.

Marepiaaun Ta meToan

VY poboti rocmipKyBany iHTpaonepauiiHui 0i-
orciiiHuii Marepian mkipu 104 xiHok BikoM Bin 19
1o 73 poKiB Tpu MpoBeeHHI QPOHTIIPTHHTY 32 Bij-
KPHUTOIO Ta EHIOCKOITIYHOIO TeXHOJOTisiMH. Po3momi-
JICHHsI MaTepialy MPOBOAWIN 32 BIKOBUMH I'PyTaMH:
I — no 32 pokis; I — 33-40 pokis; III — 41-50 pokis;
IV — 51-57 pokiB; V — 58 pokiB i Oinbmre. Bei mocoi-
JoKyBaHi 3pasku mkipu y I-11I BikoBux rpymax oTpu-
MYBaJIU Y TPEMEHCTpYanbHiii (a3i nukna.

BuByanu inTpaonepauiiini 0ionratu po3mipom
3x3 MM 3 nepudepiiHUX JUISHOK IIKIPU CKPOHEBOT
JIISTHKY TOJIOBH. 3pa3ky WIKIpHUX OionTatiB Qikcy-
BaJIM y piauHi byeHa, 00po0Jisiii y BUCXiAHIN KOHIIe-
HTpalii eTaHoJly Ta BHIOTOBIISUIM IIapariacToBi
OIoKM 3a cTaHmapTHOI Meroxukor. CepiliHi 3pizn
TKaHWHHM BUTOTOBJISIIM 3aBTOBIIKK 7 MKM Ta (apOy-
BAIM T€MaTOKCHIIHOM-E03MHOM, PE30pLUUH-(YKCH-
HOM, allbLIIHaHOBHMM CHHIM, 3a Ban I'i3onoMm, 3a Beii-
repToM, 3a Mautopi-CiliHUeHKOM, KOHT'O YepBOHUM
3a Marcyypa, 3a [lagini.

VY kinbkicHOMY MOp(hOJIOTIYHOMY JTOCIiPKeHHI
BUBYAJIM BiJHOCHUN 00’€M T€MOMiKpOIMPKYJIATOP-
Horo pycna ('MIIP) y cocoukoBoMy Ta ciT4acToMy
mapax JAepMH OKPEMO METOAOM KpPAaIlKOBOTO paxy-
HKY, a TAKOXX CepeHii AiaMeTp apTepion Mmiacocod-
KOBOI CITKH, BEHYJI [IOBEPXHEBOT'O Ta TIIMOOKOTO M-

COCOYKOBHUX CIUIETEHb, BHYTPIITHBOCOCOYKOBUX Ka-
MJISAPiB Ta OCHOBU BHYTPIITHHOCOCOYKOBUX KAITiJISIP-
HUX TIETETIb.

EnexTpoHHO-MIiKpOCKOIIIYHE TOCIiIKEHHS PO-
BOJWJIN 32 cTaHAApTHOIO cxemoro [ 10-12]. KBanTudi-
KOBaHi pe3yiabTaTH MiAaBalld CTATHCTHUYHINA 00po-
Owi, 10 BKJIIOYAjJa aHalli3 CTAaTUCTUYHOTO PO3IOJi-
JICHHsI BEJIMYMH 3a JIONOMOrol0 Kpurepito J Slcrpem-
CbKOTO, BHU3HAYECHHS JIOCTOBIPHOCTI BiIMIHHOCTEU
MDK IpYIOIO Malli€eHTiB 0e3 CymyTHbOI maToJorii Ta
rpynaMy XIHOK 3 NMCHXIYHHMHU PO3NaJaMH, HIKOTH-
HOBOIO Ta aJKOTOJIFHOIO 3aJICKHICTIO, 1LIEMi4HOIO
XBOPOOOIO CepIl, TIIePTOHIYHO XBOPOOOIO, IMOpy-
LIEHHSMH CTaTeBOi c()epu, 3aXBOPIOBAHHAMH TPAaB-
HOI CHCTEMH, CEUOBHX OPTaHiB Ta JICTCHb, ITyKPOBUM
niabeToM, OXKHPIHHAM Pi3HOTO CTYICHS 3 ypaxyBaH-
HAM Kputepio t CTprofieHTa (HOpMallbHE PO3MOIi-
nenHs1) abo X-kpurepito BaH-nep-Bapnena 3a ymon
BIZIXMJICHHS BiJl HOpMaJIbHOTO po3moinenus [13].

Pe3ysbTaTH Ta iX 00roBOpeHHs

IIpoBeneHHsT MOP(HOMETPUUHOTO JOCIIIKCHHS
MIOKA3aJ10, 1110 Y Mali€HTOK BiKOM /0 32 pOKiB, sIKi Ma-
I0Th HIKOTHHOBY 3aJIeKHICTh, BIIHOCHUI 00’€M cCy-
JIVH MIKPOIMPKYJIATOPHOTO PYCIa y CKIIai COCOUKO-
BOTO 1 CITYACTOTO IIapiB ASPMH IIKipH CKPOHEBOT Mi-
JSTHKW TOJIOBH JIOCTOBIPHO TOCTYINABCSI 3HAYCHHSM,
10 BCTAHOBJICHI y TPYII MALIi€HTOK O€3 CYIyTHBOL
naTosorii (aa 32,1% i Ha 18,9% BinmosigHO). CTaTH-
CTHYHO BaroMe 3HI)KEHHS BITHOCHOTO 00’ €My MiKpO-
CYJIHH Y COCOYKOBOMY IIIapi TaKOX BiJ3HAYAIOCS Y
MAIie€HTOK 3 IyKpoBuM miadetoM (-33,8%). Y xiHOK
3 OKHPIHHAM JaHuil mokasHuk Ha 14,6% (p<0,05)
HOCTYIABCsl KOHTPOJIBHUM 3HAUYEHHSIM y CITYaCTOMY
mwapi mpepmu (puc. 1). 3oBHimHI# Hiametp apTepion
JIEPMH Yy NAli€HTOK MOJIOMIIOI TPYNH 13 HIKOTHHO-
BOIO 3aJIXKHICTIO 3Ha4HO moctymaBcs (Ha 21,2%;
p<0,05) KOHTPOTBPHUM 3HAYEHHSIM, B TOH 4ac K y
XBOPHX Ha IIYKPOBUIL Aia0eT AiaMeTp BEHYII ITiICOCO-
YKOBUX CIUIETEHb CYTTEBO NMEPEBHIIYBaB 3HAYCHHS,
XapakTepHi U Mali€eHTOK 0e3 CYIMyTHROI MaToJIOTii
(puc. 2). Takox y MaIi€eHTOK 3 MYKPOBUM IiabeToM
BiI3HAYaJI0Cs PO3MIMPEHHS BHYTPIIIHLOCOCOYKOBUX
remokarnisipis (Ha 51,8%; p<0,05) i 3ByxeHHsI reMo-
KansipiB B OCHOBI KamuisipHux nerensd (Ha 21,3%;
p<0,05). V pemiru maiieHToK (3 aJKOTOJBHOIO 3alie-
JKHICTIO, TICUXIYHAMH PO3JIaZiaMH, 1HIIOK CYIyT-
HBOIO BHYTPIITHBOIO MATOJIOTI€0) KOTUBAHHS TOCHTi-
JOKYBaHUX MOPQOJOTIYHUX MMapaMeTpiB, IO Xapak-
TEpU3YIOTh CTaH MIKPOCYANH IIKIpH, HA MaJlk CTaTH-
CTUYHO BaroMHX BiIMIHHOCTEH BiJl BIAIMIOBITHUX 3HAa-
YeHb y TPYIIi Mali€eHTOK 0e3 MiarHOCTOBAHOI CYITyT-
HBOI maToJorii (puc. 1-3).

MopdomMeTpuyHnil aHaIi3 MIKPOLUPKYIATOP-
HOTO pycia AepMH IIKipH namieHTok Bikom 33-40 po-
KiB BHSBHB 3MEHIIEHHS BiTHOCHOTO 00’€MYy CYAHMH
COCOYKOBOTO Ta CiTYACTOTO IIapiB Y JKiHOK, III0 MaJIX
HIKOTHHOBY 3JICXKHICTh, B 000X IIapax BiAMOBiTHO
Ha -14,9% Tta Ha -25,5% (p<0,05) y nmopiBHSAHHI 3 Tpy-
TI010 TTAIIIEHTOK 0€3 CYIMyTHBOI MaToJIoTii.
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COCOYKOBMA Wap CiTYACTMA Wap
O6ea cynyTHeoi natonorii B NCWXiYHI poanagm B HIKOTWHOBA 3aNeXHICTE
B aNKoronsHa 3anesHicTs B NopYLWUEHHA cTaTeBoi cdepn O 3aXBOPHBAHHA TPABHOI CHCTEMM
W LyKpoBMiA giaber B O¥MWPIHHA

Puc. 1. 3HayeHHs BigHOCHOro 06’eMy CyaMH MiKPOLMPKYATOPHOIO pycria y CKnafi COCOMKOBOIO i CiTY4acToro wapis AepMu
y nauieHTok Bikom Ao 32 pokiB. [Mo3Hauku (*) BKa3ytoTb Ha AOCTOBIPHI BiAMIHHOCTI Big napamMeTpiB LKiPW NauieHTOK BignoBigHOT
BikOBOI rpynu 6e3 cynyTHbOI naTonorii.
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aptepionu ESHYMN
OBe3 cynyTHEOT natonorii B NCHXIYHI poanagm W HIKOTMHOEA 3aNEXHICTE
[ anKoroNsHa 3anexHicTs B NOPYLUEHHA CTaTeBoi cdepn [ 33XBOPHIBAHHA TPABHOT CUCTEMM

W uykpoBni giaber W OM¥MpPIHHA

Puc. 2. 3HayeHHs 30BHILLHBOrO AiameTpy apTepion NiACOCOYKOBOI CITKM | BEHYI NiACOCOYKOBUX CNSETEHb Y NALLiEHTOK BikOM
0o 32 pokiB. MNo3Hauku (*) Bka3yloTb Ha JOCTOBIPHI BiAMIHHOCTI BiA napameTpiB LUKipW NaLEHTOK BiAMNoBiAHOI BikoBOi rpynu 6e3
CynyTHbOI naTonorii.
14 1 mEm

12

pE

10

EHYTPIlHE 0 COCOUYKOBI B OCHOBI METENL
O Be3 cynyTHEGT naTonarit ENCUXIYHI poanagu B HIKOTMHOEA 3aNeXHICTE
I anKOronkHa 3anexHicTs B NopyLUIEHHA CTaTeBol chepu O 3aXBOPHEAHHA TPABHOT CUCTEMU

W uykpoenil giaber W OMWPIHHA

Puc. 3. 3HayeHHs 30BHILLHBOrO AjaMeTpy BHYTPILLHBOCOCOYKOBMX rEeMOKaMinspiB i reMokaninsapis B OCHOBI KaninspHux ne-
Tenb y nauieHTok Bikom Ao 32 pokiB. [Mo3Hauku (*) BKkadytoTb Ha AOCTOBIPHI BiAMIHHOCTI Big napameTpiB LUKipy NaLieHTokK Biano.i-
[OHOI BIKOBOI rpynu 6e3 cynyTHbOI naTonorii.
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VY mamni€HToK 3 IyKpOBHM Iia0eToM criocTepira-
JOCh JTOCTOBIPHE 3HMKEHHS 1IbOTO IOKAa3HHUKA Y CO-
couykoBoMy mapi Ha 13,7%, a y cirqacTomy — Ha
21,8%. 3HmKeHHS BiTHOCHOTO 00’ €My CYIHH Bia3HA-
Yanocs TaKOX Y TPYIi MAIlieHTOK 13 OXHUPIHHAM, /e
JOCTIDKYBaHUH IIOKa3HUK MOCTYNAaBCs KOHTPOJIb-
HUM 3HaueHHAM Ha -11,6% (p<0,05) y cocoukoBomy
ta Ha -27,4% (p<0,05) y cituacToMy miapax IepMH
(puc. 4). Y mnauieHTOK Apyroi BIKOBOI IpYIH, IO
MaJii HIKOTHHOBY 3aJIe)KHICTh, 30BHIIIHIN XiameTp
apTepiost MmiICOCOYKOBOI CITKU MOCTYIABCS TOKa3HU-
kaM KoHTpodto (-23,0%; p<0,05), B TOi1 yac sIK y XBo-
pHUX Ha IyKPOBHH AiabeT miameTp BeHyd OyB OCTO-
BipHO 30inbmennM Ha 15,5% y mopiBHSHHI 3 TPYIO0
MAIi€EHTOK, [0 HEe MaJH CYIyTHBOI MATONOTii (pHC.

5). BHYTpIITHBOCOCOYKOBI TEMOKAMIISIPH Y XBOPHX
Ha IIyKpoBUX miaber Oymu po3mmpeHumu Ha 52,4%
(p<0,05), B TO¥ Yac sIK 3HAYEHHS 30BHIITHHOTO Jiame-
TPy TEMOKAaIUIAPiB B OCHOBI TETENbh HABIAKH OyIo
MeHImM (-22,3%; p<0,05) y mopiBHSHHI 3 KOHTPOJIb-
HOIO rpynofo. Takox y KiHOK, 1[0 MaJH HiIKOTHHOBY
3aJIeXKHICTb, BIJJ3HAYAJIOCS 3BY)KCHHS IT'€MOKaIISPiB
B OCHOBI KaITUJIIPHUX METEJNb BiTHOCHO Malli€eHTOK 0e3
CymyTHBOI matouiorii. CTATUCTHYHO BATOMUX BiJIMiH-
HOCTEH, 1010 MPOaHai30BaHUX MOP(HOMETPUIHUX
MMOKA3HUKIB CTAaHy MiKPOIMPKYJISITOPHOTO pyciia Je-
PMH LIKIpH, y TTALIEHTOK 3 IHIIMMH CYITyTHIMH 3aXBO-
PIOBaHHAMH B MOPIBHAHHI KOHTPOJIEHOIO TPYIIOIO BU-
SIBJIEHO He Oyito (puc. 4-6).

COCOYKOBMA Wap

O Bea cynyTHEOT naranorii
[ anKoronsHa 3anesHIicTs

0 3axXBOpHIBAHHA NereHb

H NCHXiYHI poanagu

M ilwemiyHa xeopoba cepyA

O 3aXBOPHBAHHA TPABHOT CUCTEMU M LYKPOBWil niabet

[ 3aXBOPHBAHHA CEY0BUX OpraHie

CiTYACTHI Wap

H HIKOTMHOEA 3aNEXHICTE
B NOpYLUIEHHS CTaTeE0i chepn
I M PIHHA

Puc. 4. 3HayeHHs BigHOCHOro 06’eMy CyaMH MiKPOLMPKYNATOPHOIO pycra y CKnafi COCOMKOBOIO i CiTY4acToro wapis AepmMu
y nauieHTok 33-40 poki. [No3Hauku (*) BkasytoTb Ha AOCTOBIPHI BiAMIHHOCTI BiA NapameTpiB LUKiPW NaLieHTOK BiANOBIAHOI BiKOBOI

rpynu 6e3 cynyTHbOI naTonorii.
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apTepionu

O Bea cynyTHeol naronorit
[ anKoronsHa 3anesHicTs

O 33XBOPHIBAHHA NereHb

B NCHXIYHI poanagn

N ilemiuHa xeopoba cepuA

O 3aXBOPHIBAHHA TPABHOT CHCTEMKM B UYKPOBWA Liabet

I 3aXBOPHEAHHA CEUOBNX OpraHie

BEHYNH

B HIKOTMHOBA 3aNesHICTE
B NOPYLUEHHA cTaTesoi chepu
B OMWPIHHA

Puc. 5. 3HayYeHHs 30BHILLHBOrO AliameTpy apTepion NiACOCOYKOBOI CiTKM i BEHYN NiCOCOYKOBUX CNIeTEHb Y NaLiEHTOK BiKOM
33-40 pokiB. MNMo3Hauky (*) Bka3yloTb Ha AOCTOBIpHI BiAMIHHOCTI Bif NapameTpiB LKipy nauieHTOK BiANoBigHOI BikoBOi rpynu 6e3

CynyTHBOI NaTonorii.
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EHYTRIWHE OCOCOUKOBI

O Bea cynyTHEOT natonorii
B anKorofsHa 3anexHICT

O 3aXBOPHIBAHHA NEreHb

B NCHXIYHI poanagn

N ilwemiuHa xeopoba cepua

O 3aXBOPHIBaHHA TpaBHOT cucTemin M UYKPOBWIA giaber

W 33XBOPHIBAHHA CEUYOBMX OPraHie

B OCHOBI NeTenk

B HIKOTMHOBA 3aMeXHICTE
B NOpYLUEeHHA cTaTesol chepn
W OHMWPIHHA

Puc. 6. 3HaveHHs 30BHILLHBOrO AiaMeTpy BHYTPILLHLOCOCOYKOBMX rEeMOKaninspiB i remokaninapis B OCHOBI KaninsgpHWUX ne-
Tenb y nauieHTok Bikom 33-40 pokiB. [Mo3Hauku (*) Bka3ytoTb Ha JOCTOBIPHI BiAMIHHOCTI Bif napameTpiB LUKIpU NalieHToK BignoB.i-

[OHOI BiKOBOT rpynu 6e3 cynyTHbOI naTonorii.

Ananiz Mop()OMETpUYHHMX IOKAa3HUKIB CTaHy
MIKPOIUPKYJIATOPHOTO pycia JISPMH IIKIpU Cepen
mamieHToK BikoM 41-50 pokiB BUSBUB JOCTOBIpHI
3MiHH BiTHOCHOTO 00’eMy cyauH B 000X mapax ze-
PMH cepel OKpeMHUX TPyl B OiK 3MEHIICHHS JOCIHi-
JUKYBaHOTO MTOKa3HUKA Y MOPIBHAHHI 3 KOHTPOJIBLHOIO
rpymoto. Tak, cepes MaieHTOK 3 HIKOTHHOBOIO 3alie-
JKHICTIO BiTHOCHUI 00’ €M CYAHH COCOYKOBOTO Ta Ci-
TYacTOro ImapiB craHoBuB -15,7% (p<0,05) ta -
22,6% (p<0,05) BiamoBigHO. Y XBOPHUX 3 MIarHOCTO-
BaHOIO 1IIEMIYHOIO XBOPOOOIO Ceplis TIOKA3HUKHU BijI-
HOCHOTO 00’€My MiKPOIMPKYJISTOPHOTO pycia Mmoc-
TyNajucs KOHTPOJILHMM 3HaueHHsM Ha -13,3%
(p<0,05) y cocoukoBomy Ta Ha -13,9% (p<0,05) y ci-
TYACTOMY IM1apax jepMu. CTaTHCTHYHO BaroMe 3MeH-

LICHHS BITHOCHOT'O 00 €MY CYyIHUH MIKPOIUPKYJISATO-
PHOTO pyciia CIIOCTepirajgochk Ha BCiil IIMOMHI AepMH
B TpyIaX MAIi€eHTOK 3 TiIEPTOHIYHOIO XBOPOOOIO Ta
IyKPOBHUM JiabeToM, B TOH Jac K 301THESHHS MiKpO-
LUPKYJSTOPHOIO pyclia JIMIIE B CITYacCTOMY IIapi
(13,9%; p<0,05) Oymo xapakTepHHM JUI >KIHOK 3
OKUPIHHAM Ha BIIMiHY BiJ TPYIH MAIli€HTOK 03 Cy-
IMyTHBOI MaTOJOTii (puc. 7). 30BHINIHIA giameTp ap-
TEPiOJI y TAII€HTOK 3 HIKOTHHOBOIO 3aJICKHICTIO,
IIIEMIYHOI0 XBOPOOOIO CepIlsl Ta INePTOHIYHOI XBO-
PpOOOIO CTaTHCTHYHO BIPOTiJHO MOCTYMABCs KOHTPO-
JILHUM 3HAYeHHSIM BiamosigHo Ha -25,5%, -18,8%, -
27,6%. B cBoO uepry giamerp BeHYJI MiICOCOYKOBUX
CIIETEHb Y XBOPUX Ha IlyKPOBUii AiadeT Biq3Ha4aBCs
BaroMuM 301IbIICHHSIM TOKa3HUKIB (puc. 8).

COCOYKOBMA Wap

O 6es cynyTHEOT natonoril

[ anKoroneHa 3anesHicTs

B NOpYLUEHHA CTaTeE0i chepn
I M PIHHA

B NCHXiYHI poanagm

N iwemiyHa xeopoba cepun
O 3aXBOPHIBAHHA TpaBHOi cucTemin M LyKpOBUIA giabeTt
[ 33XBOPKIBAHHA NereHb

CiTYacTiil wap

B HIKOTHHOEA 3aNEHICTE
O rinepToHiyHa xeopoba

H 3aXBOPHIBAHHA CEYOBWX DpI'EHiEI

Puc. 7. 3HayeHHs BigHOCHOro 06’eMy CyaMH MiKPOLMPKYATOPHOIO pycria y CKnafi COCOYKOBOIO i CiTY4acToro Lwapis AepMu
y nauieHTok Bikom 41-50 pokiB. Mo3Hauku (*) BKa3ylTb Ha AOCTOBIPHI BiAMIHHOCTI Bif NapameTpiB LUKipW NaLliEHTOK BiANoBiaHOI

BikoBOI rpynu 6e3 cynyTHbOI naTonorii.
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apTepionu

O Bea cynyTHLOT natenarit

[ anKoroneHa 3anesHicTs

B NopYLWEHHA cTateBoi clepw
W O#WPIHHA

B NCHXiYHI poanagn

M ilemiyHa xBopoba cepuq
O 3aXBOPHIBAHHA TPABHOI chcTeMy B UyKpoBWA aiabet
I 3aXBOPHEBAHHA NEreHb

BEHYMN

B HIKOTUHOBA 3aNeXHICThb
O rinepToHivHa xeopoba

H 3aXBOPHBAHHA CEYOBMX Dpl’EHiE

Puc. 8. 3HayeHHs 30BHILLHBOrO AiameTpy apTepion NiACOCOYKOBOI CiTKM i BEHYN NiCOCOYKOBMX CNIETEHb Y NaLiEHTOK BikOM
41-50 pokiB. Mo3Hauku (*) BKa3yoTb Ha AOCTOBIPHI BiAMIHHOCTI Bif napaMeTpiB LUKIpU NaLieHTOK BiAnoBiAHOI BiKOBOI rpynu 6e3

CynyTHbOI NaTonorii.

CyTTeBe PO3LIMPEHHS BHYTPIIIHBOCOCOYKOBUX
reMokarnisapis (Ha +61,1%; p<0,05) koHTpacTyBaio
13 TOCTOBIPHUM 3BY>KEHHSIM T€MOKAIUTSIPiB B OCHOBI
KaIJIIpHUX TeTelnb Ha 26,1% y manieHToK XBOpHX Ha
I[yKpOBUi nia0eT. 30BHIIIHIN AiaMeTp TeMOoKamis-
PIiB B OCHOBI KallJISIpHUX TIE€TENb B IPyNax 3 HIKOTH-
HOBOIO 3aJICKHICTIO Ta TINEPTOHIYHOI XBOPOOOIO

16 7 MM

3HaYHO MOCTYINaBCsAd KOHTPOJIBHUM 3HAYCHHSAM Ta
CTaHOBHB BiAmoBimHO -22,6%, -33,9% (p<0,05). In-
IIMX JOCTOBIPHHUX BIIMIHHOCTEH, MO0 XapakTepy
MOp(OMETPUYHUX TIOKAa3HHUKIB MIKPOIHPKYIATOP-
HOT'O pyciia IKipH, MK TPYIO0 KOHTPOJIO Ta pell-
TOIO JIOCIIDKYBAHUX TPYIl 3 PI3HUMU CYIyTHIMH Ia-
TOJIOTiSIME BUSIBJIEHO He Oyio (puc. 7-9).

14

12

10

EHYTPilHE OCOCOYKOEBI

O Gea cynyTHLOT naronorit

@ anKoronkHa 3anexHicTe

B NOpYLUEHHA cTaTeBol chepn
H 0MPIHHA

B ncuxiyHi poanagm

W iwemiyHa xeopoba cepya
O 3aXBOPHBAHHA TPABHOT CHCTEMI M LKPOBWiA niabet
O 3aXBOPHIBAHHA NEreHb

B OCHOBi NeTenks

B HIKOTMHOEA 3aMeXHICTE
O rinepToHiYHa xeopoba

H 3aXBOPHIBAHHA CEYOBNX DpFEHiE

Puc. 9. 3HayeHHS 30BHILLHBOTO AjaMeTpy BHYTPILLHBOCOCOYKOBMX rEeMOKaminsApiB i remokaninapis B OCHOBI KaninsapHuUX ne-
Tenb y nauieHTok Bikom 41-50 pokiB. [Mo3Hauku (*) Bka3ytoTb Ha JOCTOBIPHI BiAMIHHOCTI Bif, MapameTpiB LUKipU NaLieHToK BianoBi-

[OHOI BiKOBOT rpynu 6e3 cynyTHbOI naTonorii.

JocmimkeHHs CTaHy MiKpOIUPKYIISATOPHOTO PY-
Clia IEpMH IIKipH B MAIEHTOK TPETHhOI BIKOBOT TPyIH
Ha OCHOBI MOPIBHSHHSA MOP()OMETPHYHHUX MOKAa3HH-
KiB BHSIBUJIO, IO Y TTALII€EHTOK BikoM 51-57 pokiB, sKi
MaJId HiIKOTUHOBY 3aJI€KHICTh, 3MCHILICHHS BiIHOC-
HOTO 00’€My Cy/IMH MiKpOLMPKYJSITOPHOTO pyciia y
CKJIa/Ii COCOYKOBOTO 1 CITYACTOTO MIAPiB JSPMHU CKJIa-
Jano BimmoBigHo -26,1% ta -21,7% (p<0,05) Ha Bin-
MiHY Bil KOHTPOJIBHOI I'PYTIH, a B MALIIEHTOK 3 imIeMi-
YHOIO XBOPOOOIO cepIs Iei MOKa3HUK OYB 3MIHEHHIA
Ha -23,3% (p<0,05) y cocoukoBomy Ta Ha -19,8%

(p<0,05) y citTuacromy miapax. 3HIKCHHS BiJTHOC-
HOTO 00’€My CYJHMH MiKpPOIIMPKYJISITOPHOTO pycia B
000X mIapax JIepMH TaKOX OyJIO XapaKTepHHM JUIs
TPYII XBOPHX HA TIIEPTOHIYHY XBOPOOY Ta IIYKPOBHIA
niader. KOHTpOIbHNM 3HAUCHHSM MPOaHali30BaHUH
MOKa3HUK ITOCTYIAaBCs TAaKOX B MALi€HTOK 3 OKUPiH-
HSIM, aje JIMIIe B MeXax CiT4acToro mapy AepMu
(puc. 10). 3oBHimmHii giaMeTp apTepios MmiacoCOIKO-
BOT CITKH JOCTOBIPHO MOCTYNABCS KOHTPOJIHHUM 3Ha-
YeHHS Cepell )KiHOK 3 HIKOTUHOBOIO 3aJIeXKHICTIO, Ti-
MIEPTOHIYHOIO XBOPOOOIO Ta IyKPOBHUM JiabeToM Ha -
24,2%, -29,8%, -23,0% BinnosigHo. B cBotO yepry y
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XBOPHX Ha iIIeMi9Hy XBOpOOY cepIls Ta ITyKpOBHUiA Mi-
abeT JiaMeTp BEHYI IiJCOCOYKOBHX CIUICTCHb IIepe-
BUIIIYBaB IMOKa3HUKH MAIIEHTOK 0€3 CYIMyTHBOI IaTo-
jiorii (puc. 11). Takok y XBOpPHX Ha I[yKPOBHIA iabeT
BiJ3HaUaAIOCs 30UIBIICHHS diaMeTpy BHYTPIIIHBOCO-
COYKOBHUX reMokaninspiB Ha 60,6% (p<0,05) y mopi-
BHSHHI 3 MallieHTKaMu 0e3 JiarHOCTOBAHOI CYIyT-
HBOT I1aToJI0Tii. B OCHOBI KaIJISIPHUX TIETEIb TiaMeTp
reMOoKariisipiB OyB JOCTOBIPHO 3MEHIIEHHM Cepej

COCOYKOBWI Wap

O Bea cynyTHEOT natonorii

B anKoronsHa 3anexHICT

B NopyLUeHHs cTaTesol cdepn
B OHMPIHHA

B NCHXIYHI poanagn

N ilwemiuHa xeopoba cepua
O 3aXBOPHIBAHHA TpaBHoT cucTemin M UykpoBui giabet
[ 33XBOPHIBAHHA NEreHb

TPYI MAIiEHTOK, 1[0 MaJIW HIKOTHHOBY 3aJICKHICTb,
XBOPHX Ha TIIEPTOHIYHY XBOPOOY Ta I[yKPOBHA 1i6ET
y MOPIBHAHHI 3 KOHTPOJILHUMH BEIUYMHAMU. [HIIHX
JOCTOBIPHHUX BiIMIHHOCTEH, W00 XapaKTepy MOp-
(hoMeTpUYHHX TOKAa3HHUKIB MIKPOIUPKYIATOPHOTO
pycia mKipu B rpynax KOHTPOJIIO Ta PEIITH TOCHTi-
JDKYBaHHUX TPYIl 3 PI3HUMH CYIMYTHIMHU MATOJIOTISIMA
BUsIBIICHO He Oyro (puc. 10-12).

CiTYyacThil wap

B HIKOTMHOEA 3aNeXHICTE
O rinepToHiuHa xeopoba

H 3aXBOPHIBAHHA CEYOBMX Dpl’EHiE

Puc. 10. 3HayeHHs BigHOCHOro 06’eMy CyAMH MIKPOLIMPKYTISTOPHOTO pycria Yy Cknaii COCOYKOBOrO i CiTYacToro Lapis AepMu
y nauieHTok Bikom 51-57 pokiB. Mo3Hauku (*) BKa3yloTb Ha AOCTOBIPHI BiAMIHHOCTI BiA MapameTpiB LUKIpW NaLiEHTOK BiANOBIAHON

BikoBOI rpynu 6e3 cynyTHbOI naTonorii.

apTepionu

O Be3 cynyTHLOI natonorii

@ anKoronsHa 3anexHicTs

B NopYyLUEHHA cTaTeBol cdepn
B CHWPIHHA

B NCUXIYHI poanagm

M ilemivHa xeopoba cepyA
O 3aXBOPHIBAHHA TPABHOT cucTem B UyKpoBWA giabet
[ 3aXBOPHBAHHA NEreHb

BEHYMN

B HIKOTMHOEA 3aNeXHICTh
O rinepToHivHa xeopoba

H 3aXBOPHIBAHHA CEUYOBNX DpFEHiE

Puc. 11. 3HayeHHs 30BHILLHLOrO AiamMeTpy apTepion NiJCOCOYKOBOI CiTKM i BEHYN NiCOCOYKOBMX CMETEHb y MauieHTOK
Bikom 51-57 pokiB. [No3Haukm (*) BKa3ytoTb Ha JOCTOBIPHI BiAMIHHOCTI Bif NnapameTpiB LLKIpU NaLieHTOK BiAnoBiaHOI BIkOBOI rpynu

6e3 cynyTHbOI naTonorii.

AHani3 MOpP(QOMETPUYHUX ITOKA3HHUKIB CTaHY
MIKPOLIMPKYJISITOPHOTO pyclia JepMH IIKIpU cepen
MAIi€EHTOK BIKOM Bixg 58 pOKiB BHSBUB JOCTOBIpHE
3MEHIIIEHHS BiZIHOCHOTO 00’ €My CYJIUH COCOYKOBOTO
Ta CITYACTOTO IMIAPiB IEPMH B HKIHOK, III0 MaJIK HiKO-
THHOBY 3aJIeHicTh Ha -23,2%, 20,0% BignoBimHO y
MOPiBHAHHI 3 KOHTPOJIbHOIO rpynoto. IlogibHa TeH-
JICHIIIS 010 BITHOCHOTO 00’ €My CyIHMH 000X IIapiB

28

JIepMu Oyjia BCTAHOBJICHA W y MAIIEHTOK i3 imremMiv-
HOIO XBOPOOOIO cepIis, TINepTOHIYHOI0 XBOPOOOIO Ta
IYKPOBHM J1ia0€TOM Ta XapaKTepU3yBaJlacs CTaTHC-
TUYHO BarOMHMMH 3Ha4eHHAMH (puc. 13). 3oBHIMHINA
JiamMeTp apTepio JepMH y MALli€HTOK CTapIIoi rpymnn
MOCTYIABCsl KOHTPOJILHUM 3HAYEHHSIM B Tpylax ma-
MIE€HTOK, 10 MaJIi HIKOTUHOBY 3aJIe)HICTb, TiEPTO-
HiYHY XBOpOoOY, IIyKpOBHH Aia0eT Ta CKi1anaBs BilIno-
BiaHO -18,5%, -37,3%, 33,0% (p<0,05).
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EHYTRIWHEOCOCOUKOBI

O Be3 cynyTHLOT naronorii

@ aNKOroNkHa 3anexHicTs

B NopYLUEeHHA cTaTeBol chepn
B O¥MPIHHA

H NCUXiyHI poanagu

M iweniuna xeopobia cepya
[ 3aXBOPHBAHHA TPABHOT CUCTEMW M LyKpoBWil aiaber
[ 33XBOPHIBAHHA NEreHsb

B OCHOBI NeTenks

B HIKOTMHOEA 33N eXHICTE
O rineproliyHa xeopoba

W 33XBOPHIBAHHA CEYOBKX DpI'EHiE

Puc. 12. 3HayeHHs 30BHILLHLOrO AiaMeTpy BHYTPILLHbOCOCOYKOBKX reMOKaninsapiB i reMokaninspis B OCHOBI KaninspHux ne-
Tenb y nauieHTok Bikom 51-57 poki. [No3Haukm (*) Bka3ytoTb Ha JOCTOBIPHI BIAMIHHOCTI Bif MapameTpiB LUKipU NaLieHToK BiANOBi-

[OHOI BiKOBOI rpynu 6e3 cynyTHbOI naTonorii.

COCOYKOBWIA Wwap

O bes cynyTHEOT naronorii

[ ankoronbHa 3anexHicTs

B NopyLUEHHA cTaTeBoi cepu
W O¥WPIHHA

B NCHXIYHI poanagm

HiwemiyHa xeopoba cepun
O 3axXBOPHBAaHHA TPABHOT cucTemin B Uykpoeni giabet
O 33XB0PHBAHHA NETeHE

ciT4acTMi wap

B HIKOTMHOBA 38N eXHICTE
OrinepToHivyHa xeopoba

B 3aXB0OPHIEBAHHA CEUY0BNX DpI'EHiEI

Puc. 13. 3HayeHHs BioHOCHOro 06’eMy CyAMH MIKPOLIMPKYISITOPHOTO pycra Yy cknafi COCOMKOBOrO i CiTY4acToro Lwapis Aepmu
y nauieHTok BikoM Bifg 58 pokiB. [Mo3Haukm (*) BKa3yloTb Ha AOCTOBIPHI BigMIHHOCTI Big NapaMeTpiB LUKipW NaLieHTOK BignoBiaHoI

BikOBOI rpynu 6e3 cynyTHbLOI naTonorii.

[Tpu upoMy 3HauEHHS AiaMeTpy BEeHYJ IiJIcOCo-
YKOBHUX CIUIETEHb CEPE/l XBOPUX Ha IIyKPOBHH Jiaber
JIOCTOBIPHO TEPEBUINYBaB IOKa3HUKU TPYIH KOHT-
ponto (puc. 14). BHYTpIlIHBOCOCOYKOBI T'eMOKaIi-
JSIpH Y XBOPUX Ha I[YKPOBHX AiadeT OyJin po3iupe-
HUME Ha 39,2% (p<0,05), B TOI1 "Yac K B OCHOBI Tie-
TeNb 3HaYCHHS 30BHINIHBOTO JiaMETPy TeMOKAITisi-
piB HaBmaku OyJI0 TOCTOBIpHO 3HIDKEHNM (-25,0%) y
MOPIBHAHHI 3 KOHTPOJILHOO TPyIor0. Takox y )KiHOK
3 HIKOTHHOBOIO 3aJICKHICTIO Ta TilEPTOHIYHOI XBO-
PpOoOO0 Bi3HAYANOCS 3BYKCHHS T€MOKAITIISPIB B OC-
HOBI1 KalIIIPHUX METeN b BiTHOCHO MAaIli€HTOK 0e3 Cy-
MyTHBOI ATOJIOTIi. Y PeITH Mali€HTOK (3 aTKOT0JIb-
HOIO 3aJIEKHICTIO, TICUXIYHUMH PO3J1aJIaMH, 1HIIOIO
CYIyTHHOIO BHYTPIIIHBOIO MATOJOTIEI0) KOJWBAHHS
JIOCTIKYBaHIX MOP(OJIOTIYHNX ITapaMeTpiB, 10 Xa-
PaKTepu3yOTh CTaH MIKPOCYIWH MIKipH, Ha Maiu
CTaTUCTUYHO BaroMux BiJIMIHHOCTEH Bij BIAIOBII-
HHX 3Ha4YeHb y TPYIi NalieHTOK 0e3 JiarHoCTOBaHOI

cynyTHbOI marojorii (puc. 13-15).

Hincymox

VY marfi€eHTiB, 110 MalOTh HIKOTHHOBY 3aJICXK-
HICTB, ilIeMiuHy XBOpOOY ceplis, TiNepTOHIYHY XBO-
poOy, 1yKpoBuii Jiaber, a TaKOXK OXKHMPIHHS Pi3HOTO
CTYIIEHS € XapaKTePHUM 1CTOTHE MOPYIIEHHS CTPYK-
TYPH MIKPOLIMPKYJIATOPHOTO PYCJIa MIKipH CKPOHEBOT
IUISHKY TOJIOBH, IO HAJA€ MIACTABU JUIS BUIUIEHHS
JIAHOTO KOHTHHTEHTY TAL€HTIB SIK TPYITy BHCOKOTO
IHTpaOoIepaIiifHOro Ta MiCIIONEPALifHOTO PU3HKY
MIpH TIPOBEACHHI GPOHTIIPTHHTY JUI KOPEKIIii iHBO-
JIOTUBHMX 3MiH HIKipH.

IlepcneKTHBY MOAAJBLIIUX PO3POOOK TIOB 5132~
Hi 3 aHAJII30M CTPYKTYPHO-(DYHKITIOHATEHUX TIepely-
JIOB IIKipy 00IMYYSA 1 IIH{ MiCIs MPOBEICHHS Pi3HUX
BapiaHTIB ONEPATHBHUX BTPYYaHb 3 IPUBOTY KOPEK-
1ii IHBOJIFOTUBHUX 3MiH.
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apTepionu
O bea cynyTHEOT natonorii
I anKOronkHa 3anexHicTs
B NOpYLUEHHA CTaTesol cfepu
B 0MPIHHA

B NCHXIYHI po3nagm

M ilwemiyHa xeopoba cepuA
O 3aXBOPHIBAHHA TpaBHOi cicTemn M uykpoBwi giabet
O 3aXBOPKOBAHHA NEreHb

BEHYN

B HIKOTWHOBA 3aNEXHICTE
O rinepToHiuHa xeopoba

W 33XBOPHIBAHHA CEYOBNX UpI'EHiE

Puc. 14. 3HayeHHsa 30BHILHLOrO AiameTpy apTepion NiJCOCOYKOBOI CiTKM i BEHYN MiACOCOYKOBUX CNMeTeHb Y NauieHToK
BikoMm Bif 58 pokiB. MNo3Hauky (*) BKa3ytoTb Ha AOCTOBIPHI BiAMIHHOCTI Big napameTpiB LLKipy NauieHTOK BiANoBiAHOI BiKOBOI rpynu

6e3 cynyTHbOiI natonorii.
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O bea cynyTHEOT natonorii

[ aNKOronkHa 3anesHicTs

B NopYLUeHHA cTaTeBoi chepn
W O#MPIHHA

B NCHXIYHI po3nagm

N iwemiyHa xeopoba cepun
O 3aXBOPHIBAHHA TpaBHOT cucTemn M UyKpoBwi giaber
O 3aXBOPHIBAHHA NETeHb

B OCHOBI MeTens

B HIKOTMHOBA 3aNeHICTE
OrineproHiuHa xeopoba

M 3aXBOPHBAHHA CEY0BWX DpFEHiEI

Puc. 15. 3HayeHHs 30BHILLHLOrO AiaMeTpy BHYTPILLHLOCOCOYKOBMX reMOKaninsApiB i reMokaninspis B OCHOBI KaninsgpHuX ne-
Tenb y nauieHToK BikoM Big 58 pokiB. MNMo3Haukm (*) BKa3ytoTb Ha AOCTOBIPHI BiAMIHHOCTI Big NapamMeTpiB LLKIpU NaLieHToK BianoB.i-

[OHOI BiKOBOT rpynu 6e3 cynyTHbOI naTonorii.

Indopmanisa npo koHPJIIKT iHTepeciB

[Norenmiitanx ab0 BHUX KOH(QIIIKTIB iHTEpECIB,
IIO MTOB'sI3aHi 3 UM PYKOITHCOM, Ha MOMEHT ITyOJTiKa-
il He iCHy€E Ta He mepeadavdacThCs.

xepesia ¢pinaHCyBaHHS

JlocmikeHHST TTPOBEACHO B paMKaX HayKOBO-
nociiHoi Temu «HopManbpHAN Ta aHOMAaTBHUH MOP-
(oreHe3 KOMIIOHEHTIB CEpIEBO-CYJUHHOI CHCTEMHU
MOAWHA W EeKCIEePUMEHTAILHUX TBapuH» (HOMEp
neprkaBHoi peectpanii 0118U005592).
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Byka I' .1O., aciok T.€., Jlaciox LI., TBepaoxui6 I.B. Kiabkicna mopdosioriuna oninka mxipu ckpo-
HeBOI IVITHKH I0JIOBM Y Pi3HUX BiKOBHX KaTeropiii :xiHoOK i3 CynyTHbOI0 BHYTPIIIHbOI0 NATOJIOTI€I0.

PE®EPAT. AKTyadbHicTh. YIOCKOHAICHHS TEXHIYHAX aCTIEKTiB ONIEPATUBHIX BTPYYaHb B €CTCTUYHIN Xi-
pyprii 00yMOBMIIO 30UTBIIEHHS KUTBKOCTI OIepamiii Ta CyTTE€BE PO3MIMPEHHS KOHTHHTEHTY JKiHOK, IO 3BepTa-
I0ThCS JI0 Creliai3oBaHuX KiiHiK [1-3]. Ane npu 1boMy TaKoX 3HA4YHO 3pOCIIa YacTKa MAli€HTIB 3 PI3HOMAaHIT-
HOIO CYITyTHBOIO TATOJIOTIERD, 110 MOTPEOYE MOIMIYKY HOBHX IIXO/IB IO ONMEPATHBHUX TEXHOJIOTIH 1 0COOIUBOT
yBard y micisonepariiiHoMy nepiosi. Y mali€HTiB JaHOTO KOHTHHICHTY CaMe BUCOKHI PU3UK IHTPAOTICPAIli HHIX
1 micysonepaniiHuX yCcKiIaJHeHb CYTTEBO 00MEXYe Jiana3oH nokaszans [4, 5]. Tomy nonepemkeHHs TaKUX ycKiia-
JIHEHb € BAXJIMBUM NUTAHHSIM IIPY TUIAHYBaHHI Omepaliil B ecTeTuuHiil Xipyprii o0muy4s. MeTa qociiiKeHHs —
BU3HAYCHHS BIUIMBY CYIyTHHOI BHYTPIIIHBOT MATOJIOTIi Ha CTPYKTYPHI 1 (PYHKIIOHAIBHI XapaKTEPUCTHKHU IIKipH
CKPOHEBOI AUITHKY T'OJIOBHU Y JKIHOK pi3HOTO BiKy. MeToamn. Y poOOTi ToCiKyBatu iHTpaotepaliitauii 0iomnciii-
HU Matepian mkipu 104 xiHok BikoM Bix 19 no 73 pokiB mpu mpoBeneHHI GPOHTIIGTHHTY 3a BIIKPHUTOIO Ta
€H/IOCKOIIIYHOI0 TEXHOJOTisIMA. Po3noineHHs MaTepiaxy MpoBOIUIN 3a BIKOBUME rpynamu: | — mo 32 pokis; 11
— 33-40 pokis; III — 41-50 pokis; IV — 51-57 pokiB; V — 58 pokiB i Oinbire. MopdoMeTpuaHO BUBYAIH CepiiiHi
3pi3u Ul BU3HAYECHHS apaMeTpiB MikpocyauH. Pe3yabTaTn Ta mincymok. BcraHoBiieHo, 110 iHBOJIIOTHBHA M-
HaMiKa CTaHy MIKPOCYAHH y COCOYKOBOMY IIIapi A€PMHU CYIPOBOKYETHCS IIOCTYIIOBOIO PEAYKIIIEI0 BITHOCHOTO
00’eMy MIKPOCYAMHHOTO pyciia. Y CiT4acTOMY mIapi JepMH Bi0OYBa€ThCS 3pOCTAHHS BiIHOCHOTO 00’ €My MiKpO-
CYJIMH Y )KIHOK CTapIInX BIKOBUX TpyI. BikoBi 3MiHM MIKpOLMPKYJISLIi BKIIOYAIOTh OPYIIEHHS CTPYKTYPHU BHY-
TPILIHBOCOCOYKOBUX KaIUISIPHHUX IETENb, J1€30pPraHi3alilo apTepiosl y CKIIaJii COCOYKOBOTO 1 CITYacTOro LIapiB
JIEpPMH, a TAKOX YIIKO/DKEHHSI BEHYJI 32 paXyHOK 3MiH (iOpHISIPHOTO KapKacy MiKpOOTOYEHHs. Y Malli€HTiB, 1110
MarTh HIKOTHHOBY 3aJIE)KHICTb, 1IIEMIYHY XBOPOOY ceplisi, TIlepPTOHIYHY XBOpOOY, IIyKpOBHil iabeT, a Takox
OKHPIHHS PI3HOTO CTYIEHS € XapaKTepPHUM 1CTOTHE MOPYLICHHS CTPYKTYPU MIKPOILMPKYJISTOPHOTO pyciia LIKipH,
10 HaJA€ MiJICTaBU Ul BUJIUICHHS JJaHOTO KOHTHHTEHTY MAII€HTIB K TPYIy BUCOKOTO iHTpaolepariifHoro a
MICIIIOTepanifHOTO PU3HKY IIPH MPOBEACHHI IPU MPOBEICHHI QPOHTIIQTHHTY I KOPEKIIiT iIHBOFOTUBHUX 3MIiH
HIKipH.

Kuro4oBi cjioBa: mkipa JIF0OIWHH, CKPOHEBA JITHKA TOJIOBH, CTPYKTYPHI TapaMeTpH, MiKpOIUPKYJISIIis, Bi-
KOBi 3MiHH, CYITyTHS BHYTPIIIHS aTOJIOTIS.
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Volos L.1. “=, Stoliar H.L. A rare case of cementifying fibroma of the mandible: a histopathological study.
Danylo Halytsky Lviv National Medical University, Communal Non-Commercial Enterprise of Lviv Regional Coun-
cil «Lviv Regional Pathology Bureau», Lviv, Ukraine.

ABSTRACT. Background. Benign fibro-osseous lesions are characterized by the replacement of normal bone tissue with
connective tissue that undergoes varying degrees of mineralization. The main forms of fibro-osseous lesions include fibrous
dysplasia, cemento-osseous dysplasia, and various variants of ossifying fibroma, such as cemento-ossifying and cementify-
ing fibroma. Fibro-osseous lesions have similar clinical symptoms, radiographic, and histological features. These lesions
are a diagnostic problem for maxillofacial surgeons and pathologists. Therefore, a comprehensive evaluation of these lesions
will help to avoid diagnostic errors and ensure a correct diagnosis, which will guarantee the correct treatment and an in-
formative prognosis. Objective: to establish the histopathological features of a rare case of cementifying fibroma of the
mandible for differential diagnosis with other fibro-osseous lesions and to determine prognosis. Methods. We present a rare
case of cementifying fibroma of the mandible in a 34-year-old patient after diagnostic examination and surgical treatment
at the Clinic of Surgical Dentistry and Maxillofacial Surgery of the Danylo Halytsky Lviv National Medical University. We
conducted a histopathological study of the postoperative material obtained after revision of the pathological lesion on the
left mandible, excision of the neoplasm and curettage. The jaw tissue samples were fixed in 10% neutral buffered formalin
solution, then decalcified with subsequent dehydration in alcohols of increasing concentration and embedded in paraffin.
Histological sections with a thickness of 5£1 um were made from paraffin blocks on a Leica RM2235 rotary microtome,
then stained with hematoxylin-eosin according to the standard method. Diagnostics were performed on a Leica DM750
microscope (Leica Microsystems GmbH). Results. The microscopic picture showed multiple small fragments of connective
tissue with fibroblasts and a small number of vessels. The fibrous-cellular stroma was characterized by a predominance of
chaotically arranged spindle-shaped and stellate cells with basophilic hyperchromic nuclei and a minimal amount of cyto-
plasm. Among the connective tissue were numerous rounded, irregularly shaped and confluent calcified complexes of the
cementum type without osteoblast reaction. In addition, a small number of calcified bone beams with osteoid and osteoblasts
were found. Orthopanotomogram showed a radiolucent well-defined image in the region of 37,38 and in the angle of the
mandible. Conclusion. Cementifying fibroma, as a mesenchymal benign odontogenic tumor of the jaws, originates from
mesenchymal blast cells of the periodontal ligament and forms a combination of cement-like tissue and fibrous cellular
tissue. Diagnosis of cementing fibroma is based on clinical and radiological findings of the lesion, and histological exami-
nation confirms the diagnosis.

Key words: bone tissue, mandible, fibro-osseous lesion, cementifying fibroma, osteons, osteoblasts, osteoclasts, connective
tissue, fibroblasts, histopathology.
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Beryn CTUYHHUX 200 JMCIIACTUYHUX MPOLECB, [0 XapaKTe-
Di0p03HO-KICTKOBI ypaskeHHS CKJIaJaloTh TeTe- PU3YIOTBCS 3aMIIIEHHSM HOPMaJbHOI KiCTKOBOI ap-
POTeHHY TpyIy, SIKi BKIIOYAIOTh PO3BUTOK HEOIUIa- XiTekTypH (hiOpO3HOIO0 TKAHUHOIO, sIKa HA0yBa€ MiHe-

pamizanii [1]. ®i6po3HO-KiCTKOBI ypakeHHs Oynu
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BIIEpIIIC BKJIFOYCHI SIK Tpymna cepell OJOHTOTCHHHX 1
MIeNIETHO-TUIEBUX MTyXJIUH KicTok y Kimacudikariro
MyXJIMH TOJI0BH Ta 1mui, omyosikosany BOO3 y 2017
pomi [2, 3]. V 2022 poui BOO3 onHoBmia Kia-
cudiKaIio 0OTOHTOTEHHHX 1 MIENEITHO-TNIEBUX MyX-
JMH 3aBISKH OTPUMaHMM HOBHM MOJICKYJSIPHUM
BIJIKPHUTTSM, SKi MalOTh KJIiHIYHE 3aCTOCYBaHHS Ta
MOXYTb CTBOPHTH OCHOBY JUIsl ITOYaTKy HOBOI epu
migxoniB 1o JikyBaHHs. ['pyna ¢iOpo3HO-KiCTKOBUX
ypakeHb LIEJETHUX KiCTOK BKIIIOYAE KiIbKa JiarHo-
CTHYHUX IATUMIB, 30KpeMa (iOpo3Hy aucmiasiro,
ncaMoMartoinHy ocudikyouy ¢ibpoMy, FOBEHUIBHY
TpabeKkymsipHy ocudikyroay ¢idpomy, cimerHy
riraaToopmMHy (iOpomy, ciMeliHy HEMEHTHO-KiCT-
KOBY NTUCILIA3il0, OJIOHTOTEHHY IIEMEHTHO-OCU}IKY-
09y ¢idpoMy, IIEMEHTHO-KICTKOBY IHCIDIA3il0 Ta
CEIrMEHTAapHy OJOHTO-ILEJICNHY IHCIUIa3ilo, Helo-
JIABHO MPEJICTABJICHY B OCTaHHiM Kiacudikartii [4].

Sk npaBuiio, GiOpO3HO-KICTKOBI ypakeHHsI Ma-
I0Th MOJTI0HI MiKPOCKOIIIYHI TiCTONOTIYHI O3HAKH, [0
XapaKTePU3YIOTHCA (PIOPO3HOIO CTPOMOIO 3 PI3HUMHU
TUIIaMHM Ta KIJIbKICTIO MIHEpalTi30BaHUX IMPOAYKTIB
[5]. o ocHOBHUX (hOPM ypaxkeHb 3 TOJIOHHUMH TiCTO-
JOTIYHUMH O3HaKaMH HaleXuTh (iOpo3Ha 1mc-
iasis, ocudikyroda GpidpomMa Ta IeMEHTHO-KICTKOBa
IHCIUIa3is, NpOTe 3TiJHO 3 OCTAHHBOIO KJa-
cudikamiero pi3Hi migTunu ocudikyrodoi ¢Gidpomu
PO3IIIAAIOTECS | BUSHAIOTECS K OKPEMi YTBOPCHHSI.
VY Toit gac sk ¢idpo3Ha AHCIIIA3isa MOKEe BUHUKATH B
Oynb-sIKiii 4acTHHI CKeJeTa, IEeMEHTHO-0CU]iKyIoua
¢ibpoma 1 IIeMEHTHO-KICTKOBa IUCIUIA3is 3ycTpiva-
FOTHCSI BUKITIOYHO B MICJICITHO-JIUICBUX KiCTKaX [6].

VY 1872 poui K. MeHuenpb npeacraBuB Nepiiui
ormuc BapiaHTy ocudikyroudoi ¢iOpomu, Ha3BaBIIN
I[eH BapiaHT [EeMEHTHO-0cu(iKy040I0 (hidpomMoro, y
35-pivHOT KIHKH 3 BETUKOIO MYXJINHOO HIKHBOT IIIe-
Jenu, sKa XapaKTepu3yBajacs MOBUIBHUM POCTOM
[7]. ¥ 1927 pomi A. MonTromepi [8] Brepiie BHKO-
pucraB TepMiH ocudikyroda ¢idpoma, a 3rooM I
Ha3Ba MOYaJlia BUKOPHUCTOBYBAJAcs IHIIMMH aBTO-
pamu [9-11]. o 1948 poky BBaxkanocs, mo ¢piopo3Ha
JUcIIasis Ta ocudikyroua Gpidpoma Oyau ab0 0JHUM
1 THM JX€ YTBOPEHHsIM, ab0 BapiaHTaMH OJHOIO ypa-
sxennst [10]. IMpore y 1948 poui P. Illepman i B.
[tepubepr [12] omyOmikyBaJd OMKUC KIIHIYHHX,
pagioNoriYyHUX Ta TICTOJNOTIYHUX XapaKTEPUCTUK
ocu(ikydoi ¢pidpoMu, i 3 TUX Mip OUTBIIICTH II0-
CIITHUKIB PO3MIANa0Th (iOpO3HY IHCIDIa3ifo Ta
ocudikyouy ¢piOpoMy SK pi3HI KIIHIYHI YTBOPESHHS
[12,13].

Psn aBTOpiB OmECcyBanu ocu(iKyIOUi, IEMEHTY-
104l Ta meMeHTHO-ocu(pikyroui Gidpomu K mo0po-
sKicHi piOpPO3HO-KICTKOBI ypaskeHHs, 10 TIOXOIATH 13
MepiOTOHTANBHO] 3B’ A3KH, BHACIIOK YOTO BOHH CTa-
HOBJITH TiCTOJIOTiYHI BapiaHTH OJHOTO TATOJOTid-
Horo mporecy [9, 14, 15]. TlepionoHTanbHa 3B’s3Ka
— [I€ 1Iap BOJIOKHUCTOI CIIOJYYHOI TKAaHHMHH, IO
0TOUye KopeHi 3y0iB. 3B’s3Ka MICTUTHh MYJIbTHIIO-
TEHTHI KIITHHH, SKi 3JaTHI YTBOPIOBaTH IIEMCHT,
IUIaCTUHYACTY KICTKY Ta (ibpo3Hy TKaHuHy [7, 16].

YpakeHHsT TO3HAYAIOTHCS MO-Pi3HOMY, 3aJIeKHO BiJ
TUTTY ineHTU(ikoBaHOT TKaHwHH [13].

Ocugikyroua ¢ibpoma — nedpopmyroda, 1o6po-
sIKICHA MyXJIMHA, KA MOYKe BUHUKATH Maibke B OyIb-
SIKOMY MiCIIi JIMIICBOTO CKeJeTa, YacTo [iarHo-
CTYETBCA Y *KIHOK Y Billi BiJf APYTOTO IO YETBEPTOTO
JNECATHIITTS, PIAKO 3yCTpiyarouuch y  JiTed,
MiJTITKIB 1 JFo/Iel moxminoro Biky. KicTku oOmuyys,
0COOIUBO 3aHIH BiIi HUXKHLOI IIENIENH, € MiCIEM
peunauBy y 75% [17, 18]. Lla pinkicHa myxyinHa
MOJXE TMPEJICTAaBISTH JIarHOCTUYHY IHJIEMY JUIs
KIIHIOUCTa Ta [aToyiora Yepe3  HakJIaJaHHs
KIHIYHAX Ta TiCTOMOP(OIOTIYHHX OCOOIMUBOCTEH.
IcHye 6araTto cCHHOHIMIYHHX HOMEHKJIATYP IS OIHi€T
CYTHOCTI, 1 Cymepedykn 1Imomo Kiacudikamii Ta
PO3MIOALTY HIATHIIB y JiTepatypi HOAAIOTh ILTyTa-
auHE [19]. Tepmin ocudikyroua ¢ibpoma BHKOpH-
CTOBYETHCSI, SIKIO ITEPEBAKAIOYUM KOMIIOHEHTOM €
KiCTKa, TOJl SIK IIeMeHTyto4Ya GpidpoMa BU3HAYAETHCS
HasIBHICTIO KPHUBOJIIHIHUX TpaOeKyIsIpHUX CTPYyK-
Typ abo chepudyHHUX KanmblMdikaTiB. 3arajoM Iyx-
JMHA POCTE BIJHOCHO IMOBUIBLHO, BHACTIIOK YOO
BEpPXHI KOPTUKAIBHUM 1Iap KiCTKH Ta CIIM30Ba 3aJTH-
IIAIOThCSA HEYIIKO/DKEHVMH, TOMY ITyXJIMHA MOXeE
OyTH MIPUCYTHHOIO MPOTATOM KiJIbKa POKiB J0 ITOCTa-
HOBKH JiarHo3y [20, 21]. I[IpoTe neski ypakeHHS MO-
XKYThb 3 YacOM CTaTH MAacHBHHMH, CIPHYHHSIOUH
3HAYHI €CTETHYHI mpobiemMu Ta (QyHKIIOHAIBHI Je-
(dopmartii, Taki Ak acUMeTpist 0OIHYYS Ta 3MIMICHHS
3y0iB [22].

LlementHO-ocudikyroua ¢idbpoma — pinkicHa
J0OposiKicHa Me3eHXIMaJlbHa OJIOHTOT€HHA ITyXJIMHa,
IHOJII 1HKAICYyJhOBaHA, MOBLIBHO POCTE 3 MEPiOI0H-
TanbHOI 3B’si3kM [23, 24]. YpakeHHS XapakTepu-
3YEThCSI MYJBTUIOTEHTHICTIO KIITHH, CXWIIBHE [0
YTBOPEHHS LIEMEHTY MOPYY i3 MIACTHHYACTOIO KiCT-
KOI0 Ta (piOpo3HNMHU TkaHHHaMU. O1y0JikoBaHi JaHi
MTOMIUPEHOCT] MOKa3ykTh, IO Y KIHOK, 0COOJIHMBO Y
Bii Big 30 mo 40 pokiB, 9acTilie qiarHOCTYIOTh ypa-
JKeHHSI, HXK Y YOJIOBIKIB, y cmiBBimHOmeHHI 5:1. Lle-
MEHTHO-OCH(]iKyroUda (hibpoma gacrimnie
3ycTpiyaeThcsi Ha HWKHIA meneni (dactora 70%),
HIXK Ha BEpXHiii 1enerti, a 3a/1Hi BTN, SIK TIOBIJIOM-
JSIIOTH aBTOPH, MIIAAI0ThCS OUIBIIOMY PH3HKY, HIX
nepeaHi [25]. PEHTreHOIOrIYHO [IEMEHTHO-0CU(IKY-
104i (hiOPOMH MPOSIBISIFOTHCS PI3HUMHU MOJIEISIMH 3a-
JISKHO BiJl CTYNEHs MiHepamizamii ypaxxeHHs. Bonn
MOJKYTh BU3HAUaTHCS Ha ITiICTaBl BUSABJIECHHS Ha Op-
TOMAHTOMOTPaMi MYJIBTIJIOKYJSPHUX a00 YHIIOKY-
JSIPHUX PEHTTCHOINIPO30PHX 1 PEHTT€HOKOHTPACTHUX
YTBOpPiB 3 KpaiioBuM ckiepo3oM [26]. IlementHo-
ocupikyroua (iOpoma, K MpaBmwio, € CHEPUIHOIO
a0o sifreno1ioHO (HOPMOIO, IO MOBITHHO PO3IIN-
PIOETBCS 1 BpaXkae MUISHKH, SKi OTOUYIOTh 1 yTpUMY-
0Th 3yOH, IO NMPHU3BOIUTH JO Pe30pOIlii KOpeHiB
pi3HOTO CTYymeHs Ha cycinHix 3ybax. Hespaxaroun Ha
Te, LI0 IHTAHHS TPO MOXO/KEHHS LEMEHTHO-
ocuikyrodoi ¢GidpoMu mOCI ITUCKYTYeTHCS, BBa-
KAETHCS, 10 MOXJIMBI TpaBMH ab0 MiCIEBi HO/pa3-
HUKH € IPUYMHAMH 1X BUHUKHEHHS [27].
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IlemenTtyroua ¢ibpoma BBaxkaeTbcs I00po-
SIKICHOYO ITyXJIMHOIO MMIETIETIOBUX KiCTOK 1 KiCTOK JIH-
LIEBOTO CKENETY, sIKa BHHUKAE TAKOX 3 IIEPI0IOHTAIIb-
HOI 3B’A3KH, YACTillle PO3BHBAETHCS B MIJISHINI MO-
JIpiB HIDKHBOI IIENeNH 1 MOXKEe JOCATAaTH BEIUKUX
po3mipiB. icronoriuno memeHtyioua ¢ibpoma ne-
MOHCTpPY€E Pi3HY KIUJIBKICTh CKYHMUYEeHb LIEMEHTY, BOY-
JIOBaHHX y (iOpO3HY TKaHHHY 3 IUITHKAMH PO3KOJIO-
THX 1 Ie30praHi30BaHUX KICTKOBHUX (hparMeHTiB [25].
OpnHak TepMiHM ocudikyroya i ieMeHTyoo4a Gpidpoma
€ Juile akajgeMiuHuMu no3HaueHHsmu [10, 13]. Ie-
MeHTYyIoua idpoma JTyxe TICHO MOB’s3aHa 3 IHIIIUMU
(hiOpO3HO-KICTKOBUMH  YPKCHHAMH, TaKAMHU SIK
(hibpo3Ha mucIIiasis, mepiamikajdbHa TUCTIIA3is Iie-
MEHTY Ta iHII KaIbIu(iKyrodi OJOHTOTeHHI KiCTH Ta
IyXJIMHH.

Hisb: BCTAHOBHUTH TiCTOIATOJIOTIYHI OCOOJIH-
BOCTI PIJKICHOTO BHIIAAKY IIEMEHTYI04Oi (idpomMu
HIDKHBOT IeJIeTTH ISl IPOBEICHHS AU(epeHIitHOro
JiarHo3y 3 iHIMMHU (iOpPO3HO-KICTKOBHMH YpaXkeH-
HSMU Ta BU3HAYE€HHS IPOTHO3Y.

Marepiaaun Ta meToan

Y UpOMy JIOCHIDKEHHI MM HpPEACTaBISIEMO
BUTAJIOK IIEMEHTYI0UO0i (hiOpOMH HIKHBOI ICTETH Y
34-piyHO1 TAIlieHTKH, SKy CKEpyBald i iaTHO-
CTHYHOTO OOCTE)KEHHS 1 IOAAJBIIOTO JIKyBaHHS B
KIIHIKY XipyprigHOi CTOMATOJIOTI] Ta IEJICITHO -JIUTIe-
BOI Xipyprii JIpBIBCEKOTO HaIiOHAEHOTO MEIMIHOTO
yHiBepcuteTy iMeHi Janmna ["aaunpkoro.

Hamu G6yno npoBenene ricronatomopdosoriyte
JIOCITIJDKEHHS TicIsloNnepaliiiHoro Matepiaty, OTpH-
MaHOro TMicis peBi3ii MaToJOriYHOrO BOTHHUINA Ha
HIDKHIH IIeJIei 3)1iBa, BUCIYCHHS HOBOYTBOPY Ta KO-
peraxy B KIIHILI XipypriyHoi cTOMArToJorii Ta Iue-
JICTTHO-JINIIEBOT Xipyprii.

[NamieHTKa Hajgama cBOKO 1H(POPMOBaAHY 3TOXIy
[IOJ0 BHKOPHCTAHHSA 11 MEPCOHATBHUX Ta KIIHITHIX
JIAHUX JIJIS TOCIITHUIBKUX ITiTed. JocikeHHs BH-
KOHAHi 3 TOTPUMaHHSAM OCHOBHUX IT0JIOXeHb «[Ipa-
BWJI €TUYHUX TPHUHIMIIB TIPOBEICHHS HAayKOBUX
MEIUYHHX AOCII/KEHb 33 Y4aCTIO JIIOAUHIY, 3aTBEp-
okenux ['enbcinchkoro aeknapargiero (1964-2013
pp.), ICH GCP (1996 p.), dupexrusu €C Ne 609 (Biz
24.11.1986 p.), naka3is MO3 Vkpainu Ne 690 Bin
23.09.2009 p., Ne 944 Bin 14.12.2009 p., Ne 616 Bin
03.08.2012 p.

3pa3ku TKaHWH IIENeNH, 3a0paHi micius
xipypriunoro JikyBaHHA, (QikcyBamu B 10%
HeHTpampHOMY 3a0ydepeHoMy po3uuHi dopmaliny,
MPOBOAWIIN JICKAJIbLIIMHALII0 3 HACTYIHHUM 3HEBOJ-
HEHHSIM y CIIUPTax 3pOCTal040i KOHLEHTpail 1 3a-
JMBKOIO B mapadiH 3a CTaHJApTHOIO METOAMKOIO. 3
napagiHOBHX OJIOKIB 31 3pa3kaMy TKaHUHH Ha POTa-
niitiomy wmikpotomi Leica RM2235 purortosmsnn
TICTOJIOTIYHI 3pi3W TOBIIMHOIO 5+1 MKM, sIKi HaHO-
CHJIM Ha TIPEIMETHI CKeJNbI 3 aAre3UBHUM TTOKPUT-
TaM. Jlis Mop¢osioTiyHOi MIarHOCTHKK TpenapaTu
(hapOyBaIy reMaTOKCHIIIH-€03WHOM 32 CTaHJIaPTHOIO
METOJIMKOI0. [iCTOJIOT1YHY OLIIHKY OnepariifHoro Ma-
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Tepialy MPOBOJIWIIM i3 3aCTOCYBAaHHSIM YHiBepCalb-
HOro onTuYHOro Mikpockoma Leica DM750 (Leica
Microsystems GmbH).

Pe3ysabTaTH g0CTiTKeHHA

Tak sk memeHTyoo4a (idpoma ImenermHo-InIe-
BOTO CKeJeTa 3YCTPId4aeThes PiAKO, MPeNCcTaBICHUIN
BHUIIQJIOK  MIJKPECIIOE  HEOOXIMHICTh  HAJCKHOI
OLIIHKM Ta AIarHOCTUKHU IJI1 BU3HAYEHHS BIAMOBII-
HOTO IJIaHy JIIKyBaHHS Ta IPOTHO3Y.

Ipezenmayis eunaoxy

34-piuHa Tali€HTKa 3BEpHYJAcs B KIIHIKY
XIpypriyHoi CTOMATOJNIOTII Ta  INENICMHO-THIEBOL
xipyprii JIpBIBCBKOTO HAmiOHAJHFHOTO MEIUYHOTO
yHiBepcuTeTy iMeHi anmma [anmmiekoro 3i ckap-
ramu Ha guckoMdopt B ginsHmi 37,38 3y0iB HIDKHBOT
IIEJIENH 37TiBa.

I[Tix yac BUBUCHHS aHAMHE3Y BKa3iBKH Ha MOIIe-
penHi TpaBMu Oymu BiacyTHi. CTOMAaTOJOTIUHHIA,
MEIMYHUN Ta CiMeifHNII aHaMHe3 He BUSBHUIIM IATO-
JIOTiH, sIKi OM THM 4M 1HIIIMM YMHOM OYJIM ITOB’sI3aHi 3
OCHOBHHMM 3aXBOPIOBAHHSM MAalliEHTKU. BHyTpilIHb-
OPOTOBHIA OTJIST BUSIBUB YTBIp B 00JIACTI JIIBUX HHXK-
HIX MOJIAPIB, OKPYIJIO-0BaJbHOI (opMH, pO3MipoM
mpubmm3HO 5%6 MM. Cnm3oBa 000J0HKa Oyma Tiiaj-
KOI0 Ta HEYIKOpKeHOIo. IIpm manpmamii mpumyx-
JCTh Big M’sKOi O TBEpAOI KOHCHUCTEHIII 3 YiTKO
OKpecIIeHUMH Mekamu, Oe30oxicHa. Ha mimcrasi
KIHIYHAX AaHUX OyJ0 BCTAHOBICHO IOMEpemHIN
JiarHO3 JOOPOSIKICHOT OJOHTOTEHHOI IyXJIMHH Ta pe-
KOMEHJIOBaHO PEHTI'€HOJIOTIYHE JIOCIIIPKEHHSI.

Ha penTreHorpami HUKHBOT LIEJICITH BUSBICHO
YIiTKUI PO30pHid YTBIp OKPYTJIOi ()OPMH, IO TTOIIH-
proBaBcst Ha 37,38 ninsHKy. YTBip MaB rocTpHil CKIle-
POTHYHMH Kpal, PEHTTEHOKOHTPACTHICTH OyJIOo
BUJIHO B LIEHTPI Ta B3JJOBXK MEpeaHiX kpaiB. OpronaH-
TOMOTpaMa IoKa3aja 9iTke peHTTeHOIpo30pe 300pa-
JKeHHS B 37,38 OUIAHIN 1 HAa KyTi HIOKHBOI IICTICTIH.
Kniniuao BcraHoBieHO (iOpo3HY OCTEOTUCIIIA3io
KyTa Ta Tijla HWKHBOI TSN 3I1iBa.

Bymo mpoBenmeHO peBi3it0 MaTOJIOTiYHOTO BO-
THUIIA Ha HIDKHIN 1erneni 3iiBa. BrucidyeHHs ta kro-
peTax BOTHHINA BHKOHAHO IIiJi MICLIEBOIO aHecTe-
siero. Ilicnsonepaniiinuii mepiox nepediraB 0e3
yckiagHeHb. [1if yac crocTepexeHHs 3a MalieHTKO
HOPOTATOM 7 MICSIIB HE MOBIIOMIISIOCS MPO peIy-
JIMBH, L0 CBIJTYUTH PO CIIPUATIUBHNA IPOTHO3.

B ricronoriuny nabopatopiro HaliCTaHO KiTbKa
IpiOHUX TEMHO-CIpHX (QparMeHTiB po3Mmipamu 1-3
MM. JIJIs TicTOMATONOTIYHOTO TOCIIIKEHHS OYIN BU-
TOTOBJICHI  JeKaIbIUHOBaHI mapadiHoBi  3pi3H.
MikpockoriyHa KapTHHA IEMOHCTPYBaJla MHOXHHHI
IpiOHI (hparMeHTH CIIONyYHOI TKaHWHU 3 Pibpobdia-
CTaMH{ Ta HEBEIUKOIO KIIBKICTIO CYAMH, Cepes SIKMX
YHCIICHHI OKPYTJIi, HETIPaBWILHOI (hOPMHU Ta 3JIMBHI
KaJIbIIMHOBaHI KOMIUIEKCH TUITY IIEMEHTHKIIIB Oe3 pe-
akuii octeobmactiB. KpiMm Toro, BUABICHAa HEBEIHKA
KUIBKICTh ~ KaJbIIMHOBAHUX KICTKOBUX 0alok 3
0CTEO0IIOM Ta ocTeoOactamMu. B marosoroanaromiu-
HOMY BHCHOBKY BKa3aHO, 110 MOp(oJIoTis OibII Xa-
pakTepHa Uil LeMeHTyo4oi Gpibpomu (puc. 1-7).
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Puc. 1. LlemeHTytoua hibpoma HWxHbOI Wwenenu. Ha-
SIBHi XaOTU4YHO pO3TalLOBaHi KOrareHoBi BOMOKHA, cepep,
SKMX CNOCTEPIralnTbCs YNCMEHHI KanbLndikoBaHi KOMMNeKcH
TMNy LemeHTuKniB 6e3 peakuii octeobnactis. 3abapBneHHs
remMaTokCuriHom Ta eosnHom, x100.

Puc. 2. LemeHTytoua pibpoma HWXKHBOI Lienenw.
KanbuundikoBaHi BigknagaHHsA cepef, CMosyyYHOi TKaHUHW
pi3HOro po3mipy OKpyrnoi, HenpaBwnbHOI (OPMU Ta 3MMBHI.
3abapBneHHsi remaTokcuniHoM Ta eo3nHom, x200.

Puc. 3. LiemeHTytoua dpibpoma HUXHBOI Lenenu. Mpo-
nicpepauisi BepeTeHoNoAibHMX KNiTUH, po3TallOBaHUX Myud-
KaMu Ta 3aBUTKaMK, cepef SKUX He3HayHa KinbkicTb 6a3o-
inbHMX BigknagaHb. PiGpo3HUIA KOMMOHEHT 6e3 3ananbHoi
peakuii. 3a6apBneHHs remaTokcuniHoM Ta eo3mHoMm, x100.

Puc. 4. UemeHTytoua ibpoma HWXKHBOI Lienenw.
DiBpOo3HO-KNITUHHA CTPOMa XapaKTepU3yeTbCs NepeBaxaH-
HSIM XaOTMYHO PO3TaLLOBaHUX BEPEeTEHOMNOAIGHNX Ta 3ipya-
CTUX KNiTMH 3 ©6a30MiNbHUM  TiNEPXPOMHUM  SAPOM i
MiHIManbHOIO KiNbKICTIO LMTONMa3Mmn Ta KorareHoBuX BOro-
KOH. Kanbuudikatin Benukoro posmipy oBanbHOI Ta Kpyrmnoi
dopmu HaragyBanu LeMeHTonoAiGHi cTpykTypu. 3abapene-
HHS reMaToKCUmiHOM Ta eo3nHoM, x400.

Puc. 5. LemeHTytoua ibpoMa HWXHBOI Luenenu.
3HayHe cKynuyeHHsi kanbuudikoBaHoro Matepiany y dopmi
HEBENMUKUX SNLEeBUOHUX KynscTUX 6a3odinbHMX BiaknagaHb.
3abapBneHHs remaTtokcuniHoM Ta eo3mHoMm, x100.

duckycis

Jlo6posikicHI (iOPO3HO-KICTKOBI ypa)KCHHS —
Lle rpyna HaToJOriYHHUX CTaHiB, L0 XapaKTepH3y-
FOTHCS 3aMIICHHSIM HOPMaJIbHOI KICTKOBOI TKAHUHHU
KJIITHHHO-BOJIOKHHCTOO CIIOJIyYHOI TKAHUHOIO, SKa
mianaeTbess MiHepamizamii [5]. HaiOinen mommpeHi
TUIH 100pOosiKicHUX (PiOPO3HO-KICTKOBHUX YTBOPEHb,
3TiIHO OCTaHHBOI Kiacudikamii MyXJIWH KiCTOK TO-
gou Ta mmi BOO3 2022 poxy, BKIOYAIOTh
¢i6po3Hy nucruiasito, ocudikyrody Gpidbpomy Ta KicT-
KOBY JHCIUIA3if0 [4]. 3aBAsku NOAIOHUM KIIIHIYHUM,
PEHTTCHOJIOTIYHUM Ta TICTOJIOTTYHIM XapaKTEPHCTH-
KaM (iOpO3HO-KICTKOBI Ypa)KeHHsI € MPOOIEMOI0 He
JIMIIE JUIsi TIATOJIOrOaHATOMIB, ane i JUls IieNenHo-
JIMLIEBUX XIPYpriB, TOMY CHCTEMATHYHMH MiIXif 1O
OLIIHKH TaKHX BUIAJKIB € BAXIIUBUM, 100 YHUKHYTH
JIarHOCTUYHUX TIOMIJIOK 1 3a0€3ME€YHUTH MTPABUIbHHI
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JiarHo3, IO TapaHTyBaTHME ITPaBIJIBHE JIIKYBaHHS
Ta iH(pOPMaTHBHHUN POTHO3.

Puc. 6. LlemeHTytoua hibpoma HWxHbOI Wwenenu. [iga
dparMeHT NyxnnHU, OAUH 3 SIKUX Mae nepeBaxHo ibpo3s-
HUA KOMMOHEHT 3 BiJHOCHO HEBENWKOK KiNbKICTIO KamnbLm-
HaTiB Ta iHWWA 3 PiBHOMiIpHUM po3nopainom dibposHoi Ta
KanbLUMHOBaHOI TkaHWHW. Ba3odinbHi BiaknageHHs Tuny Le-
MeHTUKNIB. 3abapBreHHs remMaToKCWUMIHOM Ta €O03UHOM,
x100.

Puc. 7. LlemeHTytoua dibpoma HWXHbBOI Wwenenn. €am-
HWUIA dpparMeHT 3 HEBESUKOHO KifbKICTIO KanbLMHOBAHUX KiCT-
KoBMX 6arnok 3 ocTeoifom Ta octeobnactamu. 3abapBneHHs
reMaToKCuniHOM Ta eo3nHom, x400.

Ilementyroua ¢ibpoma € oIHMM i3 THHIB IUX
ypaxeHb. Panime niementyouy Gpiopomy knacudiky-
BaJIM SIK JIBI Pi3HI MATOJIOTIT 3aJI€KHO Bijl TOTO, KiCTKa
YH [IEMEHT YTBOPIOIOTh OCHOBHHUH KalbIH(iKOBaHHI
npoaykr. Kpim Toro, B MHHYJIOMY LEMEHTYIOUY
¢didbpomy knacudikyBanu Ha pizHi hopmu: ocudiky-
o4y ¢GopMy, LEMeHTylouy GOopMy, arpecuBHy
(roBeHiNBHY) (GOpPMYy, MHOXHHHY OCHQIKYyIOTy
(ibpomy, cimeliHy riranTodopMHy IieMeHTOMY [28].

B pesynbraTi mpoBeneHHS TiCTOJOTIYHOTO JI0-
CII/DKEHHS HaMM BHM3HA4€HO, M0 [EMEHTyIoua
(hibpoma cKIIaTa€eThCs 3 Pi3HOT KUIBKOCTI IEMEHTY Ta
(hi6po3HOT TKAHWHHM B Pi3HUX IUITHKaX yTBOpY. BHa-
CHIZOK HAsBHOCTI MOXIOHUX TiCTOJOTIYHUX O3HAK,
3aCHOBAaHMX Ha HEAaKTHBHOMY HA BHIJISJ OJOHTOTEH-
HOMY emitenii, BOysoBaHOMYy y (GiOpo3HY CTpOMYy,
fioro yacto Baxko audepeHiiroBaty Big ¢Gidpo3HOT
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JWcIIIasii, TOOTO iCHYe Tak 3BaHE TiCTOJIOTIUHE Tepe-
KpUTTA 3 (QiOpo3HOIO mucIIasiero, mpote ¢idpo3nHa
JHCIIIA3isl XapaKTepU3yeThCsl HEUITKUMHU MEKaMH,
SIKi HETIOMITHO 3JIMBAIOTHCS 3 HOPMAJIBHOIO KiCTKOTO.
Kpim Toro, ¢ibposHa mucriaszis Moke BHHHUKATH B
Oynmp-sIKii YaCTHWHI CKelleTa, a I[eMEHTHO-OCU]iKy-
oua i eMeHTywJa Gpidpoma Ta I[EMEHTHO-KICTKOBa
JCIUIAa3is 3yCTPiYaroThCs BUKIIOYHO B IIEJICTTHO-JIN-
neBux Kictkax [6]. Ha mpomy ertarmi, O0e3CyMHIBHO,
3pO3yMiJo, IO IpaBWJIbHA PEHTICHOJIOTIYHA Ta
KJIHIYHA Kopessiuis, audepeHuiiina Mopdosoriyaa
JIIarHOCTHKA Pa3oM BiJiIrpaloTh BEJHMKY POJIb B i€H-
TrdiKarii.

Judepenniiina giarmoctuka 3 ¢idpo3HO0 auc-
IU1a3i€10 yTpyIOHEHA, OCKUTBKH MOPQOJIOTigHO 00u-
JIBa 3aXBOPIOBAaHHA OyXke cxoxi [29]. BaxmmBumun
I(epeHIiHHO-AIarHOCTAYHIMHA O3HAaKaMHU IIEMEH-
Tyrouoi gibpomu i ¢pibpo3Hoi AncIUIAsii € Te, mo Ie-
MeHTylo4a (ibpoma Mae Kpyrity GopMy Ta CHpUYH-
HS€ BY3JIOBE 200 KYIOJIOMOMIOHE PO3IIMPEHHS IIe-
nenu, Toji K Gidpo3Ha qucIUIazis Ma€e MPSIMOKYTHY
(dbopMy Ta CHpUUUHSE TOIOBKEHE BepeTEHONOAIOHE
posumpenHs. Kpai pi3ko BU3HaueHi MpH LEMEHTYIO-
giit ibpomi, Tomi sk kpai mpu QiOpo3Hiit mucmasii
HE YITKO BHPAXCHI 1 3IMBAIOTHECA 3 HOPMAIBHOIO
kictkoto [22]. LlemenTtyroua pidbpoma Mae OIHPOKHUI
BIKOBHUH Hiana3oH Bix 7 10 58 pokiB, TOAI SIK cepeaHii
BiKk (piOpo3HOi mmcrumazii ctanoBuTh 20 poki [30].
Hementyroua  ¢ibpoma  3mebinmpmoro  cro-
cTepiraeThcss Ha HIWKHINM menerni (70%), Tomi SIK
¢i0po3Ha nucIuIazis JAEMOHCTPYE IMOMITHY CXHJIb-
HICTh 10 BepxHboi menenu [31]. Octarouny mocra-
HOBKY J1iarHO3y IPOBO/ISTH JIUIIIC MiCIs KIIHIYHUX Ta
PEHTI€HOJIOTIYHUX JIOCIPKEHb.

B nmiteparypi ocraHHIMH pOKamMH OOrOBO-
proeThes mudepeHtliiiaa niaraoctuka Gpidpo3Hoi auc-
w1asii Ta ocudixyrouoi ¢pidpomMu Ha MOJIEKYISIPHOMY
piBHi, mocnimkyroun MyTanito B reHi GNAS (guanine
nucleotide-binding protein, alpha-stimulating activity
polypeptide 1), i BUCHOBKH BKa3ylOTh Ha T€, IO MY-
Taniiauii anani3 rena GNAS e HagiiiHUM TOIIOBHEH-
HAM 110 judepenmianii ocudikyrouoi ¢idbpomu i
¢bi0po3HOi qucruiasii mieseny, a MyTaiis O4eBUIHA
nipu $ibpo3Hii aucmasii [29].

Kpim Toro, nudepeHiiiiHy 1iarHOCTHKY, B TOMY
yucii Mop(oJIoriYHy, HEOOXiJHO MPOBOJUTH TAKOXK
3 pe3uAyaTBHOI0 KiCTOO, SIKa Ha paHHIN cramii Mae
PEHTIeHOJIOTi4HI O3HaKH IEMEHTYI0401 pidbpomu, arne
HasIBHICTh aHAMHE3Y 100 BUIAJIECHH 3y0a JoromMa-
rae BU3HAYHUTHUCS 3 AiarHO30M. [lepiamikanbpHa Juic-
TUIA31s HEMEHTY OB’ s3aHa 3 BITAILHUMHM 3y0amHu, 3a-
3BHYail PO3BUBAETHCSA Y HIDKHIX MEPEAHiX 3y0ax, He
BHKJIMKA€E 3MIIIEHHA 3y0iB, PiIKO JOCATaE AiameTpa
noHas lcm, Tozi sik LeMeHTyro4a (idpoma 3a3Buyai
Mae Oumbmi posmipu. BaxkmuBa audepenitiiina
JlarHOCTHKA 3 aMeI00J1acTOMOIO, sIKa BUHHUKAE B 3a](-
Hill 9aCTHHI HWKHBOI IENeIH, Ma€ MYIbTHIOKYIISP-
HUH BHIJISA 1 MOXE BUKJIHKATH HapecTe3iro ryou. I,
1110 B)KJINBO, [IEeMEHTYy04y (hiOpomMy notpioHoO ande-
PEHLIIOBAaTH 3 OCTEOTEHHOIO CAapKOMOIO, SKa Mae
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HEYITKi MEXi 3 YTBOPCHHSM IEPiOCTANBbHOI KiCTKH.
Kpim TOTO, OCTEOreHHa capkoMa IIBUIKO POCTE i HE
Mae HaBKOJIMITHBOI (hiOpo3HOi Kancynu [32].

Cimig 3a3HauWTH, IO Ha TICTOJOTIYHE J10-
CIiPKEHHS HEOoOXiTHO BIANIPABISATH BiApa3y KiJibKa
(hparMeHTiB HOBOYTBOPEHHS, B3ATHX Y PI3HUX JiJISTH-
KaX. JIoCTOBIpHI O3HaKKM MyXJIMHU HE 3aBXKAH BHSB-
JSIFOTBCSL Y KO)KHOMY OiomTari, 110 MOXe NPHU3BECTH
JI0 1IarHOCTHYHOT MOMMJIKH.

3a TaHUMU TPOBENCHNUX JOCiKeHb A. Barberi
JUISL IEMEHTYI0401 (hiOpOMHM XapakTepHI XaOTHYHO
pO3TalIOBaHi KOJAreHOBI BOJIOKHA, XO4Ya TaKOX
MOJKHa TMOOAYHUTH CIIpaNeBUIHI i 3BUBHUCTI (hopMu
BOJIOKOH. KanpIndikoBaHi BigKIageHAS CIOCTepira-
IOTBCS IO Beilt (iOpo3Hii cromi. Takok MOMITHI He-
MPaBUJIbHI TPAOEKyIH IIACTUHIACTOI KicTKH. OKpiM
IIFOTO, MO’KHA BHSIBUTH KaJbIM(iKOBaHUI MaTepian
y QopMi HEBeMMKMX SHICBHIHUX KyJCTHX 0a3o-
¢dinpHUX BigkiIaneHs [33].

Ravi Prakash Sasankoti 31 criiBaBTOpamMu Takox
NPEJCTaBUIA PIAKICHUN BHUMAIOK I[EMEHTYIOYOT
($ibpomu y "onoBika 55 poKiB y 3a1Hii BepXHbOILIE-
JenHii obmacti 3iiBa. ['icromaTosorisi mpoaemMoH-
CTpyBaJia MOAiOHI MIKpOCKOMIYHI 3MiHH, 5K 1 B J0-
cmimkenHi A. Barberi [33], To6TO BUABICHO 3011b-
IICHHS KiTBKOCTI KOJIATGHOBHX BOJIOKOH, SIKi Oyiun
HEBIOPSIIKOBAaHO Opi€HTOBaHi. Takox OyJo BHIHO
cripanenoiOHi i 3BUBUCTI KOJIATGHOBI BOJIOKHA, Ce-
pel SKUX XaOTHYHO pO3KHIAaHI HeBENuKi sidie-
nofiOHi  Oa3oQinbHI  BIIKIAACHHS  MaTepiaiy,
CXO0OTr0 Ha IieMeHT [32].

Mikpockorisi 3pa3ka B HalIOMYy JOCHiPKEHHI
MoKasayua, L0 YPaXKEHHS XapaKTepH3YEThCS IIPO-
midepariero BepeTeHONOAIOHUK KITITHH, PO3TalloBa-
HUX ITy4KaMy Ta 3aBUTKaMHU. [CHyBasM pi3Hi po3Mipu
KagpIn(iKaTiB, HANPUKIAL BEIHKOTO PO3MIPY
OBaJIBHOI Ta Kpyriioi GOpMHU HaragyBajd LEMEHTO-
HOJIOHI CTPYKTYPH, B OKPEMHX IOJISIX 30PY BUABIISUIH
3HaYHE CKYITYCHHS KaJbIU(IKOBAHOTO Marepiany y
(hopMi HEBENUKHX SHICBHIHUX KYJISICTUX 0a30(inb-
HHMX BiJKJaJeHb, a B IHIINX IOJSX 30py cepen
KJIITHHHO-BOJIOKHHMCTOI CIOJIy4yHOT TKaHWHH JCiH/e

PO3TAIIOBYBAIINCS TIOOJAWHOKI KaibITU(iKaTH HeBe-
JIUKOTO po3Mipy. 3BepTaja Ha cebe yBary B OKpeMHUX
NOJIAX 30pY HEBENMKa KUIBKICTh KaJIbLIMHOBAaHHX
KICTKOBHX OaJIOK 3 OCTEOIZIOM Ta 0CTE00IaCTaMH.

TakuM 9WHOM, 3aKITIOYHHUHA J[iarHO3 IIEMEHTHY-
r040i (iOpoMH OpiEHTYETHCS Ha KIIIHIKO-PEHTTCHO-
JOTIYHUI acIeKT ypa)KeHHs, IPOTe TiCTOJIOTIYHE J0-
CII/DKEHHS  MIATBEpIKye  JiarHo3.  JIikyBaHHsA
XIpypriyHe 3 CHYKICAIi€I0-PE3CKINEI0 3aICKHO Bij
po3Mipy ypaxkeHHs abo OLIBII IIUPOKOIO PE3EKLIE0
3 PEKOHCTPYKII€I0 KiCTKHU JIJIsl BETUKHUX QiOpoM.

BucHoBku

Jiaraoctika D0OposKiCHEX (iOPO3HO-KICTKO-
BUX YTBOPEHb € HAJ3BUYAHHO CKIIATHOK, OCKUIBKH
BOHH 30iraroThCsi 3a KIIHIYHHMH, PEHTICHO-
JIOTIYHUMH Ta TiCTOJIOTIYHUMH MPOSBAMH, IIIO CTBO-
PIOE MIaTHOCTHYHY IIJIEMY [UIS XipypriB, IaTOIOTO-
AaHATOMIB 1 PaioJIOTiB, OCKIJIBKY TUIAH JIKyBaHHS Ta
MIPOTHO3 Bi/IPI3HAIOTHCS y KOKHOMY CLEHapii.

Iementyroua ¢ibpoma, sK Me3eHXIMaIbHA
JOOpOsIKICHa OJIOHTOTEHHA MyXJIMHA ILENel, MOXO-
JIATBH 13 ME3eHXIMAIbHUX OJIACTHUX KIITHH MEPiOT0H-
TaNbHOT 3B’SI3KM 1 YTBOPIOE KOMOIHAIIIO LEMEHTO-
moiOHOT TKaHWHU 1 (iOPO3HOI KIITHHHOI TKAHWHHU.
HiarHocTrka ieMeHTyo040i piOpoMu opieHTOBaHA Ha
KIIIHIYHI Ta PEHTICHOJIOTIUHI Pe3YyIbTaTH yYpasKeHHS,
a TICTOJIOTIYHE JOCIHKEHHS MiATBEPIKYE AiarHO3.

Buxoasun 3 1poro, IeNnemHO-JIHIEBI Xipypru
MMOBHHHI OyTH 00i3HaHI PO Pi3HI ACEKTH PEHTICHO-
rpadiyHUX pe3yNIbTATIB i BpaXxOBYBaTH BUCHOBOK Ia-
TOJIOrOaHATOMIB, OCKIIBKM OCTAaTOYHHH IiarHos
371e0LIBIIOro 0a3yeThesi HAa pe3yJsibTaTax riCTOJIOr Y-
HOT'O JIOCJIiPKEHHSI.

IlepcnekTHBYU MOAATBIINX JOCITi/IKEHD

IIpoBenenHs riCTOXIMIYHUX, iMy-
HOTICTOXIMIYHHX [IOCTI/KCHb Ta MOJApU3aliiHOl
MIKpOCKOTIi{ KOJIAreHOBUX BOJIOKOH CITOJYYHOI TKa-
HHUHH JUTS BU3HAYEHHS 0COOJIMBOCTEN KOJAreHOBOTO
CKJIaJy B IIEMEHTYIOUiil hidpomi.

Indopmanisa npo koHikT iHTEpeciB

[MoreHmiitanX a00 SBHUX KOH(QIIIKTIB iHTEpECIB,
IO TOB’s3aHI 3 1MM PYKONKUCOM, Ha MOMEHT
ny6Jikanii He iCHye Ta He riepe0avaeThesl.
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BoJjoc JLI., Croasip I'.JI. PigkicHuii Bunagoxk neMeHntyw4oi (piopoMu HMKHBOI LIeenH: MaToricro-
JIOTiYHe T0CTiIKeHH.

PE®EPAT. AkryauasHnictb. J{o0poskicHi (iOpO3HO-KICTKOBI ypaKCHHS XapaKTePU3YIOTHCS 3aMIIIEHHIM
HOPMAaJIbHOT KiCTKOBOI TKaHMHH CIIOJIyYHOIO, sIKa 3a3HA€ Pi3HOTrO CTymeHs MiHepamizauii. Jlo ocHoBHUX (opm
(h10pO3HO-KICTKOBHUX ypaXKEHb BITHOCATH (hiOPO3HY IHUCILIA3i0, IEMEHTHO-KICTKOBY TUCIUIA3iI0 Ta Pi3Hi BapiaHTH
ocudikyrouoi Gidpomu, Taki sk IeMeHTHO-ocH(piKyro4a Ta neMeHrytoua Gpiopomu. OiOPO3HO-KICTKOBI yparkeHHS
MAalOTh MOMIOHI KIIIHIYHI CHMIITOMH, PEHTTCHOJIOTIYHI Ta TiCTONOTiYHI 03HaKHU. L{i ypaskeHHs € JAiarHOCTHYHOIO
mpOOJIEMOIO IS IIENICITHO-IUIEBUX XiPYPTiB 1 maToyoriB. TOMy KOMIUIEKCHA OI[IHKA WX YPaXKCHb JTOIOMOXKE
YHUKHYTH J1arHOCTUYHHX ITOMIJIOK 1 IOCTaBUTH IPaBUIBHUI J[1arHO3, IO CTaHE 3all0PYKO0 MPAaBHIBHOTO JiKY-
BaHHSI Ta iHGOPMATHBHOTO MPOTrHO3y. MeTa. BcTaHOBUTH TiCTOMATONOTIWHI OCOOIMBOCTI PiIKICHOTO BHIAAKY
EeMEHTY040i (piOpoMI HHKHBOT IIENeIH I MPOBEICHHS N epeHIIHHOTO AiarHo3y 3 IHIUMH (iOpO3HO-KICT-
KOBHMH YpPa)XKEHHSAMH Ta BH3HA4YeHHS Nporao3y. Meroau. [IpencraBieHo piakicHHH BHIAIOK LEMEHTYHOUOL
(hibpoMu HIKHBOI IIENIeNH Y MaIieHTa 34 poKiB MiCI AiarHOCTHYHOTO OOCTEe)KEHHS Ta XipypriuHOrO JiKyBaHHS
B KIIHINI XIpypriyHOi CTOMATOJIOTIi Ta IIENeMHO-IUIEeBOi Xipypril JIbBIBCHKOrO HANiOHAIHHOTO MEAHMIHOTO
yuiBepcutety imeHi Jlanwna ['anuupsroro. Hamm Oyno mpoBeneHe rictonaToMopdoJIoridyHe JOCIiIKEeHHs
micisionepauiifHoro marepiainy, OTPUMaHOTrO IICJsl PeBi3ii MAaTOJOTiYHOTO BOTHHINA Ha HWDKHIN Iernemni 3iiBa,
BUCIYEHHS] HOBOYTBOPY Ta KIOPETaXy B KIIHILI XipypriyHOI CTOMATOJIOTI] Ta ILEJISITHO-JIMLIEBOI Xipyprii. 3pa3ku
TKaHUHHM 1eneny ¢ikcysand B 10% HelTpanisHOMY 3a0ydhepeHoMy po3urHi GopMatiHy, NeKaIbIUHYBAIH 3 10-
JIATIBIIOLO JIETipaTali€lo B CIUPTax 3pOCTal040] KOHIIEHTpalii Ta 3anuBainy napadinom. ['icrosorivni 3pi3u ToB-
MIMHOIO 5+1 MKM BUTOTOBJISLIIH 3 TapadiHOBUX OJIOKIB Ha poTauiitHoMy Mikpotomi Leica RM2235, notim ¢ap0Oy-
BAJIM TEMAaTOKCHJIIHOM Ta €03WHOM 3a CTAHJapTHOIO METOIHKOI0. /liarHOCTHKY MpOBOAMIN Ha Mikpockomi Leica
DM750 (Leica Microsystems GmbH). Pe3yabraT. Ha MikpockoniuHOMY 3HIMKY MHOXHHHI JpiOHI (parMeHTH
CHOJYYHOI TKaHWHU 3 (iOpOOIACTaAMU Ta HEBEIHUKOIO KITBKICTIO cynnH. DiOpO3HO-KIITHHHA CTpOMa XapaKTepH-
3yBayiacsl MEPEeBaKaHHSAM XaOTHYHO PO3TANIOBAHMX BEPETCHONMOMIOHMX 1 3ipyacTUX KIITHH 3 0a30(iTbHUMHI
TIIepXpOMHUMH SIAPAaMH 1 MIHIMAJTbHOIO KUTBKICTIO IuTOIUIa3Mu. Cepell CIONydHOi TKAaHWHHA OyJIHM YHCIECHHI
OKpYTIIi, HETIPABIIBHOI (POPMH Ta 3TUTI KaJdblH(iKOBaHI KOMIUIEKCH THITY IIEMEHTY 0e3 peakiiii ocTeo0acTiB.
KpiM TOro, BUSIBIEHO HEBEIHMKY KiJBbKICTh KaJBIIMHOBAHUX KICTKOBHX 0allOK 3 0cTeoinoM i ocreobnactamu. Op-
TOMaHOTOMOTIPaMa MoKa3ajia peHTIEHIIPO30pe YiTke 300paxeHHs B 001acti 37,38 Ta mij KyTOM HHKHBOT IIETICTIH.
Mincymox. Lementyroua ¢gibpoma, sik Me3eHXIMalIbHA JOOPOSKICHA OJIOHTOT€HHA MyXJIMHA ILeJel, TOXOIUT i3
Me3eHXIMAJIbHUX OJIACTHUX KJIITHH IEPi0I0HTANIbHOT 3B’ A3KH 1 YTBOPIOE KOMOIHAIIIIO [IEMEHTOIOJI0HOT TKAHUHU
Ta (iOpO3HOI KIIITHHHOT TKaHUHU. J[iarHocTHKa HeMeHTYouoi (piOpoMH IPYHTYETHCS Ha KIIIHIYHHUX 1 PEHTI€HO-
JIOTIYHUX JaHUX ypakKeHH:, a TICTOJOTIYHE JOCITIHKSHHS i ITBEPIKYE A1arHO3.

Kuro4oBi cjioBa: KicTKOBa TKaHWHA, HIDKHA IIeliena, piOpo3HO-KICTKOBE ypaXXeHHs, IEMeHTYIo49a Gidpoma,
OCTEOHH, 0CTe00IaCTH, OCTEOKIIACTH, CIIOJIydHa TKaHWHA, (PiOpOOIACTH, TiCTOATOIOT .
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Kovalchuk P.Ye. “=/, Khmara T.V. X, Pankiv T.V. Topographic and anatomical justification use of the deep
muscles of the posterior compartment of the leg for myoplasty of tibia defects.

Bukovynian State Medical University, Chernivtsi, Ukraine.

ABSTRACT. Actuality. Among the consequences of severe injuries of the lower extremities that cause permanent disabil-
ity, special difficulties for surgical treatment are defects of the tibial bone, in particular after gunshot wounds. The choice
of surgical treatment method for tibial bone defects must be strictly individual in each case, taking into account the nature,
size, and localization of the bone defect, the condition of the surrounding tissues, and the general condition of the patient.
Myoplasty of tibial defects is of great practical importance for the treatment of osteomyelitis, primarily caused by gunshot
wounds. The aim of the study was to establish the expediency of using the muscles of the deep tendon of the posterior group
of the leg to fill the cavities of the tibial bone by using muscle plastic, taking into account the intramuscular distribution of
nerves and arteries. Methods. The macromicroscopic layer-by-layer preparation of nerves and arterial vessels of the poste-
rior tibial area was used to prepare the right and left lower limbs of 20 fetuses of 4-10 months and 5 adult corpses of both
sexes. The period of maturity for the study of the sources of innervation and blood supply of the tibialis posterior muscle,
flexor digitorum longus muscle, flexor digitorum longus muscle, the number of muscle branches, the levels of their departure
from nerves and arteries and the levels of entry into the abdomen of these muscles yams Particular attention is paid to the
features of the intramuscular branching of the nerves and arteries of the flexor digitorum longus, flexor pollicis longus, and
tibialis posterior muscle. Results. It was established that when moving the deep muscles of the posterior group of the lower
leg for tamponade of the tibial cavity, the long nerve-muscular branches of the tibial nerve may remain intact. However,
numerous vessels enter the length of the bellies of the posterior tibial muscle, the long muscle- flexor digitorum and flexor
pollicis longus muscle. With the deep muscles of the back group of the leg, preserving the integrity of their nerves and
arteries, you can fill the cavities of the back surface of the tibia within its lower half.

Key words: myoplasty, flexor digitorum longus, flexor pollicis longus, tibialis posterior, blood supply, innervation, tibia,
human.
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Beryn tpaBmu [3-5]. I'muboki M’sI3M 3aAHBOI Tpynu romi-

TpaBMaTHUHI YIIKOMKEHHS HIKHIX KiHIIBOK, JIKH, 3aBISKH CBOIM aHATOMIYHINA OJM3LKOCTI 0 Be-
30KpeMa BEIMKOTOMUIKOBOI KICTKH, € MOITMPEHUMH JIMKOTOMIJIKOBOI KICTKM Ta XOPOIIOMY KpOBOIIOCTa-
cepell BIHCHKOBOCTY)KOOBIIIB Ta IMBIJIBHOTO Hace- YaHHIO 9aCTO BUKOPHUCTOBYIOThCS Y MioruiacTuii [6,
JIEHHSI, IO TIOCTPAXKIAIM BHACTIIOK OoioBUX i [1, 7]. Tnuboxki M’ 5131 3aHKOI TPYIH TOMLUIKH 3a0e31ie-
2]. BigHOBIEHHS TaKMX TPaBM BHMarae e(h)eKTHBHUX YyIOTh CTa0LIBHICTh Y 30Hi 1e()eKTY, CIPUSIIOTH [IIBH-
METOZIB, IO JTO3BOJISFOTH HE TINBKH 30€perTH KiHIi- JIKOMY 3arO€HHIO Ta 3MEHIIYIOTh PU3HK YCKIIAJHEHbD,
BKY, aje i BiTHOBHUTH 11 (pyHKITIOHATBHICTH, 3a0e31e- TaKuX K iHEKIii a0 HeKpO3 TKaHWH, IO € Ha/I3BH-
YyIOYM MAaKCHMAJbHY SKICTh JKUTTS TMAIlieHTa MicIs YaifHO BaYKJIMBIM B YMOBaX 00MEKEHOTO IOCTYIIY 10
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MEIUYHUX pecypciB Ha 1modii 6010 [8, 9]. Takox Bak-
JIMBO 3a3HAYUTH, 10 BUKOPHCTAHHA TITHOOKHUX M S3iB
3/THBOT TPYIIH TOMIJIKH J03BOJISIE MIHIMI3yBaTH Tpa-
BMaTH3AIIIO 1HITUX CTPYKTYP, IO KPUTHIHO JIJIs 30€-
pekeHHsI (PYHKITIOHATEHIX MOXIIUBOCTEH.

BukporoBaHHS KIanTiB i3 M’s3iB TIIHOOKOTO
mapy 3aJHb01 TPy TOMIUIKH BHMara€ I'pyHTOBHHUX
3HaHb PO TUIOBY 1 BapiaHTHY Tonorpadito ix cyuH
i HepBiB. Lle BaXXJIMBO SIK 3 TOYKH 30pY 30eperKeHHS
(hyHKIIT 9acTHHU M’513a, 0 3aJMIIAETHCS, TaK 1 s
30€peKEHHSI JKUTTE3IATHOCTI BUKPOEHOTO KIIAITS.
Tinbku npu 30epexeHHI KPOBOIIOCTaYaHHS, 1 Tepey-
ciM iHHepBaIlii, KJIalIOTh 3MOKE TTOBHICTIO BUKOHATH
Ty pOIIb, IKa TIOKJIaJA€THCS Ha HHOTO TIPH MiOTUIACTH-
4Hii omepamii [10, 11].

VY mxepenax JiTepaTypu TPaIULIFOTECS OJWHU-
4Hi myOumikamii mo/I0 KPOBOIIOCTaYaHHS Ta iHHEpBa-
11 TTHOOKUX M SI31B 3aIHBO1 TPYIIH TOMIJIKH y TUIOIIB
[12, 13] Ta y moxeii 3pinoro Biky [14]. IIpote, y mi-
TepaTypi He MPUIIICHO JOCTATHHOI yBaru BHYTpIII-
HBOM’SI30BOMY PO3IOILITY HEPBIB 1 apTepialbHUX CY-
JIUH Y 33 THHOMY BEJTUKOTOMIJIKOBOMY M 5131, IOBFOMY
M’s31-3rMHa4i NajbliB 1 JOBrOMY M’s3i-3rMHaui Be-
JIMKOTO TABII, M0 MOXE BH3HAYHTH paIliOHANBHI
METOAM BUKPOIOBAHHS KIJIANTIB 13 IUX M’ A3iB.

Merta

3 ypaxyBaHHAM BHYTPIITHHOM S30BOTO PO3IO-
IIUTy HEpBIB 1 apTepill y M’s13aX 3aAHBOI TPYITH TOMi-
JIKM BCTAHOBUTH JOIUTBHICT iXHOTO BUKOPHCTaHHS
JUISL 3alIOBHEHHSI METOJIOM MIOILUIACTUKU MOPOKHHH
BEJIMKOTOMIJIKOBOT KiCTKH.

Marepianu Ta MeTOaU

MeTo10M MaKpOMiKpPOCKOIIYHOTO MOLIaPOBOTO
NpenapyBaHHs HEPBIB 1 apTepiaJbHUX CYIUH 3aIHBOT
TOMUIKOBOT JINISTHKM Ha TIpernaparax npasoi i JiBoi
HIDKHIX KiHIIBOK 20 turoniB 4-10 micsmiB i 5 TpymiB
moxelt 000X craTel Ipyroro Mepioxy 3pijioro BiKy
3’sICOBaHO JDKepella iHHepBaIlii Ta KpOBOIIOCTaYaHHS
3aJJHHOTO BEIMKOIOMIIKOBOTO M’5I3a, JOBIOTO M ’s13a-
3THHAYa MaJbIliB, TOBrOTO M’s3a-3THHAYA BEIHKOTO
MaIBII, KUTBKICTD M’ SI30BHX T'UJIOK, piBHI iXHBOTO Bij-
XOJKCHHSI BiJI HEPBIB Ta apTepiii 1 piBHI BXOKEHHS
y 4epeBus IUX M’s3iB. OCOOIKMBY yBary NmpuaijIeHO
0COOJIMBOCTSIM BHYTPIIIHBOM SI30BOTO  T'aJTy>KEHHS
HEpBIB 1 apTepiil y JOBromy M’si3i-3ruHadvi MaJbliiB,
JIOBTOMY M’s131-3TWHAYl BEJIMKOIO MANbI Ta y 3a-
HBOMY BEJIHMKOTOMIJIKOBOMY M 5I3i.

JocmimkeHHs TpOBeCHE BiIMOBITHO 10 OCHOB-
HUX 0ioeTHIHHX oyI0keHb KonBeHtii Pagn €Bporm
3 TipaB JroauHA Ta Oiomeauuan (Bix 04.04.1997 p.),
l'empcuHCBKOT  Aeknmaparntii BcecBiTHROI MeqIHOT
acormiarii mpo eTHYHi MPUHIIUIH IPOBEICHHSI HAyKO-
BUX MEJMYHUX JIOCHI/DKEHb 3a Y4YacTi JIFOJUHU
(1964-2013 pp.), nakazsy MO3 Vkpainu Ne 690 Bix
23.09.2009 p. Ta 3 ypaxXyBaHHAIM METOJUYHUX PEKO-
Menaamiit MO3 Ykpainn «[lopsimok BumydeHHS 010-
JoriyHUX 00’€KTIB BiJl MOMEPINX 0Ci0, Tija SKHUX Ti-
JUISITalOTh CYJI0BO-MEIUYHIN €KCIepTH3i Ta MmaToyio-
TOaHATOMIYHOMY JOCIIIPKCHHIO, [UIS HAYKOBUX IIi-
nei» (2018 p.). Kowmiciero 3 nuranb OiomenudHOI

€THKH ByKOBHHCBHKOTO IEPKABHOI'O MEANIHOIO YHi-
Bepcutery (mpotokod Ne 1 Bix 09.09.2024 p.) mopy-
[ICHb MOPAJILHO-NIPABOBHUX HOPM IPH TMPOBEIACHHI
HAyKOBO-JIOCIITHOI POOOTH HE BHUSBIICHO.

Pe3ysabTaTH Ta iX 00roBOpEeHHA

VY mioxiB TIOAMHY BapiaHTH iHHEpBAIii M s3iB
YacTo MOB’s3aHi 3 HEMOBHOK Mi€JiHI3ali€l0 HEPBO-
BHX BOJIOKOH 200 aTHUIIOBUM PO3BUTKOM HEPBOBOT CH-
CTEMH, 10 BIUIMBAE HA MIBUAKICTH Mepeaadi iMITyIib-
ciB 1 pyHKioHanbHicTh. Taki Bapiawii MOXyTh OyTH
TUMYACOBUMH, OCKIIBKA HEpPBOBAa CHCTEMa IUIOJAA
MPOJIOBXKYE PO3BUBATUCS, a CTPYKTypa iHHEpBaIlii
3MIHIOETBCS B TIPOIIECi POCTY.

[HHEpBamis MOBroro M’s3a-3ruHava MaybIiB, 10-
BIroro M’si3a-3ruHaya BEJIHKOIO Akl Ta 3aJHBOTO
BEJTMKOTOMIJIKOBOTO M’s3a y IUIONIB JIIOAWHU Y Je-
SIKMX BHIIAQJKaX TPEICTaBIICHAa Pi3SHUMHU BapiaHTaMH,
10 3aJIeXAaTh Bijl BIKOBHUX Ta IHIWUBIAyaIbHUX aHATO-
MiYHUX ocoOimBocTel. KinpKicTh M’ SI30BUX IJIOK 10
KOKHOTO M’si3a Ta PIBEHb IX raxyKCHHS MOXE Bapi-
roBatu. KiacuuHo, 11i M 5131 iHHEPBYIOTHCS BEITHKO-
TOMIJIKOBUM HEPBOM, SIKMH BiJXOJHUThH Bill KPUIKO-
Boro ciuietenns (L4-S3). YV mioxa 195,0 mm TK]/] Bu-
SIBICHO BapiaHT BUCOKOTO PO3TANTy>KEHHS BEIUKOIrO-
MIJIKOBOTO HEpBA, a caMe: Bl M’ S30Bi TLIKH JI0 TOB-
roro M’si3a-3TUHaYa MMajiblliB BiIXOAMIHN Ha PiBHI HU-
JKHBOTO KyTa ITiIKOJIIHHOI IMKH (pHc. 1).

Pwuc. 1. MNpaBa 3agHsa rominkosa finsHka nnopa 195,0
MM TKI. 1 — BENUKOrOMINKOBUI HEPB; 2 — 3aranbHUin Mano-
rominkoBuin HepB; 3 — M'si30Ba rinka 4o 6i4HOT ronoBkuU NKT-
KOBOro M’'s13a; 4 — M’A30Ba rifka Jo npucepeaHboi rofioBku
NITKOBOrO M’'s13a; 5 — M’s130Bi rifnky 40 3aAHbLOro BENUKOroMi-
NKOBOro M’si3a; 6 — M'AA30Bi FiNkn 40 AOBroro M’siza-3ruHada
BENUKOro nanbus; 7 — M'A30Bi TNk A0 A0Broro m’siza-3ru-
Haya nanbuis. ®oTo Makponpenapary. x5.
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JloBruii M’s13-3rWHAY BEJIMKOTO TAJIBIIS iIHHEPBY-
€ThCS TPbOMa M’SI30BUMH TiJIKAMH, IO TaTy3sTHCS
BiJl BEIMKOTOMIJIKOBOIO HEpBa Ha PiBHI BEPXHBOI
TpetuHH roMinku. Y mwroxa 210,0 mm TK] BcTanOB-
JICHO BapiaHT iHHEpBalii JOBrOoro M’s;3a-3ruHava ma-
JBLIB — M SI30BUMH TiJIKaMH MaJOTOMUIKOBOTO He-
pBa, a TakoX IIO/BiliHa iHHepBallis JOBroro M’si3a-
3rMHAYa BEJMKOTO Mabll — BEIUKOTOMIIKOBHM Ta
MaJIOTOMIJIKOBUM HEpBaMH, L0 3a0€3IeUNUTh JT0/aT-
KOBY (DyHKLIOHAJIBHICTH M’s13a.

3anHiil BeIMKOrOMUIKOBHUIT M’s13 y mwioxa 195,0
MM TKJl oTpumye iHHEpBalito JBOMa M’SI30BUMH Ti-
JIKaMH BiJl BEIMKOTOMIIIKOBOTO HEpPBa, III0 PO3TAIy-
JKYIOTBCSl Y BEPXHIH TPETHHI TOMIJIKOBOI JUITHKA 10
BCTYITy HepBa y 1ieit M’s3. Y mioga 210,0 MM gacT-
KOBY iHHEpBaIlif0 IFOTO M si3a 3abe3medye rimmboka
TiJIKa MaJIOTOMIJTKOBOTO HEPBa.

KpoBomocraganHst ~ 0Broro  M’si3a-3ruHatva
NajblliB, JOBrOro M’s3a-3ruHavya BeJIMKOT0 MaJIbIs Ta
3aJJHHOTO BEJIMKOTOMIJIKOBOTO M’si3a y IUIOJIB Mae
MEBHI OCOOJIMBOCTI Ta BapiaHTH 3aJICKHO Bil CTail
PO3BHUTKY. YCi TpH M’sI3U TJIMOOKOTO IMIapy 3aJHBOT
IpYIH TOMUIKH 3a3BHYail MOCTAYar0THCSI KPOB’IO BiJl
3aIHhOI BEIMKOTOMIIKOBOI apTepii, sIKa € TLIKOI0
miakomiHHOI aprepii. [IpoTe y mIomiB JFOAWHU MO-
JKYTB CIIOCTEpIraTHcs Bapiallii B aHATOMIi apTepianb-
HOI CITKH.

VY paHHIX IIOMIB JIOIUHH apTepiaibHi CyIUHI
MOXYTb OyTH HEIOPO3BHHEHHMH, IO BIUIMBA€E HA
KpoBOIlOCTa4aHHs M’si3a. Ha Hamy nymKy, He-
CTa0UIBHICTD Y PO3BUTKY apTepiajbHUX T'JIOK, MOXKeE
BILUIMBATH SIK HA PIBEHb KPOBOIIOCTAYaHHS M 5133, TaK
i Horo (yHKIIOHaJIbHUIT pO3BUTOK. J|OBrHii M’s13-3rU-
Hay MajibLiB, JOBIMH M’53-3rMHAY BEJIMKOTO MaNbI,
3aJHI} BEJIMKOTOMIUIKOBUH M’ 513 OTPUMYIOTh OCHOBHE
KPOBOIIOCTaYaHHsI B/ 3aJHHOT BEITMKOTOMIJIKOBO{ ap-
Tepii, MpoTe B OAMHUYHMX BUIAJKaX Y IXHBOMY KpO-
BOIIOCTa4YaHHI MOXXYTh OpaTH yd4acTb i TLIKH Malo-
TOMUIKOBOI apTepii, sIka € JI0JaTKOBHM JDKEPEIOM
BaCKyJISIPHU3aLii IS i€l TUTITHKH.

3aranom, y IUIOJIIB CHCTEMa KPOBOIIOCTauyaHHS
X M’s13iB repeOyBae B mpoteci popMyBaHHs, 1 ap-
Tepii MOXKYTh MaTu HETUIIOBY OyZ0BYy a00 BapiaTHB-
HICTBh 3aJIeXKHO BiJ| IHIUBINyaJbHUX OCOOJIMBOCTEH.
Taki BapiaHTH € XapakTepHUMHU MIJsl IUIOJJOBOTO
Mepiosy PO3BUTKY 1 3a3BUYAl CTAOUTI3YIOTHCS MICIIs
HapOJKCHHSI.

VY mopeii 3pinoro BiKy iHHepBaIllist 3aTHHOTO Be-
JIMKOTOMIJIKOBOTO M 5132 3a0€3MeUyeThCS IIepeBaKHO
OJTHIEFO HEPBOBOIO TLJIKOIO, IO Oepe MOYaToK BiJ ITe-
peIHbOI MOBEPXHI BEJIMKOTOMIJIKOBOTO HepBa Ha 6,0-
18,0 cM HIKYE CYTrI000BOT IIIJIMHN KOJiHA. Y TPHOX
BUIIAJIKaX BUSBIICHO TP TIJIKH BEJIMKOTOMIJIKOBOTO
HepBa, sKi MPSIMYBaJH O 38HbOTO BEINKOTOMIIKO-
Boro m’si3a. [IpuBepTae yBary Te, 110 Mepel BCTYIIOM
Y BEPXHIO MOJOBHHY 33IHbOT NOBEPXHI YEPEBIS 331
HBOT'0 BEJIMKOTOMIJIKOBOro M’s3a BUIe3a3HaueHi 1-3
M’SI30B1 TiJIKM PO3TalyKyIOThCSA Ha Pi3HY KiNBbKiCTh
TUIOK JIpyroro mopsyaky. Y KpoBOINOCTa4aHHI 3a/{Hb-
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OTO BEIMKOTOMIJIKOBOT'O M’si3a OepyTh y4acTh HHC-
JICHHI KOPOTKi M’SI30Bi TUIKHM 3aHBOI BEITUKOTOMiJI-
KOBOI apTepii, AKi MPOHUKAIOTH B OJHOHMEHHUH M’ 513
HAa BCill IpOTsHKHOCTI Horo yepesiid. Ha Hamry nymKky,
(opMyBaHHS KJIANTiB i3 3aJHBOTO BEIHUKOTOMIIKO-
BOTO M’53a HaBPAA 49X MOKJINBO 0€3 IMONIKOKCHHS
HOTro HEPBIB, AKi BCTYMAKOTh Y JAUISHII CEPEIUHU 3a]1-
HBOI IIOBEPXHI YepeBLIs 1IbOTO M’s3a.

JoBruii M’s13-3ruHau BEJIUKOTO Majblld, SIKUH €
CaMUM BEJIHMKAM M’SI30M TJIMOOKOro MIapy 3aIHbol
TpYIY TOMUIKH, IHHEPBYETHCS, K IPABHIO OJHIEIO,
piAKO JBOMa M’SI30BHMH TiJKAMH BEJIUKOTOMIIIKO-
BOTO HepBa. Y Jrojeit 3pitoro BiKy HaHOiIbII BHCO-
KA PIBEHb BiIXO/KEHHS LUX TUIOK BiJ BEIHKO-
TOMIJIKOBOTO HepBa Bia3HadeHO Ha 5,0-6,0 cM HIKIe
cyrno0oBOi IIIMKMHU KoxiHAa (4 CIIOCTepEeKEHHS), a
HU3bKHN piBeHb — Ha 18,0-21,0 cM HIWXYe IHOTO
piBHs (6 BumaakiB). Ciig 3ayBakuTH, o 1-2 M’s130Bi
T'UJIKM BEJIMKOTOMUIKOBOTO HEpBA, CITyCKAIOYHCh MO
3aJHIi MMOBEPXHI JOBroro M’s3a-3ruHaya BEJIUKOTO
Hajbls, JUISTECS HAa TUIKK APYroro MOPSAKY, SKi
BXOJSITh Y CEPEHIO, 1 B OIMHUYHUX CIIOCTEPEKESHHSIX
— Yy HWXKHIO TpeTHHY 4depeBls M’s3a. KpoBomocra-
YaHHS JOBIOTO M 53a-3TMHAYA BEJIMKOTO MajbIs 3a-
Oe3meuyeTbes 3-6 KOPOTKUMH M’SI30BHMH TLIKaMHU
MaJIOTOMIJIKOBOi apTepii, sSKi BCTYMAIOTh y YepeBIe
M’si3a TIO BCI TMPOTSDKHOCTI HOTO TEpeqHbOi IMo-
BepxHi. MOXHa NMPUITYCTHTH, IO IPH TAMIIOHAI 110-
POXHUHH BETTMKOTOMIJIKOBOI KICTKH JIOBI'MIM M’ SI30M-
3THHAYEM BEJIHMKOTO MaJIbIs, JErKO 30eperTy ITicTh
HEpBIB IIbOT0 M’si3a SIK NPH BHCOKOMY, TaK i IpH
HHM3BbKOMY IX BIATaly’)K€HHI BiJl BEJIMKOTOMIJIKOBOI'O
HepBa. OHaK, epeMillieHHs! JOBroro M’si3a-3ruHayua
BEJIMKOT'O MaJIbIIS Y IPUCEpeHiH OiK OB SI3aHO 3 1M0-
PYIICHHSM IJIOCTI KOPOTKHX T1IOK MaJOrOMIJIKOBOT
aprepii.

B inHepBamii qoBroro M’s3a-3ruHada MaibIliB y
Jmroel 3pijoro BiKy OepyTh ydacTe 1-2 M’s30Bi
TUTKH, IO BiJOKPEMITIOIOTBCS Bil BEIMKOTOMIIKO-
Boro HepBa Ha 4,0-18,0 cM HmKYe Cyriio0oBoi
IIiMHY KoiHa. [lepes BCTymoM y 3aHIO TOBEPXHIO
YepeBlLIs IOBIOTr0 M’si3a-3rMHava MallblliB, 11i HEPBOBI
M’SI30Bi TUIKH BEJTUKOTOMIJIKOBOT'O HEPBA TAKOXK PO3-
rajJy’KyrThCs Ha TIKU IPYroro NOpsKy, OUIbIIICTh
i3 SIKMX BXOJHUTH Y BEPXHIO MOJIOBHHY YE€PEBIIs JI0B-
roro Mm’s3a-3ruHavya naneiis (puc. 2). KpoBomnocra-
YaHHS JIOBIOTO0 M’s3a-3TMHAa4Ya MajbliB 3a0e3re-
YYeThCSI ~YUCICHHHUMH KOPOTKUMH M’ S30BUMH
TiIKaMU 3aJHBOT BEIHMKOTOMIIKOBOI apTepii, sKi
BCTYIAIOTh y YepeBIe M 532 Ha BCiil HOTO MPOTSIK-
HOCTI.

ToMy, NO370BXKHE PO3AITIEHHS AOBrOro M’si3a-
3TUHAaYa TAJBIiB HA YaCTUHM 1 MEepeMilIeHHsS BY3b-
KOTO KJIANTS M’5i3a Y KICTKOBY MOPOKHUHY BEIHKO-
TOMIJIKOBOT KiCTKH MOX€ CYIPOBODKYBATHUCS TIOPY-
IOICHHSAM MUIOCTI HEpBiB 1 apTepiil i3 HACTYIHOIO
aTpodi€ero mepeMinieHol YaCTHHA M s3a. TakuMm 4m-
HOM, JIOBTUH M’s3-3THHAY MAJIBIIB Majo MPUIATHHHA
JUISL IEpEMIIIEHHsI Ha ITPUCEPETHIO TIOBEPXHIO BEIIHU-
KOTOMIJIKOBOI KiCTKH.
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Puc 2. IHHepBauia rmmbokmx M’A3iB 3agHbOI rpynu
npaBoi FOMINKM XiHKM 62 pokiB (CxemaTu4He 306paxeHHs): 1
— BEJIMKOTOMINMKOBWI HEpB; 2 — M’A30Bi Tifkv A0 AOBroro
M’Ai3a-3rMHava nanbLis; 3 — M’s130Bi Tifnku 4o 3a4HLOrO BENu-
KOrOMiNKoOBOro m’siza; 4 — M’130Bi rinku 40 JOBroro M’sa3a-3ru-
Haya BEnuKoro narnbLs.

Ormucane Tomorpadiyae po3MillleHHs apTepii i
HEpBIB JOBroro M’s3a-3THHAYa MaJbIiB JTO3BOJISIE
[IBHIIE 3aII0BHIOBATH UM M S130M Je()eKT 3aTHbO1
MTOBEPXHI BEITMKOTOMUIKOBOT KiCTKH 1 10 TOTO X 0e3
MTO3/I0BXXHBOTO TIOJILTY TOBTOTO M’s[3a-3THHAYA TTaJb-
iB.

BucnoBku

1. Tlpu nepeminieHHi IMTUOOKUX M’S31B 33 JHBOT
TPYIH TOMIJIKA JJIs TAMIOHAIM TOPOKHUHU BEITUKO-
TOMIJIKOBOT KICTKA MOXYTh 3aJHIITUTHCS HEIMOIIKO-
JOKEHUMH JIOBT'T HEPBOBI M’ SI30B1 TUTKU BEITUKOTOMIJI-
KOBOTO HEpBa, aje YIIKOIKYIOTHCS YHCICHHI CY-
IVHHA, IO BXOISTH IO JOBXHHI YEPEBIiB 3aIHHOTO
BEIUKOTOMIJIKOBOIO M’si3a, JOBIOro M’si3a-3rHHadYa
MaJbIiB 1 JOBroro M’si3a-3ruHaya BEJIUKOTO ITaJIbIl.

2. TI'muOoxmMu M’s3aMU 3aJHBO{ TPYNH TOMi-
TIKH, 30epirarouu IiTiCTh X HePBiB i apTepill, MOKHA
3aMOBHUTH MOPOKHUHHU 33THBOT MOBEPXHI BETUKOTO-
MUJIKOBOT KICTKH Y MeXaXx i1 HIKHBOT II0JIOBUHH.

IlepcnekTHBY MOAATBIINX JOCITi/IKEHD

Bu3HaunTh npakTuuHe 3HAUYEHHS 1HIWBITYyasb-
HOi Ta BIKOBOI aHATOMIYHOI MIHJIHBOCTI apTepiil Ta
HEpBIB Yy TOBIII M’SI3iB MEPEIHBOT TPYIH TOMIJIKH Y
JFO/IeH 3piIOTO BIiKY.

Indopmanisa npo koHIiKT iHTEpeciB

[Morenmiitanx ab0 SBHUX KOH(QIIIKTIB iHTEpECIB,
10 TIOB’sI3aHi 3 MM PYKOITMCOM, HA MOMCHT ITyOTi-
Kallii He iCHy€ Ta He rmepen0adaeThCs.

Jlxepesia ¢piHaHCYBaHHS

JlociipkeHHs] BAKOHAHO B paMKax HayKOBO-ZI0-
ciigHoi Temu «Po3poOka 1 BIpoBaKEHHsI HOBUX Te-
XHOJIOT1H OCTEOCHHTE3Y Ta HIOIPOTE3yBaHHsD» (HO-
Mep nepkaBHOI peectpauii 0122U002210).
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rJu0OKNX M’A3iB 3aJHLOI TPYNU FOMITKH IS MiOIIACTHKH Ae()eKTiB BeJTHKOroOMiTKOBOI KiCTKH.

PE®EPAT. AxryaabHicts. Cepesl HACTIAKIB TSHKKUX YIIKOJDKEHb HWXKHIX KiHIIBOK, IO CIIPUYHUHIOIOTH
CTIHKY IHBaJIIHICTh, OCOOJIHMBI TPY/THOILI JUIS OTIEPATHBHOTO JIIKYBaHHS CTAHOBJIATH 1€(EKTH BETMKOTOMIIKOBOT
KICTKH, 30KpeMa IiciIsi BOTHENAIbHNX IIOpaHeHb. BHOip MeTOIy orepaTHBHOTO JIIKYBaHHS NPH e(PEKTaX BEIHKO-
TOMUIKOBOT KICTKH Ma€ OyTH CyBOPO iIHANBIAYaJIbHAM Y KO)KHOMY OKPEMOMY BHIA/IKY, 3 YPaXyBaHHSIM XapakTepy,
po3Mipy Ta JIOKai3amii KiCTKOBOTO Ne(eKTy, CTaHy HaBKOJHUIIIHIX TKaHWH, 3aTabHOTO CTaHy XBoporo. Miorura-
CTHKa Ae(EeKTIB BETMKOTOMIIKOBOI KICTKM Ma€ BayKJIMBE NMPAKTUYHE 3HAYCHHS JUIA JIKYBaHHS OCTEOMIENITY, Te-
peIyciM CIPHYMHEHOTO BOTHENATbHUMH NTOPaHEHHAMH. MeTO0I0 T0CIiDKEeHHS 0YJI0 BCTAHOBUTH TOLLIBHICTD BH-
KOpPHCTaHHS M’S3iB I'MTMOOKOTO IMIapy 3aJHBOI TPYNH TOMUIKM JUIA 3allOBHEHHS HMOPOKHHH BEIMKOTOMIIKOBOI
KICTKH METO/IOM M’s130BO1 IUTACTHKY 3 YpaxXyBaHHSIM BHYTPILIHEOM’I30BOTO PO3MO/ALTY HEPBIB 1 apTepiil. MeToau.
MeTo10M MaKpOMiKPOCKOIIYHOT'O MOMIAPOBOT0 MpenapyBaHHs HEPBIB i apTepialbHUX CYJMH 33 JHHOT TOMIJIKOBOT
JUISTHKY Ha TIperapaTax 1paBoi 1 J1iBoi HWkHIX KiHIiBOK 20 moziB 4-10 MicsuiB i 5 TpymiB Jitogeit 000X crarteit
JIPYTroro nepioay 3pinoro Biky 3’sICOBaHO JuKepea iHHepBallii Ta KPOBOIIOCTA4aHHS 33JHHOTO BEIMKOTOMIIKOBOT'O
M’s13a, TOBrOr'0 M’s3a-3THHAYA MaNbIiB, JOBIOr0 M’s3a-3rHHAYa BEIMKOIO MAJbIl, KITbKICTh M’SI30BHX TiJIOK,
PiBHI iXHBOTO BIIXO/XKEHHSI BiJl HEPBIB Ta apTepiil 1 piBHI BXOPKEHHS Y YepeBIs IUX M’s3iB. JlociinkeHO 0co0-
JMBOCTI BHYTPIITHHOM SI30BOTO TaTy)KCHHS HEPBIB 1 apTepiil y JOBromMy M’s3i-3THHAYI MANBIIB, JOBIOMY M’s3i-
3rMHa4l BEJIMKOTO MBI Ta y 3aJHHOMY BEIMKOTOMUIKOBOMY M’si3i. PesysabTarn. Beranosneno, mo npu re-
PEeMIIeHH] TITHOOKUX M’SI3iB 3aJHHOT TPYITH TOMIJIKH JIJISl TAMITOHAIH TOPOKHIHA BETHKOTOMUIKOBOT KiICTKH MO-
JKYTh 3aJMIIMTHCS HETIONIKO/PKCHUMH JIOBIT HEPBOBI M’S30BI TUJIKM BEIMKOTOMIIKOBOTO HEpBa, ajie YIIKOJI-
JKYIOTBCSl UNCIICHHI CYAWHH, II0 BXOASATH 10 JIOBXKHMHI YEPEBIB 3aHHOTO BEIMKOTOMUIKOBOTO M 532, JOBI'OTO
M’s3a-3TMHaYa MajbliB 1 JOBIOTO M’A3a-3TMHAYa BEJIMKOTO Nablsl. [ TMOOKMMHM M’ si3aMH 3aJHBOT TpyIH TOMIJIKH,
30epiraryu IUTICTh X HEPBIB 1 apTepili, MOXKHA 3alIOBHUTH TIOPOKHUHH 33JJHbOT MOBEPXHI BEJIMKOTOMIIKOBOT
KICTKH y Meax il HI)KHbOT OJIOBHHHU.

Kirouogi cjioBa: MiomiacTka, JOBIHM M’ s13-3TMHAY HAIBIIB, JOBIHIl M 3-3rHHAY BEJIMKOTO AL, 33 Hii
BEJIMKOTOMIJIKOBHUI M’513, KDOBOITOCTAYAHHSI, IHHEPBAIIisl, BEJIMKOTOMIJIKOBA KICTKA, JTFOIHHA.
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CTPYKTYPHI 3MIHHU CYXOXKHNJIKO-
BOI YACTUHU JJIA®PATIMU LIYPA
3A YMOB KOBTAHUII TA IIHEBMO-
INIEPUTOHEYMY HU3BKOI'O TUCKY
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Kritsak M.Yu. X, Slabyi O.B. "=, Yasinovskyi O.B. Structural changes in the tendinous part of the rat
diaphragm under conditions of jaundice and low-pressure pneumoperitoneum.

I. Horbachevsky Ternopil National Medical University, Ternopil, Ukraine.

ABSTRACT. Background. Obstructive jaundice is one of the most serious complications of diseases of the organs of the
pancreaticoduodenal zone. Laparoscopy is widely used in surgical operations for jaundice and not only because of its min-
imally traumatic nature and contributes to the rapid recovery of the patient. In recent years, laparoscopic methods have
significantly progressed in minimally invasive hepatobiliary and pancreatic surgery. However, there is still not enough data
on how pneumoperitoneum caused by carbon dioxide, which is a companion of any laparoscopy, affects the abdominal
organs. Objective of the work was to investigate changes in the tendon part of the diaphragm that occur in the presence of
mechanical jaundice after the creation of pneumoperitoneum. Methods. The study was performed on 75 rats, divided into
5 groups. Mechanical jaundice was simulated by ligation of the common bile duct under anesthesia. Pneumoperitoneum
was created using the KARL STORZ electronic laparoflator 264300 20 insufflator. The preparations were stained with
hematoxylin and eosin. Results. In the intact group, the tendon part microscopically corresponded to the structure inherent
to this tissue. Under the influence of jaundice, structural disorders occurred: the thickness increased, which was due to
edematous loosening; collagen fibers had a tortuous appearance; increased cellular infiltration, both diffuse and with the
formation of focal infiltrates. After 2 hours, edema increased and the unidirectionality of collagen fibers was disturbed. The
presence of fatty tissue and macrophage and lymphocytic infiltrates was also monitored. After 3 hours, the compact arrange-
ment of collagen fibers was partially preserved in the tendons, and over a larger area, collagen fibers were represented by
an amorphous mucoid mass. Conclusion. In the presence of jaundice, looseness and tortuous course of collagen fibers with
cellular infiltration in which macrophages were noted were noted. When pneumoperitoneum was used, deeper structural
disorders were observed, which depended directly on the duration of intra-abdominal pressure.

Key words: jaundice, diaphragm, pneumoperitoneum, rats, histology.
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Beryn

Mexaniuna sxoBTstHAns (MXK) BigHOCHTBCS 10
HaWOLTBII CEPHO3HUX YCKIIQAHEHb 3aXBOPIOBAHb Op-
TaHiB TAHKPEaTOAyOJeHATIbHOT 30HH, SIKa Pi3KO O0TsI-
JKY€ CTaH XBOPHX 1 NMPU3BOJIUTE JIO PO3BUTKY IEUiH-
KOBO-HUPKOBOi HEJIOCTATHOCTi, TPOMOOIUTOICHIT,
reMopariqyHoro CHHApOMY, F'HIHHOTO XOJaHTiTy, a0-
cueciB neyinku Towo [1-5]. CtpiMke 3pocTaHHs MO-

Ka3HHKIB ITMEHTHOTO OOMIHY 1, SIK HACIIJOK, PO3BU-
TOK TeYiHKOBO-HUPKOBOI HEJJOCTATHOCTI BIMararmoTh
BiJl XIpypriB MPOBEACHHS KOPEKIIii Y)KOBYOBiIBE ICHHS
B yPreHTHOMY MopsiKy. [Ipu oMy yactora ycKia-
HEHb Ticis omeparii Ha BucoTi M)XK craHOBUTB 24—
54 %, neranpHicTh — 7—45 %, a IpHU PO3BUTKY ToOC-
TPOTO XOJIaHTITy Ta OiiapHoro cencucy carae 80—90
%.

45

MORPHOLOGIA ¢ 2024 « Tom 18 * Ne 4



Ha nymxy Benjamin R. Poh, manienTn 3 xoBTs-
HUIIEI0 MOXYTh HE MaTH TaKWi XOPOIIUH Micsorne-
pamiiiHuil mepiof], K aHAJOTiIYHI MaIieHTH 0e3 KO-
BTSHUIN TICJIS JIAMTAPOCKOIIYHOI XOJEIHUCTEKTOMIT
[1]. ITpuuomy momepenHi AOCTIIHKEHHS IPOJEMOH-
CTpyBaJIM BHII KOeQiIlieHTH KOHBEPCii Ta HECTIPUSAT-
JMBI PE3yNbTATH, IIO IMOSCHIOETHCS HHU3KOI (hak-
TOpIB, HE B OCTAHHIO YEPry 3 SIKMX OLIBLIICTB, SKIIO
He BCI 11l MTallieHTH MOXKYTh MaTH KIIIHIKY XOJIaHT1Ty,
mucyHKIil meyinku abo koarynomnarii [6, 7, 8]. Ile
MoXxe OyTH IOB’S3aHO 3 THUM, IO CaM KOBTSHUYHHNA
CTaH BHKJIMKAE JONATKOBY 3aXBOPIOBaHICTh, 00 TOU
(hakT, 10 KOBTSHUII € CYITyTHIM MapKepoM OiibIn
cepii03HOro OCHOBHOTO 3aXBOPIOBAHHS, 00M/IBa BOHN
MOXYTh TPHU3BECTH 1O 3OUIBIICHHS IMiCIIAOTIe-
pamiifHoi 3aXBOPIOBAHOCTI Ta TIPIIAX Pe3yibTaTiB [3,
5].

XosecTa3 BU3HAYAETHCS K HOPYIICHHS BIITOKY
JKOBYi, BUKJIMKaHE 3aXBOPIOBaHHSIMH T€IaTOLUTIB,
BHYTPIIIHLONEYIHKOBUX )KOBUYHHX IPOTOK ab0 1mo3a-
MEYIHKOBOI KOBUOBHBIZHOT CUCTEMHU. XO0JIeCTaTHYHA
XBOpoOa TEYiHKM € OJHIEI0 3 HANMOUIMPEHIInX
(hopM 3aXBOPIOBAHb MEYiHKH, 110 € HACIIIKOM CIaj-
KOBUX a00 HaOyTHX 3axBOpioBaHb redinku [9]. He-
JIOCTaTHIN BiJTIK JKOBYi 3 OyAb-KO1 MIPUIHHHU TIPH3-
BOJUTH IO HAKOTIMYEHHS BMICTY ’KOBYi, BKIFOUAIOUN
Oinmipy0iH, )KOBYHI KHCIIOTH Ta JIITiIH, Y TIeUiHIIi, 110,
AK HACTINOK, BHKIMKAE IIIBUIICHHSI PIBHA
Oinmipy0OiHy Ta )KOBUHHX COJICH y TICUiHII Ta KPOBI, a
TaKoX TMOpYILICHHs JimigHoro oOmiHy [2, 9].
KitiHi4HO y marieHTiB 3a3BUYaii CIOCTEPITaETHCs KO-
BTSIHULSL BHACIIJIOK TinepOinipyOinemii. [Himi cummn-
TOMH BKJIFOYAIOTh TJIMHUCTHI CTLIEI, CBEpOiXK abo
HeyacTi eIi30y KpoBOTeUi, TaKi SIK BHYTPiIHbOYE-
pernHuil KPOBOBMIIMB. XPOHIYHA XOJECTATUYHA XBO-
poba TEYiHKM MOXKE MpOrpecyBaTH 1O LHUPO3Y
MEYiHKA Ta TIEYiHKOBOI HEIOCTATHOCTI Ta € OCHOB-
HOIO TIPUYUHOIO TpaHCIUIAHTaMii evinku [4, 6]. [To-
3aleYiHKOBUM XOJiecTa3 CIPUYMHEHUH CTPYKTYp-
HUMH aHOMAJIISIMHM JKOBUHHX IUIAXIB, BKJIIOYAIOYN
OOCTPYKIIFO KOBYHHX TNPOTOK i KOBYHOTO MiXypa.
XipypridHe JiKyBaHHs 3a3BUuail 3aCTOCOBYETBCS JUIsI
BimHOBJICHHS  (izionoriunoi  dynkmil.  OnxHak
BHYTPIIIHBONIEYIHKOBHUH X0JIECTAa3 € O1IbII CKIIaIHUM
i 3a3BUYail MOTPeOYe CKIAAHUX JOCHTIHKEHb [8].

Jlamapockomisi IIMPOKO BUKOPHCTOBYETHCS B
XIpypriyHuX omeparisx depe3 I MalOTpaBMaTH4-
HICTP 1 CTIpUsi€ MIBUIKOMY OJIy’KaHHIO XBOPOTO [6, §].
3a ocTaHHI POKH JamapoCKOIYHI METOTU 3HAYHO
MPOTPECyBalId B MAIOIHBAa3UBHIN renaTooiiapHiil Ta
nmaHKpeaTHyHii Xipyprii. [Ipote moci Hemae mocrat-
HbO JIAaHWX 3a T€, SK BIUIMBA€ IMHEBMOIIEPUTOHEYM
BUKJIMKAHUH BYTJICKHCIIMM Ta30M, SIKUW € CYIyTHH-
KoM Oy/Ib-KOi JIATapOCKIIii, Ha OpraHy YepeBHO] 1Mo-
poxxHuHu. HasiBHI nmaHi cBig4ath, 1O iHTpaal-
JIOMIHAJILHUH THUCK CTBOPEHUW B YEPEBHIM MOPOXK-
HUHI 3MEHIITy€ EMHICTb JIETE€Hb 1 3MilTye giapparmy B
KaynanbHOMCY HanpsaMmKy [10]. A sk BIIMBae MHEB-
MOIIEpUTOHEYM Ha MIKPOCTPYKTYpy Hiadparmu 3a
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YMOB KOBTSIHUIII, IKa caMa COOOI0 HETaTUBHO BILIH-
Bac Ha e QUXAIBHAN M’ 5137

Mera

Jocmimutyt 3MiHH CYXOXHJIKOBOI YacTHHH
nmiagparMu, SKi BUHUKAIOTH i 9ac HASBHOCTI Me-
XaHIYHOI JKOBTSHUIII TICJISI CTBOPEHHS ITHEBMOIIEPH-
TOHEYMa, SIKMH CYNPOBODKYE KOXHE Jiarnapo-
CKOITIYHE OTIepaTHBHE BTPYYaHHS.

Martepianu i MmeToau

J11s1 BUpIIIEHHS TOCTABICHOT METH HAMH BHIIaI-
KOBHMM YHHOM OyJ10 BiliOpaHo 75 CTaTeBO3PIIMX I1y-
piB BikoM 6 MicsmiB Ta Macor Tina 225+20,0 rp..
ITypi 3HAXOAUIINCH Ha CTAaHIAPTHOMY BUTOJIOBYBaHHI
1 yTpuMyBamuch y BiBapii TepHOMIBCEKOTO HaIlio-
HaJbHOTO METUYHOTO yHiBepcutery imeni [.5. T'op-
OaueBcbkoro MinictepctBa OxopoHH 310pOB’S
VYkpainu 3rigHo npaswi. [lix gyac excrepruMeHTa b-
HOTO JIOCITIDKEHHS TBAPUH PO3IIJICHO HA 5 TPYIH 1O
15 ocoOuH B KOXHIH. | rpyna — iHTaKTHA rpyIa, Jie He
MIPOBOAMIIA MOJICIIFOBAHHS YKOJHOTO HAaTOJIOTIYHOTO
npoluecy, Uil BH3HAUYEHHS HOPMAIbHOI CTPYKTYpH
cyxoxmika giapparmu. Il rpymna — ge mpoBOIUIOCH
MO/ICJTFOBAHHSI MEXaHIYHOI KOBTSHHIN HA TPOTs3i 7
nmaiB [11]. JlaHui TepMmiH BUOpaHWi HE BUIAIKOBO,
3TiJTHO JIITEpaTypH MPOMDKOK 4acy Bif 5 mo 7 nmHIB
JIOCTATHIN I BUPAKEHOCTI JKOBTSIHHIN Yy IIYPiB Ta
BUHUKHCHHS 3MiH y OpTaHaX Ta CHCTEMaX OpraHi3My
1 ONTHMMAaJIBHAIN JUIS BUBYEHHA 1€l marosorii. III
rpymma — MOJETIOBalaCh 7-MU JICHHA >KOBTSHUIIA,
OIIiCJISl CTBOPIOBABCSI THEBMOIIEPUTOHEYM Ha piBHI 5
MM.PT.CT. BYTJIEKUCIMM Ta30M 32 JIOIIOMOT'0I0 1HCY(]-
asropa KARL STORZ electronic laparoflator
264300 20. 1V rpymna — )KOBTSHHUIIS [UTFOC THEBMOTIC-
PUTOHEYM Ha NpoTs3i 2 roauH. V rpyna - >KOBTSHHUL
i MHEBMONEPUTOHEYM 3 roawHu. HasiBHI TepMiHU
BHOpaHi y 3B’SI3Ky 3 THM, IO KOXXHE OIECpPaTHBHE
BTPYYaHHS 3 MPHUBOAY XPOHIYHOTO KAIBKYJIHO3HOTO
XOJICIUCTHTY, XOJEJOXONiTia3y Ta MEXaHIYHOI KO-
BTSHUII TpuBa€ 1-3 TOAWHHW, MO 3aJCKHUTH BIiJ
IHAUBITyaTbHAX OCOONUBOCTEH aHATOMIYHOI Oy-
JIOBH, BUPAXKEHOCTI TMATOJOTIi 1 TaKOXX HaBHKIB
xipypriuHoi ~ Opuragu. HasBHICTE  >KOBTSHHMII
OIIHIOBAJIOCH Bi3yallbHO TIO0 HAsBHOCTI TaKWUX O3HAK
SK: TIO)KOBTIHHSI CKJIep; 3MiHa 3a0apBiieHHs cedi;
axoJIYHMW KaJ; MOXKOBTIHHS BYIIOK; Y IpoIeci
BiOopy jmiadparMu  BiAMIYaNMCh  KOBTYIIHHIA
BIITIHOK BHYTPIIIIHIX OPTaHIB Ta PO3IIUPEHHS 1103a-
MEYiHKOBUX KOBYHUX MTPOTOK.

VYci xipyprigdi MaHINyJsmii TPOBOJUIH B
BiJIIOBITHOMY TPUMIIIIEH] 3 TEMIEPaTypOIO MOBITPS
18-20 °C Tta BigHOCHI#H Bomorocti 70-80 %, 3a oxHa-
KOBOIO TEXHIKO0. 3a 12 TOIWH 10 POBEICHHS aHe-
cTe3ii nypiB He TOyBaH MPOTE BOHU MAJIM BUTbHUN
JIOCTYT 710 BOJM, 32 JIBi TOJUHU JI0 aHECTe3ii BOLY 3a-
6upanu i3 xiitTku. LypiB BBOAWIM POBOIIIN 3HE-
YyJeHHS 3a JormoMoroo in’ekuii 10 Mr/xr po3unHy
KenasuHy Ta 90 MI/Kr po3YHHY KeTaMiHy, BBOJIMIN
3 iHTepBasoM |5 XB BHYTpIlIHBOM s30BO. TBapuH
(iKCyBaJI Ha CTOJIMKY B MOJIOXKEHI JIE)KauH Ha CITHHI.
[lepen omepaTWBHUM BTPYYAHHSIM YEPEBHY CTiHKY
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3BUIBHSUIA BiJT IIEPCTI, a MOTiM Ipose3indikysamu 10
% pPO34YMHOM MOBiNOH-HOMY, 00I0XKYBaIH CTEPHIIb-
HUMH OJIHOPa30BMMH nejeHkamu. [IpoBoaunu cepe-
JMUHHUHN JTarmapaTOMHUN JOCTYN JOBXKHUHOIO 3 CM,
micisi BXOJAY B UEPEBHY IOPOKHHUHY 3arajibHy
JKOBYHY MPOTOKY IMCHTH(IKYBAIH IIJITXOM 00epexk-
HOTO KayJaJbHOI'O BUTATYBaHHS IIIYHKY Ta JBa-
HaausaTumanoi kumku (puc. 1). Ilpotoky me-
peB’sI3yBajy MIOBHUM MaTepianioM po3mipy 5/0.

Puc. 1. MopgentoBaHHs MexaHiYHOT XXOBTAHUL: 1 — ABa-
HaguaTMNana Kuwka; 2 — 3aranbHa KOBYHA MPOTOKa; 3 —
nifiopyvyHa YacTuHa LUMYHKY; 4 — NaHKpeaTUy4Ha NpoToka.

Ha 7-my mo0y mpoBOAMIOCH MOBTOPHE 3HEUY-
JICHHs BWINEC BKa3aHUMH TpernapaTaMH i TPOBOIH-
JIOCh YTBOPCHHS ITHEBMOIIGPHTOHEYMY 3TiTHO aB-
TOpChKOTO cBigonTBa Ha TBip Ne 126409 [12] (puc.

2). Yci maninymsmii 3 TBapuHAME MPOBOIIINCS B
mepmiii  monoBmHI  OHA.  EBTaHasito  TBapuH
3IHCHIOBAITH 32 JIOTIOMOTOI0 BHYTPIlITHOOYECPEBUH-
HO{ iH’€KIii BUCOKHX J103 TMIperapary, a came — po3-
YHHY TIOMIEHTAJy 3 PO3pPaxyHKY 75 MI/KT MacH Tija.
[Ticns mpoBeneHOTO eKCIEPUMEHTY TIPOBOIIIIH 3a0ip
niagparMy  miypa BiINIOBIIHO JO aBTOPCHKOTO
cBigonTBa Ha TBip Ne 126059 Bin 29 kBiTHa 2024
poxky [13]. IIpu npoBeaeHi pobOTH HaA SKCTIEPHMEH-
TaJbHAUMHU TBapMHAMHU JOTPUMYBAIHCh IIOJIOKEHb
3akony Ykpainu «IIpo 3axucT TBapuH BiJ KOpCTO-
KOTO TIOBOJKEHHS», €BpONeichKoi KOHBEHIIT 111010
3aXHUCTY XpeOETHNX TBAPHH, SIKUX BUKOPHCTOBYIOThH
B €KCIIEPUMEHTAITLHUX Ta 1HITHX HAYKOBUX ITUIAX Bij
18.03.1986 p., J[upexktuBu Pamm  €Bpomm
2010/63/EU.

Ha waxponpenapari niapparMu pOBOIMIIH
BHUIUICHHS OKPEMO CYXOXXWJIBHOI, YacTHHH |
noMmimanu y 10 % po3unH HelTpabHOTO (OopMaTiHy
(puc. 3). Ilicnsa dikcanii ricrosmoriyHuil Marepiain
3HEBOJIHIOBAIM B ETHJIOBHX CIIUPTAaX 3POCTAOYOi
KOHIICHTpAIIii Ta 3aJIHBaJH y Tapadid. 3 KOXKHOTO ma-
padiHoBOro OJ0KY Ha MIKPOTOMI BUTOTOBJISUIH TiCTO-
JIOTIYHI 3pi3M TOBIIUHOIO 5—7 MKM., SIKi iCTIA aenap-
aginizamii (¢apOyBamy TeMaTOKCHIIHOM 1 €03WHOM
[14].

Crnixg 3a3Ha4MTH, IO JOBa IMypi i3 OCHOBHOL
TpyIH 3aTUHYIHN Ha 5 Ta 6 100y micis oneparii. Y 111
rpymi — 3 TBapuHH, 1Bi Ha 4-Ty 100y i omHa Ha 6. Y
IV rpyni — 2 ocobunu Ha 4-ty n00y. ¥ V rpymi
CMEPTHOCTI He 0yJI0, yCIM TBapHUHAM BiJITBOPEHO I10-
BHICTIO excriepuMeHT. Clliji BIIMITUTH TIPU CTBOPEHI
ITHEBMOIIEPUTOHEYMY CMEPTHOCTI cepell TBapUH He
KOHCTaTOBaHO. MexaHiuHa KOBTSHUIIS BCE K TaKH €
Ba)XKMM 3aXBOPIOBAHHSM JJIsl OPTraHi3My, siKe MpH3-
BOJAWTH J0 TOJIOPTaHHOI HEOCTATHOCTI 1 € MPHYH-
HOIO0 BHCOKOI CMEpPTHOCTI 1 Halll EKCIIEPUMEHT HE €
BukimodeHHsIM. Lypwu, fKi 3aruHynu mizx 4ac ekcre-
PUMEHTAIBHOI TpoUexypH, Oyld BHKIIOYECHI 3
aHawi3y JOCIiIKCHHS, i HOBHUX IIypiB HE JOJaBaIIA
3aMiCTh HUX. Y CiX IHIIMX IIypiB YMEPTBISIM B KiHIl
eKCIIepUMEHTY. PO3IIMPEHHs )KOBYHUX MIPOTOK OyJI0
BUSIBJICHO Y BCIX IIypiB HAPUKIHIII €KCIIEPUMEHTY.

Puc. 2. CTBOpeHUiA NHEBMONEPUTOHEYM BYIMEKUCIIMM ra3oM 5 MM.pT.cT.: 1 — paHa nicns nanapoTtomii; 2 — ronka Bepelua.
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Puc. 3. Makponpenapat giadparmu: 1 — cyxoxunkosa
YyacTuHa.

PesysabTaTH Ta iX 00roBopeHHs

HiapparmMa mpenacraBiasie CoOO0K HEHMApHHUIMA
M'SI30BO-allOHEBPOTHYHUI ~ OpTaH, IO pPO3ALIIE
TpyJHY 1 4epeBHY MOPOXHUHH. 3 OOKY IUX MOPOXK-
HUH Aiadparma MmoxpruTa TOHKUMH (PacIisMu i cepos-
HUME oOomoHkamu. [liapparma mae dopmy ckie-
IiHHS, 3BEPHEHOTO OITYKJIICTIO B TPyIHY HOPOKHHUHY,
o 00yMOBJICHO OiJBIII BUCOKHM THCKOM OYCpPEBUH-
HOi MOPOXXHUHM 1 HAWHIKYUM - B IUICBPAIbHIi.
Binomo, 110 ckiagaeTbesi 3 JBOX OCHOBHUX YaCTHH
CYXOXKWJIBHOT Ta Ms130Boi. M's130B1 Iy4kH JiadyparmMu
paziaibHO OpiEHTOBaHI A0 i IEHTPY 1 3a MICI[EM I10-
YaTKy MOAUISIOTHCS Ha MONIEPEKOBY, peOepHy Ta rpy-
JIUHY YaCTHHHU. AHAJIOTIYHHUN CKJIaJ Mae€ i miaparma
IIypiB.

CyXOXXUIIKOBa YacTWHA MiaparMy iHTaKTHUX
mrypiB [ rpymm Oyna mpencraBieHa mepeBaXKHO IiTb-
HUMH IyYKaMH KOJIar€HOBHMX BOJIOKOH, SIKi (hOopMy-
10T alIOHEBPOTUYHUN TUCTOK. TOBLIMHA HOro HE3Ha-
YHO Bapilo€e B pi3HUX 3pizax. Sk i Bcs miapparma, 3
0OKy TIpyqHOT TIOPOXKHHMHHM CIOJyYHa TKaHMHA
BKpHUTa JladparMaibHoio ¢aciiero. MikpocKomigHO
BOHA Ma€ MyXKy KOHCHUCTEHIIIO 1 MICTUTh MICISIMU
KHUPOBY KIITKOBHHY. 300Ky UYEpeBHOI MOPOKXHUHU
BKPHUTA TOHKHM JIMCTKOM Tapie€TajgbHOI OYEePEBHHH.
KosareHoBi BOJIOKHA TOMOT@HHO €03HHO(INBHI 3 He-
3HAYHUMH 3MIiHAMH IHTEHCHBHOCTiI 3a0apBIICHHS,
HEPIKO PO3PUXIIOIOTECA 0€3 BTpATH IXHBOI MijIic-
HocTi. KiiTMHHNI KOMIIOHEHT OigHMH 1 CKIaIacThCs
3 pibpobmacris, GiOporuTie Ta ricrionuris (puc.4).

Komarenosi BOJIOKHA OXHI 3 ITO3aKJIITUHHMX,
OJIM3bKOCIIOPITHEHUX O1JIKIB, 10 € OCHOBHUM KOMIIO-
HEHTOM CIIOJIyYHOI TKAHWHU 1 3yMOBJIIOE 11 MIIHICTh
i THy4KicTh. Bin € QiOpuisspHUM OLIKOM TIIIKOIPO-
TEiTHOT IPUPOJTH, IO CKIATAETHCS 13 MAKPOMOJIEKY,
SIKi MAIOTh YHIKQJIbHY TPUCTIpaIbHy CTPYKTYPY, CTa-
HOBHTH OJi3bKO0 1/3 ycix GUIKiB OpraHizMy ccaBIiB i
70 % macwu 6inKiB wKipu. BXoauTs 10 ckiany KicTok,
CYXOXKHJUIb, CyJIMH, XPSILiB, HIKIpH IEPEBAXKHO y BU-
TSl HEPO3YMHHUX MO3aKITITHHHUX BOJIOKOH. Llei
O1JI0K B OpraHi3Mi JIIOJJMHU BUKOHYE BaXKIIUBY «pPETy-

48

JMATOPHY POIb» (PYHKIIOHYBaHHSA CIIONYyYHOI TKa-
HUHH: SKICHHH CKJal CTPYKTYpH KIITHH; 3a0e3re-
YeHHs TPYXKHOCTI Ta €JaCTUYHOCTI TKaHWHH; 3a-
noOiragds 1i 3HEBOJHEHHIO, 3a0e3ledeHHs 3BOJIO-
JKEHHIO OTBII TIMOOKUX INapiB IIKIpH Ta CHOBIIb-
HeHHs ii cTapiHHA; MOKpAIlaHHS CTaHy BOJIOCCS Ta
HITTIB.

Puc. 4. TicTonoriyHa CTpyKTypa CyXOXWUIKOBO| YaCTUHU
AiadparMu Lypa iHTakTHOI rpynu: 1 - WinbHi Ny4Yku konare-
HOBUWX BOMOKOH; 2 - NyxKa KNiTKOBMHA rpyAHOI NOBEPXHI; 3 -
napieHTanbHa oyepeBuHa. 3abapBrieHHs1 reMaTOKCUMIHOM i
eosnHom. x 200.

[Tpwm nocnimkeHH] MiKponpenapaTiB OTpPUMaHUX
Bix ocobuH Il rpymu, e MomeoBanach >KOBTSHHUIIA
CYXO’KHIIKOBA YacTHHA JiadparMu Maia iIeHTHYHHIA
IHTAaKTHHUM IIlypaM TKaHWHHUH CKIIaJl, ajie pi3HUIACh
CIIBBIJHOILICHHSAM CTPYKTYPHHUX KOMIIOHEHTIB. 3ara-
JIOM TOBIIMHA CYXOXKHJIKOBOTO ILIACTy 301IbINyBa-
macsi, o OyJo 3yMOBJIEHO HAOPSIKOBUM PO3PUXJICH-
HsM. KomareHoBi BoJIOKHA Masy 3BUBUCTHI BUIIIAL,
a HepIBHOMIpPHICTh 3a0apBIICHHS CTaBajia OLIBIN BH-
Pa3HOI0 Yy TOPIBHSHHI 13 1HTAKTHOIO TPYTOIO. 3Bep-
TaJla yBary NOCWJICHA KIITHHHA iH(IIBTparis sk
mdy3Ha, Tak i3 OPMYBaHHIM OCEPEIKOBHUX iH(ITb-
TpaTiB. B cTpykTypi iHDIIBTpATIB OPSA 13 TpaAMIIiii-
HUMHM KJTITHHAMHU 3’ BJISUTACS Makpodaru (puc. 5).

B mporeci 3acTocyBaHHs MHEBMOIEPUTOHEYMA
BYIJICKUCIIMM T'a30M Ha MPOTsI3i pi3HOTO Yacy CTPyK-
Typa uiei yactuuu giadparmu mie Ouiblne 3a3HaBaja
3MmiH. B cyxoxunkoBiii gactuHi giagparmu gepes 1
TOJMHY iHTpaabIOMIHATBFHOTO THUCKY, SKHH B JIama-
POCKOMIYHIH Xipypril IPUHHATO HA3UBATH «HU3BKIM
THUCKOM» CIIOCTEpiraBcsi IMOMIpHHHA HaOPsK, SKHA
TIPU3BOJMB 10 PO3PHUXJICHHS KOJAr€HOBUX BOJIOKOH.
Manu miciie ocepeakH po3naay BOJOKOH i3 He3Had-
HOIO PEaKTHBHOIO KIITHHHOW iH(pimbTpaiieo (puc.
6). Mu 11e MOSICHIOEMO THM IO TOPST 13 MOPYIICHOIO
CTPYKTYPOIO BHACIIJIOK MEXaHIYHOI KOBTSHUII, AH-
XaJbHUIT M’513 3a3HA€ BIUIMBY 1€ OJHOTO MATOJIOTI4-
HOTO CTaHy, SIKUH 3MilTye giadparmy y IuieBpajabHy
MOPOKHUHY 1 BUHUKAE MEPEPO3TIATHEHHS CYXOMKHJI-
KOBOI YaCTHHU.
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Puc. 5. licTonoriyHa CTpyKTypa CyXOXUIKOBOI YaCTUHU
diadparmMy Wwypa i3 MOAenbOBaHOK XOBTAHUUE: 1 - 3BU-
BWCTi i HEpPIBHOMIpPHO 3abapBrieHi konareHoBi BOMNOKHA; 2 -
KNiTUHHWIA  iHgiNbTpaT. 3abapBneHHs reMaTOKCUNIHOM i
eosuHom. x 200.

Puc. 6. lNicTonoriyHa cTpykTypa cyxoxurka giadparmu
Llypa i3 3MOenbOoBaHO XOBTSHMLEIO Yepes 1 roamHy nicns
CTBOPEHHSA MHEBMOMEPUTOHeYMy: 1 - Habpsik, PO3BONOK-
HEHHs Ta KniTMHHA iHdinbTpauis. 3abapBneHHs re-
MaTOKCUIIHOM i eo3nHom. x200.

Ilpu mocmimkenni mpenapatis |V mocmignol
IpyIH, TBAPUHAM SIKOi OYB CTBOPEHHI THEBMOIIEPH-
TOHEYM TIPOTArOM 2 TOIUHU Maibke 3aBxau Oyio
BIJIMiUY€HO HAPOCTAHHS HAOPSIKY Ta MOJAJIBIIE TOPY-
IIEHHS CTPYKTYpH, K€ HPOSBISIOCH 3MIHOK OJHO-
HAIpaBJIEHOCTI PO3TallyBaHHS KOJAreHOBUX BOJIO-
KOH, MiCIIIMH OyIJIO0 BiIMid4eHO (hparMeHTAaIlif0 BOJIO-
KOH 3 XaOTHYHHM CKYIUYEHHSIM iXHiX (pparMeHTiB.
TakoX BIACTIIKOBYBAJOCh MPUCYTHICTH IKHUPOBOI
KIIITKOBHHU Ta MaKpoQaraibHUX 1 JIMQpOIUTAPHIX
iH}inbTpartiB (puc. 7).

Y TBapuH HOCHIAHOI TPYIH /€ CTBOPIOBABCS
ITHEBMOIIEPUTOHEYM Ha PiBHI 5 MM.pT.CT. IPOTArom 3
TOIVH Ha MiKpomnpenapaTax BiIMiueHO, IO B CyXO-
KHJIKaX 9aCTKOBO 30epirajiocst KOMIAKTHE PO3TaIy-
BaHHSI KOJIAT€HOBUX BOJOKOH. Ha Oimpmniii rurormi
BOHM Oyny TpeacTaBieHi aMOp(HOIO CIM30IO0Ni0-
HOIO Macoro. B pszi BumazakiB Manu Micue andysHi
remoparii (puc. 8).

Puc. 7. lNicTonoriyHa cTpyKkTypa cyxoxunka giagpparmu
Liypa i3 3MOAENbOBAHO XXOBTAHMULIEIO MICAS 2-X FOAMHHOMO
NMHEBMOMEPUTOHEYMY: 1 - NOPYLUEHHS TWUMOBOrO PO3TaLlly-
BaHHS KonareHOBMX BOMOKOH, Habpsik Ta MoMipHa KMiTUHHa
iHinbTpauis. 3abapBrneHHs remMaToOKCUMIHOM | €03UHOM.
x200.

'T"-l’--a 2
e Q\\ ’:”f Mﬁ%

-
:.\‘

ﬂ"‘" 2 . ’ e

Puc. 8. lNictonoriyHa cTpykTypa cyxoxunka giacdpparmm
Lypa i3 3MOAENbOBAHOI0 XOBTSAHMLEO Nicnsa 3-X roAVHHOIo
nHeBMoOnepuToHeymy: 1 - aesopranisaulisi, pyiHyBaHHS kona-
reHOBWX BOMOKOH, Pi3Knii HAaBpSK; 2 - PO3CiAHNIA KPOBOBUIMMB.
3abapBneHHsi remaTokcuniHoM i eo3nHom. x200.

BucnoBok

[Ipu HasgBHOCTI KOBTSHHINI BiAMIYCHO PO3pH-
XJICHICTh Ta 3BUBHUCTHH XiJI KOJIATCHOBUX BOJIOKOH i3
KIIITHHHOO 1HQIIBTpAIi€ro B K BiAMIYaINCh MaK-
podaru. Ilpu 3acTocyBaHHI NHEBMOIIEPUTOHEYMA
CIIOCTEPIraIMCh MO CTPYKTYPHI MOPYLISHHS, SIKi
3ajexajid Ha TMpsMy BIiI TpHUBaIOCTI iHTpaao-
JoMiHaneHOTO THCKY. Cepen mopylieHb CTPYKTYpH
BIIMIYQJIUCh HAOPSK, OCEPEAKH PO3Maay BOJIOKOH,
PI3HOHAMPABJCHICTH BOJIOKOH. Ha okpeMux mpemnapa-
TaxX BiIMIYEHO (parMeHTalil0 3 XAOTUYHUM CKYII-
YEHHSIM YaCTHHOK KOJIATCHOBUX BOJIOKOH. HaiTsmkdi
3MiHM Oynu micist 3 TOIWH, JIe BOJIOKHA OYyiH Ipea-
CTaBJIeH1 aMOP(HOIO CIIN30I0I0HOI0 MACOIO.

IlepcnekTHBY MOAANBIIMX JA0CTIIKEHb

VY momaipIIOMy IUIAHYETHCS BUBYCHHS PI3HUX
JTSTHOK M’ SI30BO1 YACTHHU JTiadparMu 3a yMOB ITHEB-
MOIIEPUTOHEYMY HU3BKOT'O T4 BUCOKOT'O THCKY, 110 €
BOKJIMBUM I JIAAPOCKOMIYHOT  Xipyprii, sKka
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CTPIMKO PO3BHBAETHCS, 3 METOIO PO3YMIHHS TIIa-
TO}1310JI0IMIHUX 3MiH JUXATHHOTO M’si3a.
Indopmanis npo koHPIIKT iHTEpeciB

[MoTenmiitaNX ab60 ABHUX KOHQIIIKTIB iHTEpECiB,
0 TMOB’S3aHI 3 IIUM PYKOIUCOM, Ha MOMEHT
myOJTikarii He iCHye Ta He TiependadaeThesl.
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Kpinak M.IOQ., Caaduii O.B., ScinoBebkuii O.b. CTpykTypHi 3MiHM CYXO0:KMJIKOBOI 4YacTHHM
AiagparMu 1mypa 3a yMOB KOBTSIHUIIi Ta THEBMOIIEPUTOHEYMY HU3bKOI'0 TUCKY.

PE®EPAT. AkryajbHicTb. MexaHiuHa )KOBTSHUIIS BiTHOCUTHCS 0 HAMOIIBIT CEPHO3HUX YCKIIAHEHD 3a-
XBOPIOBaHb OPTaHIiB MaHKPEATOIyOIeHAFHOI 30HH, JlamapocKomisi MHUPOKO BUKOPUCTOBYETHCS B XipypPTidHHX
oTIepamisx MpH KOBTAHUII 1 HE TUTBKHM Yepes I MaIoTpaBMaTHIHICTb 1 CIIPHS€E MIBUAKOMY Oy’KaHHIO XBOpPOro. 3a
OCTaHHI POKH JIaMapOCKOIMiYHI METOAN 3HAYHO MPOTrPECyBaId B MAIOiHBa3UBHIH renarobisiapHiil Ta maHKpeaTHy-
Hilt xipyprii. [IpoTe goci HEMae JOCTaTHRO JAHUX 3a Te, SK BIUIMBAE THEBMOIIEPUTOHEYM BHKIIMKAHUH BYTJIEKHC-
JIIM Ta30M, SIKUH € CYyITyTHUKOM Oy/Ib-SIKOi JarmapocKIii, Ha OpraHd 4epeBHOi MopokHUHA. MeToro podoTtu Oyio
JOCIITUTH 3MIHH CYXOXIIKOBOI YaCTHHHM JiaparMu, siki BUHUKAIOTH ITiJ] 9aC HASBHOCTI MEXaHIYHOT )KOBTSHUII
TiciIsl CTBOPEHHS MHeBMonepuToHeyma. Meroan. JlocniukeHHsT BUKOHAHO Ha 75 miypax, sSKMX pO3AijeHo Ha 5
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rpyn. MexaHiuHy >KOBTSHHULIO MOJEIIOBAIN LIISIXOM HEpEeBA3KH 3araJbHoi KOBYHOI IPOTOKH IIiJl aHEeCTe3iel0.
ITHeBMOIIEPUTOHEYM CTBOPIOBAJIHM 3a goromoror incydasropa KARL STORZ electronic laparoflator 264300 20.
IIpenaparu GpapOyBav TEeMAaTOKCHITIHOM Ta €03WHOM. Pe3yiibTaTu. B iHTaKTHIN Ipymi MiKpPOCKOIIYHO CYyXOXKHII-
KOBa YacTHHA BiIOBifaa MpUTaMaHHii Oy1oBi 1y 1i€i TkaHuHU. [1i7 BIIIMBOM >KOBTSHUIII BiIOYBaIUCh CTPYK-
TypHi HOPYIICHHS: TOBIIMHA 301IbITyBaIacs, Mo OYyI0 3yMOBJICHO HAOPSIKOBUM PO3PHUXJICHHSIM; KOJIAreHOBI BO-
JIOKHA MaJId 3BUBHUCTHI BHUIISLI; TOCHIICHA KIITHHHA 1HITBTparis Sk qudysHa, Tak i3 popMyBaHHIM OcepenKo-
BuX iH(}inbTpaTiB. Uepes 2 ToOIMHN HapOoCTaB HAOPSIK Ta MOPYIICHHS OJJHOHAIPABJICHOCTI KOJIAr€HOBHX BOJIOKOH.
Takox BiJICIIAKOBYBAJIOCH NMPHUCYTHICTH KUPOBOI KIITKOBUHU Ta MakpodaranbHUX i JIMQOHUTapHUX H)IIb-
TpatiB. Yepe3 3 roJMHU B CYX0XKMIIKaX YaCTKOBO 30€pirajiocsi KOMIIAKTHE PO3TALIYBaHHS KOJIareHOBUX BOJIOKOH,
Ha OUTBIIIHM IO KOJIAr€HOBI BOJIOKHA IpeZCTaBlieHi aMOp(HOI0 cin3omnonioHo0 Macoro. BucHoBku. [1pu Ha-
SIBHOCTI YKOBTSIHHMIII BIIMiYCHO PO3PUXIICHICTh Ta 3BUBUCTHH XiJ] KOJIATCHOBUX BOJIOKOH i3 KIIITHHHOO 1H(1LIHTpa-
Hi€ro B sKil BiaMivanuch Makpogaru. IIpu 3acTocyBaHHI THEBMONIEPUTOHEYMA CIIOCTEPIraJIUCh TIIMOMLI CTPYK-
TYpHIi IOPYIICHHS, SKi 3aJIeXalli Ha TIPSAMY Bill TPHBAJIOCTI iHTPaaOTOMiHAIBHOTO THUCKY.
Kuro4oBi ciioBa: XOBTSHHUI, TiadparMa, THEBMOIIEPUTOHEYM, IIYpi, TICTONOTis.
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ABSTRACT. Background. Society's need for modern implants and tissue engineering products is steadily growing due to
the increase in the number of surgical interventions caused by various diseases, injuries and age-related changes. An in-
creasing number of materials based on synthetic polymers, intended for implantation in the tissues of a living organism, are
becoming widely used in medical practice. The aim of this work was to study the cytotoxicity and analysis of cellular
reactions to the implantation of polyurethaneureas with immobilized ifosfamide, synthesized using 4,4'-diaminodiphenyl-
methane and 3,6-dioxyoctane-1,8-diamine as macrochain extenders by the method of tissue culture of fibroblasts and by
means of the implantation test. Results. Using the method of tissue culture of fibroblast cells, it was shown that the dynamics
and nature of the growth of cellular elements during cultivation in experimental vials with composite materials based on
polyurethaneureas, including ifosfamide, did not differ significantly from control cultures, which allows us to conclude that
the extracts from the studied cells do not have a cytotoxic effect materials on cultured cells. It was established that the
implantation of test samples of polyurethaneureas in the body of experimental animals led to the development of cellular
reactions typical for aseptic inflammation, without signs of acute inflammatory and other reactive processes. Histological
studies have shown that the studied samples are biocompatible with the tissues of experimental animals. Implantation of
polymer samples with ifosfamide led to the development of intense cellular reactions in the area where the implants were
placed. The content of ifosfamide in the polymer matrix probably affected the proliferation of cellular elements in implantion
site, as a result of which regenerative processes were inhibited in the early stages of the study. Conclusion. Based on the
results of the research, it was shown that the developed composite materials based on polyurethaneureas with ifosfamide do
not have a pronounced cytotoxic effect, are biocompatible and promising materials for use in medical practice during anti-
tumor therapy.
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Background by various diseases, injuries, and age-related changes.
The need of society for modern implants and tis- The development, design and modification of implan-
sue engineering products is steadily increasing due to tation materials and products based on metals and al-

the growing number of surgical interventions caused
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loys, bioceramics and bioglasses, natural and syn-
thetic polymers lead to an exponential growth of
functional replacements for damaged tissues [1-4].

An increasing number of materials based on syn-
thetic polymers intended for implantation into living
tissues are being widely used in medical practice [5-
7]. The growing interest in polymer implantation ma-
terials is due to their unique mechanical and physico-
chemical properties, non-toxicity, and biocompatibil-
ity. Thanks to this, polymer materials can be
"adapted" for various purposes in practical medicine,
and the ability to introduce modifications into the
structure of synthesized polymers allows the creation
of new biocompatible composite materials with the
necessary set of specified properties and characteris-
tics. An undeniable advantage of polymer materials
for creating modern implants is that polymers can be
functionalized with various medicinal drugs and bio-
logically active substances, which significantly ex-
pands their application range and substantially in-
creases their bioavailability and, accordingly, their ef-
fectiveness [8]. Such implants can become powerful
therapeutic agents for diseases that are not amenable
to effective treatment, and their biological activity,
providing continuous therapy, can exert a targeted ef-
fect on the source of the pathological process at the
application site for a defined period, sparing the tis-
sues and organs of the body from many side effects
of such substances.

One of the main problems in the application of
polymer materials in medical practice as implants is
their interaction with the surrounding tissues of the
body. Studying the cellular reactions at the implant-
tissue interface is an extremely important issue for
understanding the degree of biocompatibility and ef-
fectiveness of implanted materials, as well as ways to
minimize the possible negative impact of implanted
materials throughout their functional lifespan. It is
known that the immune system, which is formed by a
complex network of cells, induces an inflammatory
response to tissue damage during the implantation
procedure, the presence of a foreign body in living
tissue or bacterial infection. As a result, varying de-
grees of cellular reactions are observed, leading to
subsequent fibrosis and isolation of the implants,
which can impair the diffusion of the drug into the
surrounding tissues [9-11], sometimes even to the
complete loss of their functionality. Therefore, the
search for new and modification of existing polymer
implantation materials aimed at minimizing the cellu-
lar response of tissues while simultaneously increas-
ing the effectiveness of the use of implanted materi-
als/products without losing their functionality is a rel-
evant task.

One of the types of polymer materials used in
medicine as implants are polyurethanes containing bi-
ologically active substances and medicinal drugs in
their composition [12], which, under the influence of
the internal environment of the body, are released into
the surrounding tissues, exerting a therapeutic effect

at the implantation site and can influence the the
growth and development of cellular elements in the
connective tissue surrounding the implant and the bi-
ocompatibility of the implantation material as a
whole. Therefore, studying the effect of prolonged
forms of biologically active substances and medicinal
drugs in the composition of polymer implants on the
growth of cellular elements under in vitro conditions
is a necessary stage of research, which will allow pre-
dicting the effectiveness of the developed materials
and assessing their biocompatibility for further imple-
mentation in medical practice.

There are known works aimed at developing pol-
ymer implantation materials with immobilized anti-
tumor agents, in particular ifosfamide, as means of
adjuvant therapy in the treatment of pathological ne-
oplasms [13-15].

Ifosfamide (IFO) is a cytostatic medicinal drug
from the group of oxazaphosphorines, which is used
for the comprehensive treatment of malignant neo-
plasms (lung cancer, ovarian cancer, breast cancer,
cervical cancer, soft tissue sarcomas). In the liver,
IFO is activated to the active metabolite ifosfamide
mustard, whose antitumor effect is due to alkylation
of nucleophilic centers, disruption of DNA replica-
tion and RNA transcription, leading to impaired nu-
cleic acid function [16].

Considering that the prolonged form of IFO in
the composition of polymer implants can influence
the growth and development of cellular elements un-
der in vivo conditions, studies of its cytotoxic effect
using the express method of toxicological evaluation
of fibroblast tissue culture with subsequent assess-
ment of its biocompatibility upon implantation in ex-
perimental animals are relevant.

The aim of this work was to study the cytotoxi-
city and analyze the cellular reactions to the implan-
tation of polyurethaneureas with immobilized
ifosfamide, synthesized using 4,4'-diaminodiphenyl-
methane (DADPh) and 3,6-dioxyoctane-1,8-diamine
(DAZ2) as chain extenders, using fibroblast tissue cul-
ture methods and histological techniques.

Materials and Methods

The objects of the study were polyurethaneureas
(PUUs) synthesized based on a diisocyanate prepoly-
mer (DFP) using 4,4'-diaminodiphenylmethane
(DADPh) and 3,6-dioxyoctane-1,8-diamine (DA2) as
chain extenders in a molar ratio of DADPh to DA2 of
0.3:0.7, and PUUs with immobilized IFO in the
amount of 1 wt%,; abbreviations: DFP-30DADPh-
70DA2, DFP-30DADPh-70DA2+IFO [17, 18].

Holoxan® - (RS)-N-Bis(2-chloroethyl)-1,3,2-
oxazaphosphinan-2-amine 2-oxide (Baxter, Ger-
many) — active substance Ifosfamide CsHisClaN2O.P
(Molecular weight =261.09; melting point — (39-
41)°C; log P (octanol-water) = 0.86. White crystalline
powder, well soluble in water (3780 mg/L at 25 °C);
purity 99.999%).

Fibroblast Tissue Culture Method. When study-
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ing the cytotoxicity of samples of polymer composi-
tions with IFO, the fibroblast tissue culture method
was used, which allows assessing the biocompatibil-
ity of polymer materials intended for medical use un-
der in vitro conditions [19, 20]. The method is based
on culturing under standard conditions the subcutane-
ous adipose tissue of Wistar rats, which under culti-
vation conditions gives the growth of fibroblastic el-
ements.

Fibroblast tissue culture was obtained by ex-
planting pieces of subcutaneous adipose tissue from
Wistar rats, which were placed in Carrel flasks with a
nutrient mixture consisting of solid and liquid phases.
Solid phase: rooster blood plasma, chicken embryo
extract (obtained under laboratory experimental con-
ditions). Liquid phase: medium 199 (LLC "BI-
OTESTLAB", Ukraine), bovine serum (LLC "Veter-
inary Medicine", Ukraine). Source of fibroblastic el-
ement growth — cultured tissue (subcutaneous tissue
of Wistar rats).

Preparation of Fibroblast Tissue Culture for Ex-
plantation. Experimental groups: control (cultured
tissues) and experimental (on the 3rd day of cultiva-
tion, samples of compositions were added at a rate of
100 mg of product per 1 ml of liquid phase). Each
group had 3 explantations.

Explantation Conditions. The animals were eu-
thanized using ether anesthesia. Under sterile condi-
tions, fragments of subcutaneous tissue measuring 1
x 1 cm were isolated from the posterior dorsal part of
the torso. The pieces of tissue were placed in physio-
logical solution with the addition of streptomycin
(pharmaceutical grade) at a rate of 25 ml of the drug
per 10 cm® of solution. After that, they were rinsed
three times with portions of physiological solution
without antibiotic. The initial pieces of tissue were di-
vided into separate explants with a width of no more
than 1.0-1.5 mm. The explants were transferred into
identically sized Carrel flasks with a nutrient mixture
consisting of rooster plasma and medium 199. On the
bottom of each flask, 4-5 explants were evenly
placed. An embryonic extract prepared from 10-day-
old chicken embryos was added. After the formation
of the solid phase, a mixture of bovine serum and me-
dium 199 was added to the flasks. The ratio of ingre-
dients in the nutrient medium was: medium 199 —
50%, chicken embryo extract — 10%, rooster blood
plasma — 20%, bovine serum — 20% (for flasks with a
height of 1 cm, diameter 3.5 cm). The culture was in-
cubated at a temperature of 37°C, the liquid phase
was replaced every 3 days. On the 3rd day, the migra-
tion of cellular elements was observed. Under condi-
tions of cellular element migration, the test sample
was introduced into the experimental samples at a rate
of 100 mg per 1 ml of liquid medium. On days 3, 7,
10, and 14, observations were made of the growth of
the compact, reticular zone and the zone of migrating
fibroblastic elements, using a Carl Zeiss Primo Star
microscope at x160 magnification. Microphotog-
raphy was performed using a Canon PowerShot A640
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camera with a Soligor Adapter Tube for Canon
A610/A620 52 mm Tele. The criterion for distin-
guishing these zones was the nature of the arrange-
ment of the growing fibroblastic elements. A qualita-
tive analysis of the growth zones was performed with
a description of the nature of the growth of cellular
elements. The compact zone included areas of dense
arrangement of growing cells; the reticular zone in-
cluded areas of arrangement of cellular cords that
anastomose and branch. At the tips of isolated cellular
cords growing into the solid phase of the nutrient me-
dium to the location of isolated cells, the zone of mi-
grating elements was determined.

Implantation Test and Histological Studies. For
the purpose of histological study of cellular reactions
to the implantation of composite materials with IFO
based on PUUs and evaluation of their biocompatibil-
ity, implantation of experimental samples was carried
out in the bodies of 24 Wistar rats weighing
240+ 20 g. All manipulations with experimental ani-
mals were carried out in compliance with the princi-
ples set forth in the European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes [21] and in accordance
with the Law of Ukraine "On the Protection of Ani-
mals from Cruelty" No.3447-1V of 21.02.2006.
Healthy, young sexually mature animals were used.
Model operations were performed under general an-
esthesia of laboratory animals in aseptic conditions.

Procedure of Implantation. After general anes-
thesia, the hair on the back of the animals was shaved
in the interscapular area. The surgical field was
treated with 70% ethanol solution, after which a lon-
gitudinal skin incision was made, and subcutaneous
"pockets” were formed on both sides of the spine in
the subcutaneous adipose tissue, where experimental
samples measuring 10 x 10 mm, thickness 2 mm,
were placed. Such an implantation area is character-
ized by good blood supply, high cell density of vari-
ous differentiation stages, as well as low mobility of
this zone and inaccessibility for the animal itself,
which minimizes the risk of its interference in the ex-
perimental process. After the surgical procedure, the
wound was sutured with sterile suture material. The
animals were euthanized on the 7th, 14th, 30th, and
90th day after the operation by humane euthanasia.
The experimental material (polymer sample with sur-
rounding connective tissue) was fixed in 10% forma-
lin solution and embedded in paraffin after histologi-
cal processing according to standard methods [22].
Sections 10-15 um thick were stained with hematox-
ylin and eosin. Analysis of cellular reactions and eval-
uation of the biocompatibility of composite materials
were carried out by studying histological specimens
using light microscopy with a Carl Zeiss Primo Star
microscope; microphotography was performed using
a Canon PowerShot A640 camera with a Soligor
Adapter Tube for Canon A610/A620 52 mm Tele.

Results and Discussion
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Study of Biocompatibility of Composite Materi-
als with IFO Using the Fibroblast Tissue Culture
Method In Vitro. To study the features of the dynam-
ics of growth and development of fibroblastic ele-
ments, the tissue culture method was applied. This
method allows for quick and accurate assessment of
the cytotoxic effects of test materials and their com-
ponents on connective tissue cells — rat fibroblasts,
which play an important role in the interaction be-
tween a polymer implant and connective tissue. It is
known that fibroblasts are components of the stroma
of parenchymal organs and actively participate in
morphogenesis and differentiation of specialized
cells, allowing extrapolation of data obtained in fibro-
blast cultures to in vivo studies [19, 20]. The growth

and development of cellular elements from the sub-
cutaneous tissue of Wistar rats were studied on days
3,7,10, and 14.

Migration of fibroblastic elements in the study
of the DFP-30DADPh-70DA2 sample without IFO,
as in the control, began on the 3rd day of cultivation.
The primary zone was formed by individual cells with
a spindle-shaped form and strands oriented mostly
perpendicular to the surface of the explant; irregular
polygonal cells were also observed (Fig. 1a). For
samples with the addition of the drug IFO, migration
of fibroblastic elements in Carrel flasks also began on
the 3rd day of cultivation, but a characteristic feature
was the presence of a greater number of polygonal
and round-shaped cells (Fig. 1b).

Fig. 1. Growth of fibroblast culture on the 3rd day of cultivation. a) Migration of fibroblast-like cells. DFP-30DADPh-70DA2
without IFO. x160. b) Migration of polygonal fibroblast-like cells. DFP-30DADPh-70DA2+IFO. x160.

On the 7th day of cultivation, both in the control
and in the experimental samples (DFP-30DADPh-
70DA2 and DFP-30DADPh-70DA2+IFQ), three
growth zones formed around the explants: a compact
zone consisting of spindle-shaped and polygonal
cells; a reticular zone where bundles and strands of
cells formed; and a zone of individual migrating ele-
ments (Fig. 2). Notably, in the study of the DFP-
30DADPh-70DA2+IFO sample, the compact zone
was smaller in area than in the control and consisted
of polygonal and oval cells closely adjacent to each
other, which may indicate the influence of the pro-
longed biological action of IFO.

On the 10th day after explantation, the areas of
cell growth zones increased in all Carrel flasks. In the
study of the DFP-30DADPh-70DA2 polymer without
IFO, growth zones similar to those in control flasks
were observed, characterized by an expansion of the
growth zone of individual migrating cells with di-
verse cell forms. Tissue-like growth was observed
only in the control. In the study of the DFP-
30DADPh-70DA2+IFO sample, the pattern of
growth zone formation was similar to the polymer
sample without IFO and the control, but the areas of
growth zones were smaller. Disorientation of cells in
the reticular zone and the presence of a large number

of polygonal cellular elements with blunt processes
were noted. In flasks with the DFP-30DADPh-
7O0DA2+IFO sample, signs of degenerative changes
in fibroblastic and fibroblast-like cells in the compact
and reticular zones were detected (Fig. 3). Vacuoliza-
tion and granular degeneration of the cytoplasm were
observed.

Fig. 2. Compact and reticular growth zones of cellular
elements on the 7th day of cultivation for the DFP-30DADPh-
70DA2+IFO sample. x160.
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Fig. 3. Degenerative changes of fibroblasts in the com-
pact zone on the 10th day of cultivation for the DFP-
30DADPh-70DA2+IFO sample. x160.

On the 14th day of cultivation, the cell popula-
tion entered a phase of pronounced degeneration,
with rounding of cell bodies and complete loss of in-
tercellular contacts, both in control flasks and in all
experimental flasks.

Thus, observations of tissue cultures showed that
the dynamics and nature of cellular element growth in
experimental flasks did not significantly differ from
control cultures. This allows us to conclude that there
is no cytotoxic effect of the experimental samples on
the cultured cells.

Study of Biocompatibility of PUUs with IFO Us-
ing the Histological Method In Vivo. To histologi-
cally study cellular reactions and assess the biocom-
patibility of the obtained composite materials with
IFO, model operations for implanting PUUs samples
with IFO into the bodies of experimental animals —

: 'j*(z’lr

Wistar rats were conducted. During the experiment,
the behavioral reactions of the animals, their external
condition, and the postoperative field were moni-
tored. Daily visual assessment of the epithelial reac-
tion at the surgical site showed that the wound healed
within 3-5 days after surgery without signs of inflam-
matory reaction. Morphological examination re-
vealed virtually no degenerative changes, tumors, or
tissue necrosis in either the short-term or distant post-
operative periods. Throughout the experiment, the
implanted materials were palpable through the skin of
the animals. Implantation of the test samples did not
cause aggression or changes in the behavior of the ex-
perimental animals.

The main focus in histological studies was on
signs of inflammatory phenomena development in the
implantation zone of the polymer samples at the "im-
plant — tissue" interface. Macroscopically, connective
tissue was detected around the implanted samples at
all study periods, which separated the implanted sam-
ples from the surrounding tissues and did not differ in
color and structure from tissues distant from the im-
plantation site.

On the 7th day after surgery around the polymer
samples DFP+30DADPh+70DA2, the formation of a
thick connective tissue capsule was observed, sepa-
rating the implanted samples from the surrounding
connective tissue (Fig. 4a). The capsule exhibited a
pronounced round-cell reaction, mainly consisting of
leukocytes (polymorphonuclear neutrophils) and
monocytic-macrophage cells with pronounced phag-
ocytic activity. In some areas, young forms of fibro-
blastic elements without clear signs of maturity were
observed.

Fig. 4. Formation of connective tissue capsules around implanted samples: DFP-30DADPh-70DA2 (a), DFP-30DADPh-
70DA2+IFO (b) on the 7th day after surgery. Hematoxylin and eosin staining. x200.

Occasionally, a small number of poorly differen-
tiated cells and cellular debris were present. A mod-
erate number of blood vessels were observed, with
microcirculatory processes occurring without disturb-
ances. On the 7th day after surgery around the poly-
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mer samples DFP-30DADPh-70DA2+IFO, separa-
tion of the implanted polymer sample from the sur-
rounding tissues by a connective tissue capsule was
observed, differing in cellular composition through-
out its length. In some areas, a formed and immature
capsule was observed, whose cellular composition

MORPHOLOGIA ¢ 2024 « Tom 18 * Ne 4



was mainly represented by round-cell elements. In
other areas, spindle-shaped fibroblasts located within
collagen fiber bundles were observed. Single local in-
filtrations with round-cell elements were noted. Mac-
rophages were present in significant quantities in cer-
tain areas of the capsule, indicating activation of
phagocytic processes (Fig. 4b). Blood vessels were
present in small numbers, without signs of microcir-
culatory disturbances.

On the 14th day after surgery around the poly-
mer samples DFP-30DADPh-70DA2, a decrease in
the thickness of the connective tissue capsule was ob-
served compared to the previous study period, due to
maturation of the capsule and the initiation of active
proliferative processes and intercellular substance
formation in the implant area. The cellular composi-
tion consisted of fibroblasts located within collagen
fiber bundles (Fig. 5a). In some areas, the capsule had
a low degree of maturity and was represented by
round-cell elements — polymorphonuclear leukocytes

r

and an intense monocytic-macrophage reaction, indi-
cating active phagocytosis. A small number of blood
vessels without microcirculatory disturbances were
characteristic at this study period. On the 14th day af-
ter surgery around the polymer samples DFP-
30DADPh-70DA2+IFO, a decrease in the thickness
of the connective tissue capsule was observed com-
pared to the previous period (Fig. 5b). The capsule
had a fairly high degree of maturity throughout its
length and was well-formed. The outer layer of the
capsule consisted of fibroblasts located within mature
collagen fiber bundles. The inner layer sometimes
contained young forms of fibroblasts and poorly dif-
ferentiated cellular elements. In some areas, the cap-
sule had a low degree of maturity and was represented
by round-cell elements — polymorphonuclear leuko-
cytes and an intense monocytic-macrophage reaction,
indicating active phagocytosis. A large number of
blood vessels of various calibers without microcircu-
latory disturbances were observed at this period.

Fig. 5. Formation of connective tissue capsules around implanted samples: DFP-30DADPh-70DA2 (a), DFP-30DADPh-
70DA2+IFO (b) on the 14th day after surgery. Hematoxylin and eosin staining. x200.

On the 30th day after surgery around the DFP-
30DADPh-70DA2 sample, a mature connective tis-
sue capsule was observed, consisting mainly of colla-
gen fiber bundles and spindle-shaped fibroblasts be-
tween them, which actively synthesized collagen and
formed intercellular substance (Fig. 6a). In some ar-
eas of the capsule, accumulations of round-cell ele-
ments — polymorphonuclear leukocytes and macro-
phages were observed. A small number of blood ves-
sels without disturbances in microcirculatory pro-
cesses were noted at this period. On the 30th day after
surgery around the DFP-30DADPh-70DA2+IFO
sample, a connective tissue capsule characterized by
a high degree of maturity was observed. It consisted
of densely arranged collagen fiber bundles and spin-
dle-shaped fibroblasts between them, oriented along
the implanted material. In some areas of the capsule,
slight round-cell infiltration was observed, mainly
represented by macrophage reaction and mild leuko-
cyte infiltration. A characteristic feature of the poly-
mer sample implantation at this period was the for-

mation of adipose tissue in the surrounding connec-
tive tissue. The number of blood vessels was small,
and microcirculatory processes in them were undis-
turbed (Fig. 6b).

On the 90th day after surgery around the im-
planted DFP-30DADPh-70DA2 sample, a fairly thin
connective tissue capsule was observed, which had a
high degree of maturity throughout its length. The
capsule consisted of bundles of wavy collagen fibers
with spindle-shaped fibroblasts between them. In
some areas of the capsule, slight foci of macrophage
infiltration were characteristic. At this study period,
single blood vessels with normal microcirculation
were observed. On the 90th day after surgery around
the implanted DFP-30DADPh-70DA2+IFO sample,
a thin and mature connective tissue capsule was ob-
served, consisting of bundles of wavy collagen fibers
and spindle-shaped fibroblasts between them. It
should be noted that the density of the capsule in-
creased due to active synthesis of collagen fibers and
other components of the extracellular matrix by fibro-
blasts. Blood vessels were present in small quantities
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with normal microcirculation.

P

Fig. 6. Formation of connective tissue capsules around implanted samples: DFP-30DADPh-70DA2 (a), DFP-30DADPh-
70DA2+IFO (b) on the 30th day after surgery. Hematoxylin and eosin staining. x200.

Thus, based on the results of histological studies,
it was established that implantation of composite ma-
terials with IFO based on multiblock PUUs (DFP-
30DADPh-70DA2, DFP-30DADPh-70DA2+I1FO)
into the bodies of experimental animals led to the de-
velopment of similar cellular reactions at all study pe-
riods. Separation of the implanted samples from the
surrounding tissues by connective tissue capsules oc-
curred already at early study periods, which did not
differ significantly from each other in thickness, cel-
lular composition or degree of maturity. Cellular re-
actions in the capsules themselves and beyond were
typical for the classical development of aseptic in-
flammation. The dynamics of inflammatory reactions
and the nature of their development were largely due
to the complex of biological processes in the focus of
inflammation, leading to the formation of formed
connective tissue capsules already at early study pe-
riods, with a tendency for full maturation by the 30th
day after implantation. Around the control implanted
samples, normalization of cellular reactions occurred
only on the 30th day after surgery, whereas with the
implantation of the composite material with IFO, pro-
nounced cellular reactions were observed even 30
days after implantation, which was most likely asso-
ciated not only with the body's reaction to the pres-
ence of a foreign material but also with the biological
activity of IFO itself and its cytostatic action. Full-
fledged formation and maturation of the connective
tissue capsule around the implanted DFP-30DADPh-
70DA2+IFO sample was also observed 30 days after
surgery. At the same time, at almost all study periods,
the capsules around the DFP-30DADPh-70DA2+IFO
sample exhibited an intense reaction of leukocytes
(polymorphonuclear neutrophils) and monocytic-
macrophage cells with pronounced phagocytic activ-
ity, associated with the process of phagocytosis to im-
plement the body's protective-compensatory mecha-
nisms.
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Conclusions

1. The biocompatibility of composite materials
based on PUUs with extenders 3,6-dioxyoctane-1,8-
diamine (DAZ2), including with IFO, was studied us-
ing the fibroblast cell culture method. It was shown
that the dynamics and nature of cellular element
growth in the experimental flasks did not significantly
differ from control cultures, allowing the conclusion
that there is no cytotoxic effect of extracts from the
studied materials on the cultured cells.

2. It was shown that implantation of the experi-
mental PUUs samples (DFP-30DADPh-70DA2,
DFP-30DADPh-70DA2+1FO) into the bodies of ex-
perimental animals led to the development of cellular
reactions typical for aseptic inflammation, without
signs of acute inflammatory and other reactive pro-
cesses. Histological studies showed that the studied
samples are biocompatible with the tissues of experi-
mental animals.

3. It was established that implantation of poly-
mer samples DFP-30DADPh-70DA2+IFO led to the
development of intense cellular reactions in the im-
plant placement zone, primarily reactions of round-
cell elements — polymorphonuclear leukocytes and
mononuclear cells (macrophages). The content of
IFO in the polymer matrix likely influenced the pro-
liferation of cellular elements in the implant place-
ment zone, resulting in inhibition of regenerative pro-
cesses at early study periods.

Prospects for Further Development

Conducting further medical and biological stud-
ies aimed at determining the possibility of using the
developed composite materials in medical practice
during antitumor therapy.
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Kyaem JI.B., Tanatenko H.A., PoxxnoBa P.A., Hapaxkaiiko JI.®., [Ipumymko C.O., TapuaBcbkuii J1.B.
BuBUYeHHSI HUTOTOKCHYHOCTI Ta aHAJI3 KJIITHHUX peakiiii Ha iMIIaHTaNi0 MoJiypeTraHcedoBuH 3 idocda-
Migom.

PE®EPAT. AktyaasHicTs. [loTpeba cycminbcTBa B CydaCHHX IMIDIAHTaTaxX 1 BUPOOax TKAHWHHOI iH)KeHe-
pii HEYXMIIBHO 3pOocTae y 3B'SI3KY 31 30UIBIICHHAM KiJTBKOCTI ONMEpAaTHBHUX BTPY4aHb, BUKIMKAHIX PI3HOMAHIT-
HUMH 3aXBOPIOBAHHAMHE, TpaBMaMH Ta BikoBUMH 3MiHamHu. [IInpokoro 3acTocyBaHHS B MEIUIHIN MPaKTHI Ha0y-
Bae€ Bce OiMblIIa KIbKICTh MaTepiaiiB Ha OCHOBI CHHTETHYHHUX TIOJIIMEPIB, 1110 MPU3HAYEHI s IMIIaHTaLii B TKa-
HHMHH JKUBOT'O OpraHizmy. MeTtoro 1aHoi poGoTH OyJi0 BUBYEHHS IUTOTOKCHYHOCTI Ta aHaNi3 KIITHHHUAX PeaKIii
Ha IMIUIaHTAIli}0 MOJTiypeTaHCEYOBUH 3 IMMOO1TI30BaHUM iocdhamMiiom, CHHTE30BaHUX 3 BUKOPHCTAHHSM SIK TI0-
JIOBXKyBayiB MakpoiaHniora 4,4’-niaminogudenunmerany ta 3,6-niokcnokran-1,8-m1iaMiny METOJJOM TKaHWHHOT
KyJIbTypH (iOpoO6IacTiB Ta 32 JOMOMOTOI0 IMIUIAHTaliHHOTO TecTy. Pe3yabTaTn. MeTo0oM TKaHUHHOT KYJIbTypH
KIiTHH (hiOpoOIacTiB MoKa3aHo, 0 JUHAMIKA 1 XapakTep POCTY KJIITHHHHX €JIEMEHTIB IPH KyJIbTUBYBAHHI B J10-
cmigHuX (hIaKkoHaX 3 KOMITO3MIIHHUME MaTepialaMHd Ha OCHOBI MONiypeTaHCEYOBWH, B TOMY dHCIHi 3 ioc-
(hamizoM, CyTTEBO HE BiAPI3HSINCS Bil KOHTPOIBHUX KYIBTYP, IO JO3BOJIIE 3pOOUTH BUCHOBOK PO BiJICYTHICTH
IIUTOKCHYHOTO BIUTMBY €KCTPAKTIB 3 JOCHIHKYBaHUX MaTepialiB Ha KIITHHH, IO KyJIFTUBYBaJIHCh. BcTaHOBIICHO,
IO IMITTAHTAIliS TOCIITHUAX 3pa3KiB MOJIIyPETaHCEUOBHH B OPTaHi3M eKCIICPUMEHTAIBHUX TBAPUH MPHBOIMIIA IO
PO3BHUTKY KIITHHHUX pEakiliii THMOBHUX ISl aCENTHYHOTO 3alalieHHsd, 0e3 03HaK TOCTPHX 3alallbHUX Ta 1HIIHX
peakTHBHUX TporieciB. [IpoBemeHi ricToIOoTiuHI TOCTiIKeHHS TOKa3alIH, M0 JOCIiIKEH] 3pa3Ku € 010CyMiCHIMHU
3 TKAaHWHAMU EKCTIIEPUMEHTAIILHUX TBapHH. IMITIaHTaLis ojiMepHuUX 3paskiB 3 ipochaminom npusBoamia 10 po-
3BUTKY IHTEHCHBHHX KJIITHHHUX Peakiii B 30HI po3MillleHHs iMIUIaHTaTiB. BmicT ihochaminy B nmomiMepHiit mat-
pHLli, KMOBIpHO, BIUIMBAB Ha MpoJTiepallito KIITHHHUX €JIeMEHTIB B 30H1 pO3MIIlIEHHS IMIIAHTATy, B pe3yJIbTaTi
4oro BifOyBanocs iHriOyBaHHs pereHepaTOpPHUX IPOLECIB HA PaHHIX TepMiHax J0CiipkeHHs. BucHoBOK. 3a pe-
3yJIbTaTaMHU MPOBEACHUX TOCIIIKEHb TIOKa3aHO, 10 pO3p00IIeH! KOMIIO3HUIIIHI MaTepiaik Ha OCHOBI MOJIiypeTaH-
CeJOBHH 3 ihocdaMingoM He MalOTh BUPAKEHOI MUTOTOKCHYHOI Aii, € OI0CYMICHIMHU Ta TEPCIIEKTUBHIMH Ma-
TepiajJaMu JJIs BAKOPUCTaHHSA B MEIUYHIN MPaKTHUII PU TPOTUIYXJIMHHIHA Teparii.

KurouoBi ciioBa: noniyperancedoBuHH, idochamin, KyapTypa TKaHHH (iOpOOIaCTiB, IMILTaHTAIITHIH TECT,
010CyMICHICTB.
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Lasavutz V.S. DX Analysis of morphometric parameters of lung tissue under conditions of exposure to the venom
of the vipers Vipera berus berus and Vipera berus nikolskii.

Bogomolets National Medical University, Kyiv, Ukraine.

ABSTRACT. Background. According to the Ministry of Health of Ukraine, since the beginning of 2020, 36 cases of snake
bites have been registered in Ukraine, including six children. Their significant prevalence is registered in the southern and
eastern regions, and only one species is in the western and northern regions. The venom of vipers consists of about 25
proteins and peptides with enzymatic activity. The latter mainly exhibit hemotoxic effects, but neurotoxic, myotoxic, etc.,
have also been studied. Objective. Analysis of morphometric indicators of rat lung tissue under the influence of the venom
of the vipers Vipera berus berus and Vipera berus nikolskii. Methods. Experimental studies were conducted on white,
nonlinear male rats. The animals were conditionally divided into control and experimental groups, 10 individuals each. In
saline, experimental rats were intraperitoneally injected with a semi-lethal dose (LDso) (1.576 mg-g1) of Vipera berus berus
and Vipera berus nikolskii venom. Control group animals were intraperitoneally injected with saline only. Rats were re-
moved from the experiment 24 hours after exposure to the venom and euthanised by cervical dislocation. Morphometric
studies were performed using a system for visual analysis of histological preparations. Images from histological preparations
were displayed on a computer monitor from a MICROmed SEO SCAN microscope using a Vision CCD Camera video
camera. Morphometric studies were performed using SEO ImageLabBio, ImageJ, and STATISTICA 10.0 programs. The
studies were performed within the specified experimental periods in preparations stained with hematoxylin and eosin. Re-
sults and conclusion. The introduction of the venom of the viper Vipera berus berus to rats was accompanied by a signifi-
cant increase in the average value of the area of blood vessels by 1.31 times compared to the group of intact animals. A
significant decrease in the average value of the respiratory department was noted to 0.8. In this group of animals, the indi-
cators of dysatelectasis, atelectasis and emphysematous lung tissue also significantly increased by 6.03, 7.15 and 2.0 times
compared to the control rats. When exposed to the venom of the viper Vipera berus nikolskii, the experimental animals
showed a significant increase in the average value of the area of blood vessels by 1.55 times compared to the group of intact
rats. A significant decrease in the average value of the respiratory department was found to be 0.74. The relative areas of
dysatelectasis, atelectasis, and emphysematous areas of lung tissue significantly increased by 6.64, 8.80, and 2.92 times
compared to the control group.
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Introduction noted that from 2019 to 2020, there were no deaths
According to the Ministry of Health of Ukraine, due to snake toxins. Only poisonous vipers are found

since the beginning of 2020, 36 cases of snakebites
have been registered in Ukraine, including six chil-
dren. The cases were recorded in the Transcarpathian,
Lviv, Donetsk, and Zhytomyr regions. It should be

in Ukraine, namely the common viper (Vipera berus
berus), steppe viper (Vipera ursinii), Nikolsky's viper
(Vipera berus nikolskii), Renard's viper (Vipera re-
nardi), and snub-nosed viper (Vipera ammodytes).
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Their significant distribution is recorded in the south-
ern and eastern regions, and only one species in the
western and northern areas.

According to the literature, Vipera berus berus
venom comprises about 25 proteins and peptides with
enzymatic activity. The latter mainly exhibit hemo-
toxic effects. Hemotoxins of this species of snake can
be classified according to the mechanism of action
into the following groups: activators of blood clotting
factors, anticoagulants, inhibitors and activators of
platelets; agents affecting fibrinolysis; haemorrhag-
ing [1, 2]. Proteins of the first group act on blood clot-
ting factors or directly on fibrinogen. Most of them
cause the formation of fibrinopeptides A or B or, in
rare cases, both types. The thrombi formed in this
case are unstable and prone to endogenous or venom-
induced fibrinolysis. The group of anticoagulants in-
cludes serine proteases, protein C activators, and
phospholipase A, (PLA,). Platelet-activating proteins
belong to the lectin-like proteins of type C and throm-
bin-like enzymes [3]. In turn, platelet deactivators are
represented by disintegrins and metalloproteinases.
The group of proteins responsible for fibrinolysis in-
cludes proteins that directly destroy fibrin and plas-
min activators. The last in the list are haemorrhaging
or cytolysins, which cause vascular damage and
haemorrhage and are represented mainly by metallo-
proteases [4-8].

Many authors in recent studies have described
pronounced histological changes in the respiratory
system due to the bite of Crotalus durissus terrificus.
The study of lung tissue samples 2, 6 and 12 hours
after subcutaneous administration of crotoxin to mice
revealed such changes as a decrease in the area of al-
veolar sacs and an increase in the thickness of the al-
veolar walls. Congestive phenomena, haemorrhages,
infiltration of lung tissue with polymorphonuclear
leukocytes, foamy macrophages, and increased per-
meability of pulmonary vessels were recorded. An in-
crease in myeloperoxidase activity was determined in
homogenates. It has also been established that cro-
toxin from the venom of this viper species exhibits
neurotoxic effects. It is a B-neurotoxin that induces
blockade of impulses in neuromuscular synapses, in-
hibiting the release of acetylcholine from presynaptic
membranes and postsynaptic desensitisation of nico-
tinic receptors, causing flaccid paralysis of the respir-
atory muscles. In addition, PLA; of crotoxin leads to
the degradation of phospholipids of cell membranes,
triggering the arachidonic acid cascade and produc-
tion of prostaglandin E, (PGE>), which is associated
with myo-, neurotoxicity and activation of the im-
mune response [9].

To date, there is no data describing the full range
of histological changes in the lungs during bites of
venomous snakes. The available studies are few and
do not reveal the main pathogenetic links in develop-
ing one or another complication from the respiratory
system under these conditions. In particular, the liter-
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ature is completely lacking in data on the effect of Vi-
pera berus berus and Vipera berus nikolskii venom
toxins on the respiratory system's structure and func-
tion, which explains our study's importance. How-
ever, it is worth considering the results of separate
thorough studies that demonstrate the characteristic
features of bronchopulmonary complications in bites
of different species of snakes.

The study aims to analyse the morphometric pa-
rameters of rat lung tissue under the influence of the
venom of the vipers Vipera berus berus and Vipera
berus nikolskii.

Materials and methods

Experimental studies were conducted on white,
non-linear male rats. For preliminary acclimatisation,
the animals were kept in the Taras Shevchenko Na-
tional University of Kyiv animal facility for 7 days and
then in laboratory conditions in compliance with tem-
perature and light regimes. Rats received standard food
and water ad libitum. All experiments were conducted
according to the Recommendations of the National In-
stitute of Health for the Care and Use of Laboratory
Animals and the European Council Directive of No-
vember 24, 1986 on the Care and Use of Laboratory
Animals (86/609/EEC). The studies were approved
and confirmed by the Bioethics Commission of the Na-
tional Scientific Center "Institute of Biology and Med-
icine” of Taras Shevchenko National University of
Kyiv (protocol No. 2 dated August 19, 2021). Viper
venom Vipera berus berus and Vipera berus nikolskii
were obtained from V. N. Karazin Kharkiv National
University. Lyophilised native venom was stored at -
20°C and dissolved in saline immediately before the
experiment.

The animals were conditionally divided into con-
trol and experimental groups containing ten individu-
als. In saline, experimental rats were intraperitoneally
injected with a semi-lethal dose (LDso) (1.576 mg- g})
of Vipera berus berus and Vipera berus nikolskii
venom. Animals in the control group were intraperito-
neally injected with saline only. Rats were removed
from the experiment 24 hours after exposure to the
venom and euthanised by cervical dislocation.

Morphometric studies were carried out using a
system to analyse histological preparations visually.
Images from histological preparations were displayed
on a computer monitor from a MICROmed SEO
SCAN microscope using a Vision CCD Camera video
camera. Morphometric studies were conducted using
SEO ImagelLabBio, Imagel and STATISTICA 10.0
programs. The studies were conducted within the spec-
ified experimental periods in preparations stained with
hematoxylin and eosin.

They morphometrically determined the relative
proportion of vessels, bronchi, lymphoid tissue and
respiratory tract, in which the relative proportion of
lung tissue with unchanged histostructure, atelectasis,
dysatelectasis and emphysematous lung tissue was
measured.

The obtained digital material was processed using
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variational statistics using the Student's t-test. Arithme-

tic means (M), errors of arithmetic means (m), coeffi-

cients of variation, and standard deviations were calcu-

lated. Changes were considered significant at p<0.05.
Results and conclusions

Morphometrically, it was established that the av-
erage value of the relative area of the respiratory tract
of intact animals is (82.96 + 3.84)%, the average value
of the relative location of the vessels is (4.82 +0.21)%,
and the average value of the relative area of the bronchi
is (5.47 £ 0.26)%.

Table 1

Correlation of structural components of animal lungs after exposure to the venom of Vipera berus berus and Vi-
pera berus nikolskii (M+m)

Indicator Control group Vipera berus berus Vipera berus nikolskii
Vessels, % 4,82+0,21 6,33 £ 0,25 *** 7,48 + 0,32 ***
Bronchi, % 5,47 + 0,26 12,24 + 0,46 *** 13,63 + 0,58 ***
Lymphoid tissue, % 6,75+ 0,23 15,05 + 0,55 *** 17,40 £ 0,74 ***
Respiratory department, % 82,96 + 3,84 66,38 + 2,89 *** 61,49 £ 2,71 ***

Note: * — values that are statistically significantly different from the indicators of the control group of animals (*

— p<0.05, ** — p<0.01, *** — p<0.001).

In the adventitia and fibrocartilaginous mem-
brane of the bronchi, less often in the adventitia of the
vessels, there is an accumulation of lymphocytes that
usually form follicles and provide, together with other
immunocompetent cells and structures of the lungs,
powerful immune protection. The average area of the
lymphoid tissue of the lungs of the intact group is
(82.96 + 3.84) % (see Table 1).

In the respiratory department of animals of the

intact group, lung tissue with unchanged histostruc-
ture prevails; however, dys- and atelectasis and em-
physema are also detected within the physiological
norm. Accordingly, the average area of lung tissue
with unchanged histostructure is (82.82 £+ 3.91)%,
dysatelectasis - 5.28 + 0.24%, atelectasis - (3.55 +
0.15)%, emphysematous lung tissue - (8.35 + 0.39)
(Table 2).

Table 2

Correlation of structural components of the respiratory tract of animals exposed to the venom of Vipera berus
berus and Vipera berus nikolskii (M+m)

Indicators

The relative proportion of

Relative

Relative proportion  Relative proportion

lung tissue with unchanged proportion of of dys-atelectasis, of emphysematous
histostructure, % atelectasis, % % lung tissue, %
Control group 82,82 +3.91 3,55+0,15 5,28 + 0,24 8,35+0,39
B/e:fjsfa berus 26,06 + 1,25 *** 25,38 £ 1,23 *** 31,85 + 1,49 *** 16,71+ 0,81 ***
;’if;';iﬁems 9,33 + 0,43 *** 3124+ 146 %% 3504+ 1,68%%% 24394120 %k

Note: * — values that are statistically significantly different from the indicators of the control group of animals (*

— p<0.05, ** — p<0.01, *** — p<0.001).

In animals injected with Vipera berus berus
venom, a significant increase in the average area of
blood vessels was 1.31 times (p<0.001) compared to
the intact group. The average area of bronchi and
lymphoid tissue also progressively increased by 2.24
and 2.23 times (p<0.001) compared to the average
values of the intact group. Accordingly, the average
respiratory tract index significantly decreased to 0.8
compared to the intact value (see Table 1). Morpho-
metrically, it was found that under the influence of
Vipera berus berus toxins in the lungs of experimental
animals, the relative proportions of dys- and atelecta-

sis, emphysematous lung tissue significantly in-
creased by 6.03; 7.15 and 2.0 times (p<0.001) com-
pared to the intact group. Accordingly, the average
value of lung tissue with unchanged histostructure
progressively decreases, which is 0.31 compared to
the value of the intact group (see Table 2).

In animals that received the venom of Vipera
berus nikolskii vipers, morphometric calculations re-
vealed a significant increase in the average area of
blood vessels by 1.55 times (p<0.001) compared to
the value of the intact group. Along with the vessels,
the average values of the area of bronchi and lym-
phoid tissue also increased by 2.49 and 2.58 times

63

MORPHOLOGIA ¢ 2024 « Tom 18 * Ne 4



(p<0.001), respectively, compared to the values of the
intact group. Therefore, the average value of the res-
piratory department significantly decreases to 0.74
compared to the intact indicator (see Table 1).

Morphometric calculation of the respiratory tract
parameters of white rats under the conditions of Vi-
pera berus nikolskii bite showed that the values of the
relative areas of dis- and atelectasis, emphysematous
lung tissue significantly increased by 6.64; 8.80 and
2.92 times (p<0.001) compared to the values of the
intact group. Therefore, the average value of lung tis-
sue with unchanged histostructure decreases and is
0.11 compared to the indicator of the intact group of
animals (see Table 2).

Summary

The introduction of the venom of the viper Vipera
berus berus to rats was accompanied by a significant
increase in the average value of the area of blood ves-
sels by 1.31 times compared to the group of intact ani-
mals. A significant decrease in the average value of the
respiratory department was noted to 0.8. In this group
of animals, the indicators of dysatelectasis, atelectasis

and emphysematous lung tissue also significantly in-
creased by 6.03, 7.15 and 2.0 times compared to the
control rats.

When exposed to the venom of the viper Vipera
berus nikolskii, a significant increase in the average
value of the area of blood vessels was found in the ex-
perimental animals by 1.55 times compared to the
group of intact rats. A significant decrease in the aver-
age value of the respiratory department was found to
be 0.74. The relative areas of dysatelectasis, atelectasis,
and the emphysematous regions of lung tissue signifi-
cantly increased by 6.64, 8.80 and 2.92 times compared
to the control group.

Prospects for further development are related
to the study of submicroscopic changes in rat lung tis-
sue under the influence of the venom of the vipers Vi-
pera berus berus and Vipera berus nikolskii.
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JlacaByn B.C. Ananiz mopoMeTpHYHHMX MOKA3HUKIB JiereHeBOl TKAHMH 32 YMOB BIUIMBY OTPYTH ra-

miok Vipera berus berus Ta Vipera berus nikolskii.

PE®EPAT. AkryaasHicTs. 3a nannmu MO3 B Ykpaini 3 mouatky 2020 poky 3apeecTpoBaHo 36 BUIIAIKiB
YKyCiB 3Mili, cepell HUX — miecTepo AiTed. 3Ha4Ha iX PO3MOBCIO/KEHICTh 3apPEECTPOBAHA B MIBJICHHUX 1 CXiTHIX
00nacTsIX 1 uIIe OJIMH BUJI B 3aXiTHUX Ta MiBHIYHUX. OTpyTa raJlfoK CKIaJaeThCs 3 OJIM3bKO 25 OIIKIB Ta MEeNTHIiB
3 (pepMEHTATUBHOIO aKTUBHICTIO. OCTaHHI MPOSIBIISIIOTH, B OCHOBHOMY, T€MOTOKCHYHY Jif0, ajie JOCHTIIKEHO TaK0X
HEHPOTOKCHYHY, MiIOTOKCHYHY Jii, Tomo. MeTa. AHasi3 MOp(GOMETPUIHNX MTOKA3HNKIB TKAaHWHH JIETEHb LIypiB 32
YMOB BIUIMBY OTPYTH Tagiok Vipera berus berus ta Vipera berus nikolskii. Meroaun. ExcniepumeHTasbHi 10-
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CJTiJKEHHS TIPOBOIVIIM Ha OLTMX HENHIHHUX IIypax caMIlsfX. TBapWH YMOBHO PO3MOAUISIN Ha JIBi TPYNH — KOH-
TpoNbHY 1 Aocaigny mo 10 ocoOuH B KoXHIiH. JIOCTIAHUM IIIypaM BHYTPIIIHHOOUYEPEBUHHO BBOJWIINA HAITiBIIS-
tanpry 103y (LDso) (1.576 mr- r't) orpyru Vipera berus berus ta Vipera berus nikolskii na ¢izionoriaaomy pos-
ynHi. TBapHHAM KOHTPOJIBHOI IPYIH BHYTPIIIHFOOUEPEBUHHO BBOAWIIN JIHIIE (hi3ionoriqHuid po3unH. Buoammm
IIypiB 3 €KCIIEPUMEHTY 4epe3 24 TOOMHY Micis BIUTUBY OTPYTH, 3HE)KHUBIIOIOUH IIIIXOM LEPBiKaJIbHOI JANCIIO-
Karii. MopoMeTpudHi TOCTiHKCHHS 3AIMCHIOBAIN, BHKOPHCTOBYIOYH CHCTEMY Bi3yaJlIbHOTO aHaJi3y TiCTO-
JIOTIYHUX ITpenapariB. 300pakeHHs 3 TICTOJIOTIYHUX ITPENapaTiB Ha MOHITOP KOMIT 10T€pa BUBOIHIIH 3 MIKPOCKOITY
MICROmed SEO SCAN Tta 3a noromoroto Bineokamepu Vision CCD Camera. MopdomeTpryHi J0OCIiKEHHS
npoBeieHi 3a qomomororo nmporpam SEO ImagelLabBio, Image] ta STATISTICA 10.0. JlocnimKeHHS TPOBOIITH
y BU3HAU€HI TEPMiHH JIOCHIAY B IIpenaparax 3a0apBiIeHUX reMaTOKCHUIITHOM i e03uHOM. Pe3yabraTh i miacymok.
BeenenHs 1rypam oTpyTH rajrok Vipera berus berus cynpoomkyBanock J0CTOBIPHUM 3pOCTAHHAM CEPEIHBOTO 3HA-
YeHHs IIoILi CyUH y 1,31 pa3u BiTHOCHO rpyIH iHTaKTHUX TBapuH. BiaMiuany qocTOBipHE 3MEHIIIEHHS CEPEAHBOTO
MOKa3HUKA pecripaTopHoro Biagimy 1o 0,8. YV manoi rpynu TBapHH TaK0X JOCTOBIPHO IiIBUIYBaINCH IIOKA3HUKH
JICaTeTIeKTa3iB, aTelleKTasiB Ta eM(izeMaTo3HO 3MiHEHOi JereHeBoi TkaHuHu y 6,03; 7,15 Ta 2,0 pa3u BiZHOCHO
KOHTpOJIbHEX 11ypiB. [1pu BrutuBi oTpyTH Tamok Vipera berus nikolskii y mocminHux TBapiH BUABIEHO JOCTOBIpHE
301IBIIEHHS CepPeqHBOTO IMMOKa3HHUKA IUTOMIi CyauH y 1,55 pasa mopiBHSHO 3 TPYIOIO iHTAKTHUX HTypiB. BcTaHOBNIEHO
JIOCTOBipHE 3HIKEHHS CepeTHROT0 3HAYCHHS pecniparopHoro Bimairy 1o 0,74. [Toka3HUKH BiTHOCHUX TUIOM] JIFICa-
TENIeKTAa3iB, aTeleKTa3iB, eM(pi3eMaTO3HO 3MiHSHHUX JUITHOK JIETEHEBOI TKAHWHH JTOCTOBIpHO 3pocTain y 6,64; 8,80
Ta 2,92 pa3u MOPIiBHSHO 3 TPYIOK KOHTPOJIIO.
Koio4oBi ciioBa: raroku, JereHi, oTpyrTa, pecripaTopHui Biail, IypH.
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Marchenko D.G. X Qualitative and quantitative analysis of histological changes in cardiomyocytes of rat em-
bryos during days 18-20 under conditions of alcohol intoxication in the maternal organism.
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ABSTRACT. Background. Alcohol is a teratogen that can easily cross the placenta, leading to the damage of the develop-
ing fetus. Studies on laboratory animals and clinical observations have demonstrated that ethanol diffuses through the pla-
centa and is rapidly distributed, accumulating in amniotic fluid. The identification of various adverse effects of prenatal
alcohol exposure remains a significant area of concern among scientists. The purpose of a study- is to conduct a qualitative
and quantitative analysis of histological changes in cardiomyocytes of rat embryos during days 18-20 under condition of
chronic alcohol intoxication in the maternal organism. Methods. The subjects of study were the hearts of offspring from
rats during days 18-20 of prenatal development in a model of chronic maternal alcohol intoxication. Quantitative and qual-
itative parameters of cardiomyocyte myofibrils from different regions of the ventricular myocardium were assessed using
transmission electron microscopy. Results. Our findings indicated that following ethanol exposure to the maternal organism,
the orientation of damaged myofibrils in the offspring was chaotic and spread over significant areas of the sarcoplasm.Unlike
normal conditions, the cardiomyocytes of experimental animals displayed not only myofibrils in a regular contracted or
relaxed state, but also those with deformed sarcomeres exhibiting signs of excessive contraction and disorientation of frag-
mented myofilaments.The intracellular organelles of cardiomyocytes in the experimental group of newborns underwent
significant and varied changes. Conclusions. Chronic alcohol intoxication during prenatal cardiogenesis damages the con-
tractile apparatus of vebtricular cardiomyocytes due to the disorganization of sarcomere structure, fragmentation, and diso-
rientation of myofibrils, significant suppression of sarcomerogenesis, and reduction of myofibril content, which is associated
with mitochondrial distruction. The severity of changes in these structures depends on the region and developmental stage
of the embryo.
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Beryn

Cepen 0ararbox naroJorii, po3noBCIOIKEHUX Y
CBiTi, 0COONMBE MicCIIe 3aiiMae ypaskeHHS CepIIeBO-CY-
IMHHOI cucTeMdu. BOHO € ONHI€I0 3 OCHOBHHX IPH-
YHH, SIKi MOXKYTb PU3BOJJUTH IO YTBOPEHHS YNCEIb-
HUX BaJl Ceplld, 5K y eMOpiOHAILHOMY Tepiofi, TaK i
B JIOPOCJIOMY Billi, 1 HaBITH cMepTi roauHU. ToMy ak-
TyaJIbHUM 3QJIMIIAETHCS JOCHIIKEHHS MeEXaHi3My
(opMyBaHHS CKOPOTIMBOTO amapary cepus, ski O
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MOIVIM JIONIOMOTTH TOKPAIlIUTH METOIUKH JAiarHo-
CTHKH PO3BUTKY Pi3HUX MATOJOTIUHUX cTaHiB. OKpe-
MUl BaXJIMBUH HAIPSIM y HAYKOBUX JOCIHIPKEHHSIX
CTAaHOBJIATh BUHUKHEHHS BaJl MOB'SI3aHKUX 3 BIUIMBOM
MaTOJIOTIYHUMU YMHHUKAMH, CEPEJl SKUX — YIKHUBAHHS
ankoroiro. BrmB eraHoiny, NpU3BOAWTHME 1O BH-
HUKHEHHS UCTPO]IYHNX 3MiH Ta 3HWKEHHS CKOPOT-
muBoi (yHKHii Miokapxy. AJIKOToJbHa KapaioMio-
Tarisi, siKa € pe3yJabTaToM XPOHIYHOI aJIKOTOJIBHOI 1H-
TOKCHKAIIil, BUKJINKA€ HE3BOPOTHI 3MiHH y CTPYKTYpI
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ejeMeHTiB Mio(iopmspHoro amaparty [1].

Y MOpQOJOTIYHEX 1 MOJEKYISIPHO-010JIOTTIHIX
JOCIIKCHHSX JTOBEICHO, IO TPUBAIA Misl €TaHOIY
MPUTHIYYE CHHTE3 i BUKIIMKAE ETPaaliiio CTPyKTyp-
HUX OUIKiB KapAioMiomuTiB, 0coOmmBO OLIKIB
Mio}iOpui — aKTHHY, MiO3UHY, TITHHY, HEOYIiHY, TPO-
MOHIHY, TporoMmio3uHy. Lle mpu3BOaUTH 10 yIIKOA-
JKeHHsT Mio(iOpui, IX CTOHIIEHHS, Je30pi€HTalll,
BTpaTH LITICHOCTI, CIOTBOPESHHS KOHQITypalii Tesno-
¢parm Ta BcTaBHHX JauCKiB. I[lokazaHo, Mo B
KapioOMiOIKTaX 3a YMOB Jil €TAaHOIy MOXHA BH3HA-
YUTH MIOQIOpWIM SIK y PENTakCOBaHOMY, TaKk 1 B
HaJIMIpHO CKOpOYECHOMY cTaHi [2].

Ha migcraBi mux gaHUX BBAXKAEMO, IO aKTyalIb-
HUM € aHaji3 MOp(OJOTiYHUX OCOOINBOCTEH YIib-
TPACTPYKTYPH KapIiOMiOIIHUTIB 3a XpOHIYHOI [ aJIKO-
TOJTIO.

Mera

Mera [OCHIPKEHHSI — TNPOBECTU SKICHUHA Ta
KIJIbKICHHUH aHaJli3 TiCTOJIOTIYHUX 3MiH Y KapaioMio-
quTax eMOpioHiB mIypiB npotsiroM 18-1 -20-i nobu 3a
YMOB XPOHIYHOT aJIKOTOJIBHOT IHTOKCHUKAI[IT MaTCPUH-
CBKOTO OpraHizMy

Marepiaau Ta MmeToau

Juis mocmimpkeHHst Oyl BUKOPUCTaHi 01l 1abo-
partopHi mypwu niHii Wistar, maca sixux 150-160 1. Yei
JOCTIKCHHS TIPOBEACHI 3TiTHO 3 MpaBUIaMu €Bpo-
MeWChKOT KOHBEHIIIT PO 3aXUCT XPeOCTHUX TBAPHH,
110 BUKOPUCTOBYIOTHCS B €KCIIEPUMEHTAIbHUX Ta 1H-
mux HaykoBux HULIX (CtpacOypr, 1986) i HopMamu
OioMenMYHOT €THKH, BIAMOBITHO 10 3aKOHY YKpaiHu
Ne: 3446 - TV 21.02.2006 p., m. Kuis, «IIpo 3axuct
TBapHH BiJl )KOPCTOKOTO TOBOKEHHS» il 4ac IMpo-
BEJICHHS MEJIMKO-010I0TTYHUX JTOCIIPKEHb [3].

TBapuH, BimiOpaHuX JUIi  €KCHEPUMEHTY,
PO3MIIJICHO Ha TPYIU: KOHTPOIb-LIYPH OTPUMYBAIH
3BHYAIHY BOJIY Ta AJIKOTOJII30BaHi -Ki OTPHUMYBAIA
€TaHOJI Pi3HOT KOHIICHTPAIIi.

MonenroBaHHs AJIKOTOJILHOT IHTOKCIKAIT
3MiiCHIOBAJIH BITPOJIOBX IIECTH THXKHIB [LISIXOM I10-
BHOI 3aMiHHU [TUTHOI BOAM Ha PO3YMH eTaHoiy. KoH-
[[EHTpAIlis €TaHOIy 3MIHIOBAJIACh KOXKHI J1Ba THIXKHI —
5%, 10%, 15%, 20% po3uuH. 20% po3uuH HATABABCS
nrypam He 2 THxHs, a 4 TikHs. [Ticas iX BariTHOCTI
€TaHOJI HaJlaBaBCsl CaMKaM-IIypiB mie | THKAEHb,
MICJISL YOTO AJIKOTOJIb MIOBHICTIO 3aMill[yBajIk Ha BOAY

Hanpukinni mocnmimkeHHS TBapWH BBOAWIH Y
CTaH HapKo3y 3a JONOMOroio edipy Ta BHIyYanu
eMOpioHanbHUI Marepian. {7 qOCTiIKEHHS BHKO-
PUCTOBYBAIUCh eMOPIOHH, SIKi 3HAXOMMITUCS Ha 18-i
ta 20-i 1001 mpeHaTaIbHOTO PO3BUTKY

ITix gac noCHiKEHHSI CTPYKTYP CKOPOTIMBOTO
amapaTy KapZiOMiOUMTIB BHKOPHCTOBYBAJIHM TpaHC-
MICiliHy eJIeKTPOHHY MiKpOCKOIIi0. 3pa3Ku MioKapaa
MPaBOTO Ta JIBOTO NUIYHOYKIB i MIXIITYHOYKOBOT
neperopoaku (iKCyBaal B OXOJOKEHOMY PO3UHHI
TJIIOTapaibICTiAy 3 HACTYIMHOIO MOCT(iKCaIlien Yy
po34mHi TeTpokcHuay ocMito. [ToTiM npoBoawM 3He-
BOJHEHHsS Yy CIUpPTax 3pOCTaldoi KOHIEHTpauii i

TIPOTIJICHOKCHTI. ENOKCcHIHI OJIOKW BHUTOTOBJISLTH 3
BUKOPUCTAHHSIM KOMITO3UIIIi €MOH-apaligiT. YIJIbTpa-
TOHKI 3pi3M BHTOTOBJSUIM Ha YIBTPaMiKpOTOMI
YMTII-6M Tta po3Mimiaay Ha MiTHHX OIIOPHHX
citkax. JlocmimkeHHS NPOBOAWIH 3a JOTIOMOTOIO
mikpockona [TEM-100-01 mpu Harpy3i IpuCKOpEeHHS
65-90 kB i mepBuHHNX 30unbIIeHHAX Bim 2000 mo
25000 3a crangaptHolo cxemoro. [lortim ¢ororpa-
¢yBanu i ckaHyBanu (POTOILTIBKH JUIS TTOJAIIBILIOTO
BUBYEHHS [5, 6].

KinbkicHy OLIHKY yJIbTPaCTPyKTypHHX 3MiH
MPOBOAMIIM 332  JIOTIOMOTOI0  MOP(OMETPUYHOTO
BH3HAYCHHS TPhOX NapametpiB: 1. IIlineHiCTh ymaky-
BaHHSI MioQiOpmJI CBiIYMIA TPO CTYIiHH HAKOIIH-
YEeHHsI aKTO-M103MHOBHX KOMILIEKCIB. 2. AGCOMOTHA
MUTOMA IUIOMIA IOBEPXHI OLIHIOBANTAa XapakTep iX
mpocTopoBoi B3aemonii. 3. CrymiHb oOpieHTAIil
MioQiOprIT BUKOPUCTAIH AJIS1 BUMIPIOBAHHS T€OMET-
pUYHOI  yHopsiaKoBaHOCTI MiogiOpuin BcepenuHi
kapaiomionutiB. OTxe, BCI Ll TPU MapaMeTpH CIyTy-
BQJIM JJIsl BU3HAYCHHSI CTYIEHsI YIIKOKEHb CKOPOT-
JMBOro amapary 3 pisHux OokiB. lle no3Bossuio
CHIBCTABISATH WOTO CTaH K MK JOCHIIKYBAaHHUMHU
TpymaMu, Tak 1 MK OKPEeMHMH TEpMiHAMH Yy IH-
HaMIII KapaioreHesy.

Bu3HadyeHHS CTAaTUCTHYHOI 3HAYYIIOCTI BiIMiH-
HOCTEH MiXK eKCTIEpPUMEHTAIILHOO TPYTOIO (Ticis il
€TaHOJIy Ha MAaTepPUHCHKHH OpraHi3M) Ta TPYIOI0
IHTaKTHUX TBapWH (HOpPMaJbHHUN PO3BHTOK) MPOBO-
JTAITH 3 ypaxyBaHHIM KpuTepito t CTbroieHTa. Y TOMY
BUIIAJIKY, SIKIIO OTPUMAaHE B IOCII/PKCHHI eMITipHYHe
PO3MOIICHHS HE BIAMOBIANIO HOPMaIbHOMY 3a-
KOHY, OLIHKY BIIMIHHOCTeH MiX BHOIpKamu
OLIIHIOBAJIM 32 JAONIOMOTOI0 HelapaMeTPUYHOI0 KpH-
Tepito BinkokcoHa s mnoB’si3aHUX BUOIPOK Ta
Manna-ViTHI 171 HETIOB’ sI3aHUX BHOIPOK abo i3 BH-
KOPHUCTaHHSAM DPaHTOBOTO Kpurepito Bau-nep-Bap-
nena. [Ipu mpoBereHHI 6i0CTaTUCTHIHOT 0OPOOKH OT-
pUMaHUX KBaHTH(IKOBAHUX PE3YNbTAaTiB yCi HEOO-
XiHI PO3paxyHKH BHUKOHYBaJIH B OOOIIOHIII €JeK-
TpoHHOT Tabmmmi Excel mpm  BHKOpHCTaHHI
BIAMOBITHUX (OPMYN 1 3 BHUKOPHCTaHHSIM JIiLIEH-
3iiiHOT nporpamu STATISTICA (Bepcist 6.1; cepiii-
Huii Homep AGAR 909 E415822FA).

Jlnst aHami3y BIUIMBY €TaHOJy Ha ()OPMOYTBO-
PEeHHSI CKOPOTJIMBOTO amapaTy BUBYaiud Mopdo-
JoTiuHI XapakTepucTuku cyoemikapaiansHoi (CEIT),
iaTpamypansHoi (IM3) i cybennokapaiansHoi (CEH)
30H criaku jdiBoro (JIIII) Ta mpaBoro NITYHOYKIiB
(TIIL), a Takox miBoi (JILIY) Ta mpasoi (ITHIY) ga-
CTHH MDKILTYHOYKOBOT nieperopoaxu (MILIT).

PesyabTaru Ta iXx 00roBopeHHst

IIporsirom  18-20-1 mobu emOpioreHesy y
KapAiOMIOIUTaX  eKCHePUMEHTAIBHUX  TBapHH
MioQiOpIIN BHUSBISUIACA HPOTATOM yCi€l IMTO-
MJ1a3MH, OJTHAK PO3MOIia MiodiOpmiI B KapaioMionm-
Tax OyB HEpIBHOMIpHHWH, 3ycTpidaimcs MUISHKH, Y
AKUX OyJaM BiJCYTHI BIIOPSAKOBAaHI aKTHHOBI Ta
MiO3MHOBI Mio)iJIaMeHTH, CIIoCTepirajiacs 4acTkoBa
¢parmenranis wmio¢pibpun 3 ¢parmenramiero Z-
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muckiB (puc. 1, 2, 3).

[Ipu xpoHiuHIN [ii eTaHOTY B eMOpiOHATBHUX
KapaiomionuTax Ha 18 moOy meski BoiokHa 30epira-
FOTh TIOTIEPEYHY IOCMYTOBAHICTE i (hopmy. IIpote B
HUX BHSABJICHO O3HAKH aTpodii, IO CYIpOBOIKYBa-
JIOCH 3MCHIICHHSM KUTBKOCTI fep Ta TOBIIMHU
KapAiOMIOIUTIB.

Puc. 1. Miokapg Lypa KOHTPOnbHOi rpynu Ha 18-y noby
npeHatanbHOro po3sutky. 1 —agpo kapgiomiouuTa; 2 —
YLWKOOXXEHHS Ta po3puB mMiodpibpunu; 3 — pyiHyBaHHA MeM-
6paH miToxoHApiIn; 3 — nosiea Miodibpun pi3Hoi ToBWWHYK; 4
— MOLUKOMKEHHS Tenodparmu.

ToBmuHa KapaioMionuTiB Oyia 3HAYHO MEHIIIE,
MOPIBHSIHO 3 KOHTPOJIEM, IO CBIAYMIO PO 3MCH-
IIEHHS KUIBKOCTI CKOPOTJIMBUX E€JIEMEHTIB, a came
MIO3MHOBUX Ta AaKTWHOBUX (inamentiB. [Hmii
KapAiOMIOLIMTH BTPayalvd CBOIO CTPYKTYpY Ta 4iTKi
Mmexi. Crioctepiraiii MopyIIeHHs BIOPSIIKOBAHOCTI
Mmio¢iopuin. BigsHaueni arpodoBaHi BoJIOKHA pi3HOT
TOBIIMHHM, a Yy JeAKUX BHIQJKaX CapKOMEpH
MioiOpui Oyau po3ipBaHM y AUTIHKaX TEIO(PparmMu.

Byno 4itko BHIAHO pi3HY TOBIIMHY Mio(iOpwiI.
3okpema, Mio}iOpwiH, SKi MajaW TOBIIMHY BJIBIYM
OinbIIy Bt HOPMH, MEXYBaH 3 MioQiOpunamu, ToB-
muHa sSKuX Oyna B 2-3 pa3su MeHIIa 3a HOpMallbHi
CTPYKTYpH.

Y emOpioniB 20-1 100M pO3BUTKY Kapiomio-
IUTH Ha PIBHI OKPEMHUX KIITHH XapaKTECPH3YEThCS
MOPYIIECHHSM IIJIICHOCTI CapKOJIeMH, YTBOPEHHSIM Ha
Hilf 1HBariHauii, po3puBoM MioQiOpwin Ha OKpemi
KOpOTKi (hparMeHTH, 3aMillleHHsI CKOPOTIMBOTO ama-
pary KOJNAareHOBUMH CTPYKTypaMH B JUITHKax
MioiOpuiy, mo Binmiauancs. XapakTepHOI 0C00-
JMBICTIO IMX KapJiOMiOIMTIB OyJI0 MOPYIICHHS He-
rnocMyroBaHocti. Y gesknx Mmio¢iopuimax A- Ta I-
JTUCKN Maibke He BH3HAuanwmcs, Z- IiHisS He Oyma
yitkoto. [Tpunenti 1o MiodiOpuIl CTPYKTYpH TaKi sK
T-mpcTepHH Ta MITOXOHIPIT Manu 3MiHeHy Gopmy Ta
Oynu 3HAYHO PO3IIUPEHi. Y AESKUX MITOXOHAPIN
cnabko Bu3Havajiucsi kpuctu. Ha 1pomy erami po-
3BHUTKY, 5K 1 Ha 18 -y TibKHI eMOpioreHesy Iypis,
criocTepiraaucst MioGiOpIN pi3HOT TOBIIMHU.
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Puc. 2. Miokappa Lypa ekcnepyuMeHTarnbHOi rpynu Ha
18-y poby npeHaTtanbHOro po3suTKy. 1 — sgpa cycigHix
KapAiomMioumTiB; 2 — nopyLleHHs uinicHocTi miodibpun; 3 —
YLWKOMXXEHHS CTPYKTYPU MITOXOHAPIN; 4 — nosiBa mMiodibpun
Pi3HOI TOBLLMHW.

Puc. 3. Miokapa Lypa ekcnepyuMeHTarnbHOi rpynu Ha
20-y poby nmpeHaTtanbHOro po3BuTKy. 1 — S4po KapAiomio-
umTa; 2 — YLIKOOXKEHHS Ta po3puB Miodpibpunu; 3 — nowwikoa-
XEHHS Tenodparmu; 4 — MiTOXoHAPI.

XpoHiYHE 3JIOBXUBAHHS €TAHOJIOM SIBHO MpH-
THiYye CHHTE3 1 Jerpajaifiro Oiika, 3aydaroud siK
CTPYKTYpHI, TaK 1 HECTpyKTypHi Oinku cepus. Ha ma-
TOJIOTIYHOMY PiBHI BUKPHUBIICHHS Z-JIiHIT capkoMepiB
1 TOpYIIEHHS Bi3epyHKa CapKOMepiB MPU3BOIANUTH 110
MioIUTONI3y. MiOIMTOMI3 MPOSIBISIETHCA Yepe3 BO-
THUIIEBE PO3YMHEHHS MIOBOJIOKOH, BaKyoJli3alilo
KIITHH 1 po3nmax BosokoH. Ha capkomepHHii kKom-
TUIEKC, Ha KU BIUIMBAB €TaHOJI, 3MEHIITYBaBCsl BMICT
TiTiHY, OiJ1Ka, SIKUI BiINIOBiIa€ 3a PO3CIIabICHHS cap-
koMmepiB. ETaHOnm Takok 3HMXKYBaB 4YTIUBICTH
miodinamentis g0 Ca2+ . KpiM TOro, €TaHOoI TakoK
BIUIMBAaB Ha CKOPOTJIMBI OLIKM CapKOMeEpiB, Taki sK
MIO3MH, aKTHH 1 TPONOHIH, 10 CIPUYHMHSB (YHKIIIO-
HaJIbHY AUCQYHKIIII0 CKOPOUYBAJILHOT 31aTHOCTI Mio-
LIUTIB, BUKJIMKAIOUU MPOTPECYBaHHs CEPLEBOi HENO0-
crarHOCTi. OCKUIBKHU CepleBl MIOIUTH € 30yITHBUMH
KJIITHHAaMH, 1 €TaHOJI MOJKE JIETKO HOIIKOANTH el Me-
XaHi3M 30y/UKEHHSA-CKOPOYEHHS, MOPYLIEHHS IbOTO
MeXaHi3My 3’€HaHHA Oepe y4acTb Yy IaTOTCHHOMY
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nporieci ACM. FErtanonm Moe BHKIHKATH MO-
mudikamiro Ca2+-xananmiB L-Tumy capkoreMairbsHOL
MeMOpaHH, 110 NPU3BOAUTH 10 3MCHIICHHS TpPaHC-
MeMOpaHHUX eJIeKTPHYHO iHgykoBaHHX Ca2+ mepe-
X1THUX TIPOIIECiB.

[aTonoriuyai nepeOymoBM BHACTIIOK MpeHa-
TaJIbHOT ajKoroiizamii BigOyBamucst W y MITOXOH-
JpiaJIbHOMY amapaTi: OpraHesld pi3HOi BEJMYWHHM 1
KOH(Irypauii MiCTUIN MaTpUKC TIOMIpHOT €JIEeKTPOH-
HOT IIITBHOCTI Ta MOOANHOKI cl1a0KO PO3BUHYTI KpPH-
ctu. KinbKicTh MITOXOHJIpIH 3 03HaAKaMH 00MEXEHOT
(yHKIIIOHATIbHOT aKTHUBHOCTI TOMITHO 301JbLIyBa-
Jlach y MOPiBHSAHHI 3 HOBOHAPOHKCHUMH TBaPHHAMH.
Taki opraneny KOHICHTPYBAJIHCS IEPEBaXKHO B Iapa-
HYKJICApHUX TUITHKAX 1 POMOAUIITUCS 1O THX TIPO-
CTOpax, SKi 3a3HaBaJM JITHYHOI JAWCOLiaIii
MiodiOpun. [IpumituBHa T-cuctema Oyia mpencTas-
JIeHa PO3LIMPEHUMH HeJOPO3BUHYTUMHU TPYOOUKaMH
Ta IUCTEpHAMH. BTOpUHHI po3rayry)KeHHs TaKOX Xa-
paKTepHU3yBaIKCsl 3HAUHHMHU PO3LIMPEHHSIMH, 110 HEe
OyJi0 XapakTepHUM MJIsi HOPMAJIBHOTO PO3BHTKY.
[Ipote OinpLIicTh MITOXOHAPIH Bce e 30epiranu
CBOIO HOpMaIbHY OyI0BY (pHC. 4).

Puc. 4. Miokapg, Lypa KoHTporbHOI rpynu Ha 20-y foby
npeHaTtanbHoro po3suTKy. 1 — fApo kapaiomiouuTa; 2 —
YWKOAXEHHA Ta po3puB Miodibpunu; 3 — MOLLKOOXKEHHS
MiTOXOHAPIT.

Ipotsrom 18-i ta 20-i 1i6 emOpioHaIBHOTO pO-
3BUTKY IIiCJIl aJIKOTOMI3alil MaTepHHCHKOTO Op-
TaHi3My cIiocTepiraiucst 3MiHM B TEHJAEHIIi Hapo-
cranus mapamerpiB 'y CEH miokapna obox mury-
HOUKIB, 1110 BiJI0YBAaIOCs HA TJIi 3HAYHOT'O 3POCTAHHS
MIOKapIiaabHOI MacH IMX KOMIIAKTHUX 30H ¥y
MOPIBHSHHI 3 paHHIM niepioziom emOpiorenesy. [licns
AJIKOTOJIbHOT IHTOKCHKALIT BinOyBasnocs: 301IbIIeHHS
cryneHst opieHTartii mio¢iopui. 1le moB’s3aHo 3 TUM,
oo y JaHWid TMepioJ MPOBIAHUMHU MpoIecaMu
Mmio¢ibpunoreHesy OyJio He YNaKyBaHHS Ta piB-
HOMipHe po3TairyBaHHs MiodiOpmi 1mo Bcil capko-
TUTa3Mi KapAioOMiOIUTa, a 3MCHIICHHS KiTbKOCTI He-
OpTaHi30BaHMX MPUMITUBHHUX CTPYKTYp. AKTHBHI
3MIiHM CTyHeEHs! opieHTamii crocrepiranucs o 20-i
JI00M IpeHaTaIbHOrO po3BUTKY. Hamani Temnu 3poc-
TaHHs IapaMmeTpa ynoBinbHIOBanucs. [lounnarouu 3

20-i no0u criocTepirayiucs CyTTeBi 3MIHH B ITapaMeT-
pax pi3HHX 30H IIUTYHOYKOBOTO MioKapia. Sk i mpu
HOpMaJIbHOMY PO3BHTKY, B LeHl mepiox Mopgomer-
puaHi nokasauku Miodidpmn y CEIT i IM3 nuryHOU-
KOBOTO MiOKap/ia MPHUCKOPIOBANIN TEeMIH. | Bxke mpu
HAapOPKCHHI MapaMeTpH B IIUX 30HAX BHIEPEIDKAIN
BiINOBiaHI moka3Huku kapaiomionutie CEH o06ox
LIUTYHOYKIB, 110 MiTBEPUKYBAJIO KIIACHYHI YSBICHHS
PO aKTUBHY KoMnakTu3aiito miokapaa CEIl Ta IM3
y IAHW TIePioI.

VY TBapuH eKClepUMEHTaIbHOI Tpynu Ha 18-y
100y TIpEeHaTaJbHOTO PO3BUTKY 3HAYEHHS CTYIEHS
opieHTarii MioiOpHII JOCTOBIPHO TOCTYHATUCS HOP-
MaJBHOMY PiBHIO y BCiX 30HaX miokapna: y CEH —Ha
40,7% y JIII Ta na 40,0% y IIII, 8 IM3 — na 30,3%
y JIII ta va 21,0% y I1, y CEII — na 32,5% y JIII
ta Ha 20,7% y 111, y MIIII — ra 30,5% y JIIIY ta
Ha 24,5% y ITIIY neperopoaku (puc. 5).

3a yMOB HOpPMaJBHOTO PO3BHUTKY Ha 20-y 100y
MIPEHATAJIbHOTO OHTOTE€HE3y BEJHMYMHA CTYHEHs
opienTauii miodiopun mixsumysanacs y CEH y JIII
Ha 38,2% (p<0,05) Ta y I1I — na 29,3% (p<0,05) y
nopiBHsAHHI 3 18-10 n000I0O (pHC. 6).

Tako MOKa3HUKH TOCTOBipHO 3poctaiu B IM3
y JILI na 58,3% Ta y I111I — Ha 68,9%. 3HaueHHs CTY-
nieHs opienTanii Miogiopun MILII 3pocnu Ha 33,1%
(p<0,05) y JIIOY Tta 35,7% (p<0,05) y IIY
MOPIBHSAHO 3 IMOKA3HUKAMH IOTIEPETHHOTO TEPMIiHY
OCIIKEHHS.

B excriepuMeHTaNbHIN TpyIi TBApUH IPOTITOM
20-i noOu 3Ha4YeHHs CTyIHeHs opieHTalii MiodiOpu
CTaTHCTHYHO BAaroMo BIIPI3HSJIMCS BiJ] MMOKAa3HHUKIB
18-i no6u. 30kpema, 3HAUCHHS TapaMeTpa BipOTiTHO
migBuiyBanucs B IM3 —ua 51,9% y JIIII ta Ha 70,6%
y [T, y CEH — na 34,4% y 111 ta Ha 34,5% y JILI,
y MIUII — na 24,0% y JIIIY Ta Ha 42,0% y INIIY. Y
TIOPiBHSAHHI 3 HOPMAJIbHUM Kap/i0reHe30M BeJINUHHA
nmapamerpa B kapaiomionurax CEH noctoBipHO
3MeHmyBasacs Ha 41,5% y JILI Ta Ha 40,2% y I,
B IM3 — Ha 31,1% y JIII Ta Ha 20,2% y I111I, y CEIT
— Ha 32,7% y JIUI ta Ha 21,8% y IIII. Crymniub
opienTanii y JIIIY MIIIT noctynagcst HOpMaJIbHOMY
3HaueHHo Ha 32,4% (p<0,05) ta y ITITY MIIII — Ha
21,0% (p<0,05).

OTpHMaHi B HaIIOMY JIOCIIIDKEHHI JIaHi Ipo xa-
pakTtep ne3opraizanii MioiOpuI micis BHYTPIIIHb-
OYTPOOHOTO BIUIMBY AJKOT'OJIIO Y3TO/DKYIOTCS 3 Cy-
YaCHUMHU YSBJICHHAMH TPO TOKCHYHY il JaHOTO
YMHHHUKA Ha CTPYKTYPY Ta (PyHKIIiI0 KapAiOMiOIUTIB,
a yIbTPacTPyKTYpHHI aHaIIi3 3MiH CyTTEBO YTOUHIOE
XapakTep MAaTOJOTIYHUX NepeOyaoB CKOPOTIMBOTO
amapary Miokapa I 4yac Horo ¢popMyBaHHs Ha Pi3-
HHX €Talax OHTOTEHE3Y

MMincymox

XpoHiYHA aJKOrOjbHA IHTOKCHKAINS IIJI Yac
NPEHATAIBHOr0 KapJioTeHe3y YIIKOMKY€E CKOPOTIIH-
BHUl amapar KapAiOMIOLHUTIB IUTYHOUKIB 32 PaxyHOK
Jie30praizanii CTpyKTypu capKoMepiB, (parMeHTa-
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mii Ta aesopienrtamnii miodiOpmi, 3HAYHOTO MPH- XOHApi#. BupasHicTh 3MiH y JaHUX CTPYKTypax 3aje-
THIYEHHS CapKOMeporeHe3y, 3HIDKEHHS BMICTY JKUTD Bil 30HU Ta TEPMiHY PO3BHTKY eMOpioHa.
Mio¢iOpmiI, Mo acomiioBaHO 3 AECTPYKINEI0 MiTO-

35
30 | m CEMH
25 ¢ = CEMa
HIM3H
*
0 - * * HIM3a
* * ® CEHH
15 |
OCEHa
10 & NIUYH
= Ni4a
5 ¢ o NLWYH
= [4a
0 L
NIBHA WAYHOMOK NPABHA WAYHOMOK MiMWAYHOMKOBA
neperopoaxa

Puc. 5. CtyniHb opieHTauii Miodibpun (%) y capkonnasmi CKOPOTNMBUX KapAiOMIOLIMTIB Pi3HWX 30H LLYHOYKOBOrO Miokapaa
LypiB Ha 18-y noby NpeHaTanbHOro OHTOreHe3y B HOpMI Ta nicns Aii ankoronto. Mo3Haukm (*) BkasytoTb Ha 4OCTOBIPHI BiAMIHHOCTI
Big Hopmu. CENN (CEMNH — Hopma, CEMa —ankoronb) —cy6enikapaiansHa 3oHa; IM3 (IM3H —Hopma, IM3a —ankoronb) —iHTpamy-
panbHa 3o0Ha; CEH (CEHH —Hopma, CEHa —ankoronb) —cy6eHaokapgiansHa 3oHa; JILWY (JILWYH —Hopma, J1lUYa — ankoronb) i
MY (MWYH — Hopma, MNLWYa —ankoronb) — NiBOLYHOYKOBA | NPaBOLLIYHOYKOBA YaCTUHW MDKLLITYHOYKOBO| NEPEropoaKu.

50
45 |
L |
40 | CEMH
= CENa
a5
W IM3k
30 * . = IM3a
a *
25 | . = CEHH
*
20 ¢ OCEHa
15 & NWYH
10 - = Ni4a
B MW4H
5 b
= Nw4a
0 L
NiBAA WAYHOMOK MPABHA WAYHOMOK MM AYHOYKOBA
neperopoika

Puc. 6. CtyniHb opieHTauii Miodibpun (%) y capkonna3smi CKOPOTNMBUX KapAIOMIOLMTIB Pi3HMX 30H LLNYHOYKOBOrO Miokapaa
wypiB Ha 20-y foby npeHaTanbHOro OHToreHe3y B HOpMi Ta nicns Aii ankoronto. Mo3Hayku (*) Bka3yoTb Ha AOCTOBIPHI BiAMIHHOCTI
Big Hopmu. CEN (CETH — Hopma, CElNa —ankoronbk) —cy6enikapgianbHa 3oHa; IM3 (IM3H —Hopma, IM3a —arnkoronb) —iHTpamy-
panbHa 3oHa; CEH (CEHH —Hopma, CEHa —ankoronb) —cy6eHaokapgiansHa 3oHa; JILWY (JILWYH —Hopma, J1lUYa — ankoronb) i
MY (MWYH — Hopma, MNLWYa —ankoronb) — NiBOLLUNYHOYKOBA | NPaBOLLIYHOYKOBA YaCTUHWU MiKLLITYHOYKOBOT NEPEropoaKM.

IMepcnexkTuBH MOAAJIBIINX po3podox Indopmanis npo koHIIKT iHTEpeciB
10B’s13aHi 3 BUBYEHHAM HACIIAKIB IOCTHATAJILHOT aJI- TToTeHuiitaux abo SBHUX KOH(IIKTIB iHTEPECIB,
KOToJt3amii Ha CTPYKTYPY CKOPOTJIMBOIO amapary 0 MOB’S3aHi 3 IMM PYKOIHMCOM, HAa MOMEHT
Kap{iOMIOLUTIB IIIypPiB ITiCJIST HAPOJHKEHHS. myOutikauii He icHye Ta He epe0a4yaeThesl.
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Mapuenko JI.I. AxicHnii Ta kinbkicHu# aHadi3 ricToOrivyHMX 3MiH y CcTpPYKTYpi KapaiomionmTin
eMOpioniB mypiB nporsrom 18-20-i 1i6 32 yMOB XpOHIYHOI aJKOTr0IbHOI IHTOKCHKALII MATEPUHCHLKOIO Op-
raHiamy.

PE®EPAT. AKTyaJbHicTh. AJKOT0JIb € TEPATOT€HOM, SIKUH JIETKO MOKE IPOHUKATH Yepe3 IUIALECHTY, 10
MPU3BOJUTH JI0 MOIMIKO/KEHHS IUIO/A, IO PO3BUBAETHCS. JlOCHIKEHHS, K Ha 1a00paTOpPHUX TBAapWHAX, TaK i
KJIiHIYHI, IPOJEMOHCTPYBAIIH, 1[0 €TAHOJ AN(PYHAYE Yepe3 IUIALEHTY 1 IBUAKO PO3IOAUIIETHCS, HAKOINIYIOUHCh
B HAaBKOJIOIUTTHUX BO/IaX. BUSBIEHHS psy HECTIPUATINBHX HACTIKIB IPEHATAIILHOTO BIUTUBY aJKOTOJIO BCE IIIE
3aITUIIAETHCS aKTyaJbHOIO CPEeporo cepel HayKOBIB. MeTa JOCTiKEHHS — MPOBECTH SKICHUH Ta KiJIbKICHHHA
aHaJIi3 TICTOJOTTYHMX 3MiH y KapAioMmionuTax eMOpioHiB mrypiB mpotsirom 18-1 -20-i 1o0u 3a yMOB XpOHI4HO{
QJIKOTOJIBHOT IHTOKCHKalii MarepuHChKoro opraHismy. Meroan. OG'€KTOM JOCIIJKEHHS CIIyTyBalIHd CEpIs
noToMcTBa LIypiB Bix 18-1 10 20-1 100u MpeHaTalbHOTO PO3BUTKY B MOJIEJi XPOHIYHOT aJIKOTOJIbHOT IHTOKCHKALIIT
MaTEepUHCHKOr0 OpraHi3My. 3a JONOMOTOI0 TPAaHCMICIHHOI €JIeKTPOHHOI MiKpocKomii BH3HaueHi KiJIbKICHI Ta
SKiCHI MmapameTpu MiodiOpuIl KapAiOMIOIMTIB PI3HUX 30H MiOKapia LUTYHOUKiB. Pe3ynbTaTn. 3a HammMu 1o-
CJTiPKEHHSIME OYJI0 BCTAHOBJICHO, IO MiCJIs BIUIMBY €TaHOIY HAa MaTCPUHCHKHUI OPraHi3M, OPIEHTAITIS YIIKOIKe-
HUX MioQiOpHi IXHFOTO MOTOMCTBA OyJIla XaOTHYHOIO Ta PO3IOBCIOXKYBAIaCh HA 3HAYHI TUITHKHA CapKOILIa3MH.
Ha BigMiHy Bix HOpMH, B KapIiOMiOIIUTaX EKCIICPUMEHTATBHAX TBAPHH MOPS 3 MioQiOpmiamu, sKi nepedyBaiu
y 3BUYAafHOMY CKOpOYEHOMY a00 pelaKcOBaHOMY CTaHi, OyJH ¥ Taki, IO MicTIIM AeOpMOBaHI cCapKOMEpH 3
O3HaKaMH HaJMipHOTO CKOPOYCHHS Ta JE30pi€HTAIlE€l0 (pparMeHTOBaHUX Mio(ilaMeHTiB. BHYTpiITHbOKITI THHHI
OpraHeNd KapJiOMIOIWNTIB B €KCIIEPUMEHTAJbHIA IPYyIli HOBOHAPOKCHUX TBAPHH 33a3HABAIM 3HAYHHX 1 Pi3HO-
MaHiTHEX 3MiH. Ilizcymok. XpoHidHa amKOTOIhHA IHTOKCHKAIIIS i Yac MPEHATAIFHOTO KapAiOoreHe3y YIIKO-
KY€ CKOPOTIIMBHI anapar KapAioMiOIMTIB IUTYHOUKIB 32 paxXyHOK Jie30praHizallii CTpyKTypH capKkoMepiB, (par-
MeHTalii Ta jAe3opieHTanii MiohiOpuiI, 3HAYHOTO NPUTHIUEHHSI CApKOMEPOTeHe3y, 3HWKEHHSI BMICTy Mio(iOpu,
10 aCOILHOBaHO 3 JECTPYKILIEI MITOXOHAPIH. BupasHicTh 3MiH y JaHMX CTPYKTYpax 3aJIeKUTh BiJ 30HH Ta
TEpMiHy PO3BUTKY eMOpioHa.

KoaiouoBi ciioBa: npeHaransHUi OHTOT€HE3, IIypH, AIKOTOJIbHA IHTOKCHKALliS, Ceplie, MioKap 1 HITyHOUKIB,
MioQiOpwiIH, yIbTpacTpyKTypa.
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ABSTRACT. Background. The kidneys function in the human body as important organs for maintaining the constancy of
the internal environment. With their participation, constant control is carried out over such parameters as the constancy of
the circulating blood volume, electrolyte composition, osmotic pressure, ion concentration, acid-base balance, blood pres-
sure, etc. Under the influence of pathogens of various genesis, these constants undergo pronounced changes due to disruption
of the structural organisation of the kidneys. Objective. Study of microscopic changes in rat kidney tissue 1 hour after
exposure to the venom of the scorpion Leiurus macroctenus. Methods. The study used 10 white male laboratory rats weigh-
ing 200 g (£10 g) grown in the vivarium of the Educational and Scientific Center "Institute of Biology and Medicine" of the
Taras Shevchenko National University of Kyiv. The venom of scorpions of the Buthidae family, genus Leiurus, species
Leiurus macroctenus, was administered to rats once intramuscularly (0.5 ml of venom solution previously dissolved in
saline; 28.8 pg/ml; LD50=0.08 mg/kg). Kidney samples from animals of all groups were taken for microscopic examination.
Histological preparations of the heart were stained with hematoxylin and eosin. Results and conclusion. It has been estab-
lished that when the venom of the scorpion Leiurus macroctenus is administered, after 1 hour, toxic substances cause the
development of significant hemodynamic disorders and the initiation of inflammatory processes in the organ in experimental
rats, acute renal failure as a result of acute damage to the glomerular apparatus, disruption of the cytoskeleton of podocytes
and the tubular apparatus of nephrons with manifestations of desquamation, hydropic, hyaline-droplet dystrophy of the
tubular epithelium.

Key words: venom, scorpions, kidneys, hemodynamic disorders, rats.

Citation:

Matkivska RM. Microscopic characterisation of structural components of the kidneys 1 hour after experimental
rats' exposure to the scorpion Leiurus macroctenus venom. Morphologia. 2024;18(4):72-5.

DOI: https://doi.org/10.26641/1997-9665.2024.4.72-75

Matkivska R.M. 0000-0002-4082-2899
X rujena011279@gmail.com
© Dnipro State Medical University, «Morphologia»

Introduction

The kidneys are essential organs in the human
body for maintaining the constancy of the internal en-
vironment. With their participation, constant control
is carried out over such parameters as the constancy
of the circulating blood volume, electrolyte composi-
tion, osmotic pressure, ion concentration, acid-base
balance, blood pressure, etc. Under the influence of
pathogens of various genesis, these constants undergo
pronounced changes due to disruption of the struc-
tural organisation of the kidneys [1].

Kidney pathology is a common phenomenon.
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The influence of physical and chemical environmen-
tal factors causes the development of morpho-func-
tional disorders of the organ, which have unpredicta-
ble consequences. As is known, the kidneys are char-
acterised by a fairly significant blood supply (about
25% of the total cardiac output), which makes them
highly susceptible to the action of toxic substances
since the concentration of the latter during the period
of their maximum content in the blood in the renal
vessels is higher than in other tissues, which contrib-
utes to the rapid damage to the endothelial layer and
basal membranes of the capillary walls. The presence
of a well-developed system of anastomoses is often
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the cause of the vulnerability of the interstitium of the
renal medulla to the effects of toxins. Compounds ab-
sorbed by the nephron tubules, interacting with the
transport system of the tubular epithelium and ac-
tively accumulating in the basal parts of the cells,
cause the development of degenerative and dys-
trophic changes in them [2]. In addition, substances
secreted into the lumen of the tubules by secretion can
affect the enzyme system of the nephron tubules, dis-
rupting the normal course of biochemical reactions in
them. It should also be noted that the high level of
energy processes in the renal tissue determines their
increased susceptibility to circulatory disorders and
hypoxia [3, 4, 5]. In response to these factors, the de-
velopment of stress, disruption of the microscopic
structure of the organ and shifts in the physiological
constants of the body are characteristic [6, 7, 8].

According to WHO, about 1.5 million cases of
poisoning due to scorpion stings are registered in the
world annually, leading to 2000-3000 deaths. Cases
of scorpionism are common in the United States of
America, Canada, Europe, and Australia. Still, this
problem has become most widespread in Africa, In-
dia, Mexico, Brazil, Iran, Saudi Arabia, and Vene-
zuela, where more than 2 billion people are under
constant threat [9, 10, 11]. Among the currently
known pathological processes associated with scorpi-
onism, according to experimental studies, Kidney
damage is considered one of the most critical compli-
cations, which is often fatal [12, 13].

The study aims to examine microscopic
changes in rat kidney tissue one hour after exposure
to Leiurus macroctenus scorpion venom.

Materials and methods

The venom of scorpions of the Buthidae family,
genus Leiurus, species Leiurus macroctenus, was ad-
ministered to rats once intramuscularly (0.5 ml of
venom solution previously dissolved in saline; 28.8
pg/ml; LDso=0.08 mg/kg) [14, 15].

The study used 10 white male laboratory rats
weighing 200 g (£10 g), raised in the vivarium of the
Educational and Scientific Center "Institute of Biol-
ogy and Medicine" of Taras Shevchenko National
University of Kyiv. The rats were kept on a standard
diet in an accredited vivarium by the "Standard Rules
for the Arrangement, Equipment and Maintenance of
Experimental Biological Clinics (Vivaria)". The ex-
periments were conducted by the current regulatory
documents regulating work organisation with experi-
mental animals and compliance with the principles of
the "European Convention for the Protection of Ver-
tebrate Animals Used for Experimental and Other
Scientific Purposes". Also, all work with animals was
carried out by the Law of Ukraine dated February 21,
2006, No. 3447-1V, "On the Protection of Animals
from Cruelty and Ethical Norms and Rules for Work-
ing with Laboratory Animals".

The rats selected for the experiment were di-
vided into two groups: control—5 rats; no poison was

administered; the material was collected one hour af-
ter the administration of saline; and experimental—5
rats; histological material was collected one hour af-
ter the administration of poison. The rats were eu-
thanised by carbon dioxide inhalation. The kidneys of
the rats were isolated at 4 °C immediately after eutha-
nasia.

Kidney samples from animals of all groups were
collected for microscopic examination. The pieces
were fixed in a 10% formalin solution for 1 day.
Then, they were dehydrated in alcohols of increasing
concentration and embedded in paraffin blocks. His-
tological preparations of rat kidneys were stained
with hematoxylin and eosin. Histological prepara-
tions were studied using an SEO SCAN light micro-
scope and photographed using a Vision CCD Camera
with an image output system from histological prep-
arations.

Results and conclusions

Histological studies of kidney preparations 1
hour after the introduction of scorpion venom into ex-
perimental animals established the onset of acute re-
nal failure as a result of acute damage to the glomer-
ular apparatus of nephrons, the onset of significant
hemodynamic disorders and the initiation of inflam-
matory processes in the organ.

The fibrous capsule is edematous; it easily peels
off from the organ. In the interstitium of the organ
around the vessels of the microcirculatory bed, there
is dilation and engorgement of the vessels of the ve-
nous bed and ischemia of the vessels of the arterial
bed. Perivascular oedema with infiltration by lym-
phocytes and macrophages-histiocytes is also present.
Hemocapillaries are spasmodic and engorged, with
increased intracapillary aggregation of erythrocytes.

In the cortical substance, next to the renal cor-
puscles, which have preserved the typical histological
structure, hypertrophied renal corpuscles are found
where the lumen of the afferent and efferent arterioles
is spasmodic with moderate anaemia. In their lumens,
erythrocyte aggregation is enhanced. The wall of the
arteries and arterioles is thickened due to hypertrophy
and slight leukocyte infiltration of the media, smooth
myocytes, losing their spindle-shaped shape, become
rounded, their nuclei are hyperchromic, and the cyto-
plasm is brightly oxyphilic. There is slight oedema
and lymphohistiocytic infiltration in the subendothe-
lial layer of the intima and adventitia. The endothelial
cells of their intima had a cubic shape; in the cyto-
plasm, there was slight oedema. The nuclei are hyper-
chromic, and their plasmalemma is indistinct and
forms significant protrusions into the lumen and in-
vaginations. The basement membrane is continuous,
but in some places, there are signs of endothelial des-
quamation (Fig. 1).

In the glomerular vascular glomeruli, there is
anaemia; in their lumens, there is stasis. In some
places, their lumens have collapsed due to spasms of
the afferent arteriole. The urinary spaces were sharply
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dilated. In the wall of the glomerular capillaries, ini-
tial signs of focal endothelial dystrophy are observed.
The cytoplasm of endothelial cells is swollen; the nu-
clei are hypertrophied and hyperchromic, which sig-
nificantly protrude into the vessel's lumen. The base-
ment membrane is thickened and swollen. Due to the
increase in the proliferative activity of mesangio-
cytes, there is an expansion of the mesangium and an
increase in the amount of matrix. Hyperplasia of the
mesangium and pleurisy of the glomerular capillaries
caused a sharp narrowing of the urinary space of the
renal corpuscles; in most fields of view, it looked slit-
like or was not visualised at all (Fig. 2).

Fig. 1. Microscopic structure of the kidney of white rats
1 hour after the introduction of scorpion venom. 1 - dystrophy
of proximal tubules with an accumulation of cellular detritus
in the lumen, 2 - the destruction of distal tubules, 3 - hyper-
trophied renal corpuscle, 4 - an area of haemorrhage, 5 - de-
structured artery. Staining with hematoxylin-eosin. x200.

The cells of the outer leaf of the Shumlyansky-
Bowman capsule are sharply flattened, their nuclei
are hyperchromic with invaginations of the karyo-
lemma, the basement membrane is thickened. The
growth of the mesangium leads to a disruption of the
cytoskeleton of podocytes of the inner leaf of the cap-
sule. There is a disorganisation of the cytopodia and
cytotrabeculae of podocytes, and as a result, the pro-
cess of filtration disorders begins. In the proximal and
distal renal tubules, the lumens are unevenly ex-
panded with thinning of the walls. In the proximal and
distal tubules, the epithelium is damaged. The brush
border and basal striation are especially noticeable
dystrophic changes. Focal cells almost completely
lose them, and the epithelium's desquamation into the
tubule's lumen is observed. The cells show signs of
hydropic and hyaline-droplet dystrophy, character-
ised by the appearance of vacuoles and single aci-
dophilic granules in the weakly oxyphilic cytoplasm,

indicating cytoplasmic oedema. The nuclei are hyper-
chromic, compacted, and have indistinct contours. Fi-
brin accumulations were detected in the lumens of the
tubules. In thin tubules, hyperplasia of epithelial cells
is due to oedema of their cytoplasm. On the cross-
section, thin tubules with slit-like lumens. When tu-
bules with moderately dilated lumens are collected,
epithelial cells almost completely lose microvilli and
basal striation in their cytoplasm, oedema, and single
vacuoles in the weakly oxyphilic cytoplasm. The nu-
clei are hyperchromic and compacted. Along the
course of the vessels of the microcirculatory bed of
the interstitium, both in the cortex and the medulla,
local single haemorrhages occur (Fig. 2).

Fig. 2. Microscopic structure of the kidney of white rats
1 hour after the introduction of scorpion venom. 1 - dystrophy
of proximal tubules, 2 - destruction of distal tubules, 3 - renal
corpuscles with no urinary space, 4 - area of hemorrhage.
Staining with hematoxylin-eosin. x200.

Summary

When the venom of the scorpion Leiurus mac-
roctenus is administered, after 1 hour, toxic sub-
stances cause the development of significant hemo-
dynamic disorders and the initiation of inflammatory
processes in the organ in experimental rats, acute re-
nal failure as a result of acute damage to the glomer-
ular apparatus, disruption of the cytoskeleton of po-
docytes and the tubular apparatus of nephrons with
manifestations of desquamation, hydropic, hyaline-
droplet dystrophy of the tubular epithelium.

Prospects for further development are related
to studying histological changes in rat kidneys under
the influence of Leiurus macroctenus scorpion venom
at later stages of the experiment.
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MartkiBcska P.M. MikpockomiyHa XapaKTepuCTHKA CTPYKTYPHHX KOMIIOHEHTIB HHPOK 4epe3 1 ro-
JAMHY HicJIs BIVIMBY HA eKCIIePHUMEHTATbHUX HIYPiB 0TPyTH cKopmioHiB Leiurus macroctenus.

PE®EPAT. AxryanbHicTb. Hupku (yHKIIIOHYIOTH B OpraHi3Mi JIFOJIUHH SIK BaXKITUBI OPTaHU IS MiATPH-
MaHHS CTaJOCTI BHYTPIIIHBOTO CEpEelOBHINA. 3a IX y4acTIO 3AIHCHIOETHCS MOCTIMHMII KOHTPOJb TaKWX Iapa-
METpIB, SIK CTAJICTh 00 €My LUPKYJIOI0Y0] KPOBI, €IEKTPOJIITHOTO CKIIaly, OCMOTHYHOT'O THUCKY, KOHIIEHTpalii
10HIB, KHCJIOTHO-OCHOBHOI PiBHOBAaru, apTepiajlbHOr0 THCKY, TOIIO. 32 YMOB BIUIMBY IIaTOT€HIB Pi3HOTO T€HE3y
JlaHl KOHCTAHTH 3a3HAI0Th BUPAKCHUX 3MiH BHACIIJIOK TOPYIICHHS CTPYKTYpPHOI opraHi3anii Hupok. MeTta. Bus-
YEHHsI MiKPOCKOIIIYHMX 3MiH TKAHHMHH HHUPOK IIypiB uepe3 | roawHy micis BIUTHBY OTPYTH CKOpmioHiB Leiurus
macroctenus. Meroau. Y jgociijpkeHHi Bukopuctano 10 Oinux sabopaTopHuX miypiB-camiiB macoro 200 r
(10 1), Buporienux y BiBapii HaBuanpHo-HaykoBoro neHTpy "lHcTuTyT Oiosorii i Mmeauuman" KuiBcbkoro Hario-
HalbHOTO yHiBepcuteTy iMeHi Tapaca IlleBuenka. OTpyty ckopmioHiB poaunu Buthidae pony Leiurus Buny
Leiurus macroctenus BBOJWIN IIlypaM OJHOPA30BO BHYTPIilIHbOM 5130B0 (0.5 MJI pO34MHY OTPYTH MOTEPEIHBO
po3unHeHOMY Y (izionoriunomy po3zunHi; 28.8 Mir/mi; JIA50=0.08 mr/kr). J{as MiKpOCKOITIYHOTO TOCTiIKEHHS
3a0upanu 3pa3Kd HHUPOK TBapuH Bcix rpyn. @apOyBaHHS TiCTOJOTIYHUX MpenapaTiB cepIls 3IiHCHIOBAIU Te-
MAaTOKCHJIIHOM Ta €o3uHOM. Pe3ynbTaTH Ta mincymok. BeraHOBIICHO, 1110 TIPH BBE/ICHHI OTPYTH CKopIioHa Lei-
urus macroctenus uepe3 1 ToMHy TOKCHYHI pEYOBUHH CIIPHUYMHAIOTH B EKCIIEPUMEHTAIBHNX IIyPiB IIOYaTOK PO-
3BUTKY 3HAUHUX T'€MOJMHAMIUYHHUX PO3JIa/liB Ta 3aIyCKy 3allaJIbHUX TPOIECiB B OpraHi, TOCTpoi HUPKOBOI HEM0-
CTATHOCTI SIK HACJIIZIOK TOCTPOTO YPayKEHHSI IIIOMEPYIISIPHOTO anaparTy, MOPYIIEHHSIM IIUTOCKEIeTy MMOJJOIUTIB Ta
TyOyJISIpHOTO amapatiB HeQpPOHIB 3 MpOsSBaMU JeCKBaMallii, TiAPOMIYHOI, TiaJiHOBO-KpameabHOi AucTpodii
SMITETII0 KAaHAJIBIIIB.

KurouoBi ciioBa: otpyTa, CKOpIiOHH, HUPKH, TEMOAMHAMIYHI PO3JIaIH, ITypH.
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ABSTRACT. Relevance. Alcoholic cardiomyopathy is an actual problem today, because it is characterized by high preva-
lence and rapid development of complications. The question of effective pharmacotherapy of alcoholic heart damage re-
mains open. The use of hydrogen sulfide donors is prospective in this direction. Aim. To evaluate the influence of hydrogen
sulfide donor on histological changes of rat myocardium during experimental alcoholic cardiomyopathy in rats. Methods.
Experimental studies were conducted on 30 white non-linear male rats. According to the purpose of the study, all animals
were divided into three groups (10 rats each): 1st group — control; 2nd group - animals that were simulated alcoholic cardi-
omyopathy by intragastric administration of 20% aqueous ethanol solution (at a dose of 8 g/kg/day) for 90 days; Group 3 -
rats that, after the cessation of alcoholism, were injected with the donor H2S - NaHS in a dose of 3 mg/kg/day intraperito-
neally for two weeks. Histological studies of fragments of the left ventricle were carried out on the basis of the Vinnytsia
Regional Pathological and Anatomical Bureau according to the generally accepted method using an Olympus BX-41 light
microscope (Olympus Europe GmbH, Japan). Results. Data from histological studies showed that alcoholic cardiomyopathy
is accompanied by a number of changes in the vessels of the myocardial stroma and muscle fibers. Ischemia and spasm of
blood vessels, partial detachment of the endothelial layer, signs of myocardial inflammation, as well as ischemia of muscle
fibers, which is accompanied by myolysis, fragmentation, abrasion of transverse striations, areas of hypertrophy, are noted.
Under the conditions of using the hydrogen sulfide donor NaHS, the expressiveness of the structural changes of the myo-
cardium initiated by alcoholic cardiomyopathy decreases: the condition of the endothelial lining of the arterioles improves,
the signs of vascular spasm, myocardial inflammation, and ischemia of muscle fibers decrease. Conclusion. The conducted
histological studies confirmed the presence of donor hydrogen sulfide cardioprotective properties in experimental alcoholic
cardiomyopathy.
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Beryn

3II0BKUBAHHS AIKOTOJIO € BAYKIIUBOKO MEIHKO-
COIIATBHOIO MPOOJIEMOI0 CHOTOACHHS, MO 00YMOB-
JICHO BHUCOKOIO IMOIIUPEHICTIO, TOKCHYHUM ypasKeH-
HSIM Pi3HUX TKAHHH 1 OpPraHiB Ta aCOLIIOETHCS 3 BUCO-
Kot cMmeptHicTIO [1, 2, 3]. Y BCchOMY CBiTi KOXHa
TPETs JIIOJIMHA BXXMBA€E AJKOTOJb, cepel Hux 25%
*iHOK 1 39% 4osoBikiB, a B €Bpomni 10 50% mopoc-
JIOrO HACeJIeHHS! CHOXKUBAIOTh AJKOTO0JIb PEryJsipHO
[1]. Ocranim wacom 3adikcoBaHa TEHICHILSI OO0
3pOCTaHHs YaCTOTH CIIOKMBAHHS  AJIKOTOJBHUX
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HATIOIB cepel MoJoi Ta miniTkiB [ 1, 4]. Tak, Hanpu-
KIaa B YKpaiHi 3a Janumu onuTyBaHHS y 2019 pori
0M3bKO0 85 % miUIiTKIB MAaOTh JOCBIJI BXKUBAHHS aJl-
koromo [4]. HaaMipHe BXXKHBaHHS aJIKOTOIIO € BaXK-
JMBUM (AKTOPOM PU3HKY PO3BUTKY PI3SHOMAHITHHX
TOCTPUX Ta XPOHIYHUX 3aXBOPIOBAHB 1 € MPUYUHOIO
61m36K0 5 % ycix cmepreii [5].

Toxcu4YHMI BIJIMB €TaHOJY HAa OPTaHi3M Ma€ CH-
CTEMHY JiI0 1 BUKJIMKAE TMOIIKOHKCHHS MPAKTUIHO
BCIX OpraHiB Ta CHUCTeM opraHizmy [2, 5]. Anxo-
TOJIbHE YpPaKEHHS CEpLEBO-CYJMHHOI CHUCTEMH
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mociiae Ipyre Micie 3a TMOUTUPEHICTIO TICHs IOII-
KOJUKEHHS IMCYiHKM Ta IIUTyHKOBO-KHIIKOBOTO
TpakTy. Y BUCOKHX no3ax (Oinbmie 60 r/no0y mms Jo-
70BiKiB 1 40 /000y [T JKiHOK) 1 32 TPHBAJIOTO CIIO-
JKUBaHHSA (3a3Bu4aii Oinpine 10 pokiB) eTaHON CripH-
YHHSE PO3BUTOK aTEPOCKIIEPO3y KOPOHAPHUX, Iepe-
OpaybHUX 1 mepupepruyHUX CYAWH, apTepialbHOT
rinepreHsii Ta Mporpecyrvoro MOIIKOJHKEHHS Mio-
kapay (ankorompHa —Kapaiomiomaris) [5]. Ha
ChOT'O/IHI IIMTaHHS [IATOTEHE3Y PO3BUTKY TOKCHYHOTO
YpaKeHHSI CeplLs 3aJHMLIAETHCSA BIJKPUTHM, IO B
3HA4HIN Mipi CTpUMYy€E pO3poOKy e(pEeKTHBHHX 3a-
co0iB TpOQIIAKTHKKH Ta IKyBaHHA aJKOTOJIBHOI
Kapaiomionarii.

OcrtaHiM YacoM TpPOBOIATHCS IHTCHCHUBHI JO-
CIi[DKEHHS IOJI0 BUBYCHHS POJi CHCTEMH TiIpOTeH
cympdimy (H2S) B MexaHi3Max IOIMIKOIKEHHS Mio-
Kapay Ta KapaionuTornpoTekii. [lokazaHo, 1o BUKO-
puctanHs oHOPiB H>S BHsBIsLE MOTYXHI 3aXUCHY
JI0 MOJ0 cepus 3a iabeTH4YHOI KapaioMmiomarii,
imemii / penep¢ysii Miokapay Ta IHIIMX Maro-
noriyaux cra”iB [6]. [Ipore, mpakTHYHO BiJACYTHI
maHi mogao pom HpS B marorenesi ankorosibHOL
KapaioMionarii Ta MOXKJIMBOCTiI BUKOPUCTAHHS MOJIY-
JATOPiB Horo 0OMiHY 3 METOIO (hapMaKOTEpaITii.

Mera

OIiHATH BIUTUB JOHOpA TiIPOTEH CyIb(imy Ha
TICTOJIOTIYHI 3MiHU MiOKapIy OIypiB 3a EKCIIEPUMEH-
TaNBHOI aJKOTOJIBHOI KapAioMiomnaTii y mrypis.

Marepiaaun Ta meToan

ExcniepuMeHTanbHi JOCHIIKEHHS IPOBEACH] Ha
30 6imux mrypax-camipix Jinii Bictap macoro Tina
180-200 r, orpumanux 3 Y «lHCTHTYT (hapmako-
norii T Tokcukosnorii AMH VYkpainm». [lo novatky
JIOCITIJDKEHHS TBapUH yTpUMyBanu 14 qHIB B yMOBax
BiBapifo BIiHHHMIFKOTO HAIIOHATHPHOTO METUYHOTO
yHiBepcutety iMmeHi M.I. IluporoBa mist agamrarii.
[lix 9ac mnpoBeneHHS EKCIEPUMEHTAIBHUX JI0-
CJIIJPKEHb CIIOCTEpirajiy 3a 3arajJbHUM CTaHOM TBa-
PHH, CIIO)KMBaHHSAM KOPMY 1 BOJH, IOZIGHHO BH3Ha-
yanu Macy Tina. JlabopaTopHHMX TBapHWH TOXyBajx
30aJlaHCOBaHUM TPaHyJIbOBAaHHM KOPMOM JUIS TI'pH-
3YHIB Ta TOWIM OXOJIO/KEHOIO KHII'SIYEHOIO BOJIOIO
ad libitum y BigmoBimHoCTI 10 HOpMaTHuBiB. CBiTIIO-
BUH peXUM CKiagaB 12 roaud cBiTia ta 12 roauH
TeMHOTH. Bci etanu gocmipkeHs BUKOHAHI 3a 3arajib-
HUMH €THYHUMH TIPUHIMIIAMH EKCIEPHMEHTIB Ha
TBapuHax 3rigHo [lepioro HarioHaIBEHOTO KOHTPECY
VYkpaiau 3 Oioetuku (Kuis, 2001), «EBpomneiicbkoi
KOHBEHIIT PO 3aXUCT XpeOETHUX TBAPHH, 1110 BUKO-
PHUCTOBYIOTBCS JUIS JIOCTITHUX Ta iHIIMX HAYKOBHX
uineit» (CtpacOypr, 1986), a Takox 3akoHy YKpainu
Ne 3447-1V Bix 21.02.2006 «IIpo 3axucT TBapHH BiJ
’KOPCTOKOT'O TIOBOIXKSHHSI.

BiamoBigHO 10 METH IOCHIKEHHS yCi MmMiIao-
CITiTHI TBApWMHH HOAUIeH] Ha TpH Tpym (mo 10 mrypis
y KoxHi). [Iepiia rpyna — KOHTPOJIbHA, OTPUMYBAIH
€KBI0O’€MHI KiIBKOCTI PO3YMHHHKIB. B mpyriii Ta
TpPETii rpynax MOJETIOBAIH aJKOTOJIbHY KapAioMio-

TaTiI0 NUIIXOM iHTparacTpajbHOTO BBEIEHHS 3a JI0-
mmoMoroio 301y 20 % BOJHOTO PO3UMHY €TaHOIY (B
no3i 8 r/kr/no0y) mpotsrom 90 mi6 [7]. Hlypam 3-oi
TPYIIH MiCIIS IPUITMHEHHS aJTKOTOJTi3a1li1 BBOAMIH JI0-
HOp H>S - NaHS-(Sigma, CIIA) y no3i 3 mMr/kr/mo0y
iHTpaIepUTOHEATBHO TIPOTATOM JBOX THKHIB [8].

INcronoriuni AOCHipKEHHsS MPOBEJCHI Ha 0asi
BiHHHIIBKOTO 00JaCHOTO MAaTOJOr0-aHATOMIYHOTO
oropo (minensis MO3 VYkpainu AE Ne 638623 Bin
23.04.2015, Ne 240). MarepiaioM Juist FiCTOJIOTIYHUX
JOCITiKEeHb OynK parMeHTH JIiBOTO IIUTYHOYKA PO3-
Mmipom 1x1 cm. IlImarouku dikcyBanu B 10 % po3s-
ymHI popMaiHy (TpUBATiCTh eKcro3uii - 1-2 gobwn).
[icna ¢ikcanii mIMaTOYKA TPOMHUBAIH BOJOI0, TIPO-
BOAWIM 3HEBOJHEHHS (iKCOBAaHOTO MaTepiany y
CIHPTaX 3pOCTAI0¥0l KOHIEHTpAIlil Ta 3alIMBaid B
nmapadinoBi 6moku. [lani roTyBagM HammiBTOHKI 3pi3n
(4-5 MKM) 3 BHKOPHCTAHHSIM CaHHOTO MIKpOTOMa
(MC-2M, Mikpomen), 3abapBiroBajd IX Tre-
MaTOKCHJIIHOM 1 €03WHOM, a TaKOoX 3ali3HUM TIe-
MmarokcuniHoM (3a Pero). CaitinoonTuyne no-
CJIIJDKEHHSI TICTOJIOTIYHMX IMpernapariB NPOBOAWIN 3
BHUKOPHUCTAHHSIM CBITIIOBOro Mikpockomy Olympus
BX-41 (Olympus Europe GmbH, SnoHis) mpu 30116~
meHHAX Mikpockomy %100 (ok. 10, 06. 10) Ta x400
(ok. 10, 06. 40). MikpogoTorpadii BUTOTOBISIHN 32
noromororo ¢porokamepu Olympus C-5050 Zoom
(Olympus Europe GmbH, Smonis).

Pe3yabTaTH Ta iX 00roBOpeHHs

3a pe3yabTaTaMH TICTOJNOTIYHHX JOCIIIKEHb
BCTAHOBJICHO, III0 AJKOTOJbHA KapIiOMiomatis Cy-
NPOBOJIKYETHCS BUPA3HUMU CTPYKTYPHUMH 3MiHAMHU
CYAMH CTpPOMH MioKapay. BoHn xapakrepusyBaiuch
HEJJOCTaTHIM KPOBOHAIIOBHEHHSM, apTepii cepeiHb-
OT0 Ta MaJIoro JiaMeTpy MaJli 3BY>KeHi IIPOCBiTH, 03
HasBHOCTI B HuX BMmicty. [lomexkymm Bigmidann
IUITHKA 1mIeMii CyIWH, B SKUX apTepioynn mepely-
BaJH B cTaHi cna3my. CTiHKH OCTaHHIX OYJIH IPOCSK-
HEHHI IUTa3MOI0 KpPOBI, TPOCBITH iX HEpiBHI, HE
MICTIJIH €pUTPOUHUTIB. EHIOTENONUTH iHTHMHU ap-
TEpioa XapaKTepU3yBaINCh HEUIUIBHUM CIIOIYyYeH-
HSIM 3 0a3aJbHOI0 MEMOPaHOI0, OyJIN PO3IYIIEHUMH,
MaJli 3a0KpyrieHy ¢opmy, rinepxpomHi spa. Crio-
CTepirajiy 4aCTKOBE BiJIIApyBaHHs €HI0Te1aIbHOTO
BUCTWJICHHSI CTIHOK apTepion Bix 0a3ajabHOI MeM-
OpaHw, a TAKOK PO3BOJIOKHEHHSI ITiICHI0TETIAIbHOTO
mapy. Kaninsipu MikpomupKyIsTOPHOTO pyciia B Ml
TpyIi EKCIIEPUMEHTAIBHUX IMypiB MalHd BHTII
TSDKIB, CTIHKHM iX OyNnH HaAOpSKIMMHU, HMOBIpHO, BHA-
CIIJIOK TIPOCAKHEHHs IUIa3Mor. Bimmidamn Takox
HasIBHICTD NIEPUBACKYJIIPHOTO HAOPSKY

[Mopsia 3 M 3a AJIKOTOIBHOTO YPAXKEHHS ceplist
capkoria3Ma CKOPOTJIMBHX KapIiOMiOIHMTIB Malia
3epHUCTICTh, IX smupa Oynu mosixpoMaTodinabHi,
OCKIJTBKM Ha TICTOJOTIYHHX MpenapaTax BiaMidann
K KOMIAKTH3aIii0, TaK i PO3PIHKEHHS XPOMAaTHHY.
Takox BinMidaay HasBHICTh BOTHHII PyWHYBaHHS
M’SI30BHX BOJIOKOH — MioJizy. B mmx 30Hax BOHH
BTpayvaly 4iTKi 0OpUCH, IOIIepeyHa MOCMYTOBaHICTh
Oyna creproro, a iX s[pa MaJld BUIJISA] KOHTYPIB.
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M’5130Bi BOJIOKHA B OKPEMHX JIISTHKAX MW 3BUBH-
cTuii Xif. JUTstHKY ypaskeHHS BOJIOKOH 100pe (apOy-
BanuCh OazodinpHUME OapBHHKamMu. KpiMm Toro, xa-
pakTepHIM OYB 3epHHCTO-TIIMOYACTHH pO3Maj cap-
KOTTa3MHU M’ SI30BUX BOJIOKOH, IO BiAMIYali B OKpe-
MHUX TOJIAX 30py. TakoX B OKpeMHX AIISHKAX Mio-
Kapay BiaMivanach JiimMdoricTionuTapHa iHQiIbTpa-
uis (puc. 1-3).
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Pwuc. 1. TicTonoriyHi 3MiHM Miokapay wypa 3 rocTporo
ankoronibHOK iHTOKCUKALED Ta KOPEKUIE KOPBITUHOM.
PparmeHTauis M'sI30BMX BOJIOKOH (1), akueHToBaHa mno-
CMyroBaHicTb (2), ckopoTnusi kapgiomiounTn (3), nimdo-
ricTiounTapHa iHdinbTpauis (4), npocsit aptepionu (5), Bia-
LapyBaHHA eHAoTenianbHOro wapy CTiHkM aptepionu (6).
3abapeneHHs remaTokcuniHOM Ta eo3nHoM. %200.

B npenapartax, 3abapeienux 3a Pero (puc. 3),
TaKOX BiAMIYaJIM TOPYLUIEHHS HOPMAJIBHOI TiCTO-
CTPYKTYPH TKaHWHH MiOKaply, peECTPYBaJIN O3HAKH
imeMii M S30BHX  BOJIOKOH. 3a  aJIKOTOJIbHOL
Kapaiomionarii M’s30Bi BOJIOKHA HE MaJl XapaKTep-
HOI TIONEPEeYHOI TOCMYTOBAaHOCTI, BigMiYajiHCh
IUITHKHA 1X (parmenTanii ta nectpykumii. [lopsn 3
UM peecTpyBaId K atpodiro, Tak i rimeprpodiro
M’SI30BHX BOJIOKOH.

Puc. 2. CTpyKTypHi 3MiHK Miokapay LLypiB 3a ankoronb-
Hoi kapgiomionarii. Cna3m aptepion (1), mioni3 (2), 3epHu-
CTO-rMnBYacTWin po3nag capkonnasmy M’S30BMX BOIOKOH
(3), nepusackynspHuii Habpsik (4). 3abapsneHHsa re-
MaTOKCUNIHOM Ta eo3uHoMm. x100.
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Puc. 3. TicTonoriyHi 3miHM Miokapada wypa 3a anko-
ronbHoi kapgiomionatii. CkopoTnuei kapgiomiountn (1),
aapa kapgiomioumnTie (2), AinsHkM dparmeHTauii M'30BMX
BOJITOKOH Miokapaa (3). 3abapeneHHs 3a Pero. x400.

.
'.'/ '/{"‘!’ =y

3acTocyBaHHA JIOHOpPY TiAporeH cyibdimy
NaHS crnpuunHsAIO0 MOKpameHHs TiCTOJIOTIYHOI Op-
radizamii MioKapay TBapHH TIPH  AJKOTOJBHIN
Kapaiomiomnarii. 3a IMX yMOB M’S30Bi BOJIOKHA Oyin
(parMeHTOBaHI JIMIIE MICISIMH, MONEpPEeYHa I10-
CMyroBaHicTh OyIa 30epexeHna. [{utomnnasma ckopoT-
JIUBUX KapAiOMIOITUTIB HE MiCTHIIA 3EPHUCTOCTI, sIpa
JSSIKUX KapiOMIONHUTIB Oyau MOIiMOPQHI Ta Timo-
XpoMHi. Borauma Mionizy He BHSBISUIMCH. Ap-
TEpiOIM MICTUIIM CJIaJPKi €pPUTPOLMTIB Ta €JIeMEHTH
6imoi kpoBi. CTIHKM KPOBOHOCHHX CYIWH Ml
O3HAaKH IUIA3MaTUYHOTO MPOCSIKAHHS, XapaKTePHUM
OyB NepUBACKYyJSIPHUN HAOpSAK, aje HOTO iHTEHCHB-
HICTh OyJla MEHIIIOIO MOPIBHSAHO 3 HENIKOBAHOIO T1a-
Tonorieo. (puc. 4). B nmpenaparax, 3abapBieHuX 3a
Pero, moxasaHo 3Ha4yHe 3MEHIICHHS BHUPAa3HOCTI
irmemii M’SI30BHX BOJIOKOH, BiAMIYaJuCh JIMIIE IIO-
OJIMHOKI AUITHKY (pparMeHTarii Ta JecTpyKIIii.

IIpoBeneHi AOCHIDKEHHS  3acBIAYMIIHN, IO
eKCIIEpUMEHTaJIbHA ~ aJIKOTOJIbHA  Kapjiomionaris
BUKJIMKAE PsIJl CTPYKTYPHUX 3MiH B MiOKap/i LIypiB.
B cyaumHax CTpOMH INYpIB PEECTPYIOTBCS O3HAKH
irmeMii, cra3my, 9acTKOBE BiIIapyBaHHS €HIOTEIIO,
nepuBacKy/sIpHUil HaOpsik. B okpeMux ainsHKax
MiOKapJy BUSIBIIIOTHECS 30HH JTiM(OTiCTIOMUTAPHOT
iHOLTBTpAaIii, IO CBIAYUTH PO PO3BUTOK 3aIaibHOT
peaxuii. Ilopsx 3 MM pO3BUBAETHCS imIeMis Mio-
Kap/y, PeECTPYEThCS MioJi3 Ta (parMeHTaiis M’s30-
BUX BOJIOKOH, aKLEHTYETHCS IX IONEPYHA TTOCMYTro-
BaHICTh, BU3HAYAIOTHCS AUIIHKY rineprpodii. Otpu-
MaHi pe3yJbTaTH TICTOJIOTIYHUX JIOCIIPKEHb aJIKO-
roJib-iHIlifOBaHMX 3MiH B MiOKap[i HIypiB He cyme-
pedats naHuM Jiteparypu [9, 10].

Bukopucranns noHOpy rigporeH cyibdiny
NaHS 3a anmkoronpHOI KapaiomiomaTii XapakTepu-
3Y€ThCS BUPA3HOIO KapAiOIHUTONPOTEKTOPHOIO JIiET0,
sIKa OTIOCEPEKOBYETHCS Uepe3 HOoro NpoTHilIeMiuHi,
MIPOTH3aIajbHi Ta eHJ0TETI0TPOITHI eeKTH, PO M0
JIOKA30BO CBiAYaTh pe3yJbTaTH TiCTOJOTIYHHX JI0-
CITi/KEHb.
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Puc. 4. TicTonoriyHi 3miHM Miokapay Lypa 3a arnko-
ronbHoI kapaiomionartii Ha Tni kopekuii NaHS. dparmeHTauis
M’SI30BMX BOSOKOH (1), akueHToBaHa MOCMYroBaHICTb (2),
3BMBUCTUI Xig M’'sI30BMX BOIOKOH (3), BUOOBXEHI siapa CcKo-
poTNMBKX KapgiomiouuTis (4), Habpsik cTiHkM apTepionu (5),
enemMeHTu 6inoi kpoBi B NpocsiTi apTepionu (6). 3abapsne-
HHS1 reMaTOKCUIIHOM Ta eo3nHoM. %200.

Puc. 5. TicTonoriyHi 3MiHW Miokapgda Lypa 3a anko-
ronbHoi kapaiomionarii Ha Tni kopekuii NaHS. 3abapBneHHs
3a Pero. x400.

B nmiteparypi Hamu 3HaiijeHa JMIIe OJHA
nyOuiKaiis B AKii HAroJIOIIYETHCS HA 3aXHMCHIN il

rigporeH cynbhigy o0 cepIist MUIICH 3a aJIKOTOJb-
HOi Kapaiomiomnartii [11]. B Toif xe gac icHyIOTh AaHi
IOJI0 TEeMaTo- Ta HEePPONpPOTEKTOPHOI Iii JOHOpA
rizporeH cynbdigy 3a amKOTONBHOTO YpaKCHHS
mediHku Ta HAPOK [12]. Takox B miteparypi HaBO-
IATHCS JaHi MO0 KapIiOMPOTEKTOPHUX BIACTHUBO-
CTeH TrifiporeH cynbdiny 3a pi3HHX CEpLEBO-CYANUH-
HUX 3aXBOproBaHb [13].

BucHoBku

1. ArnkorompHa KapIioMiomaTis CYHpPOBOJ-
JKYETBCSI PSAZOM TICTOJIOTIYHHMX 3MIH CYIUH CTPOMH
MiOKapy Ta M’S30BHX BOJOKOH. BiamidaroTbcs
iIIeMist Ta cria3M CyAHH, YaCTKOBE BigIIapyBaHHS CH-
JOTEITiaTBHOTO APy, O3HAKH 3aIaJICHHS MiOKapIy, a
TaKOX imeMis M’S30BHX BOJOKOH, SIKa CYIPOBOJ-
KYETbCA iX MIONi30M, (parMeHTAIi€l0, CTEPTICTIO
MOTIePEYHOi TOCMYTOBAaHOCTI, MAUITHKAMH Tirep-
Tpodii.

2. 3a yMOB 3aCTOCYBaHHS JIOHOPY TiJpOTreH
cynb¢iny NaHS 3MeHmIyeTbcst BUpa3HicTh CTPYKTYp-
HUX 3MiH MiOKapJy, IHIIIHOBaHMX aJKOTOJILHOIO
KapIioMiONAaTi€ro: MOKPAIYEThCS CTaH €HI0TeNiallb-
HOi BHCTWJIKM apTepioj, 3MEHIIYIOTbCS O3HAKU
CHa3My CyIUH, 3aIIaJICHHS MiOKap Iy Ta imeMii M’s130-
BUX BOJIOKOH.

IepcnexkTHBY MOJANBLIIMX PO3POOOK

BukopucTanHsS NOHOPIB TigporeH cymeQiny €
MEPCIICKTUBHUAM HANpPSMKOM CydacHol (apmakoTe-
pamii amkoromsHOI Kapaiomiomarii. [Tomamemmi mo-
CJIIJDKEHHS B I[bOMY HANpPSMKY JI03BOJISITH OOTPYHTY-
BaTH JOIIBHICTh BUKOPUCTAHHS JOHOPIB TiIPOreH
CyiabdimTy 3 METOK KapiOMUTOMPOTEKINT 3a aaKo-
TOJIFHOTO YPa)KeHHS CepLisl.

Indopmanis npo koHQJIIKT iHTepeciB

[MoTteHuiitnnx abo sBHUX KOHQIIIKTIB iHTEpECIB,
IO TOB'S3aHI 3 LUM PYKOIMMCOM, HAa MOMEHT
myOikarii He iCHye Ta He mepen0adaeThes.

dxepena piHaHCYBaHHA

PoGota BHKOHaHa B paMKax HayKOBO-IOCIIiTHOT
temMu «Posie HoS-cHrHaNBHOI CHCTEMH Y MOIYJTALIT
010JIOTIYHOT AKTHBHOCTI Ta TOKCHYHOCTI JIIKAPCHKUX
3ac00iB 1 010JIOTIYHO-aKTUBHUX PEYOBHUH» (HOMEP
nepxkaBHoOi peectparii 0124U002903).
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Matsam O.P., Bonomyk H.I. Bnius 1oHopy rigporeH cyJjbginy Ha ricroJoriusi 3Minu cepus mypis 3a
AJIKOr0/1bHOI Kapaiomionarii.

PE®EPAT. AktyanbHicTh. AJIKOTOJIbHA KapIiOMIONAaTisl € aKTyaJIbHOO IPOOJIEMOIO ChOTOJICHHS, a)Ke Xa-
PaKTepU3y€eTHCSI BUCOKOIO MOIIMPEHICTIO Ta CTPIMKHM PO3BUTKOM YCKIIaHEHb. 3aJIMIIAEThCS BIAKPUTUM IIHTaHHS
mo10 eeKTUBHOI (hapMaKkoTepalrlii aKOTroJIbHOTO ypaXKeHHs ceplist. [lepcrneKTHBHUM B [IbOMY HAIPSIMKY € BUKO-
pHUCTaHHS TOHOPIB TiIporeH cynbdimy. MeTa. OLIHITH BIUIHB JOHOpPA TiIAPOTSH CyIb(iAy Ha TiCTOIOTIYHI 3MiHA
MiOKapy IIypiB 3a eKCIEPUMEHTAIBHOI aJIKOTOIBHOI KapaioMmionarii y nrypis. Meroau. ExcriepuMeHTanbHI 10-
cmipkeHHs mpoBeneHi Ha 30 mrypax-camipgx JiHii Bicrap. BiamoBimHo 1o MeTH MOCTIIKEHHS yCi TBapUHHU
nofiteHi Ha Tpu Tpy1 (1o 10 mrypiB y KOXHIi): 1-1a rpyma — KOHTPOJIbHA; 2-Ta TPYyIIa — TBAPUHH, IKUM MOJIEITIO-
BJIM JIKOTOJIbHY Kap1iOMiOIIaTii0 IUIIXOM iHTparacTpaibHOro BBeaeHHs 20 % BOIHOTO PO3UMHY €TaHOITy (B /1031
8 1/kr/mo0y) mpotsarom 90 ni6; 3 Tpyna — mIypH, SKAM IICIIsl IPUIHHEHHS aIKoroizamii BBoam qoH0p HoS —
NaHS y 1031 3 Mr/xr/mo0y iHTpanepuTOHEaIbHO MPOTATOM JBOX THXKHIB. [ICTONIOTIYHI JOCTIHKEHHS (parMeHTiB
JBOTO LUTYHOYKA MpoBe/ieHi Ha 6a3i BIHHUIIBKOTO 001aCHOT0 MaToJIOr0-aHaTOMIYHOTO OIOPO 3a 3arajbHONPHIA-
HSTOK METOIUKOI 3 BHKOPUCTaHHSM CBiTIoBOro Mikpockony Olympus BX-41 (Olympus Europe GmbH,
Snowist). Pe3yabraTu. J[aHi TicTONOTIYHUX TOCIIIHKCHD MOKA3alld, [0 aJIKOTOJIbHA KapAioMIomnaTisi CymnpoBOI-
JKYETBCS PSAZOM 3MIiH CYAMH CTPOMH MIiOKapJy Ta M’sS30BHX BOJIOKOH. BiMiuaroThCs iliemist Ta crasM CYJIHH,
YacTKOBE Bi/IIapyBaHHS €HAOTENIATBHOTO IIapy, O3HAKH 3aNaJICHHS] MiOKap.ly, a TAaKOX iIIeMist M SI30BUX BOJIO-
KOH, SIKa CYIPOBODKYETHCS IX MiOJi30M, (pparMEeHTAII€l0, CTEPTICTIO TTONEPEIHOI MOCMYTOBAHOCTI, MiJITHKAMH
rinepTpodii. 3a yMOB 3acTocyBaHHS AOHOPY riaporeH cynbdpiny NaHS 3MeHmyeTscst BUpa3HICTh CTPYKTYpHUX
3MiH MiOKapAy, iHIMIHOBaHUX AJKOTOJIFHOI KapAiOMIONATI€r0: TMOKPANIYEThCS CTAaH CHAOTENiaTbHOT BUCTHIKU
apTepios, 3MEHIIYIOThCSl O3HAKU CIIa3My CYIHH, 3allajieHHs] MioKap/y Ta imeMii M’ s30BUX BOJIOKOH. Ilimcymok.
[IpoBezeHi TicTONOTIUHI JOCIIIKSHHS 3aCBIIUMINA HAsIBHICTh y JOHOPA TiIPOTEH CYIb(iay KapHaiompOTEeKTOPHUX
BJIACTUBOCTEH 32 eKCIIEPUMEHTAIBHOI aJIKOTOIBHOT KapaioMiomnaTii.

Ku1104oBi ci1oBa: ankorosbpHa Kapaiomionartisi, MOpGOJIOTis, TiIporeH cynbdia, TKyBaHHSI, ITypH.

80

MORPHOLOGIA ¢ 2024 « Tom 18 * Ne 4



K.B. Mizsikina DOI: https://doi.org/10.26641/1997-9665.2024.4.81-87

Ei?f;:ng Iér;;e;cheT, KIVIBKICHA MOP®OJIOIT'TYHA .XAPAK- )
’ TEPUCTHUKA 3MIH 3YBYACTOI ®ACIIII
I'lMlIOKAMIIA Y I1YPIB 3 PI3BHUMMUA
HEWPOKOTHITUBHUMHU PO3JIAJAMMU
Hadiua: 25.10.2024 IICJIS TAXKKOI YEPEITHO-MO3KOBOI
IHpuinsma: 12.12.2024 TPABMU

Mizyakina K.V. > Quantitative morphological characteristics of changes in the hippocampal dentate gyrus in
rats with various neurocognitive disorders after severe traumatic brain injury.

Dnipro State Medical University, Dnipro, Ukraine.

ABSTRACT. Background. In solving numerous issues related to the treatment and rehabilitation of patients with traumatic
brain injury, it is of particular interest to study the pathomorphological mechanisms that determine the nature of the for-
mation and dynamics of neurocognitive disorders at various times after the injury. The study aims to determine the tissue
and cellular posttraumatic changes in the structure of the cerebral dentate cortex of rats with various neurocognitive disorders
at different times after severe traumatic brain injury. Methods. A "shock acceleration model" was used to reproduce severe
traumatic brain injury in rats. According to the results of neurological tests, the rats were divided into three groups: 1) the
first — animals after trauma with neurocognitive disorders and memory disorders; 1) the second — animals after trauma with
neurocognitive disorders without memory disorders; 3) comparison group — animals after trauma without neurocognitive
disorders. A histological, morphometric and immunohistochemical study of the cerebral dentate cortex was carried out using
the markers B-tubulin, Synaptophysin, GAP43, NCAM1, N-cadherin, GFAP. Results and conclusion. Neurocognitive dis-
orders with memory impairment in the long-term after severe traumatic brain injury are accompanied by a deepening of
neurocyte degeneration and chronicity of neuroinflammation with activation of neuronal apoptosis and gliocyte autophagy
mechanisms, which leads to irreversible deformation of the dentate gyrus cytoarchitectonics. The progression of neuro-
degeneration is accompanied by activation of microglia and leads to disintegration and migration of macrogliocytes with
the formation of irreversible mosaic astrocytic deficiency and the formation of glial layers in the form of couplings around
hemocapillaries. Preservation of memory function in animals with neurocognitive disorders is associated with the limitation
of secondary neurocyte death and stabilization of adhesive properties of astroglia of the dentate cortex, which prevents the
formation of astrocytic couplings around newly formed hemocapillaries while maintaining the integrity of the blood-brain
barrier. In animals without neurocognitive disorders, compensatory mechanisms are implemented in the dentate cortex dur-
ing long post-traumatic period through effective neovasculogenesis, limitation of perivascular astrocyte hyperplasia and
neuroinflammation, which prevents neurocyte death and leads to the activation of synaptic remodeling from the entorhinal
cortex to the CA1 area and from the dentate gyrus to the CA3 area of the hippocampus 40 days after injury.

Key words: traumatic brain injury, rats, neurocognitive disorders, cerebral dentate cortex, morphology.
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Beryn SIKMX BITHOCHO HECKJIQJHO 3pO3yMITH Ha OCHOBI CY-
UYepernno-mo3koBa TpaBma (UMT) Buknmkae YacHUX HEHpOaHATOMIYHUX ysBIEeHb [1, 2]. V npomy

CKJIQJIHUH HaOlp NMepBUHHUX 1 BTOPHHHMX PEaKIii,
SKI YIIKOJUKYIOTB JIUISTHKH MO3KY, 1110 00CITyTOBYIOTh
NeBHI KOTHITUBHI QyHKII1. BorHUIIEBi yIrkomKeHHS
BUKJIMKAIOTh CTiHKI KOTHITUBHI MOPYIIEHHS, THIH

BiJJHOILICHH] BHUKJHMKAIOTh IHTEPEC KOHKPETHI TOIO-
JOTiYHI 0COOJIMBOCTI CTPYKTYpHHX IepedysoB pi3-
HUX BiAauTB TooBHOTO MO3Ky (I'M), siki BinOyBa-
I0ThCS MPOTSATOM BiJIAJICHOTO MOCTTPaBMaTHYHOTO

81

MORPHOLOGIA ¢ 2024 « Tom 18 * Ne 4



nepioxy i MmMoB’s3aHi 3 XapaKTepoOM HEHpPOKOTHITHB-
HUX PO3JIAJIiB.

ITicns UYMT 3amanpHa peakxilis, TOKCHYHICTH
TIIyTaMaTy Ta iHIIUX MeIiaTOpiB, yTBOPEHHS BUTBHUX
panuKaiiB, iI0HHHN I¥cOaaHC 1 aKTHBAIisA aIoITo-
THUYHHX HPOLECIB CIPUYNHSIIOTH MACOBAHY BTOPHHHY
3aru0enb HEHPOHIB, THM 4acoM NPHU3BOASYH JI0 Ha-
OpsIKy MO3KY, MOIIKOJKEHHsI aKCOHIB 1 aHOKCI, Jie-
cTpykuii rematoeHuedainiusoro 6ap’epy (I'EB), mo-
CHJICHHS 3alaJieHHs, OKUCIIOBAJILHOTO CTpecy Ta
HeliposiereHepartlii, 1110 00YMOBIIIOE TTIOTIIHOJICHHS KO-
THITUBHUX TOpYIIeHb [3-5]. OCHOBHOIO MPHYUHOIO
HEWPOKOTHITUBHUX MOPYIICHD € ITOMIKOKEHHS HEp-
BOBHX KIITHH, HPOTE TaKOX aKTHUBYIOTHCS acTpo-
[IWTH, OJITOJEHAPOIUTH Ta Mikpormis [6-9]. Excaii-
TOTOKCHYHI ITOUIKOMKEHHS IIPU3BOIATE IO IOPY-
IICHHS KOTHITHBHUX (QDYHKIIH (30yIKEeHHS, IIIBUIKO-
cTi 00poOKH iH(pOpMarii, yBaru, mam’sTi TOIIO), SKi
peaNizyloThbCsl 32 y4acTi ypaKCHUX AISIHOK MO3KY
[10, 11]. 3 Mipoto TOTO, SIK TOCTPUI HEHPOMEIiaTOp-
HUH IrcOaaHCc MOCTYIOBO PEeNyKY€eThCs ab0 TpaHC-
(hopMyeThCsI, TOBIOTPUBAIUHN NE(IITUT PO3BUBAETHCS
B LepeOpaNbHUX XOJIHEPTIYHUX CHCTEMax 1, MOX-
JMBO, TAaKOX y KaTEXOJIAMIHEPTIYHHX CTPYKTYypax,
IO TPOJIOHTYE a00 MOTIIUOIOE TIOPYIICHAS KOTHITH-
BHUX QyHKIiH. [ToBiMOMIIS€TECS TAKOXK, IO ICHYE Ti-
CHHUH 3B’A30K MiDX HEHPOAECTPYKTHBHHMH IMPOIIC-
caMy, KOTHITUBHUMHM TOPYIICHHAMH Ta CHHAITHY-
HOIO mepeaadeto [12-15].

TakuM 4uMHOM, JOTenep YSBICHHS IO B3ae-
MO3B’5I30K MK ITOCITIJJOBHICTIO NATOTCHETHYHUX Me-
XaHI3MIB TPaBMAaTUYHOTO YIIKOJDKEHHS T'OJIOBHOTO
MO3KY 1 XapakTepoM KOTHITUBHMX MOPYIIEHb MiCIIs
YMT 3anumaroTbes pparmeHTapuumu. Hapasi cyme-
PEWIMBHMH € BiJOMOCTI MPO JMHAMIKY BiIaJICHUX
MOCTTPAaBMATHYHHX 3MiH MUKKIIITHHHUX B3aEMOMIN Y
pizaux Bimminax I'M. TToTpeOyOTh CYyTTEBHX YTOY-
HEHb BIJIOMOCTI IPO YYTIHUBICTH Pi3HUX HEHUPOHIB i
KIIITHH HEHpOTIii 10 TpaBMHU Ta iX 3AaTHICTH 10 Bij-
HOBJICHHS B 3aJIS)KHOCTI BiJ JIOKaJTi3aIlii yITKOKeHb
Ta XapakTepy Iepe0yIoB TeMOMIKPOIMPKYIAIl B
MOCTTPaBMAaTUYHOMY HEPIOi.

Meta

Merot JociifpkeHHsT OyJl0 BHM3HAuUSHHS TKa-
HUHHUX 1 KJIITHHHUAX MTOCTTPaBMaTHYHUX 3MIH CTpY-
KTYpH KOpW 3y04acToi 3BUBMHHU TOJIOBHOI'O MO3KY
IIypiB 3 Pi3HUMH HEHPOKOTHITUBHIUMH PO3JIATAMHU Y
Pi3HI TEPMIHU MICIA TSHKKOI YepeITHO-MO3KOBOI Tpa-
BMH.

Marepianu Ta meToau

O mopenroBaras TUMT y mopocnux HemiHiH-
HUX OIypiB-caMIliB (BikoM Bix 4 1o 6 Mic) 3 Baroto
300-400 r 3acTOCOBYBaJIM «MOJIENb YIAPHOT'O MPHUC-
KopeHHs» [16, 17]. Ilepen mogemoBanasiM TUMT, a
takox gepe3 10, 20 i 40 ni6 micas HbOTO IIypaM Mpo-
BOAWMIIN KOMIUIEKCHE 3arajbHe Ta HEBPOJIOTiYHE 00-
crexxenns [18]. 3a pe3ynbraTaMu HEBPOJIOTTYHHX Te-
CTIB IIypH OynH po3NoAiiieHi Ha Tpy rpynH: 1) mepma
— tBapuHH micast YMT 3 HelpOKOTHITUBHUMH po3Jia-
JlaMU 1 TOPYIIEHHSIMHM TaMm’ATi; 1) Apyra — TBapuHH
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micass UMT 3 HEHpOKOTHITUBHUMH posfiagamMu 0e3
MOPYIICHb TIaM ’sITi; 3) Tpyma MOPiBHSIHHS — TBAPUHHU
micias YMT Oe3 HeHpOKOTHITUBHUX po3namiB. KoHT-
POJBHY TPYITy CKJIAZAJH iHTaKTHI IIypH BikoM 4,8 +
0,6 mic 3 Baroro 347 £ 28 1.

Bci gocnmimkeHHs 3 1a00paTOpHUMHE TBapUHAMH
MIPOBOAMIIM 13 JIOTPUMAHHSIM IOJIOKEHb «EBpoIIeii-
CBbKOI KOHBEHIIII PO 3aXUCT XpeOETHUX TBApHH, SIKi
BUKOPHCTOBYIOTBCSI [UISl €KCIIEPUMEHTAJIBHUX Ta iH-
mux HaykoBux 1inei» (CrpacOypr, 1986), Banky-
BEpChKOi Jekiapanii mpo MpOBEIeHHS JOCITiIiB Ha
TBapuHax, IloctanoBu [lepmoro HarionansHoro
koHrpecy 3 6ioetuku (Kuis, 2001), [Tomoxenns 3 6i-
oetukd MO3 Ykpainu Bix | mucromaga 2000 p. Ne
281, 3axony Ykpainu «I[Ipo 3axucT TBapuH Bix KOp-
CTOKOro TOBOKEHHS» Ne 3446-1V Bim 21 mrororo
2003 p. 3rigHo 3 aupexrtuBoro Paqu €C 2010/63/EU
PO JOTPUMAHHS IIOCTAHOB, 3aKOHIB, aIMiHICTPaTHB-
HUX nosnoxenp [lepxkaB €C 3 muTaHb 3aXHCTy TBa-
PYH, sIKi BAKOPUCTOBYIOTHCS 3 HAYKOBOIO MeTOIO [ 19,
20].

Jlis MOpdOIOTiYHOrO TOCHTIKCHHS BEITUKUI
MO30K QikcyBanu npotsirom 24 roaus y 10%-my po-
3unHi 3a0ydepenoro popmaniny. [licnsa dikcarii mo-
30K po3pi3and y ppOHTANBHIH IDIOMIMHI Ha YaCTOYKA
Ha piBHI JTIMOIYHOI YaCTKH 3 MOJANBIINM BHTOTOB-
JICHHSAM TaparuiacToBux OiokiB. [icromoriudi 3pizn
3aBTOBIIKH 5-7 MKM i3 3a0apBiieHH:IM iX 3a Hicciem
(TioHIHOM i3 TOTaBaHHAM KpPE3WIBIOIETY) a00 iMITpe-
rHami€ero cpidaom [21, 22] BUBYAIH 3a JOMOMOIOIO
cBiTIoonTHYHOrO Mikpockona AxioSkope Al («Carl
Zeiss», HimeuunHa).

IMyHOTiCTOXIMIUHE IOCIHI/KEHHS 3 BHKOpHC-
TaHHSM MEPBUHHUX AHTHUTII (B-tubulin,
Synaptophysin, GAP43, NCAM1, N-cadherin, GFAP
— «Thermo Scientificy, USA) BukoHyBanu y Biamo-
BITHOCTI 110 MPOTOKONY, SKAH MICTHB HACTYIHI
etarny. QikCOBaHI Ha MPEIMETHAX CKENBIAX T1CTOJO-
TiYHI 3pi3u JeMaCKyBAIUCh YIPOIOBXK 20 XBUIUH Y
MiKpOXBHIIBOBI# niedi ipu +100°C y nutpaTtHOMY OY-
¢epi (pH 6,0). dns ominku crierudigHOCTI iMyHOTiC-
TOXIMIYHOTO 3a0apBJEHHS IMPOBOIMIM KOHTPOJIbHI
peakuii. Ha HacTynmHOMY ertami i3 3aJly4eHHSIM CHC-
temu Bizyamizauii Lab Visison Quanto (“Thermo
Scientific”, USA) npoBojuinu o0poOKy ckejeub Ta
npenapaTiB MO3Ky 3 KOXKHHUM PEareHTOM YIPOIOBK
10 XBUIUH 3 TPOMDKHUM TIpOMHUBaHHIM y Tpuc-0y-
(epHOMY pO3umHI. B SKOCTI XpOMOTeHa BUKOPHCTO-
ByBasn 3,3'-Diaminobenzidine (“DakoCytomation”,
Hanis). s qmudepeHIiFoBaHAS KOPTHKAIBHUX CTPY-
KTyp 3pi3u JOAAaTKOBO 3a0apBIFOBAN T€MATOKCHITi-
HOM Maifepa BIIMOBIHO IO 3arajilbHUX CTaHIAPTIB
[23, 24].

[MpoBoamu doTodikcariro JOCTIHKYBaHUX JTi-
JISTHOK 3y04acToi KOpH 3a J0TOMOroro 1udpoBoi ¢o-
tokamepn Axiocam ERc 5s («Carl Zeiss», Himeu-
guHa). O6poOKy oTpuMaHuX MikpodoTorpadiit mpo-
BOJIMIIH 33 JIOTIOMOT'OI0 MTPOTrPaMHOro 3a0e3neueHHs
AxioVs40 V 4.6.3.0 («Carl Zeiss Imaging Solutions
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GmbHy, Himeuuunna). [TpoBoaniu miapaxyHOK duce-
JLHOT IIUTBHOCTI HEMPOIIMTIB, CEPEIHBOTO JiaMeTpa
MepuKapioHa MipaMiTHUX HEHPOHIB, YHCEIBHOI
IIITFHOCTI MaKPOTIIIOIHTIB, MiKPOTIJTIOIUTIB i TeMO-
KaIlJIIpiB KOPH 3 BUKOPUCTAHHIM IPOTPAMHOTO Tia-
kery ImagelJ 1,47v [25].

BapianiiiHo-cratuctiyHa 00poOka OTpUMaHUX
Pe3yJIbTaTiB NPOBOAMIIACH 3 YPaXyBaHHIM KPUTEPIO
t CTprofieHTa 3a CTaHJAAPTHUMU Mpoueaypamu [26].
[Ipu npoBeieHHI CTaTHCTHYHOT 0OPOOKH OTPUMaHUX
KBaHTU(IKOBaHUX pe3yJIbTaTiB yci HEOOXinHI po3pa-
XYHKH BUKOHYBaJIM B OOOJIOHIII €JIEKTPOHHOT TaOIIHI
Excel mpm BukopucTaHHI BiNOBITHUX (GOPMYI i 3
BUKOPUCTAHHSM JIIICH31HOTO MPOTPAMHOTO TAKeTy
Statistica v6.1 (Statsoft Inc., USA) (cepifiHuii HoMep
AGAR909E415822FA).

Pe3yabTaTH Ta iX 00rOBOpEeHHs

[Ipu mopdomorivrOMyY HOCHiIKEeHH] 3y09acTol
¢acuii rimokamna I'M mypiB BCixX eKCIIEpUMEHTaIIb-
HHUX TPYN BHUSBISUIACh THIIOBA TpHIIapoBa OynoBa
KOpH, ITPOTE O3HAKM ii Ae30praHizauii Maiu HeoxHa-
KOBHil CTYIIHb Yy 3aJIC)KHOCTI BiJl XapakTepy Heipo-
KOTHITUBHOTO AedinuTy. Y TBapuH NEpIIOi eKCIepu-
MeHTaJ bHOI Tpymu depe3 10 mi6 micis HaHECCHHS
TUMT cnocTepiranuce YUCICHHI YITKOMIKCHHS KITi-
THHHOTO CKJIaJly CipOi ped4OBHHH, a TaKOX XapakKTe-
pHI HelipolereHepaTHBHI Ta NECTPYKTHUBHI 3MiHU. B
OaraTpoX IUIIHKAX BU3HAYAIWCH 30HH Jedopmartii
TPaHyJAPHOTO 1 MOJIEKYIIIPHOTO MIapiB 3y0dacToi
3BMBUHH 13 3alIOBHEHHSM X APIOHMMH OcepeaKamu
ACTPOLMTAPHOIO TI1103y 00 PO3MOBCIOIKCHHSIM 30B-
HIIIHBOTO MOJIMOP(GHOTrO XIMyCy Ha BCIO TOBIILY
KopH. Bu3Hauanock HepiBHOMIpHE CTOHIIEHHS KOPU
3 YTBOPEHHSM IUISHOK JiereHepaii cipoi peyoBUHU
J0 ToBuHU 360-420 MxM. Cnocrepirajiuch 03HaKu
TUQY3HOTO MDKKIITHHHOTO Ta MEPUBACKYIISPHOTO
HaOPSIKY, VITKOMKCHHS MIKPOCYIUH, MacOBaHOI KJTi-
TUHHOI 3aru0eri HeHpouHnTiB, BapiaTWBHI TUCTPOdi-
YHi 3MiHH 3epHUCTHX HewpoHiB. Yepes 20 140 aib mo-
CTTPaBMATHYHOTO IEPIOAY CTYHiHb JedopMarii Iu-
TOAPXITEKTOHIKM B JTAHI rpyIi TBapUH HE 3MiHIOBa-
BCs1 200 B OKPEMUX CIIOCTEPEIKEHHSIX HaBITh 3pOCTaB,
IO CBIJTYMIIO TPO HE3BOPOTHII XapakTep MaToMop-
o3y 3MiH 3y6uacToi ¢aciii rimokamria.

YV TBapuH Apyroi eKCIepUMEHTAIBHOI IPYIIH Ye-
pe3 10 nid micist TpaBMM TpiIaMiHapHa CTPYKTypa
cipoi pedoBHHU 30€epiranacs Ha BCil IPOTHKHOCTI 3y-
OuacToi Qacii rimokamma. 30HU AedopMarii mapis
KOPH Ta OCEPEJIKH aCTPOLUTAPHOTO TIIi03y 3ycTpiva-
JINCH B OOMEXKEHIN KUTBKOCTI 1 MaJId BiJTHOCHO HEBE-
Tkl po3mipu. CTOHIIIEHHS KOPH BapifoBajio y MeKax
Big 540 MxMm g0 660 mxMm. CrocTepiraaich O3HaKH
MOMIPHOTO HAOPSAKY 3 YIIKOHKEHHSIM IeMOKaIIIpiB
1 JIeTeHepaTHBHI 3MiHM Pi3HUX THIIB HEHpOHiB. Yepes
20140 116 moCTTpaBMaTHYHOTO TIEPiOAY IUTOAPXIiTE-
KTOHIKa KOPH B JAaHi{ TPYIIi TBApHUH HE 3MiHIOBAJIaCh
1 BigIOBiZana THIIOBiM TpUIIApOBiii OymOBi, O3HAKK
Helpo3anajaeHHs TOMITHO 3MEHIITYBaJIHCh.

VY TBapuH rpynu nopiBHsHHS yepe3 10 116 micns
TUMT naromopdororiuni 3MiHn 3youactoi ¢acuii

rilloKaMIa CyTT€BO MOCTYMAINCA 32 CTyIIEHEM BUpa-
3HOCTI THUM YIIKOJDKEHHSM, SIKI CIOCTEPITaluch Y
TBapUH 3 HEUPOKOTHITUBHUMHU pO3NajaMu. THIOBa
TPHUIIAPOBa CTPYKTYpPa KOPH CHOCTepiraiacs mo Beii
1 IPOTSHKHOCTI, TOBIIKMHA cTaHOBHIA 690-750 MKM i
Oyia BiTHOCHO PiBHOMIPHOIO, OCEPEIKH acTPOIUTA-
PHOTO I1i03y BUSIBJISUIMCS JIUIIE B TOOJMHOKHX BHIIa-
JIKax, POsIBU Helpo3anaieHHs Ta HelpoaereHeparii
penyKyBalliCsl TPOTSATOM JOCIIKYBaHOTO TEPMiHY
MOCTTPABMATUYHOTO TIEPioy.

[Tpu ananizi npoueciB 3aru0esni HEWPOHIB 3y0-
yactoi kopu micist HaneceHHs: TUMT cnoctepiraBest
IHTEHCUBHUH aIloNTo3 3€pHUCTHX HEHPOIIUTIB y TBa-
PHH 3 HEHPOKOTHITUBHUM nedimurom uepe3 10 mid
excnepumentyro Uepes 20 i 40 mib micns TpaBmu y
TBAapUH MEPIIOi TPyNH ANONTOTHYHUHN MpOLEC 3HA-
YHO IMOCHWJIIOBABCS, Y TOW Yac SK y TBapUH JPYroi
TPYIN 9acTOTa aloNTo3y CYTTEBO 3MEHIINYBAIach. Y
LIypiB IPYIU MOPIBHSIHHS ITOMipHA 4acTOTa aroMNTo-
TUYHOI 3aruOelli HeHPOIMTIB CIOCTepiranach 4epes
10 116 micis TYMT i B moasibIioMy cTaBajia 3Ha4HO
MEHII BHpa)XeHOI. HeKpoTHYHO 3MiHEHI HeWpoHH
BUSIBIISUIACH B OKPEMHUX CIOCTEPEKEHHSX y Mepurii
eKCIepUMCEHTANBHIN Tpymi depe3 10 mib micmst Tpa-
BMH, TIEPEBAYKHO MOOIN3Y PiOHUX OCEPEaKiB TITi03Y
B 30BHIIIHBOMY MIapi KOopH 3y04acToi 3BUBHHH. B
JPYTiii TPYIIi TBAPHH i B TPYIIi MOPIBHIHHS HEKPOTH-
YHi 3MiHH HE CIOCTEpirajucs Ha JKOTHOMY 3 TOCIHi-
JUKyBaHHUX TepMiHiB. [IposBu ayrodarii 3epHHCTHX
HEWPOLMTIB 3yCTpiyaucs B MOOANHOKUX CIIOCTEpE-
JKEHHSIX B yCIX Tpynax ILIypiB; IX yacToTa He 3ale-
JKaJia BiJl TEPMIHY IICIIsl HAHSCCHHS TPaBMH.

Mopdomerpuunnii  MiAPaXyHOK  YHCENbHOI
UIUTBHOCTI HEHPOHIB BCIX THUIIIB 3a JOMOMOTOK iMYy-
HOTICTOXIMIYHOTO BH3HAuUeHHsS ekcrpecii B-TyOy-
JiHY, SIKAA BUKOPUCTAHUN IS iAeHTH]IKAIIT MiKpO-
TpyOOYOK HEHPOUHUTIB, MOKA3aB pi3Ke 3MEHIIICHHS 3a-
raJpHOTO BMICTY HEHPOIMTIB y 3yOUacTiii hactii ri-
ITOKaMITa IIypiB repmroi i Apyroi rpyn gepe3 10 mib mi-
ciist tpaBmu — Ha 42,1% (p < 0,05) 1 41,4% BiamnosiaHo
(p < 0,05), B TO# yac siK y rpyri MOPIBHIHHS Mapa-
MeTp 3MEHIIyBaBCs y IoMipHOMY cTyrneHi —Ha 21,5%
(p <0,05). ITpu npomy y nepiii i Apyrii rpymnax TBa-
PHH YKceNbHa IUIbHICTh HEHPOHIB KOJIMBaIach B 00-
MEKEHOMY J[iaa30oHi Ha BCIX TEpMiHAX EKCIEpUME-
HTY Ta CTATUCTUYHO BaroMo MOCTYIaacs OKa3HUKY
rpynu nopiBesHHSA (Tabm. 1). Uepes 20 i 40 xi6 micis
TUMT y mypiB 0e3 HEHPOKOTHITUBHHUX pPO3TajIiB
CIIOCTEPITa’IoCh MOCTYIOBE YIIIIPHEHHS HEHPOHIB 1
HaONMMKEHHA 710 HOPMaJIbHUX 3HA4€Hb 33 PaxyHOK
00OME)KeHHSI allONTOTHYHOTO TPOIIECY 1 PeayKIii Ha-
OpsIKy Ta IHIIMX TKAHUHHUX O3HAK HeHpo3araieHHs.
Y TBapuH nepuoi eKCIepIMEHTAIBHOI TPYIH Y Bif-
JaIeHOMY ITOCTTPaBMaTHIHOMY TIepiofi BinOyBaioch
3HIDKEHHS YUCENIbHOT NIUTBHOCTI HEHPOHIB BiTHOCHO
MOKa3HWKa 1HTAKTHUX TBapuH: uepe3 20 mi® micist
tpaBmMu — Ha 50,2% (p < 0,05), uepe3 40 ni6 — Ha
57,1% (p < 0,05). Taka HeraTUBHA JMHAMIKa BMICTY
HEWpPOHIB BilI3epKaltoBaia IOTIINOJICHHS alloNTOTH-
YHOTO IpOIeCY B 3yO4acTii KOpi y TBapHMH AaHOI
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TPYIU MPOTATOM JIOCITIPKYBAHOTO TEPMiHy €KCIIepH-
MeHTY. Y TBapHuH APYrol IrpylH YHcebHa MIiJIbHICTh
HelpoHiB 3y04acToi 3BuBHHU uepe3 20 mib micist Tpa-
BMH I[IOCTYITIaacs HopMaibHOMY piBHIO Ha 37,2% (p

< 0,05), uepes 40 mi6 — Ha 35,6% (p < 0,05), icTroTHO
HE 3MIHIOIOYHCH Y TIOPiBHSHHI 3 TepMiHOM 10 mi6 mi-
CJIsl TPABMH, IO CBITYIIIO PO OOMEKEHHS aronTO3y
MPOTSATOM MOCTTPABMATUYHOIO TIEPIOY.

Tabmums 1

YycenbHa NIIBHICTH HEHPOIMTIB 3y0UacToi 3BUBHHU rinokammna, X102 mm2 (M + m
&

Tepmin micist TpaBMH

I'pynu mocmimKeHHs

[epura Hpyra [opiBHsHHS
10 ni6 15,1 £1,7 * ** 153 £1,5* ** 205+£22 %
20 ni6 13,0 £ 1,9 * ** 16,4 £ 1,7 * ** 24,7+3,0
40 ni6 11,2+£1,6 * ** 16,8 £1,9 * ** 24,6 +2,5

Tpumitka: * — p < 0,05 py NOPIBHAHHI 31 3HAYEHHAM Y TPYII iHTAKTHUX 1ypiB (26,1 £ 2,9 x102Mm2); ** —p <
0,05 mpu MopiBHSHHI 3 BiIOBIIHMM 32 TEPMIHOM 3HAUCHHSIM Y I'PYIIi TIOPiBHSIHHS.

ImynoricroxiMmigauii anamiz BBy TUMT Ha
CHHANITUYHUH amapatr HeWpoHiB 3y0dJacToi 3BHBHHHU
3a JONOMOT0I0 MOHOKJIOHJIBHUX aHTHTLI IO CHHAI-
TodizuHy (p38) BUABUB pi3Ke 3HIDKEHHS eKcIpecii
JIAHOTO MapKepa y BCIX eKCIePUMEHTAIBHUX IpyIax
TBapuH 4epe3 10 ni0 micist TpaBMU y HOPIBHSHHI 3
iHTakTHUMU TBapuHamu. Yepes 20 i 40 ni6 micns
TUMT Hu3bKa LITBHICTD P38-MIO3UTUBHUX CTPYKTYP
y 3y0uacTiii Kopi IypiB 3 HEHPOKOTHITUBHUMH PO3-
JaaMH 1 TOPYIICHHSAMHE I1aM’sITi CYTTE€BO HE 3MiHIO-
BaJach, 3aNMIIAIOYMCh HA MiHIMaTbHOMY piBHI. Y
TBapHH APYToi eKCIEepUMEHTAIBHOI IPYIH 1 B IpyTi
nopiBHAHHA yepes 20 116 micias TpaBMU BiI3HAYaI0Ch
30LIBIICHAS eKcrpecii cuHanTodi3uny, yepes 40 mid
y TIepeBaXkHii OLTBIIOCTI 00’ €My 3y09acToi 3BUBHHA
y IaHWX eKCHEePHMEHTAIBPHHUX IIpynax BigOyBasochk
BiJTHOBJICHHS IITBHOCTI P38-MM03UTUBHUX CHHAIICIB.

HocnimxenHst cuHanTuaHOro Mapkepa GAP43,
SIKMH BIIJI3CPKAJIIOE PEreHEPaTOPHY aKTUBHICTH aK-
COHIB, MOKa3ajo Jjuiie (HOHOBE IMYHOTICTOXIMiUHE
3a0apBIICHHS TaHOTO Mapkepa y 3youactiii dacuii sik
y IHTaKTHUX LIYpiB, TaK 1 B rpynax TBapuH 3 HEHUpo-
KOTHITUBHUMH po3nagaMu depe3 10 mi0 micns Tpa-
BMH. Yepes 20 1 40 mib excriepiMeHTy y TBapHH Iep-
101 TPYIH i TPYIIH MOPIBHSAHHS B 3y0uacTiit kopi ['M
crocTepirajgachk aktuBamis ekcrpecii GAP43, mo
CBI/TYMIIO TIPO PEMO/ICITIOBAHHS IIPECHHANITHIHNX Te-
pMiHalleil akcoHiB naHoi yokanizaunii. Haiibinbuiow
Miporo 3poctanHsi ekcrpecii GAP43 BusiBisuiocs: y
CKJIa 1l TosliMopdHOTO Xislyca, 1110 MICTUTh IEHIPUTH
rpaHyJSIpHUX HEHPOHIB 3y04acToi KopH i nepdopan-
THHUH TPOBIAHUI HIJISX BiJl eHTOPUHAIBHOI KOPH 11O
ningaku CAl rinokamna.

3 BukopucTanHsM mapkepiB CD56 i N-kanre-
pUHY OYJI0 BCTAaHOBJICHO, 1[0 IHTEHCUBHICTH IMYHOT -
CTOXIMIYHOT MITKH Ha IIUTOJIEMi HEHPOIUTIB 3yOuac-
To1 (pacmii rimokamma Oyia MOAIOHO 0 XapakTepy
eKcrpecii X MapKepiB HA 30BHIIIHIN MeMOpaHi iH-
TAaKTHUX HEWPOHIB. 3arajgbHa iHTCHCHUBHICTH CIICIU-
(higyaOTO 320apBICHHS 3pi3iB Oylia CYyTTEBO MEHIIOIO
MICJIS TPaBMAaTHYHOTO YIIKOpKeHHS ['M, HiX y iHTa-
KTHHX II[ypiB, 32 PAXYHOK aKTHBHOTO allONTOTUYHOTO
MPOLIECy, SIKUH BiOyBaBCs 3 Pi3HOIO IHTEHCUBHICTIO
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B JOCIIKYBaHUX €KCIIEPUMEHTAIbHUX Tpymnax. Ye-
pe3 20 nib excrpecis MapkepiB y 3yO4acTiii 3BUBHHI
I'M mrypiB mepmoi rpynu Oyia HIXKYOFO, HiX Ha I10-
MepeTHHOMY TEePMiHI eKCIIepUMeHTy, 1 10 40-1 nobu
IpOIOBKYBaJia 3MeHITyBaTHCh. Po3mosin CD56- i N-
KaJrepUH-TIO3UTHBHUX HEHPOLUTIB y IIypiB Ipyroi
IPYIH i IPYIU NOPIBHSHHS HE 3MIHIOBABCS IIPOTITOM
40 116 MOCTTPaBMATUYHOTO MEPIONY.
Mopdomoriuamii aHai3 rialbHOTO0 KOMIIOHE-
HTa KopH 3ybuacToi dacuii rimokaMna mnokasas, 10
gepe3 10 mib micis TpaBMHU y TBapHH BCiX €KCIIEPH-
MEHTAJIFHUX TPYI CIOCTEpiraiocs 3Ha4HE HAKOIH-
YEeHHsI aCTPOLMTIB y MEPUBA3aTIbHUX MPOCTOPax I0-
pAa 3 ocepeakaMu HAOPSAKY. Y TPOMDKKAX MK MiK-
pocynuHAMH Bi3yalli3yBaicCh NUITHKA HEHPOML, B
SIKMX IIIJIBHICTD PO3TALTyBaHHS BOJIOKHHUCTHX acTpo-
IUTIB OyJia IOMITHO HMKYOI0, HIJK B aHAJIOTIYHUX Mi-
JISTHKaX KOPY IHTaKTHHX IMYpiB. Y IUX JIISAHKAX BH-
SIBJISTIUCH BiJJOKPEMJICHI OJTHA BijJ OJHOI KIITHHH 3
JIOBI'MMH BiZIPOCTKaMH, sIKi HE KOHTaKTYBaJIH i3 CyCi-
JHIMH acTpOIMTaMHu. XapakTepHUMH I MO3aid-
HOTO MIXKCYJMHHOTO aCTPOLUTapHOro IediuuTy y
CKJIaJi 3y0UacToi Kopu OyiH MpOSBH MacOBaHOI ay-
todarii rioruTie. Yepes 20 i 40 ni6 mocTTpaBMaTH-
YHOTO TIepioJly Y TBapHH HEpIoi i Ipyroi rpym goc-
JDKSHHST OCEPEeIKH TIabHOTO Ae(IIHTy 3 MOIIH-
peHHAM ayTodarii acTpoIuTiB 30epiraiucs, y TOH
Yac sIK y IypiB TPYIH IIOPiBHIHHS MOJI0HI ocepeakn
3 ayTo(ariero 3ycTpivairch JIUIIE B MOOAMHOKHX BH-
najKax. BaxxinBo 3a3HaumTH, 1110 Y BiJ/IAIECHOMY I10-
CTTPaBMAaTUYHOMY MeEpioJl y TBapHH JPYroi IpyIH,
Ha BIZIMiHY BiJ] IepIIOT IPYITH, CIIOCTEpiranock oome-
JKEHHsI IEPUBACKYJISIPHOT rinepIuiasii acTpoIuTiB.
MopdoMeTpruaHuil aHAII3 MITFHOCTI MaKPOTJIi-
OLIUTIB 3a JIONIOMOTOI0 MITKH TJIalbHOTO Mapkepa
GFAP nokaszas, mo yepe3 10 1i6 Bij moyatky ekcre-
PUMEHTY YHCelbHa LIUIBHICTh KIITHH y 3yO4acTii
KOpi mocTynajack HOpMajJbHOMY 3HAu€HHIO B Hep-
i rpymi TBapuH Ha 26,1% (p < 0,05), y npyriit — Ha
22,9% (p <0,05), y rpyni nopiBusinas — Ha 21,0% (p
<0,05). Yepes 20 xi6 micis HaHECEHOI TPABMH y TBa-
PHH HepIIoi eKCIIepUMEHTAIbHOI IPYIH CTYIIHb acT-
pormTapHoro nedimuTy 3pocTaB; y TBapuH JIPYroi
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TPYIN — HE 3MiHIOBABCS; y TBAPUH IPYNHN NOPIBHAHHA
— CTaBaB MCHII BUPA3HUM Yy TOPIBHSAHHI 3 TOTEpe-
HIM TepMiHOM mociimkenns (tadi. 2). Yepes 40 aid
micist TYMT y TBapuH mepIioi rpynu mapameTp mo-
CTYMaBCsl MMOKa3HUKY 1IHTAaKTHUX TBapuH Ha 39,5% (p
<0,05), moka3sHHUKy Tpymny MOpiBHIHHA — Ha 37,9% (p

< 0,05). Y meti TepmiH y TBapuH APYTroi TpyIy duce-
JIbHA NIUTBHICTh MaKPOTITIOIUTIB 3pOoCcTalia BiTHOCHO
MONEPEAHBOTO TEPMIHY CIIOCTEPEKEHb, IOCTYIAI0-
YHUCh MOKA3HUKY IHTAaKTHUX TBapuH Ha 17,8% (p <
0,05) i He BiOpPi3HAIOYUCH CYTTEBO BiJ 3HAYCHHS Y
TPYIIi MOPiBHAHHA.

Tabmurs 2

YncenbHa MiTBHICTH MAKPOTIIOMMTIB 3y6UacToi 3BUBMHM rinokammna, X 10% mm? (M £ m)

Tepmin micist TpaBMH

I'pynu mocmimKeHHs

[epura Hpyra [opiBHsHHS
10 ni6 116 +£15* 121 +15* 124 +16*
20 ni6 103+ 11 *** 129+ 12* 139+ 11
40 ni6 95+ 14 * ** 145+ 13 153+ 19

Ipumitka: * — p < 0,05 OpU NOPIBHAHHI 31 3HAYEHHAM Y IPpyHi iHTaKTHUX 1ypiB (157 £ 16 x102Mm2); ** —p <
0,05 mpu mOpiBHSAHHI 3 BiAMOBITHAM 33 TEPMiHOM 3HAUYEHHSM y TPYIIi MTOPiBHIHHA.

[icnsa manecennss TUMT y TBapuH Bcix mocii-
JOKYBaHHUX TPYI MOPQOJIOTIgHI 3MIHM MiKpOTITiOIH-
TIB y TpbOX Liapax 3y0OuacToi dacuii rimokammna xa-
paKTepu3yBaINCh BUPA3HOIO rerepoMopdHicTio. 30-
Kpema, MepeBakHa OUTBIIICTh MIKPOTIONUTIE Majia
CIUTOLICHY (OPMY Ta CKJIaHO-PO3rally’KeHi Bipoc-
TKH, sIKI 3aHypIOBaJIUCSI MK HeiipoHamu abo B IIIU-
OuHy Helpomnins. Y TBapyH 3 HEHPOKOTHITUBHUM Jie-
(hiruToM, Ha BiMIHY BiI ITypiB TPYHH NOPIBHSIHHSA,
MOOIM3Y 3epHUCTHX HEHPOHIB NEPUBACKYIISIPHO PO3-
TAIIOBYBAJIVCh THITOBI TPAH3UTHI Makpodaru Ta JiM-
(hormTH, IO CBIAYMIO MPO 30epeKeHAS 3aaTbHOTO
mporiecy Ta 0yJ0 IOB’s3aHO 3 EIIMiHAIIEI0 ATOITO-
TUYHO 3MIHEHUX HEHPOIUTIB MiCII TPABMH.

BuBYeHHS KPOBOHOCHUX MIKPOCYJIUH Y CKJIai
3y04acTol 3BUBHHU [10Ka3aJI0, U0 Y HepIIiif i Apyrii
rpynax TBapuH uepe3 10 ni6 micis TUMT cnocrepi-
rajach 3HauHa KiIbKICTh YIIKOPKEHUX apTepioll i re-
MOKaMUISIpiB 3 03HAKAMH CTa3y, IHKOJH 3 YaCTKOBO
a00 MOBHICTIO OOJIITEPOBAHUM MPOCBITOM. 3a JIOTO-
Mororo Mapkepa GFAP Ha 30BHIIHINA MOBEpXHI
VIIKO/DKCHUX KaNIIpiB Bi3yalli3yBaJIUCh HaIIapy-
BaHHS IPOTOIIA3MATHYHHUX ACTPOLMTIB Yy BHIJISII
mimbHEX My(QT. Takok BUABILUIACS MIKPOCYAHHU 3
O3HaKaMH BHYTPIITHHOCYJHHHOTO MIKpOTpPOMOO3y B
OTOYEHHI JPIOHMX OCEepEelKiB BTOPUHHUX KPOBOBH-
JIMBIB, 3 TUIA3MAaTUYHUM MIPOCOYSHHSM FeMOKAITIJISIp-
HOT CTIHKHM Ta MEPUBACKYIISIPHOTO NPOCTOpPY. 3ycTpi-
YaJiCh MOOJMHOKI TeMOKAIIAPH 3 HEKPO30M, Je-
CTPYKIIi€r0 ab0 (hparMeHTaIiEr0 SHI0TEMaIbHOT CTi-
HKU. YacThHA TeMOKamisipiB abo eHIOTeTalIbHIX
TSDKIB He yTBOpIoBanK xapakrepaux i ['EB cromy-
4YeHb 3 acTporuTaMu. KpiM reMokaniispiB 3 yiko-
JUKEHOIO CTPYKTYPOIO CIIOCTEPIiranoch 3HadyHe 3pOc-
TaHHS KUIBKOCTI HOBOYTBOPEHHX T'E€MOKAIUISAPIB 3
TUTIOBOIO OyJTOBOIO CHIOTEINia bHOT CTIHKH 1 3BHYA-
HUM KPOBOHAIIOBHEHHSIM, y CYIPOBOJIi acTpOLUTap-
Hoi T1ii 1 31 chopmosarnm I'EB.

UYepes 20 xi6 micigs TUMT y 3ybuacriit kopi I'M
TBapHH 3 HEWPOKOTHITUBHUMH poO3Jagamu 30epira-
Jacs 3HA4YHA KUTBKICTh YIIKOKEHHUX MIKpPOCYIUH,

110 BKa3yBaJIO Ha HasIBHICTh TPUBAJIOTO AECTPYKTHB-
Horo mporecy. Yepes 40 mib micnms HaHeceHHS Tpa-
BMH 30epirajach MOMipHa KUIbKICTh IaTOJIOTTYHO
3MIHEHUX MIKpPOCYIWH 3 HallapyBaHHSIMH acTPOILH-
TIB Ha 30BHILIHIA MOBEPXHI; 3yCTpiYaJUCh IOOU-
HOKI (pparMeHTOBaHI reMOKaMIApH Ta APiOHI ocepe-
JIKH Jianee3Hux KpoBOBMWIKBIB. Ha BigMiHy Bij mep-
moi Tpynu TBapHH, Yy APYTiil eKCIepuMeHTaIbHIN
TPyl TPOTATOM BiAJAJICHOTO MOCTTPaBMATHIHOTO
MePioy CIOCTEPIraluch YUCICHHI HOBOYTBOPEHI Te-
MOKAIISpH 3 TMOBHOIIHHUME cTpykTypamu ['ED, a
TaKOXX CHIOTEIialbHI YrpyIyBaHHA, IO BKa3yBaJlo
Ha aKTHBAIlil0 HeoBacKyloreHesy. Ha BigMmiHY Bix
nepoi i Ipyroi rpym, y TBapuH IPYIH MOPIBHIHHSA
YIIKOJDKEHI MIKPOCYJIMHH B OTOYEHHI acTpoLUTap-
HHUX KOHIJIOMEPATIB 3yCTPIYAINCh Y HEBEIUKIH KiJlb-
kocti. IlepeBaxkHa OUIBIIICTE TEMOKANUIIPIB Malia
IHTAKTHY CTPYKTYpPY CTiHKH i yTBOpIOBasa THIIOBHI
3a 0ynosoro ['EB. Uepes 20 i 40 1116 miciis HAHECCHHS
TPaBMH Yy TBapHH 0€3 HEHPOKOTHITHBHOTO AehiluTy
KUTBKICTh YITKOKEHUX TeMOKAITUISPIB MOMITHO 3Me-
HIyBaJach BiJIHOCHO TONEPEIHBOr0 TEPMiHYy CIHOC-
TepexeHb. Haii0Oinplia iHTEHCHBHICTH HEOBACKYIIO-
reHe3y y 3youacTiit kopi I'M y TBapuH rpymu mopis-
HSHHS criocTepiranxack depe3 10 mi0 micnms TpaBMu;
yepe3 20 140 1i6 excriepuMeHTy He3piJIuX HOBOYTBO-
PEHUX TeMOKAIIJISIPiB CTaBaJIO TIOMITHO MEHIIIE.

BucHoBku

1. HeiipokorHiTuHi po3niaan 3 MOPYyLUICHHIMH
nam’siTi y BigganseHomy nepioai niciast TUMT cynpo-
BOJIKYIOTHCSI MOTVIMOJICHHSM JI€TeHEepaIlii HeHpoIu-
TiB 1 XpOHI3aIli€ro HeWpo3analeHHs 3 aKTUBAIIEI0 Me-
XaHI3MIB alonTo3y HeWpoHIB i ayrodarii TITiOMuTiB,
110 TIPU3BOAMTH JI0 HE3BOPOTHOI AedopmMartii uuToa-
PXITEKTOHIKM 3y0uacToi 3BUBHHU.

2. IIporpecyBaHHs Heiipojereneparii cynpoBo-
JUKYETBCSl aKTHUBAIEI0 MIKPOTIil i TPU3BOIUTH IO
JIe3iHTerpallii Ta Mirparii MakpoTJIionuTiB 3 GopMy-
BaHHSM HE3BOPOTHOTO MO3aiYHOTO acTPOLUTAPHOTO
nedinuTy 1 yTBOPEHHSM TIJialbHUX HaIlapyBaHb Y
BHTJIAA1 My(QT HAaBKOJIO TeMOKAIIAPIB.
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3. 36epexeHHs GYHKITIT maM’sTi y TBapUH 3 HEM-
POKOTHITUBHUMH PO3JIaJIlaMH TTOB’13aHO 3 0OMEXeH-
HSIM BTOPUHHOT 3aru0eti HEHPOIUTIB i cTadimi3aliero
aATe3UBHUX BJIACTHUBOCTEH acTporiii 3yOdacToi
KOpH, [0 3amobirae yTBOPEHHIO aCTPOLUTAPHHX
My(T HaBKOJIO HOBOYTBOPEHHUX T'€MOKAMUISAPIB IpHU
30epexenHi 1inicHocti I'EB.

4. Y TBapuH 0e3 HEHPOKOTHITUBHUX PO3JaIiB y
BiJTaJICHOMY HIOCTTPaBMaTUYHOMY IepioJii B 3yOUa-
CTI KOpl KOMIIEHCATOPHI MEXaHI3MH peasi3yloThCs
yepe3 eEeKTUBHHH HEOBACKYJIOTeHE3, OOMEKEHHs
MEepUBACKYJIIPOI Tinepruiasii acTpoIMTIB 1 Helpo3a-
MaJIeHHS, 10 3amobirae 3aruberni HeHPOIUTIB 1 TPH3-
BOJIMTB JJO aKTUBALI] CHHANTUYHOTO PEMOEITIOBaHHS
BiJ eHTOpHHANBHOI Kopu 1o ningaku CAl i Big 3y0-
yacToi 3BUBHHM /10 AinsHKH CA3 rinmokamma gepes 40
IO TicIs TpaBMH.

IlepcneKkTHBHU MOJAJIBLIINX PO3POOOK IOJISTa-
IOTh Y 3°CYBaHHI B3a€EMO3B 3Ky MiXk matomMop¢oio-
TIYHUMH MeXaHi3MaMH repeTBopeHs mpu TYT'M i xa-
paKTepoM KOTHITHBHHUX mMopymieHs micist UMT. Ak-
TyaJIbHUM TaKOX € TOCTIKCHHS Yy TJINBOCTI Heipo-
HiB 1 TJIIONHUTIB A0 TPaBMH Ta iX 34aTHOCTI 0 BiJHO-
BJICHHS B 3QJICXKHOCTI BiJ| JIOKAJTi3aIlil YIIKO/PKEHb Ta
XapakTepy nepedya0B reMOMIKpOIMPKYJIALII B ITOCT-
TpaBMaTUYHOMY TEpioi.

Indopmanis npo koHQJIIKT iHTepeciB

[MoTtenuiitnnx abo sIBHUX KOHQIIIKTIB IHTEpECIB,
1110 NIOB'sI3aHi 3 UM PYKOIIMCOM, HA MOMEHT ITy0JIiKa-
il He iCHye Ta He mependavaeThesl.

Ixepesia ¢pinaHcyBaHHSA

Pobota BukoHaHA B paMKax HayKOBO-IOCIiTHOT
Temu «ONTHUMI3aIist JIarHOCTHKH Ta JTiKyBaHHS TOCT-
pHX IepeOpabHUX IMOIIKOIKEHB» (HOMEp IepiKaB-
HO1 peectparttii 0122U000086).
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Missakina K.B. KinbkicHa Mopdoaoriuna xapakTepuceTuka 3MiH 3y04acroi ¢acuii rimokamna y mypis
3 Pi3HMMM HePOKOTrHITHBHUMH PO3JIaIaMHM MicJIs1 TSAKKOI YepenmHo-M03K0BO0i TPaBMH.

PE®EPAT. AkTyanbHicThb. Y BUpIIICHHI YUCICHHUX NTUTaHb, IIOB'SI3aHUX 13 JIIKYBaHHSM Ta peadiriTalieo
MALi€HTIB 3 TPABMAaTHYHUM YIIKO/DKEHHSIM TOJIOBHOTO MO3KY, IHTEpEC MPEACTaBIIs€ BUBUEHHS ITATOMOPQOIIOriy-
HHUX MEXaHi3MiB, sIKi BU3Ha4Yal0Th XapakTep (popMyBaHHS Ta JUHAMIKM HEHPOKOTHITUBHUX MOPYILIEHb y Pi3HI Te-
PMiHH micis TpaBMH. MeTor0 0CiiKeHHs OyJI0 BU3HAUCHHS! TKAHUHHUX 1 KJIITHHHUX NOCTTPaBMAaTHYHUX 3MiH
CTPYKTYPH KOPH 3y0UacToi 3BUBHHH T'OJIOBHOTO MO3KY IIIypiB 3 pi3HIMHU HEHPOKOTHITUBHUMH PO3JIaZaMH y pi3Hi
tepMmian micns Tspkkoi YMT. Metoam. 11t BIATBOPEHHS TSHKKOI 4epeITHO-MO3KOBOT TPAaBMH Y IIypPiB 3aCTOCOBY-
BTN «MOJIEIb YAPHOTO IIPHUCKOPEHHS». 32 pe3y/IbTaTaMH HEBPOJIOTIYHHUX TECTIB IIypH OyJIH PO3IOALIEH] Ha TPH
rpymu: 1) mepmia — TBApWHH MICIS TPABMHU 3 HEHPOKOTHITHBHUMHE PO3JIaaMH 1 IOPYIIEHHSMH 1mam’sti; 1) apyra
— TBapUHM MICIIA TPAaBMH 3 HEHPOKOTHITUBHUMH PO3JIalaMu 0e3 TOpYIIeHb ITaM’4Ti; 3) rpymna MOpiBHSIHHS — TBa-
PHHH TicTs TpaBMU 0e3 HeHPOKOTHITUBHUX Po3NaaiB. [IpoBoamim ricTonorigne, MOpPOMETpUIHE Ta iIMYHOTiCTO-
XiMiduHEe JOCTi/KeHHsT 3y0uyacToi 3BMBMHH 3 BHKOpPHCTaHHSM MapkepiB [B-tubulin, Synaptophysin, GAP43,
NCAM1, N-cadherin, GFAP. Pe3ynbTaTi Ta mincymok. HefipoKOTHITUBHI po3/amu 3 MOPYIICHHSIMHE [TaM’sTi y
BiJIAJICHOMY TIepioJii MiCIs TSHKKOT YepernHO-MO3KOBOT TPaBMHU CYMPOBOKYIOThCS TOTJIMOJICHHIM AereHepaiiii
HEWpPOIMTIB 1 XpOHI3alli€l0 HeHpo3amnaieHHs 3 akTHBAL[I€I0 MEXaHi3MiB aronTo3y HeHpoHiB i ayrodarii riouuTis,
1110 MPHU3BOJUTH JI0 HE3BOPOTHOI AedopMalii INTOapXiTeKTOHIKH 3y04acToi 3BuBHHU. [IporpecyBaHHs Helpoe-
TeHepallii CyIpOBOKYETHCS aKTHBAIIEI0 MIKPOTITIi i PU3BOAUTH JIO AC3IHTETpaIlii Ta Mirparlii MaKpOTJIiOIHUTIB 3
(hopMyBaHHSIM HE3BOPOTHOTO MO3aTYHOT'O ACTPOIUTAPHOTO Ne(iUTy 1 yTBOPEHHSM IITiaIbHUX HAallapYBaHb y BH-
gl My@T HABKOJIO TeMOKamiysIpiB. 30epexeHHs QYHKIT maM’sTi y TBapuH 3 HEHPOKOTHITUBHIMHE PO3JIaaMu
OB’ s13aHO 3 0OMEKEHHSIM BTOPHHHOI 3arHOeIi HeHPOLUTIB 1 cTaOUTi3aIlie€r0 aAre3nBHUX BIACTUBOCTEH acTporiii
3y04acToi KopH, 10 3aro0irae yrBOPEHHIO aCTPOLMTAPHUX MY(T HABKOJIO HOBOYTBOPEHHX I'€MOKAIUIPIB MPH
30epeKeHH] MUTICHOCTI reMaTo-eHIedaniqaaoro 6ap’epy. Y TBapuH 0e3 HEHPOKOTHITUBHUX PO3JNIAMIiB y Biamaire-
HOMY TIOCTTPaBMATHUYHOMY IIEpioAl B 3yOUacTiii KOpi KOMIIEHCATOPHI MEXaHI3MHU peati3yloThcs depe3 eheKTHB-
HUH HEOBaCKyJIOT€HE3, 0OMEXEHHS IMePUBACKYISAPOI rinepIuiasii acTpoIuTiB 1 Helfipo3amnajieHHs, 1o 3armobirae 3a-
ruberi HeHPOIUTIB 1 IPU3BOANTH 0 aKTUBAIlil CHHAIITHYHOTO PEMOJIEIIOBAHHS BiJl eHTOPHHAIBHOT KOPH 110 li-
nsaku CA1 1 Big 3y6uactoi 3suBuaM 70 HinsHku CA3 rinokamma yepe3 40 mi0 micist TpaBMHU.

Ku11040Bi cjioBa: yepenHo-M03K0Ba TpaBMa, IypH, HEHPOKOTHITHBHI PO3Jaju, 3youacTa (aciis rimokamria,
MOpGOJIOTis.
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Sogomonyan Ye.A. X, Chelpanova I.V. “=", Smolkova O.V. "=/, Servetnyk M.I. “=, Pankevych L.V. Influ-
ence of imbalance of thyroid hormones on carbohydrate determinants of ovaries and endometry.

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine.

ABSTRACT. The relevance. The structures of the female reproductive system organs are rich in various classes of high
molecular weight biopolymers containing a carbohydrate component. Carbohydrate determinants are among the first to be
damaged during the development of pathological processes and therefore can serve as early and informative markers of
damage to the female reproductive system organs, reproductive function in particular. Sufficiently sensitive and selective
markers of carbohydrate determinants of biopolymers are lectins, the use of which as tools for studying the nature of changes
in glycoconjugates of organs and tissues in normal conditions and in various forms of pathology continues to be an urgent
task. The aim: in an experiment on rats to investigate the effect of hypo- and hyperthyroidism on the carbohydrate determi-
nants of the ovaries and endometrium, using for this purpose a set of lectins of different carbohydrate specificity. Methods.
The experiment was carried out on 65 sexually mature female white Wistar rats weighing 200-250 g. All animals were
divided into 5 groups: control, hypo- and hyperthyroidism (15 animals in each group), as well as 2 groups with correction
of hypothyroidism (10 animals in each group). Carbohydrate determinants of the structures of the endometrium and ovaries
were studied using 20 lectins, including 15 conventional ones, as well as 5 new original preparations, purified from repre-
sentatives of the subkingdom of basidiomycetes fungi. Results. The analysis of the results of the redistribution of lectin
receptors against the background of hypo- and hyperthyroidism showed that hyperthyroidism is accompanied by a more
pronounced effect on the carbohydrate determinants of ovarian structures compared to the hypothyroid state. However, the
latter was characterized by pronounced leukocyte infiltration of the medulla of the ovary, and the most selective histochem-
ical marker was the lectins PNA, SBA, and UDA. According to our research, yellow bodies that were formed in hyperthyroid
animals had morphological signs of increased functional activity. In follicular cells, the lack of thyroid hormone resulted in
a slight decrease in the number of UDA and PAFA lectin receptors and increased expression of SBA-reactive glycoconju-
gates in them. In the microstructures of the endometrium of rats with experimental hypothyroidism, in comparison with
controls, a reduction of carbohydrate determinants with terminal DGal and DGalNAc residues was found in combination
with the accumulation of glycopolymers with terminal LFuc residues. The group of hypothyroid animals was also charac-
terized by an intense reaction of leukocytes with the majority of lectins. In the group of animals with hyperthyroidism, the
reactivity of endometrial structures with the vast majority of used lectins increased. This was especially true of thickened
and intensely positive collagen fibers. The results of lectin-histochemical studies of endometrial microstructures during the
correction of hypothyroidism with replacement doses of thyroxine correlated well with general morphological data: massive
leukocyte infiltration of the endometrial stroma decreased to control values when using 30 mg/kg, but not 1.6 mg/kg of
thyroxine. The general morphological and lectin-histochemical changes of the endometrium in the case of thyroid hormone
imbalance were more pronounced than the response to the modeling of these pathological conditions by ovarian structures.
This was manifested, in particular, in increased leukocyte infiltration and increased collagenization of the endometrium.
Key words: hypothyroidism, hyperthyroidism, ovaries, uterus, lectins.
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Beryn

AHani3 noctymHoi (axoBoi JiTepaTypu TOKa-
3aB, 110 TPY HASBHOCTI 3HAYHOT KUTBKOCTI KITIHIYHUX
CIIOCTEPEIKEHb CTOCOBHO HEraTHBHOTO BIUIMBY IHC-
(hyHKIi{ mUTOMONIOHOT 3371031 Ha KIHOTY PETPOIyK-
THBHY CHCTEMY HEIOCTAaTHBO Ipallb, IPHCBIYCHUX
EKCIIEPUMEHTAIbHOMY BUBUCHHIO TOHKHX IaTOMe-
xaHi3MiB 1poro BmuBy [1, 2, 3, 4, 5, 6, 7]. 3okpema,
B JIITEpaTypi Majo AaHUX CTOCOBHO 3MiH MIKpOMOp-
(ororii KIHOYMX PENPOAYKTHBHHX OpPraHiB Ha TJIi
rimo- Ta rineprupoiquamy. IIpakTudHO BiICYTHI
myOJiKkanii, MpUCBAYEH] NOCIHIIKEHHIO 3MIH BYTJIe-
BOJIHUX JIETEPMiHAHT (PELENTOPIB JIEKTUHIB) OPTaHiB
JKIHOYO1 penpOIyKTHBHOI CHCTEMH X JAi€i0 amcOa-
JaHcy THPOinHUX TopMoHiB[8, 9, 10]. Tlopsn i3 M,
YHCIICHHI ITyOJIiKaIii CBiA9aTh PO BaXIIUBY POIIb BY-
TJIEBOJIOBMICHUX OioTONiMepiB K y pyHKIIIOHYyBaHHI
HOPMAaJIBHUX CTPYKTYP OPTaHi3My, TaK i IX 3aIydeHHS
JI0 MEXaHI3MIB PO3BUTKY PI3HOMaHITHUX (opM maro-
gorii [11, 12, 13, 14, 15].

CTpyKTypH OprasiB >KiHOYOI PErpoIyKTUBHOI
cucteMu Oarati pi3HOMaHITHUMH KJacaMd BHCOKO-
MOJIEKYJISIPHUX O10MOTIMEPIB, 10 MICTAThH BYTJIEBO/I-
HUH KoMIoHeHT. Cepel HUX pO3PI3HAIOTH IIIIKO-
MOJIIMEPH 3MIIIaHOTO CKIIANy — TITIKONPOTEiHH, Tpo-
TEOTJIIKAaHH, TIIKOMIIIAH, Ta 610M0TIMEpH, MOJICKYITH
SKUX TOO0YIO0BaHI BUKIIOYHO 3 BYTJICBOJHHX KOMIIO-
HCHTIB — TOMOTJIIKaHU (30KpeMa, TIIKOTeH), Ta TeTe-
poriikaHu (TJiKo3aMiHOTIiKaHM). [ TiKOKOH toratam
HaJIeKUTh BHUKIIOYHO BaKJIWBAa pOJNb Y TICTO-
(isionorii penpoaykuii [11, 12, 13]. ByrieBoani ae-
TEpMIHAaHTH B YMCJIi MEPIINX IOIIKOPKYIOTBCS MPU
PO3BUTKY MaTOJIOTIYHHX TPOLECIB 1 TOMY MOXYTh
CIy)KMTH PaHHIMH Ta iHGOPMAaTUBHUMH MapKepamu
YILIKO/PKEHb OPTraHiB )KiHOYOI CTaTeBOI CHCTEMH, pe-
mpoAyKTHBHOI QyHKIIT 30kpema [11, 13, 15, 16].

Cepenl CTPYKTYp S€YHHUKIB TIIKONPOTEIHAMH Ta
NpOTeoriikaHaMu OaraTa mpo3opa 30HA OBOLUTA,
KIIITHHU TPAaHyITBO3H (OIIKYIIB, TIOTCOIUTH YKOBTHX
Ti. BuUCOKMM BMICTOM 1 pI3SHOMAHITTSAM TIIKO-
HOJIIMEPIB XapaKTEePU3YIOTHCS CEKPETOPHI MPOTYKTH

MaTKOBHUX 3aj103, KJIITHHH €MiTeIlaJbHOr0 BHCTE-
JIEHHS TMOPOXHWHH  MaTku.  OmirocaxapuaHuM
JIAHIIIOTaM TJIIKOKOH IOraTiB HAJIEXNUTh BU3HAYaJIbHA
porp y 3abe3nedeHHi BUAOCTIenn(iTHOCTI Ta MOHO-
CIEpMHOCTI 3aIUTiTHeHHA, anaresii Ta HACTYIHOI iH-
Basii GiacTorctu B eHgometpit [11, 13], Tomy BuB-
YEeHHsI 3MiH DIIIKOMY JKIHOYMX PENpOIyKTUBHUX Op-
TaHiB IpPU THUPOIAHIA MAaTOJOrii MOXXE CTaHOBUTH
3HAYHUMH IHTEPEC K JUIS TEOPETHYHOT, TaK 1 KIIHI9HOT
MEIUIIMHH.

JloCTaTHBO YyTIMBHMH Ta CEJEKTHBHUMH Map-
KepaMH BYIJIEBOJHUX AETEPMIHAHT OiomoiimMepiB €
nekTHHU. He3Bakaroun Ha iX JOCTaTHBO TPHUBAJE 3a-
CTOCYBaHHS y Pi3HUX MOUISHKAX TiCTO- Ta IUTOXiMil
[14, 16, 17, 18, 19], momryk i XapaKTepHCTHKa HOBUX
MpernapaTiB JEKTUHIB, PO3MHUPECHHS MOXIINBOCTEH 1X
BHKOPHCTAHHS B SIKOCTI IHCTPYMEHTIB JOCHIKCHHS
XapakTepy 3MiH TTIKOKOH FOTaTiB OpTraHiB i TKAHUH Y
HOPMI Ta IpH pi3HUX GopMax MaToorii NPOJOBXKYE
3aJIMIIATHCS aKTyaJbHUM 3aBIaHHSIM.

Merta

B ekcnepuMeHTi Ha IIypax AOCHIIUTH BIUIUB
rimo- Ta TiNepTUPOIIM3MY Ha BYIJICBOAHI Jie-
TEPMIHAHTH S€YHUKIB Ta CHIOMETPII0, BHUKOPH-
CTaBIIH 3 II€0 METOXO0 Ha0ip JEKTHUHIB Pi3HOI ByTJIe-
BomHOI cnennpigHOCTi. [IOpiBHATH SKiCHWIA Xapak-
TEp MEePepo3MONiUTy TITIKOKOH IOTaTiB y SEYHHKY 1
MaTIi TpH TiNo- Ta TINePTHPOImM3Mi, a TaKOX
CTYIiHb ypa)KCHHs1 O3HAYCHUX OPTaHiB, 3yMOBJICHHUX
JUcOaIaHCOM THPOITHUX TOPMOHIB.

Marepiaau Ta MmeToau

Jocinia nocraBineHo Ha 65 CTaTeBO3PLIMX caM-
Kax Oinux 1rypis minil Wistar macoro 200-250 . Vi
TBapUHU OYJIM MOJJICHI HA 5 TPy KOHTPOJb, TilO-
Ta rineptupoinusm (o 15 TBapuH y rpyri), a TAKOX
2 rpymH 3 KOpekIieto rimotupoigmmy (mmo 10 TBapuH
y rpymi, Tabi. 1). ['inoTtupoinHuii craH MoAeIoBaIN
3a JIOTIOMOTOI0 MepKa3oiiny (“3mopoB’s”, XapkiB) y
n000Bil 7031 10 MI/KT; TiMepTUPOIAN3M BHKITHUKAIA
L-tupokcunoM (“@Dapmak”, KuiB) y mobosiii 1o3i 100
MKT/KT MacH Tija TBapHH.

Tabmuus 1

XapaKkTepuCTHKa BUKOPUCTAHUX Y POOOTI TPy TBapUH

ExcniepuMeHTanbHi Tpynu TBapuH

Yucio mypiB y rpymi

(I) InrakTHI TBapUHU (KOHTPOJIb) 15
(IT) Ulypi 3 MozieIbOBaHUM TiMOTHPOIAN3MOM (MEpPKa30JIil) 15
(IIT) Lypi 3 MOETbOBAHHUM TiMIEPTUPOIAU3MOM (THPOKCHH) 15
(IV) T'inoTupoigu3m 3 KOpeKIier THPOKCHHOM (1,6 MKI/KT) 10
(V) T'imotupoinnusM 3 KopeKIiero THPOKCHHOM (30 MKI/KT) 10
Pazom 65 TBapUH

Kopexkmito rinoTupoinn3My NnpoBOIHIN THPOK-
CHHOM Y TaK 3BaHi# Qizionoriuniii 1031, IKy BBOAWIN
OJTHOYACHO i3 MEpKa3oIijoM. Y IepmIii rpymi 3 Ko-
PEKII€r0 TiNOTHPOITU3MY IS 1032 THPOKCHHY CTaHO-
Buia 1,6 MKI/Kr Macu Tija. SIKk BUSBHIIOCS, TaKa 103a
TAPOKCHHY Oylia HEJOCTaTHHOIO JUIA KOMIIEHCAIlil
TIMOTHPOINN3MY Y ITYpiB, TOMY OyJia yTBOpEHa apyra

rpyma 3 KOpeKIi€ro, y sIKiif 3aMicHa /1038 TUPOKCHHY
JopisHioBana 30 MKI/KT MacH Tija TBapHH.

B ycix nocnigHuX rpynax MepKasoJIil i THpOK-
CHH y BHIJISIII TIOPOILIKY JOJaBald B 1KYy LIOJEHHO
MPOTSTOM JTBOX TIDKHIB, BHACIIZOK YOTO JOCSTABCSA
CTaH CTIWKOTO TiMo- abo rinepTHpoinu3My.

TBapuH miggaBaiM eBTaHa3ii mepeao3yBaHHAM
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nietwioBoro edipy. TBapuH mignaBanu eBTaHa3ii Ha
cramii giecTpyc TepeNO3yBaHHAM JIi€THIOBOTO
edipy. ITix gyac po3TuHY y TBapHH 3a0MpaTH SETHUKH,
MaTKy Ta IMUTOMOIOHI 3a1m03u (3 000X O0KiB). Seu-
HHKH Ta MaTKy (ikcyBanu B 4% HeliTpanbHOMY (op-
MadiHi (S€YHUKW — IIJTAMH, B MaTIli BiJCiKalu ce-
PEIHIO YacTHHY poriB). ByrneBonHi nerepmiHaHTH
CTPYKTYpP €HIOMETPIIO Ta SE€YHHUKIB AOCIIKYBAIH 3
BUKOPHUCTaHHIM 20 JISKTHHIB 32 CTAaHJAPTHOIO METO-
Jukoro [20, 21], y oMy umciti 15 KOHBEHIIIOHATIBHUX,
a TaKOX 5 HOBHMX OpUTiHAJIBHUX MpernapariB, OUHIIe-
HUX 3 TIPEJACTAaBHMKIB IIiJapcTBa TIpuoOiB-Oa-
3ATIOMILIETIB.

Kowmiterom 3 6ioetrnkn JIbBiBCEKOT0 HaIliOHAIb-
HOTO MEIWYHOTO yHiBepcuTeTy iMmeHi [Jlanmma I'a-
yimpkoro (mporokon Ne3 Bim 11 Gepesns 2020p.)
BCTAHOBJICHO, III0 YCi TBAPHHU 3HAXOIMINCh B yMO-
Bax BiBapilo 1 IPOUEYpH, IO CTOCYBAIHCS MUTAHb
YTpUMaHHs, JOTJIsAY, MapKyBaHHS Ta BCi 1HIII
MaHIMyJIsALii MPOBOAMINCS i3 JOTPUMAHHSIM IIOJIO-
JKeHb «EBPOMNEHCHKOT KOHBEHIIIT PO 3aXKCT XpeOeT-
HHUX TBapuH, SIKI BUKOPHCTOBYIOTHCS UISl €KCIIEpH-
MEHTAJIbHUX Ta IHIIKX HayKOBUX winei» (CtpacOypr,
1985), «3aranpHUX €THYHUX TPUHIIMIIB EKCIIepH-
MEHTIB Ha TBapHHax», yxBajeHnx [lepmmm Hamio-
HaIBHUM KOHTpecoM 3 Oioetukm (Kuie, 2001), 3a-
KkoHy Ykpainu Ne 3447 — IV «IIpo 3axucT TBapuH Bif
JKOPCTOKOTO TTOBOKCHHS» 3TiAHO 3 IHPEKTHUBOIO
Pamn €C 2010/63/EU mpo moTpuMaHHS IIOCTaHOB,
3aKOHIB, aIMiHICTpaTUBHUX MOJ0XeHb JlepxkaB €C 3
MUTaHb 3aXHCTY TBAPHH, SIKI BUKOPUCTOBYIOTHCS 3
HayKOBOIO MeTor0 [22, 23].

Pe3yabTaTH Ta iX 00roBOpeHHsA

AHaJi3 pe3ynbTaTiB Mepepo3noAlTy PElenTOpiB
JICKTHHIB Ha TJIi TiMO- Ta TIMEPTUPOIAN3MY MOKA3aB,
IO TINePTHPOITU3M CYHPOBOIKYETHCS OLIBIN BHUpa-
JKCHUM BIUIMBOM HA BYIJICBOAHI J€TCpPMiHAHTH
CTPYKTYp sIEYHMKA MOPIBHSIHO 3 TIIOTHPOIAHUM CTa-
HOM. Pa3oMm i3 THM, OCTaHHIH XapaKTepnu3yBaBcsl BU-
PakEHOI0 JICHKOIUTAPHOIO 1HDIIBTPAIi€I0 MO3KOBOT
PEUOBMHM  sIEYHUKA, HAHOUIBII  CEJNIEKTHBHHUM
riCTOXIMIYHUM MapKepoM MpU LOMY BHSIBHIHCS
nektuad PNA, SBA, ta UDA. OTtpumani HaMu AaHi
Y3TOJDKYIOTBCSI 3 OMKMCAHOIO B JIiTEpaTypi IiIBHUIIE-
HOI0 CKCIPECIE0 PpI3HMMH BHJIAMH JICHKOIIMTIB
Tepminanpuux 3anumkis DGal ta DGIcNAc [14, 15,
16, 17].

Cnig 3a3Ha4YMTH, OI0 32 AaHUMH HAIIAX JI0-
CJIiJ[)KEHB, JKOBTI TiJia, AKi YTBOPIOBAIUCS y TIEPTH-
POITHHUX TBapWH, MAIH MOP(OIOTIYHI O3HAKH TTOCH-
neHo1 (QpyHKIIOHANEHOI aKTUBHOCTI, A0 SIKMX MOYKHA
BITHECTH PI3Ky TillepeMilo, HAsSBHICTh BEIHKHX
KIIITHH 13 KPYNHUMH SApaMH, TOCHIICHY Ipomide-
partito JroTeonuTiB. Jlo TakKux 03HAK, MOXKIIMBO, CIiJI
3apaxyBaTv TaKOX 1 BUSIBIICHE HAMU 3pOCTAHHSI peaK-
THUBHOCTI JIFOTEOIINTIB i3 TIEPEBaYKHOIO OLIBIITICTIO BH-
KOPHUCTaHUX JEKTHHIB. IneHTHdikoBane B TpyIi
TiNepTHPOITHUX TBapUH 30iTBIIEHHS KUIBKOCTI pe-
nentopiB jgektuHy NPA B IIeHTpi >KOBTHX Tijl, B
IUISHII  pyOIs, MOXHA TIOSCHHTH ITOCHJICHHSIM

90

arornTo3y JIOTEOIHNTIB, OCKUIBKH HEIIOJaBHO OIIH-
CaHa 3[aTHICTh [IbOTO JIEKTHHY CIIY’)KUTH MapKepoM
aroriro3y [14, 16]. Ilpu pomy, omHAaK, 3a3HAYMMO,
10 MoAi0He MiABUIICHHS pEaKTHBHOCTI IEHTPAIBHOT
YaCTHWHH KOBTHUX TiJI TIPH TiePTHPOian3Mi OyIio 3a-
JOKYMEHTOBAHO 1 3 BUKOPHUCTAHHSAM HHU3KH 1HIIHX
nexTuHiB, a came, Con A, LCA, SBA, WGA. Buss-
JeHuil (eHoMeH Iue mnoTpedye JONATKOBOIO JO-
CJTiJKEHHS Ta TicTo(i31010TIYHOT iHTepIpeTallii.

VY QonikynspHUX KJIITHHAX HACJiJIKOM HecTaul
THPOIJTHOTO TOPMOHY OYyJIO JesiKe 3MEHIICHHS! KiJlb-
kocrti perentopiB sektuniB UDA ta PAFA i mocu-
neHHs ekcnpecii y HuX SBA-peakTHBHHX TJIiKO-
KoH foratiB (puc.l, puc.2).

lmeptupoinn3M cynpoBOIKyBaBCs 301IbIICH-
HAM y CTPYKTypaxX (OJIKyJiB BMICTy pEIETTOpiB
nexktuHiB UDA, MPFA ta LPFA i penykyBaHHAM
BMicTy perientopiB JekTuHiB LTFA Tta PAFA.

Y MIKpOCTpYKTypax €HAOMETpil0 IIypiB i3
EKCTIePUMEHTAILHUM rinoTHpoinu3MOM y
HOPIBHSHHI 3 KOHTPOJIEM OYyJIO BUSIBJICHO PEAYKIIilO
BYIJICBOJAHUX JETEPMIHAHT 3 TEPMiHATbHUMU 3aJIHIII-
kamu DGal ta DGalNACc (perieniropis nektunis PNA,
SBA, HPA, LPFA, PAFA Tta LTFA) y noennansi 3
HATPOMADKEHHAM TIIKOTIONIMEPIB i3 TepMiHalb-
HUMH 3ammmkamu  LFuc  (pemenTopiB JekTHHIB
LABA, LLA ta PFA). BogHowac, peakuis 3 JIeKTH-
HoM LASA, sxuil B3aeMOZi€ HE JUIIE 3 3aIUIIKaMU
LFuc, ane # DGal, numnanacst y rinoTUpOiAHUX TBa-
PUH Ha KOHTPOJBHOMY piBHI. OueBHIHO, PEyKIis
nerepminanT DGal komneHcyBanacs MiZBHIIEHOIO
ekcrpeciero 3anuikis LFuc.

CTOCOBHO MaHO3O0IJIIKaHiB OyJIM OTpUMaHi JaHi
IIOJI0 3POCTaHHS PEaKTHBHOCTI CTPYKTYp €HJIO-
MeTpito 3 JektuHoM NPA npu onHOYacHii penykuii
ix peaktuBHOCTI 3 tektuHOM MPFA. Ile moxe Oyt
00yMOBJICHO Pi3HOIO KOH(]Irypari€eo oJirocaxapui-
HUX JIQHITIOTIB, JI0 SIKUX CIIPSIMOBaHa aiHHICTH 03Ha-
YEeHUX JICKTHHIB. {1 TPy TiMOTUPOITHUX TBapHH
XapakTepHOI Oylla TaKo)K IHTEHCHBHA PeakIlis JeH-
KOITUTIB 3 MEePEBa)KHOO OLIBIIICTIO JICKTHHIB HABITh
32 YMOB OJTHOYACHOTO 3HMKEHHSI PEaKTHBHOCTI YCiX
IHIIMX CTPYKTYp (30kpema, 3 nektnHamun WGA,
HPA, MPFA, PAFA, LTFA) (puc.3).

Y rpymni TBapuH i3 TiNepTHPOiM3MOM PEaKTHB-
HICTh CTPYKTYP E€HJOMETpII0 3 MEepEeBaYKHOIO Oijb-
ITICTIO BUKOPUCTAHUX JICKTHHIB 3pocTana. OcoOamBo
IIe CTOCYBAJIOCS MOTOBIIECHHX T4 IHTEHCHBHO II03H-
THUBHHX KOJIATEHOBUX BOJIOKOH, ITyYKH SIKMX OYyJIH J10-
KaJIi30BaHi MEPEeBaXHO Ha mepudepii eHAOMETpio, Y
Horo aHTHMe30MeTpaibHIH 30HI. Ilpm mBOMY
HaWOUIPII crienn()iYHIMH MapKepaMH KOJIAr€HOBHX
BojiokoH BusBmwimca Jektuad NPA, UDA, SNA,
SBA, LASA, MPFA, LPFA, LTFA ta PAFA.

[IpaBmomoni6HO, IPUYUHOIO 03HAYEHOTO (hEeHO-
MeHy Moyke OyTH HOpYIIEHHS TpOLeciB ¢iziomoriu-
HOI Jerpajgamii KoJiareHy, IHIyKOBaHE TillepTH-
poimmmoM. Otpumani HaMH JdaHi JoOpe y3roi-
KYIOTbCA 3 pesyabratamu S.Saha 3i criBasr. [24, 25]
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CTOCOBHO MOPYIIIEHb O10CHHTE3Y KOJIAreHy i #oro mo-
CHUJICHY JIETPa/Iallilo B I€YHUKAX IIYPiB 32 YMOB TiIlO-
tupoigu3My. Takum uuHOM, edekT KosareHizaii
CTPOMH CHIIOMETPIIO B TIEPTUPOITHUX TBAPHH, BH-
SBJIICHUI HA OIJLINOBHUX Iperaparax, y pe3yibTaTi
JIEKTHHOTICTOXIMIYHUX IOCIIIKEHD OTpUMaB
MATBEPKEHHS 1 JOTIOBHEHHS, SIKE CTOCYETHCS 3MiHH
BYIJICBOAHOTO CKJIaly BOJIOKHHCTHX CTPYKTYp TiJ
BIUIMBOM IiJIBUIIEHOTO pPIiBHA THPOKCHHY B Op-
TaHi3Mi.

OTtpumani HaMH pe3yJbTaTu JIEKTH-
HOTICTOXIMIYHUX JOCTIXKCHb MIKPOCTPYKTYp CHIIO-
METpII0 TPH KOPEKILii TIMOTHPOIAN3MY 3aMiCHUMH
JI03aMH{ TUPOKCHHY I00pe KOPETIOBATH i3 3araibHO-
MOP(OJIOTIYHUMH TaHUMH: MAacHBHA JEUKOIMTApHA
iHOITBTpaLis CTPOMH €HIOMETPis 3MEHITYBaIacs 10
KOHTPOJPHUX IIOKAa3HUKIB TpH 3acTocyBaHHI 30
MKT/KT, aine He 1,6 MKr/kr Tupokcuny. Hopmaizysa-
Jacsi TaKOX EKCIIPECisl JIEKTHHOBUX PELENTOpiB 5K
KOJIATEHOBUMH BOJIOKHAMH, TaK 1 JIIOMEHAIBHIMH Ta
3aJI03UCTUMHU eTiTenionuTaMu. Pa3om 13 TUM, BHKO-
pucranns nexktuHiB PNA, SBA ta HPA npoaemon-
CTPYBQJIO HEJOCTAaTHICTh KOPUTYIOYOTO BIUTUBY TH-
POKCHHY TIpH €KCIICPUMEHTAIBHOMY TiIIOTHPOIiII3Mi,
OCKIIBKH HOpMaJTizallii excrpecii gerepminant DGal
ta DGalNAC, Ha BiaMmiHy Bix ciamormikaHis, poTs-
TOM 4Yacy HpOBEICHHS CKCIICPHMEHTY NOCAITH He
BIAJOCH.

SIKmo MOpiBHATH OTpPHMaHI HaMHU JaHi IIOIO0
3MiH PEaKTUBHOCTI 3 JICKTHHAMH CTPYKTYPHHUX KOM-
MOHEHTIB CHIOMETPIIO Ta SEYHUKIB ITi/I BILTHBOM TH-
POINHOT MATONOTIi , MOXKHA CTBEP/DKYBATH IO B S€Y-
HHUKax Ta eHJIOMETpil 3MiHM IpH 000X BUAAX IATO-
Joril OyJIu PI3HOCIIPSIMOBAHUMU.

BusiBiieHi HaMu 3aKOHOMIPHOCTI MOXKHA TOSIC-
HUTH  po30alaHCyBaHHSM  KIHIICBHX  CTalliB
TJIIKO3YBaHHS BYIJIEBOJOBMICHHMX OiomomimepiB Ha
(howi THpOiMHOI maToorii. Pazom i3 TaM, ciig 3ayBa-
JKUTH, IO 3MIHU OJIiIrOCaXapyuIHHUX JIAHIIOTIB B Opra-
Hax ’KiHOYO1 peTPOAYKTUBHOI CHCTEMH IIiJ] BIUTHBOM
JcOaTaHCy THPOiTHUX TOPMOHIB HOCHIIM CKJIaTHUH
i pizHocnpsiMoBanuii xapaktep. Cepen IMOBIpHHX
NPUYUH BHUSIBJIIEHOTO HaMH HAKOMHYEHHS
ClaJIOT/IiKaHiB, a TaKOX TJIKOMOJIMEPIB 3 Je-
tepminantamu DGal, DGaINAc ta DGICNAC mo-
KyTh OyTH SIK CIIOBUIbHEHHS CeKpelii, Tak 1 npu-
THiYeHHS X (i3ioNorivHOl Jerpamamii Ha T TH-
poinHOi maToorii.

3aranpHOMOpQOIIOTivHI Ta JIEKTH-
HOTICTOXIMIYHI 3MiHM €HAOMETpil0 NpH anucOanaHci
THPOiJHUX TOPMOHIB OYJIM BUPAKEHI CHIIBHIIIE, aHDK
BIJAIIOBIZF HAa MOJIENIOBAHHSA IMX IATOJIOTIYHHUX
CTaHIB CTPYKTypamH sieuHuKiB. Lle npossisiocs, 30-
KpeMa, y MOCHIIeHIi JelkouuTapHiil indinpTparii ta
MiABMINCHIA KoJjareHizarii enzomerpiro. IIpasmo-
NoAi0HO, 1€ 00YMOBIICHO SIK BIUIMBOM CKJIaJIHUX TOP-
MOHAJIbHUX B32€MO3B’SI3KIB Y CHCTEMI Tinmorajiamyc-
rino¢i3-roHaay, HasBHICTIO BJIACHOI EHIOKPUHHOI
aKTHBHOCTI S€YHHKIB, TaK 1 ix OIUIBIIOI0 3aXH-
MICHICTIO BiJI BIUIMBY €K30TCHHUX YHHHUKIB[26].

Pwuc. 1. Ekcnpecisi peuentopiB nekTnHy SBA y S€e4HUKy
KOHTPOMbLHOMO Llypa: UUTOMNMnasmMaTuyHuX rnikononiMepis
oBouMTa, KMiTUH NPOMEHWUCTOrO BiHLSA, NPO30POi 30HMU, BO-
TIOKHUCTUX CTPYKTYp Teku dponikyna. x400.

Puc. 2. PocTtyunii conikyn siedHuka rinoTupoigHoro
Lypa: MNOCWMEeHHs ekcrpecii peuenTopiB nekTuHy SBA.
x400.

Puc. 3. NevikoumTapHa iHGinbTpauis eHaoMeTpia npu
rinoTupoianami: cenekTneHe 3acapboByBaHHS NEVKOLUTIB 3
BUKOPUCTaHHAM nekTuHy HPA. x400.

BucHoBku

1. Sk rimo-, Tak i TINEPTUPOIAN3M BHKJINKAIH
MOPYIICHHS KIJIBKICHOTO CITiBBITHOLIEHHS MK OCHO-
BHUMH CTPYKTYPHHMH KOMIIOHEHTAMHU SI€YHUKA —
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(domikynamMu i )KOBTUMH TiJIaMH, IPUIOMY 32 YMOB
EKCIIEPUMEHTAIILHOTO TIMIOTUPOIAN3MY iIeHTH(DIKO-
BaHO TaubMyBaHHS (OIIKYJIOTeHe3y, TOML SIK Tinep-
THUPOIAM3M CYIIPOBOKYBABCS TinepTpodiero Ta 30i-
JIBIICHHSM KUJTBKOCTI JKOBTHX TiT (JIFOTEIHI3aIII€IO SI€-
YHUKA).

2. lucbanaHc TUPOiJHUX TOPMOHIB BUKIIUKAB Yy
IIypiB 3MiHH KUIBKICHOTO CKJIaJy KJIITUHHHUX 1 CTPO-
MaJIbHUX CTPYKTYp €HIOMETpilo, a caMe: Harpoma-
JOKEHHS JICHKOIUTIB — MPH TIHOTUPOITU3MI, TCIUITY-
IBHUX KIJITHH, HOTOBIIEHHMX ITYYKiB KOJIATEHOBHX
BOJIOKOH 3 MiIBUIIECHOIO JIGKTUHOBOIO PEaKTHBHICTIO
— TIpH TiNepTHPOITU3MI.

3. Sk rimo-, Tax i rinepTHPOiAN3M MaOTh CYTTE-
BUH BIUIMB Ha TIIKOTIONIMEPH SIEYHHUKIB Ta MATKH, IO
B YyMOBaxX €KCIEPHMEHTY NPOSBILUIOCS Y Pi3HOCIIPS-
MOBaHIH 1 cyTo crierudiuHiil A KOKHOI BUBYCHOT
MIKpPOCTPYKTYpH 3MiHI MaHO030-, (pyKo30- Ta ciajor-
JiKaHIB, a TaKOX BYyrJieBoAHHX nerepminanT DGlc-
NAc, DGal Ta DGalNAC, 110 Moxe CBiTYUTH SK PO
po30aaHCOBaHICTh (HE3aBEPLICHICTh) MPOLIECIB KiH-
LIEBOTO IIIIKO3MJIFOBAaHHS IIIKOKOH IOTaTiB, TaK 1 Ipo
MOCHJICHHS a00 IPUTHIYEeHHS 1X ceKkpeuii Ha Tl Tuc-
OanaHcy THPOITHUX TOPMOHIB.

4. TlopiBHSHHS JBOX MOJCIBOBAaHUX MATO-
JIOTIYHUX CTaHIB MOKAa3aJio, IO TIHePTHPOiqN3M YH-
HUTH OiNBII BHPaXCHHWH BIUTUB HA OPTaHU KiHOYOT

penpoayKTHBHOI cucTeMu. [Ipu TMOpIBHSIHHI s€4-
HUKIB Ta €HJIOMETPII0 BCTAHOBJICHO, IO OCTAHHIN
Ma€ BHIIY YYTIUBICTh J0 TUCOANAHCY THUPOiTHUX
TOPMOHIB, CBITYCHHSAM YOTO CIYKWJIH, 30KpeMa, Ma-
CHBHA JIEWKOITAapHA iHPLIBTpALis Ta KOJIareHizaris
ctpomu. Kopekmiss TrinoTupoian3My THPOKCHHOM
CrpHsja IeBHIM HopMaiizauii sk 3arajsHOMOpQdo-
JOTIYHUX (JICHKOIUTH, KOJAr€HOBI BOJIOKHA), TaK 1
riCTOXIMIYHUX XapaKTepUCTUK (MaHO30-, PyKo30- Ta
claJIorJiKaHu), OJTHaK HOpMai3alii pelenTopiB JeK-
tuHiB SBA, HPA Ta PNA 3a yac npoBeJcHHS CKCIIe-
PUMEHTY JOCSITHYTO He 0yJ10.

IepcnekTuBH NOAANBIINX po3podok
IOB’s13aHI 3 BUBUCHHSM CTPYKTYPHUX 3MiH IIUTO-
MOMiOHOT 3aJI03U /sl BH3HAYEHHS 103 TIPETapariB,
HEOOXITHUX JUIS TOCATHEHHS CTIHKOTO TilepTHpPOia-
HOTO a00 TIMOTUPOITHOTO CTAHIB.

xepesia ¢pinaHcyBaHHSA

JlociipkeHHs] BAKOHAHO B paMKax HayKOBO-ZI0-
ciignoi temu «MopdodyHKIiOHaTBHI Ta  IMYy-
HOTICTOXIMI4HI OCOOJMBOCTI TKaHWUH 1 OpraHiB B
HOPMi Ta TIPU MATOJIOTIYHUX CTaHax» (HOMEp Hep-
xaBHoT peectpanii 0122U000168).
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Coromonsin €.A., Yeananosa I.B., CmoabkoBa O.B., Cepsernuk M.1., [lankeBuy JI.B. Biuius gucoa-
JIAHCY TMPOIJHNX TOPMOHIB Ha BYIJIeBO/JHI JeTepPMiHAHTHU SIEYHUKIB Ta eHI0OMETPil0.

PE®EPAT. AkTyadbHicTh. AHali3 HOCTYIHOI (paxoBoi JiTepaTypH Mmokas3as, IO MPH HASIBHOCTI 3HAYHOT
KUTHKOCTI KJIIHIYHUX CITIOCTEPEIKEHb CTOCOBHO HETATUBHOTO BILTUBY TUCQYHKIIIT IIUTOMOAI0HOT 3271031 Ha J)KIHOTY
PENPONYKTUBHY CHCTEMY HEJIOCTaTHBO MpAallb, MPHUCBSUCHUX EKCIIEPUMEHTAIHLHOMY BUBUEHHIO TOHKHX IaTOMe-
XaHi3MiB I[bOT0 BILTUBY. CTPYKTYpH OpraHiB )KiHOYOI PePOAYKTUBHOI CHCTEeMH 0arati pi3HOMaHITHUMH KJIACAMH
BHUCOKOMOJICKYJISIPHUX O10MOMIMEpIB, 10 MICTATh BYIJIEBOJHUN KOMIIOHEHT. ByriieBoiHI JeTepMiHaHTH B YUCII
MEPIIUX MOIIKOPKYIOTHCS IIPH PO3BUTKY MATOJIOTUHHUX MTPOIIECIB 1 TOMY MOXYTbh CIIY)KMTH PaHHIMHU Ta iH(popma-
TUBHUMH MapKepaMH YIIKOJKEHb OPraHiB >KIHOYOI CTaTeBOi CHCTEMH, PenpoyKTHBHOI (yHKUIT 30kpema. [lo-
CTaTHbO YYTJIUBHMH Ta CEJIEKTUBHUMHU MapKepaMH BYTJIEBOJHHUX NETEPMIHAHT 01010IIMEDIB € JIEKTHMHH, BUKOPHU-
CTaHHS SIKUX B SKOCTI IHCTPYMEHTIB JIOCII/DKEHHS XapaKTepy 3MiH IJTIKOKOH FOraTiB OpraHiB 1 TKAHHH Y HOPMI Ta
IpH pi3HUX PopMax MaTONOTIT NPOJOBXKYE 3UINIIATHCS AKTyaJIbHUM 3aBIaHHIM. MeTa: B eKCIIEpIMEHTI Ha I1y-
pax DOTCIIIUTH BILTUB TillO- Ta TIIEPTUPOIAN3MY Ha BYTJICBOJHI IETCPMIHAHTH SE€YHUKIB Ta CHIOMETPIlO, BUKO-
PUCTaBIIH 3 Li€I0 METOI HaOip JIEKTHUHIB Pi3HOI ByriieBoqHOI crienudivaocti. Meroau. Jlocmia mocTaBIeHO Ha
65 crareBo3pinmx camkax Oinux urypis minii Wistar macoro 200-250 r. Vci TBapunu Oynu mojisieHi Ha 5 rpyir:
KOHTPOJIb, TiMO- Ta TinepTHPOinu3M (1o 15 TBapuH y TpyIIi), a TaKOXK 2 TPYIH 3 KOPEKIEI0 TNOTUPOIIn3MY (110
10 tBapuH y rpymi, Tabn. 2.1). TinoTHpoimHumiA cTaH MOAETIOBAIN 3a JONOMOTO Mepkazoniny (“3mopoB’s”,
XapkiB) y 1o0oBii 1031 10 mr/kr; rineptupoinusm Bukiaukamu L-tupokcuaom (“Dapmax”, Kuis) y mo0oBii 103i
100 MKI/KT MacH Tijia TBapHH. B ycix qoCmiHIX rpynax MepKa3oJiil i TAPOKCHH Y BHIVISII MOPOIIKY 0/IaBaIH B
Ky IIOAEHHO MPOTITOM JBOX THKHIB, IICIS YOTO TBApWH IiJIaBaH €BTaHAa3il Iepero3yBaHHAM Ji€THIOBOTO
e¢ipy. ByrieBonHi qeTepMiHaHTH CTPYKTYP €HIOMETPIIO Ta SIEYHHUKIB JOCTIKYBaJIN 3 BUKOPUCTaHHAM 20 JIeK-
THHIB, Y TOMY 9HCIIi 15 KOHBEHITIOHABHUX, & TAKOXK 5 HOBUX OPUTIHAIBHUX IIPENapaTiB, OYMIICHUX 3 MIPECTaB-
HUKIB MignapcTa rpubiB-6azumiomineTis. Pe3yjabTaTu. AHami3 pe3ynabTaTiB Mepepo3NOAiTy PEIenToOpiB JeK-
THHIB Ha TJIi TI0- Ta TIepTUPOIIU3MY [T0Ka3aB, IO TiePTHPOIAN3M CYIPOBOIKYETHCS O11bII BUPA’KEHUM BILIH-
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BOM Ha BYTJICBOJHI IETEPMIHAHTH CTPYKTYP SE€YHHUKA MIOPIBHSIHO 3 TIMOTHPOIAHUM CTaHOM. Pazom i3 TuM, ocTaH-
Hill XapaKTepHU3yBaBCs BUPAKEHOIO JICHKOIIMTAPHOIO 1H(IIBTPAIliEl0 MO3KOBOI PEUOBHHM SIEUHUKA, HAWOLIBIII Ce-
JICKTMBHHUM TICTOXIMIYHMM MapKepoM IIpH Iibomy BusiBIInCs jJektuan PNA, SBA, ta UDA. 3a qaHuMu Hammx
JOCTIIKEeHB, KOBTI Tijia, SIKi YTBOPIOBAJIUCS Y TIMEPTUPOITHUX TBApWH, Mal MOP(HOJIOTIUHI O3HAKU TTOCHIICHOT
(hyHKIIOHATBFHOI aKTHBHOCTI. Y (DONIKYISIPHUX KIITHHAX HACIIIKOM HECTadi THPOIXHOTO TOPMOHY OyJIO JesKe
3MEHIIeHHS KinbKocTi penentopi nekTiHiB UDA ta PAFA i mocunenns excripecii y Hux SBA-peakTHBHHX TIIiKO-
KOH’1OTaTiB. ¥ MIKpPOCTPYKTYpaxX €HAOMETPIl0 HIYpiB i3 eKCIIEPUMEHTAIBHUM TilIOTUPOiU3MOM Y MOPIBHSHHI 3
KOHTpOJIeM OYII0 BUSIBJICHO PEIYKIIO BYTIICBOAHHUX JCTSPMiHAHT 3 TepMiHanpHuMu 3anuinkamMua DGal ta DGal-
NAC y nmoeHaHHi 3 HarpoMaKEHHSIM TITIKOTIONIIMEpIB 13 TepMiHabHUME 3aiuiukaMu LFuc. {nst rpynu rinotu-
POITHHUX TBAPUH XapaKTEPHOO OyJIa TAKOK IHTCHCHUBHA PEaKIisl ICHKOIUTIB 3 TIEPEBAYKHOIO OLIBIIICTIO JICKTHHIB.
Y rpyni TBapHH i3 riNepTUPOIAU3MOM PEAKTHBHICTH CTPYKTYP €HIOMETPIIO 3 MEpeBa’KHOIO OUIBIIICTIO BUKOPH-
CTaHUX JIEKTUHIB 3pocTaia. OcoOIMBO 1€ CTOCYBAJIOCS MOTOBLICHHX Ta IHTCHCHBHO MO3WTHBHUX KOJAareHOBUX
BOJIOKOH. OTpHMaHi HAMH Pe3yJIbTAaTH JIEKTHHOTICTOXIMITHUX TOCTIKEHb MIKPOCTPYKTYP €HIOMETPIt0 MPH KO-
PEKIII TIMOTHPOIAN3MY 3aMiCHIMH JJ03aMH THPOKCHHY J00pe KOPEIFOBAJIH i3 3araJbHOMOP(OIOTIYHIMH JaHUMU:
MacHBHA JICHKOIIUTAapHA 1HDIIBTPAIlsI CTPOMHU SHIOMETPis 3MEHITYBaNacs 10 KOHTPOJIHHHUX MOKa3HUKIB IIPH 3a-
crocyBanHi 30 MKT/KT, ane He 1,6 MKr/kr THpokcuHy. Ilincymoxk. 3ararpHOMOPQOIIOTIYHI Ta IEKTHHOTiCTOXIMIUHI
3MiHH €HIOMETPito IpH nucOaraHci THPOITHUX TOPMOHIB OYyJIM BUpaXKeHi CHIIbHIIIE, aHK BiAIOBIIh Ha MOJIEITIO-
BaHHSI IMX MATOJIOTIYHUX CTaHIB CTPYKTYpPaMH sI€IHHKIB. L{e mposBisimocs, 30kpeMa, y IIOCHIeHIH IeHKonnuTapHii
iHQITBTpaNii Ta miBUIIEHIN KonareHisauii eHJoMeTpiro.
KaiouoBi ciioBa: rinotupoinusm, rinepTupoian3m, s€UHUKH, MaTKa, JIEKTHHU.

94

MORPHOLOGIA ¢ 2024 « Tom 18 * Ne 4



0.B. Xanenko DOI: https://doi.org/10.26641/1997-9665.2024.4.95-100

10.1. Ilono
TOBHH VJIK 616.379-008.64:611.44:616-092:612.82-092

MOP®OJOTTYHI 3MIHU B CEJIE3TH-
Il H{YPIB Y MI3HI TEPMIHU EKCIIE-
PUMEHTAJILHOTO CTPENITO30TO-
AH-THIYKOBAHOT'O IIYKPOBOT'O
JIABETY

IBaHO-®paHKIBCHKHUH HAIIOHAIB-
HUH MEIUYHHUN YHIBEPCUTET
IBanO-®paHKiBCHK, YKpaiHa

Haoiwna: 14.10.2024
Hpuiinama: 15.12.2024

Khanenko O.B. X, Popovych Y.I. > Morphological alterations in the spleen of rats during late stages of
experimental streptozotocin-induced diabetes mellitus.

lvano-Frankivsk National Medical University, Ivano-Frankivsk, Ukraine.

ABSTRACT. Background. Diabetes is a systemic disease that affects various organs and systems of the body. One of
the known complications is damage to the immune system. However, changes in the spleen, as the central organ of the
immune system in diabetes, have not been studied sufficiently. Objective. To study the features of morphological changes
in the spleen in the late stages of experimental diabetes mellitus. Methods. The article presents the results of an experi-
mental study of changes in the spleen parenchyma of rats with streptozotocin diabetes. The study was conducted on 11
adult white male rats, which were divided into two groups: control and experimental. Diabetes mellitus was induced by a
single intraperitoneal injection of streptozotocin. Spleens were harvested 42 days and 56 days after induction of diabetes
mellitus. Results. In diabetic rats, a sharp decrease in the mean diameter of lymphoid nodules was observed: (360.9£10.5)
um after 42 days and (314.64+11.98) um after 56 days, compared with (448.06+9.68) um in the control group (p<0.05).
The diameters of periarteriolar lymphoid sheths also differed significantly in different groups: the average diameter was
31.41% smaller in diabetic rats (p<0.01). The narrowing of the central artery lumen probably led to pathological changes
in the lymphoid structures of the spleen in diabetes. Conclusion. Significant morphological changes were observed in the
red and white pulp of the rat spleen in the late stages of experimental streptozotocin-induced diabetes mellitus. The ob-
tained results demonstrate a substantial impact of experimental diabetes on the structural elements of the rat spleen, with
progressive changes manifesting at both time points, more prominently at 56 days of streptozotocin-induced diabetes
mellitus.
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Beryn

IykpoBuii niabet — oiHe 3 HAKOLIBII MONIHpe-
HUX HelH(eKUiHHUX 3aXBOpIOBaHb y CBiTi. B nanmit
9ac KUIBKICTh JIIOJIEH sIKi XBOPiIOTh Ha IaHy MaTOJIO-
riro ckianae 6ineiie Hixk 500 miH., a B 2045 porri
MIPOTHO3Y€ETHCSA 301MbIIeHAS KiTbKOCTi 10 700 MiTH.
XBOpHX. 3aXBOPIOBAHHS CHPUYUHEHE a0COJIOTHUM
a00 BiHOCHMM Ae(iIUTOM IHCYJiHY, IIO TPHU3BO-
JIUTH JIO TIiIBUIICHHS PiBHS TIIFOKO3H B KPOBI Ta YH-
CJIEHHMX yCKJIaJlHeHb. [0 HUX HaJlleXaTb ypaKeHHs
TaKUX CHCTEM Ta OpPTaHiB, K HEPBOBA CHCTEMA 3 PO-
3BUTKOM HeHpomariii, CyAMHHa CUCTEMa 3 PO3BUT-
KOM MIiKpO- Ta MAaKpOaHTionaTii, a TAK0X ypakeHHs

Hupok [1].

VY psiai gocimkeHsb MoKa3aHo, M0 iMyHHa CHC-
TeMa € JIy)e BPa3JIHBOKO 10 TPUBAJIOTO MiABUILEHHS
IJIIOKO3M B KPOBI, SIKECYIPOBOJIKYETHCS 3HUKEHHIM
OIIPHOCTI OpraHi3My 10 pPI3HOMaHITHHX 1H(DEKIiH-
HHUX 3aXBOPIOBaHb BHACIIIOK ypa)keHHS IMyHHHUX Op-
ramis [2, 3].

CenesiHka, sk HaHOLIbIINIT BTOpUHHNI JTiMpoO-
iMHUI opraH, BiJiirpae 3HauHy B IMyHHIH cucTeMi —
OepyuM y4yacTb B pEaklisiX K BPOIKEHOTO, TaK 1
ajanTUBHOTO iMyHiTeTy. KpiM TOrO, BOHa Oepe 3Ha-
YHY Y4acThb y HaToreHe3l caMoro IyKpOBOTO Iia-
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6ety | Tumy. Croau BiTHOCATHCS MpoIiecH audepe-
Hitiamii cyonomyssii T-kaiTuH, MOGiTi3amii Makpo-
(ariB Ta curHanbHi T-KIITHHH XeNTepiB, 3 OCTaH-
HIMU IIOB’s13aHE YTBOPECHHS aHTHUTLJ 10 B-KIIITHH ITi-
JIIUTYHKOBOI 3amo3w [4, 5].

OpHak, He3Ba)KalOYH Ha BEIHKY KUTBKICTH JOC-
JiKeHb, Oe3mocepe/IHii BIUTHB AiabeTy Ha camy ce-
JIe31HKY 3aJIMIIAETHCS HEJOCTAaTHRO BUBUYEHUM. He-
oOXigHI MojanblIl JOCHTIHKEHHS Ui 3'SiCyBaHHS
crerU(iYHUX KIITHHHUX 3MiH, SKi BiOYBalOTHCS B
ceyie3iHnl y BianmoBinp Ha niader. Kpim Toro, Bu-
BYCHHS IOTEHIIHOT POJIi CeNe3iHKM B IMYHHIH 1u-
CperyJsLii Ta CyANHHIN MaTOJNOTIi, MOB'A3aHii 3 Hi-
abeTtoMm, MOKe 3a0€3MeYNTH HOBI TePaNeBTUYHI Mi-
IIEHI JUIA JIIKyBaHHSA CHCTEMHHX yCKIIaJHEHb 3aXBO-
pIOBaHHS.

Mera [nociimpKeHHSA: TOCIIIHUTA OCOOJIMBOCTI
MOpP(OJIOTIYHUX 3MiH Y CeNe3iHIli Ha Mi3HIX CTamisx
EKCIIePUMEHTAIILHOTO I[yKpPOBOT'O JlialbeTy.

Marepiaau Ta meToan

JlocmikeHHsI TPOBOAMIOCS Ha JabOpaTOpPHUX
TBapuHaXx, sKi OyJu po3/iJeHi Ha JBI IPYyNU: KOHT-
POJIbHY Ta €KCIIEPUMEHTAIIbHY 3 MOJICIIbOBAHUM I1Y-
kpoBuM aiaberoM. KoHTposnbHa Tpyna BKiIrOdana
M'ATh IHTAKTHUX JOPOCIUX IIypiB-CaMIliB Baroro
180-200 r 3 HOpMaTEHUAM pPiBHEM TIIFOKO3H 0€3 MoJIe-
JHOBAHOTO IyKpoBOro miabery. ExcnepumMenrtansHa
rpyma, CKJIajanacs 3 MIECTH IIypiB, SIKUM BBOIWIA
OJTHOPA30BY IHTPAIIEPUTOHEATBHY 1H'€KIIII0 CTPENTO-
3oTonuHy (Sigma, CIIA) B 0,1 M uutpatHomy Oy-
(epHOMy pozunHi (pH 4,5) y no3i 6 mr Ha 100 r Mmacu
tina [6]. Cenesinky 3abupanu uepes 42 ta 56 mi6 -
ciis movaTky ekcrepumenty. [Iposomunu 3adapoo-
BYBaHHS 3pi3iB FeMaTOKCHIJIIHOM Ta €03UHOM 3TiJHO 3
npoTtokonoM [7]. EkcriepuMeHTansHa rpyma, cKiaia-
Jacs 3 MIECTH IIypiB, SIKUM BBOJIIIM OJHOPA30BY iH-
TpalepUTOHEaNbHy  IH'€KIII0  CTPENTO30TOLMHY
(Sigma, CHIA) B 0,1 M mmutpatHOMY OyhepHOMY pO-
3umHi (pH 4,5) y 103i 6 mr Ha 100 T Macu Tina.

3 I0TIOMOTOI0 MPOrPaMHOTO 3a0e3NeueHHs IS
aHamizy 300pakeHpr Image] mpoBoAHMIM BHUMIpIO-
BaHHS MOP()OMETPUYHUX MMOKA3HUKIB: AiaMeTp JiM-
(oinHux By3IiB Ta iX repMiHATUBHUX LIEHTPIB, LIH-
pHHA MaHTIHHOT, MapriHANBHOI Ta epruapTepiaitbHOi
nimdoinHoi MydTH, TiaMeTp MPOCBITY LEHTPAILHOT
aprepil. ExcriepuMeHT 31iiCHIOBABCS 3 TOTPHUMAaH-
HSM peKOMEeHAamid €Bponeicbkoi KoMicii moao Oi-
OMEANYHHX JOCIIIPKEHb 33 Y4acTIO TBAPHH.

Jlnsi BUKOHAHHS CTATUCTHYHOTO aHaJi3y BUKO-
PHCTOBYBaBCS MakKeT MPOTPaMHOTO 3a0e3NeUeHHs
Python Bepcist 3.12. PiBens 3Hauymniocti OyB BCTaHO-
BJIeHU#t Ha piBHi p < 0,05 [8].

Pe3yabTaTu g0CHiIKEeHHS

[Ipu po3THHI NMOBEpPXHSA CENE3IHKH IHTAaKTHHX
IIypiB ri1agka i 3;ierka o6muckyya. Ha 3pisi giTko au-
(hepeHLIIOITECA  CTPYKTYPH CENE31HKH, BHIIIA-
IOTHCSI JIBI OCHOBHI YaCTUHU: Y€PBOHA 1 O1J1a MyJIbITH.
bina mynemna npencraeneHa aiMoinHuME (omiKy-
namu. YepBoHa myibna 3aiiMae OUIbIIY YacTHHY Ce-
JIE31HKH Ta MiCTUTh YUCIICHHI CYIMHH.
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[Tpu MopdoMeTpruIHOMY TOCIHIIKSHHI y TTYPiB
KOHTPOJIBHOI TPYIH CEpeNHii aiameTp JTiMQoimHux
BY3JIMKiB cTaHOBUB (448,06+9,68) Mkm (Puc. 1). V
tBapuH 3 CIIJ cmoctepiramocst BHpakeHE 3MEH-
meHHS Mhoro mokaszHuka: 1o (360.9+10.5) Mrm
(p<0,05) gepe3 42 mobu ta no (314.64+11.98) mxm
(p<0,01) gepe3 56 ni0, mo Ha 29,77 % MeHIEe y mo-
PIBHSIHHI 3 TOKa3HUKOM Y IHTAKTHUX IIYPiB.

[Mepuaprepiansui nimdoinai mydru (ITAJIM)
piAKO MaJM MpaBWIBHY OKpyrity (opMmy, HacTimie
Oynu oBanbHO-BUTATHYTUMH. [iametp [TAJIM Biapi-
3HABCSL y TBapuH pisHuX rpyn. CepenHiit niamerp
IMAJIM y mypis i3 I/ cranosus (56.35+1.86) mMxmM,
TOIIi SIK Y TBApWH KOHTPOJIBHOI TPYIH el MTOKa3HUK
cknazaas (82,15+3,08) Mxm (3MenmenHs Ha 31,41%,
p<0,05) gepe3 56 nib6 micms monemoBanas L[J1.

HentpansHa aprepis TiM(paTHIHUX BY3JIHKIB
YacTillle PO3TallOBYBANACh €KCIEHTPUYHO, HEPiIKO
Ha nepudepii JiMpaTHaHOrO By3nHKa. Binmivanock
CYTTEBE 3HIKEHHS MPOCBITIB apTepii, 1o HMOBIpHO
BeJie JI0 MAaTOJOTIYHUX 3MIH B JTIM(OITHUX CTPYKTY-
pax ceNe3iHKHU MPH IIYKPOBOMY JiabeTi.

VY X0Ai ekcrepuMeHTy Oyiu mpoBeaeHi Mopdo-
METPUYHI TOCTIKCHHS TIM(POITHUX CTPYKTYp Oiio1
ITyJIBITH CEJIe31HKH IIypiB 3 IyKpoBuM miaderom (L)
Ta KOHTPOJIBHOI rpynu. Y cenesinmi npu LJ] Buss-
JeHo atpodivdHi 3MiHK TIMQOITHOTO amapary cenesi-
HKH 3MEHIIICHHI JiaMeTpy (OJIKYIIiB, a TAKOXK 3MiHaX
y CTPYKTYpi mepuaprepiaibHUX 30H (yci JaHHI 30-
OpaxxeHo Ha Mau. 1).

Oo6rosopeHHst

LlykpoBwuii niabeT BUKIMKAE 3HAYHI 3MiHU B Ce-
JIe31HLI K HA MaKPOCKOIIYHOMY, TaK 1 Ha MiKPOCKO-
NIYHOMY PiBHSIX, 10 3YMOBIICHO BIUIMBOM TilEpIIi-
KeMmii Ha 1eit opran. Tak HaMu BUSIBIICHO, IO Y Mi3HI
tepminu CILJ] ocobmuBo gepe3 56 mHIB icTOTHO 3Me-
HINWINCS [IMPHHA MAHTIHHOI Ta MapriHaJIbHOI 30H,
niameTpu TiMQOiTHIX BY3JIHKIB Ta IX TepMIHATHBHUX
meHTpiB. OTpUMaHi pe3ymbTaTH MOXYTh CBIIIUTH
po atpoivHi 3MiHM B CENE3iHII, MO KOPEIIOE 3 Ja-
HUMH IHIIAX aBTOpPiB. 3a3Ha4yeHi HepeOyIOBH MO-
KYTh OyTH 3yMOBIICHI OKHCITIOBAJIBHIM CTPECOM Ta
aronTo3oM [9]. B okpeMux IOCTiIKEHHAX OYIIO MO-
Ka3aHo, 1[0 XPOHIYHA TiNeprilikeMis MPU3BOIUTH 10
3MiH y CKJIaJli IMyHHOT CHCTEMH, BIUTMBAIOYHU Ha IPO-
rpecyBaHHs 3aXBOPIOBAHHS 1 € KITFOUOBUM (HaKTOPOM
MeTaboNMYHOI EHAOTOKCeMil Ta XPOHIYHOTO 3ama-
JieHHs B TKaHuHax [10].

XpoHiuHe 3amajeHHs MPHU IIyKPOBOMY Hiaderi
— II€ CKJIaIHUH TIpoLeC, IKNI BUHUKA€E BHACKIIOK T'i-
neprilikeMii Ta IPU3BOANTH JI0 YUCEIbHHUX yCKIIa-
HeHb. [ligBUIeHNH piBEHB TIIOKO3M B KPOBi aKTH-
BYE MOJICKYJISIPHI MEXaHI3MH, K1 CHPUSAIOTH 3a1aJIb-
Hii peakiii. OQHUM 3 TaKUX MEXaHI3MiB € MOCH-
JICHHS! OKCHJATHBHOTO CTPECY, L0 MPU3BOAMTH 10
MOCHJIGHOTO YTBOPEHHS aKTHUBHUX (OPM KHCHIO
(ADK), saxi 3aBmaroTh mMKOAW Oinmkam, Jimigam i
(AHK), TaM caMuM 3amyCKarouy 3amajibHi MPOLECH.
OnHouyacHO BinOYBAa€ThCS 3HMKEHHS AKTUBHOCTI
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AHTHOKCHIAHTHUX (EPMEHTIB, TaKUX K CYIEPOK-
CUIIMCMYTa3a, KaTaja3a Ta MIyTaTIOHIePOKCH1a3a,

o0 IOCHIIIOE OKHMCIIOBaIbHMU cTpec [11-14].

3MiHW MOpPgONOriYHUX NapamMeTpiB NyNsNA WypiB
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Puc. 1. MopdonoriyHi nokasHUK1 Nynbnu CenesiHkU y iHTakTHWX LypiB Ta y Ni3Hi TEPMiHW CTPENnTO30TOLMHIHAYKOBAHOIO

uykpoBoro giaGerty.

Jducperymsiis iMyHHOI CHCTEMH TaKOX BiJir-
pa€ BaXJIMBY POJb, OCKIIBKU TileprIiKeMis MOTip-
mye ¢yHkuito Hewrrpodinis, T-mimporuTie i MOHO-
urTie/MakpodariB. 3HMKEHHS! (parouuTapHOi aKTH-
BHOCTI HelTpo(diiB, NOpyIIEHHS poJidepaTUBHOT
BianoBiai T-miMQponuTiB Ta 301IBIICHHS MPOIYKIT
Mpo3amnajbHUX IMTOKIHIB MOHOIUTaMK/Makpoda-
ramMy CIPUSIOTh PO3BUTKY XPOHIYHOTO 3alajieHHs
[11, 12, 13]. YTBOproeThcst "BajHe Kojo" 3ama-
JICHHS, e XpPOHIUHE 3aNajieHHs TOCHIIIOE 1HCYIHO-
PE3UCTEHTHICTH, IO MPHU3BOJMUTH O TOAAIBIIOT Ti-
MepriTikeMii Ta TOCHICHHS 3alaIbHUX peakiiit [13,
14]. Kpim Toro, 3amajeHHs CIpHUsie TUCPYHKIII eH-
JIOTEJIII0, 10 XapaKTePU3YETHCS 3HIKEHHSIM POJLy-
KIii OKCHYy a30TYy Ta IiABHIIECHOIO EKCIIPECIEI0 MO-
JIEKyN anresii, M0 IMOJIETIIy€E MITpaliio 3amaibHIX
KIiTHH y TKaHuHU [15]. IligBumene BHpoOICHHS
nuTOKiHIB, BKItouatoun @HII-o, [JI-6 Ta DI-1p,
CTBOPIOE 3alalibHe CEPE/IOBUILIE, SIKE CIPHUSIE PO3BH-
TKy XpoOHiuHOTO 3ananenns [13, 14, 15, 16]. Posy-

MiHHS WX ITAaTOTEHETUYHUX MEXaHI3MIiB Ma€ BHUpi-
IaibHE 3HAYCHHS JUIs PO3pOOKH iHHOBAIIHUX Te-
pPaleBTUYHUX CTpaTeriif, CIpsSMOBAaHMX Ha 3MEH-
IICHHSI 3arajeHHs Ta MOKpalleHHs Pe3yJbTaTiB Jii-
KyBaHHs JIIOJICH, SIKi CTPaKAAI0Th HA IIyKPOBHIA Aia-
Oer.

CrpykTypHi Ta QyHKI[IOHAIBHI 3MIiHH B CeJe3i-
HIIi, 10 CIIOCTEPITraloThCsl y Mi3HIH TEPMIH eKCIepH-
MEHTAJIbHOTO IyKPOBOTO JiabeTy BijoOpaxarTh 3a-
TaTBHUH BIUTUB Timepriikemii Ha opraHi3M. o mig-
TBEPUKYETHCS JOCIHIIKEHHSIMHA 1HIIUX aBTOpPIB [9,
17,18, 19].

Ha MikpockomiuHOMY piBHI B CEJIE3iHIII Y Ii3Hi
eTany IyKpoBOro AiabeTy crocrepiranacsi 3Ha4yHa
quctpodist miMpoinHux cTpykTyp. Jdiamerp rim¢poin-
HUX BY3JIHKIB Ta X FepMiHATHBHUX IIEHTIB, SIKi € OC-
HOBHUMH KOMITOHEHTaMH IMYHHOI BiAIMOBIfi, 3MEH-
nryBaBcs. Lle Moxxe OyTH HOB's13aHe 31 3HIKEHHSM pe-
TITiKaIlii Ta akTUBaIii JIiMQOUHUTIB, IO 3MIHIOE IMY-
HHY BIATIOBib OpPTaHi3My Ta IMiABHIY€E BPa3JIHBICTh
1o iHdexmiianx aresTis [17, 18, 19].
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IMepuaprepianshi dimpoigai mypta (ITAJIM),
SIKi OTOYYIOTh apTepialibHi CyIMHU CEJIE31HKH 3MEH-
IIYIOTBCS B PO3MIipax Ta BTPAYalOTh CBOIO CTPYKTY-
PHY KOMITAaKTHICTb, IO MOKE BIUTMBATH Ha €(EKTHB-
HICTh IMYHHOTO MOHITOPHHTY Ta peaKilii Ha aHTH-
rerd. Lli cnocTepeskeHHs BKa3yIOTh Ha TIINOOKI ITOpY-
IIeHHA IMyHHOI (DYHKLIl cele3iHKH, IO Ma€ 3Ha-
YeHHs /ISl 3arajlbHOTO CTaHy IMYHITETY 1 MiITBep-
JOKYETHCS B 1HIITNX JOCTiKeHHX [15, 18, 19].

VY MapriHaibHiil 30HI cene3iHKH, sKa € nepexii-
HOIO MK YEPBOHOIO IMYJIBIIOIO Ta JIIM(OIAHOI TKa-
HUHOIO, TAKOXK BIJMIYAIOThCSI NECTPYKTUBHI 3MiHH,
IO MIPOSBIIAETHCSA PO3ILHPEHHSAM Ta HEPABHIBHICTIO
rpaHuIIX. JlaHi TaTONOTiYHI 3MiHHU CIIOCTEPIramucs i
B IHITUX AOCTimKkeHHs X [18, 19].

Bimomo, mo mykpoBwuii niaber, XpoHidHE TOPY-
IICHHS OOMiHY PEYOBHH, BUKJIUKAE CYIMHHI YCKIIAI-
HEHHS, SKi BPKAIOTh SIK BEJIMKI, TaK 1 IpiOHI KpOBO-
HocHi cynunu [17, 18]. LlykpoBuii niabet Mae 3Ha4-
HUH BIUIMB Ha CY/IMHHY CHCTEMY, BKIIIOUAIOYHU Celle-
31HKOBI apTepii, 110 MOXke TPU3BECTH 1O YCKIIaTHEHb,
IMYHOJIOTIYHUX TIOPYLIEHb Ta 3MiH 3 OOKY IHIIUX Op-
rasiB ta cuctem [21, 22, 23].

Ennoreniampaa muchynkmis (EH) € omamm 3
KPUTHYHHUX (DAKTOPIB y MaTOreHe31 ypaKeHHs CYAUH
IpH Aia0eTi, mpUIoMy 3aTy4eHHS IMyHHOI CHCTEMH
BiZlirpae 3Ha4Hy poib y mpomy mporeci [21]. Kpim
TOTO, TponyKIis okcunay azory (NO) eHmoremianb-
HHMMH KJIITHHAMH CYMH Ma€ BaKJIMBE 3HAYCHHS IS
ix cTany, a Horo MopyIieHHs 4epe3 Taki GaKTopH, K
rimepriikeMist Ta OKCHAATUBHUI CTPEC, € XapaKTep-

HOtO st miabety [25]. OTxke, eHmoTeniaabpHa qucdy-
ki (EJ]) € KII090BUM €IIEMEHTOM y TpOrpecy-
BaHHI CYIMHHHUX YCKJaJHEHb, IOB'I3aHHUX 3 IyKpO-
BHM Jia0eToM, TOMi SIK iMyHHa cEcTeMa poOUTH 3Ha-
YHUI BHECOK Yy ITOTJIMOJICHHS [IUX TATOJIOTTYHUX CTa-
HiB. B3aemozis Mixk eHIOTeTiaTbHOI0 TUC]YHKITETO,
3aMajieHHsIM Ta aKTHBAI€l0 IMyHHOI CHCTEMH SIBIIS-
€THCS OTEHLIITHOIO MIIIEHHIO JUIS TePalneBTUYHOTO
BTPY4YaHHS 3 METOH YCYHEHHS CYIUHHHUX YIIKO-
JDKEHb Yy XBOPHX Ha IIyKpoBHii aiabdert [24, 25, 26, 27,
28].

VYci i npouecu B CyKYHNHOCTI NMPHU3BOJSATH 10
MPOTrPECYI0YOr0 YIIKOKEHHS CYIHH, HOPYLICHHS iX
¢yHKOIi Ta CTPYKTYypH, IO € OCHOBOIO PO3BHUTKY
MIKpO- Ta MaKpOCYyJHHHUX YCKIaIHCHb L[yKPOBOTO
niabery.

Hincymox

Mopdonoriuni qociiKeH S TiMpOiTHIX CTPY-
KTyp OUIOT IyJIBITN CeNe3iHKU BUSBWIIM 3HAYHI 3MiHH
y mypiB i3 I/, y Burisanl 3MeHIIEHHS Oiamerpa
[TAJIM, nimM¢oigHuX By3JIHKIB, MAHTIHHOT Ta Mapri-
HAJILHOT 30H, a TAKOXK 3MEHIICHHS MIIILHOCTI JTiMGO-
LMTIB y MyJNbII, 0 BKa3ye Ha aTpodiyHi Ipouecu
YTBOPEHB 01101 MyJIBIIN CETEe3IHKH.

IlepcnekTBH MOAAIBIIMX AOCHIIKEHb

HeoOxinHi momanbii JOCHTIHKEHHS IS 3'sCy-
BaHHS CIEUU(QIYHUX KIITHHHUX 1 MOJEKYISAPHHUX
3MiH, SIKi BiZIOYBarOTbCS B CEJIE3iHIN y BiAMOBIAL HA
yKpoBuil niabet. BuBUeHHS IMyHHOI AUCPETYIAMil
Ta CyAMHHOI [IATOJIOTI1, HOB'13aHOI 3 1ia0eTOM, MOXKe
3a0e3MeYUTH HOBI TEPaNeBTHYHI MILCHI JUI JIKY-
BaHHS CUCTEMHHUX YCKJIaHEHb 3aXBOPIOBAHHSI.
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PE®EPAT. AktyajbHicTb. [[iabeT € CHICTEMHUM 3aXBOPIOBAHHSM, SK€ BIIMBAE Ha Pi3HI OPraHU Ta CH-
cTemu oprafizmy. OZHHNM 3 BiIOMHX YCKJIaJHEHb € YpaKeHHS IMyHHOI CHCTeMHU. BTiMm 3MiHN 3 00Ky cemne3iHKH,
SIK IIEHTPAILHOTO OpraHy iMyHHOI CUCTEMU TIpH IiabeTi BUBUCHI HepocTaTHRO. Merta. J[oCHiauTi 0coOIMBOCTI
MOPQOJIOTIUHHX 3MiH Y CeJIe3iHII Ha Mi3HIX CTalisX eKCIePUMEHTAILHOTO IIyKpoBoro aiadbery. Meroau. ¥ crarTi
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MIPENICTaBICHO PE3YIbTATH EKCIIEPUMEHTAILHOTO JTOCIIKEHHS 3MiH Y TTApEHXIMi CeNIe31HKH IIypiB 31 CTPENTO30-
TOIMHOBHM JiabetoM. JlocmimkeHHs: Oyno mpoBeneHo Ha 11 gopocnux OMMX MIypax-camIsx, SKHX OYJI0
pO3MiieH0 Ha JBi TPyNH: KOHTPOJBHY Ta €KCIepHMeHTanbHy. LlykpoBuii miabeT BUKIWKaIN OIHOPA30BOIO
BHYTPIIITHROOYEPEBUHHOIO iH'€KIi€I0 cTpenTo3oTonuHy. Cene3inky 3abupanu yepe3 42 1Hi Ta 56 THIB micns iH-
IyKmdii IykpoBoro aiadery. PesyabraT. Y mmypiB 3 IyKpoBHM MiabeTOM CIIOCTepirasiocs pi3ke 3MEHIIEHHS ce-
penuporo miamerpa diMmdoiganx By3uKiB: (360.9+10.5) mxm wepes 42 ni6 ta (314.64+11.98) mxm gepe3 56 nil,
NopiBHAHO 3 (448,0649,68) MkM y KoHTpobHIM TpyHi (p<0,05). liamerpu nepuaprepianbHux giMdoinHux Mydr
TaKOX 3HAYHO BIAPI3HSUTHCS Yy PI3HUX rpynax: Tak cepeaHidt aiamerp Ha 31,41% MeHIIMA y mIypiB 3 yKpOBUM
niaberom (p<0,01). 3By>KeHHS MPOCBITY LEHTPAJIBHOI apTepii, IMOBIPHO, IPU3BOAMIO A0 MATOJOTIYHUX 3MIH Yy
TiM(OITHUX CTPYKTYpax cene3inku npu aiaderi. Ilizcymok. Y yepBoHiii Ta 01l myNbIi cele31HKN MIypiB y Mi3Hi
TEPMIHM EKCIIEPUMEHTAJIBLHOTO CTPENTO30TOLMH-1HAYKOBAaHOTO IIYKPOBOTO JiabeTy BHSBIEHO 3HauHI MOpQo-
norivyni 3MiHd. OTpUMaHi pe3yabTaTH AEMOHCTPYIOTh 3HAYHHUH BIUIMB €KCHEPHUMEHTAIBHOTO JiadeTy Ha CTpyK-
TYpHi €JIEMEHTH CeJIe3iHKH! IIyPiB, IPUIOMY IPOTPECyI0Ui 3MIHH MPOSBISUIHCS B 00MABa TepMiHH, OibIe B Mi3HI
TEPMIiHHU CTPENTO30TOUNHIHIYKOBAHOTO I[yKPOBOTO JTiabeTy.
KurouoBi ciioBa: mykpoBuii niabert, cenesinka, MOpQOJIOTigHi 3MiHH, IMyHHA CHCTEMA.
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Chelpanova I.V. B} Mandibular bone remodeling after B-tricalcium phosphate transplantation: histological, im-
munohistochemical and ultrastructural aspects.

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine.

ABSTRACT. This article presents the research results of the histological, immunohistochemical, and ultrastructural char-
acteristics of bone-ceramic regenerate after p-tricalcium phosphate transplantation into an experimental defect in the rabbit
mandible, since complete and high-quality regeneration of maxillofacial bones, its mechanisms and dynamics remain not
fully understood, need clarification and detailing. Aim. To study in an experiment the dynamics of histological, immuno-
histochemical, and ultrastructural changes in the lower jaw bone after its traumatic injury with subsequent replacement of
the defect with B-tricalcium phosphate. Methods. Experiments were conducted on 45 male rabbits aged 6-7 months, weigh-
ing 2.5-3.0 kg. 20 animals constituted the control group, and 20 the experimental group. Another 5 intact animals were used
to study the normal structure of the bone tissue of the studied area of the mandible. The control group included animals with
a bone tissue defect that healed under a blood clot. The experimental group consisted of rabbits where the bone defect was
filled with B-tricalcium phosphate (B-TCP). Post-traumatic bone tissue status within the defect area was monitored for 84
days using the following methods: bone defect modeling, light-optical assessment of the histostructure of decalcified bone
sections, immunohistochemical determination of the expression of markers CD34, Calcitonin, Ki-67, transmission electron
microscopy. Results and conclusion. Implantation of the B-TCP material doesn’t affect the nature and dynamics of altera-
tive changes in the native bone tissue of the mandibular alveolar part after trauma, but during the 2-3rd weeks of the exper-
iment it causes a significant increase in the number and density of membranous osteogenesis foci on the periphery of the
bone regenerate with their subsequent anastomosis and association with the bone trabeculae of the native cancellous bone.
The realization of the osteoconductive potential of synthetic 3-TCP granules occurs through the creation of conditions for
active neovascularization, migration and cytodifferentiation of osteogenic cells, and these processes spread in a wave-like
manner from the periphery to the deep zone of the regenerate. The osteoblasts ultrastructure,near the border with the native
bone, indicates a limitation of their synthetic activity, while osteoblasts in the thickness of the ceramic-bone regenerate
intensively synthesize amorphous and fibrous osteoid components. In the deep zone of the implant, the appearance of func-
tioning microvessels prevents the formation of cartilage matrix foci and limits the degree of fibrosis, which is accompanied
by the formation of islands of desmal osteogenesis. In 5 weeks after implantation of synthetic B-TCP in the peripheral areas
of the bone-ceramic regenerate, intensive remodeling of the woven matrix into primitive bone plates occurs. Moreover, the
restored osteons of the native bone adjacent to the implantation zone, as well as the structures of the restored periosteum,
stimulate the appearance of mature osteocytes in the newly formed trabeculae of the regenerate. Implantation of synthetic
calcium phosphate material significantly accelerates the spread of the bone remodeling wave from the periphery to the
depths of the regenerate from 4 to 12 weeks of the experiment, but doesn’t ensure complete osseointegration of the implant
at the cellular level and restoration of the quality of fibrillogenesis at the ultrastructural level, also doesn’t prevent partial
fibrosis of the deep zone of the regenerate and doesn’t ensure complete restoration of the osteocyte lacunae-canal system.
Key words: lower jaw/mandible, dentoalveolar system, bone tissue, regeneration, B-tricalcium phosphate, histostructure,
immunohistochemistry, ultrastructure.
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Beryn

JlocmimpkeHHsT AWHAMIYHUX 3MiH Y KICTKOBIH
TKaHHHI MICs CTBOPEHHS €KCIIEPUMEHTAIBHOTO Jie-
(hexTy Ta HOTO 3alOBHEHHS OCTEOIUIACTHIHUMHU Ma-
TepialaMy € aKTyaJbHUM HAIpSIMKOM CTOMATOJIOTil
Ta IJIACTUYHO1 PEKOHCTPYKTUBHOI MeuIIHU. He3Ba-
JKAFOUM Ha BXKC BIJIOMI JIaHi PO BUKOPHCTAHHS Ta-
KUX MartepiaiiB y KJIHIYHIHA NPaKTUIl, MEXaHI3MH Ta
TEMITH TIOBHOI pereHepanii KicToK LIeJIeHO-JINIeBOT
JUISTHKY 3aJIMIIAI0THCS HEOCTAaTHHO BUBYEHHMH Ta
noTpeOyIoTh YTOUHEHHS 1 po3mupeHHs. Kibka Mijb-
HOHIB TAIlI€HTIB MOTPEOYIOTh KICTKOBOI IIACTUKU
mopiuno [1] . 3 ornsay Ha 3IaTHICTH KiCTKOBOI TKa-
HUHH JI0 TIPUPOJIHOT pereHepariii 00’ eMHi MOCTTpaB-
MaTU4YHI JeeKTH BHUMAararoTh OCOOJMBOI yBaru Ta
MiIXOMIB Y JiKyBaHHI. [H}ikoBaHI KedeKTH CyTTEBO
YHOBUILHIOIOTH PETEHEPAIII0 Ta CHPUINHSIIOTH HU3KY
YCKJIaIHEHb, 1110 3HAYHO MOTIPIIYIOTH TOBHE BiIHOB-
neHHs [2]. KnacuuHuME npUKIazaMH 3aCTOCYBaHHS
OCTEOIUIACTHKH € 3allOBHEHHS KICTKOBHX Je(eKTiB
CIpUYMHEHHX TpaBMamH [3-4], w1 cuHyc-mdTUHTY
Ta BCTQHOBJICHHsS 3yOHMX IMIUIaHTaTiB abo 3armoB-
HEHHS KiCTKOBHX Ie(EKTIiB micias ocTeoToMmil [5-8].

CHHTETUYHI 3aMIHHUKH KiCTKH, 30KpeMa 0ioak-
THBHA KepaMika, Ha0yBalOTh IOMYIAPHOCTI 3aBISKA
CBOIH 3JaTHOCTI CTUMYJIIOBATH Mpodidepariiro, Ju-
(dbepeHIiToBaHHA Ta pereHepariro KIITHH KiCTKOBOI
tkanuan. Cepen HuX B-Tpukainsiiidocdar (B-TKD)
€ OIMPOKO BHKOPHCTOBYBAaHUM Ta €(EKTHBHUM CHH-
TETHYHUM 3aMiHHHKOM ]IS KiCTKOBOI TpaHCILIaHTA-
1ii. BiH Mae 0CTEOKOHYKTHUBHI Ta OCTCOIHIYKTHUBHI
BJIACTHBOCTI, IIBUJIKO PO3KIIAJAETHCS B OPraHi3Mi, a
HOTO CTPYKTYpY 3r0JI0M 3aMiHIOE IPUPO/IHA KiCTKOBA
tTkanuHa. 11i BmactuBocti pobnares B-TK® onuum i3
HAMMOTYKHIIINX 3aMIHHUKIB KICTKOBOTO TPaHCILIaH-
tara [9]. Ilpore, pe3ynbTaTu aKTUBHOTO BUKOPHC-
TaHHS [-TpuKanbliipochaTy B KIIHIYHIA MPAKTHII
HE 3aBXKIH BiAMOBiAa0Th ovikyBaHHIM [10]. Jocmi-
JOKEHHS TiCTOJIOTIYHUX 1epe0yI0B KiCTKOBOTO pere-
HepaTy MiCiIsl 3aCTOCYBaHHS PIi3HUX OCTEOTPOITHHIX
MaTepiajiiB 0yJi0 MPOBEICHO HU3KOIO JOCITITHHKIB 32
JIOTIOMOT'OI0 KJIACHYHOTO CBITJIOONTHYHOTO aHaJi3y
[11]. Takox, 3HauHy yBary Mop(oJIoriB IPUBEPHYIH
JIOCJTIJDKEHHSI, 1110 CTOCYIOTHCS KJIITHHHUX Ta BHYTpi-
IMIHBOKJIITHHHUAX 3MIH TICNs 3aCTOCYBaHHS PI3HUX
MarepialiB 3 METOI0 ONTHMI3alil pereHepariiHux
MPOIIECIB Yy MUISHIN EKCIIEPUMEHTAIhHOTO KiCTKO-
Boro medekty [12]. B ocraHHI poku BETUKOTO 3HA-
YeHHsI HaOYJIH TOCTIKCHHS 100 BU3HAYCHHS IMy-
HOTICTOXIMIYHHX XapaKTePUCTUK KIITHHHOTO, BOJIO-
KHHCTOTO Ta MIKPOIUPKYIATOPHOTO KOMIIOHCHTIB
M1/ 9ac pereHepaTopHUX MepEeTBOPECHB KiCTKOBOT TKa-
HUHY Ta MpH ii B3aEMOJIi1 3 OCTEOTPOTHUMHU MaTepia-
namu [13].

MeTa TOCITiPKeHHS — BU3HAYUTH THHAMIKY Tic-
TOJIOTIYHUX, IMyYHOMOP(OJIOTIYHIX Ta yIBTPACTPYK-
TYpPHHX 3MiH Y KiCTIIi HIDKHBOI IIEJIeNN KPOJIMKa Ti-
cng ii TpaBMaTHYHOTO YIIKOJDKCHHS 13 HACTYHIHHM
3aMIIEHHAM JIe(peKTy OCTEOIUIAaCTHYHHUM Marepia-
aom B-TK®.
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JocmimkenHs 0yo mpoBeaeHo Ha 45 cTaTeBo3-
pITHX KpOJHMKaX-CaMIX BIKOM 6-7 MiCSIIiB, Baroro
2,5-3 kr. TBapuHH OynH po3AiJieHi Ha KOHTPOJIBbHY Ta
eKCIepUMEHTANbHY Tpymy (o 20 TBapHH KOXHA).
[le 5 iHTAKTHUX TBapWH OYII0O BUKOPHCTAHO JUIS BH-
BYCHHSI HOPMAJIbHOI CTPYKTYpH KiCTKOBOi TKaHWHH
JOCHIJ)KYBAHOI JUISHKA HWKHBOI 1menenu. Teapu-
HaM KOHTPOJIBHOI Ta €KCIIEpUMEHTAJIbHOI IPyH Mix
3araJbHUM HApKO30M, IIUIIXOM BHYTPIITHEOOYEPEBH-
Horo BBezieHHs Tionenary («bpodapmay, Ykpaina),
3 pO3paxyHKy 25 MI/KI MacH Tila TBapUHU Ha PiBHI
MDXK3yOHOI MiTITHKM KOMIpKOBOi YACTHHH HIKHBOI
IIETeny 3a JOMOMOTOI0 CTOMATOJIOTiYHOTO Oopa
CTBOPIOBAJIM KiCTKOBHUH 1e(eKT po3mipoM 4x3 MM.

J10 KOHTPOJIBHOI TPYIIN YBIWIIUIA TBAPUHH 3 JIC-
(exTOM KiCTKOBOi TKaHWHH, SIKHH 3arOIOBABCS ITiJ{
KpPOB’SIHUM 3TyCTKOM. EKCHEpHUMEHTanbHy TIpyIy
CKJIAJIaJIM KPOJIMKH, Y SIKUX KICTKOBHH Je(eKT 3aro-
BHIOBAJIM OCTEOTPOITHMM MaTtepiajiom Synthetic f3-
tricalcium phosphate CerasorbM B-TCP (Inc. in
North Carolina, USA) (B-TCF) JocnimkeHHs: cTany
KiCTKOBOi TKaHWHHU B IUISIHIII HAHECEHOTO Ac(eKTy
3nificHroBamy yepes 1, 7, 14, 21, 28, 35, 56 ta 84 nodu
MMCNIA HaHEeCEHHA TpaBMHU. B yci Bka3zaHi TepMiHH
MIPOBOAMIIN CBITJIOONTHYHY OIIIHKY TiCTOCTPYKTYpH
JEKABIITHOBAHOI KiCTKH, IMyHOTiCTOXIMIYHE BU3HA-
4yeHHs ekcrpecii mapkepis CD34, Calcitonin, Ki-67,
a TaKOX YJIBTPAacCTPYKTYPHHUH aHaNi3 3 BUKOPHUCTAH-
HSIM TPaHCMICIHHOT eIeKTPOHHOT MIKPOCKOMIT.

JIist TiCTONOTIYHOTO JOCHIKEeHHs (pparMeHTH
KiCTKH HI)KHBOT IICJCH B 30HI CKCIICPUMCHTANb-
Horo nedekry dikcyBamu y 10%-HoMy po3uunHi dpop-
MaJliny, JeMiHepaiizyBanu y 10%-HOMY BOJHOMY
PO34MHI a30THOT KUCIIOTH, TPOBOJMIIN Y CIIUPTaxX BHU-
CX1HOT KOHIIEHTpAIIi{ 3 TOAAIBIION 3aJIUBKOIO y Ma-
padin. OTpumani 3 OJIOKIB 3pi3H TOBIIHHOK 5-7 MKM
nemapadinyBaiy Ta 3a0apBIIOBaIH TeMAaTOKCHIIIHOM
i eo3uHoM [14, 15].

IMyHOTriCTOXIMIYHE HOCIHIIKEHHS MTPOBOIUIOCH
3rifHO  TmpoTokomiB  kommaHii  TermoScientific
(CIIA). Micnsa nenapadinizanii, periaparaiii, Tem-
HepaTypHOro JIeMacKyBaHHS aHTHICHIB Ta NPHIHi-
YEHHsI aKTHBHOCTI €H/IOTEHHOI TIEPOKCH/Ia3H MPOBO-
JIMJIH 1HKYOallito 3pi3iB 3 IEpBUHHUMH MOHOKJIOHAITb-
HUMHU Kposstummu aHTuTUlamu CD34 (QBEnd/10;
1:250), Calcitonin (SP17; Ready to use), Ki-67 (SP6;
1:250) y Bomorux kamepax mpu remmepatypi 23-25°C
Ha mpoTs3i 30 xBmwinH. BukopucToByBamm cucremy
Bizyamizamii UltraVision Quanto (LabVision). s
imeHTudiKamii peakmii HAHOCHBCSA PO3YUH XPOMO-
reay 3-miaminoOeHsuauH Terpaxiopuny (DAB)
(Quanto, LabVision) mig KOHTpoJeM MIiKPOCKOILY
mpoTsiroM Bix 20 cexyHI A0 3 XBHWJIHH, 3 MIPOSBOM Y
BHTJISAAI KOPUIHEBOTO 3a0apBieHHs. Jlai 101aTKOBO
3a0apBIrOBAIM TeMaToOKCIIiHOM Maiiepa mpoTarom
1-3 XBHUIIMHY 3 HACTYITHOIO JIETiIpaTalli€ro Ta 3aKpim-
JeHHsiM Oallb3aMOM 32 CTaH/ApTHOIO MPOLEAYPOI0
[16, 17].
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Jis yIbTpacTpyKTYPHOTO JTOCIHIHKSHHS JIeMi-
Hepalli3oBaHi 3pa3Kd HIDKHBOI Imeienu (pikcyBaiu
npu Temiepatypi +2°C npotsrom 3-4 roguH y 2,5%-
HOMY pO34HHI TiIyTapoBoro amprerixy B 0,2M ¢oc-
thatHOMY Oydepi (pH=7,4) 3 HacTymHOIO mOCT(iKca-
nieto mpotsiroMm 1 roguau B 1%-HoMy 3a0ydepeHomy
(pH=7,4) po3umHi 4YOTHPHOKUCY OCMit0 («SPIy,
CILIA), nerimpaTani€ro B COUPTAX 1 MPOIMIJIEHOKCHII
Ta BUTOTOBJIECHHSM EMOKCHUIHHUX OJIOKIB 3 BHKOpPHUC-
TaHHSAM €NOH-apaIbJUTOBOI KOMIIO3MLII. YIbTparo-
HKI 3pi3W pO3MilllaNi Ha MiHUX CITKax 1 3AiHCHIO-
BJIW TI0/IBil{HE KOHTPACTyBaHH: 3a MeToloM PeitHo-
neaca [18]. JocmimkeHHs TpOBOAMIN Ha TPAHCMICIH-
HOMY eNeKTpoHHOMY Mikpockom [TEM-100-01
(«SELMI», Vxpaina) mpu NIpHUCKOPIOBAJIBHINA Ha-
npy3i 75 kB i mepBuHANX 30UmbmeHHsX Bix 1500 mo
25000 3a crargapTHOIO cxemoro [19].

Bci npouenypw, mo cTocyBanucs MUTaHb YTPH-
MaHHSI, IOTJIS Y, MapKyBaHHS TBapUH Ta BCI 1HIII Ma-
HIITyJISIiT IPOBOAMITUCS 13 TOTPUMAaHHSIM TOJIOKEHb
«EBpONEHCchKOi KOHBEHIII MPO 3aXHUCT XpeOeTHUX
TBapUH, SKi BUKOPUCTOBYIOTBCS ISl €KCIIEPUMEHTA-
JbHUX Ta IHIIMX HaykoBHX wineit» (CtpacOypr,
1985), «3aranbHUX eTUYHUX MIPUHITUIIB CKCIIePIMe-
HTIB Ha TBapHHax», yxBajneHux Ilepurim Harionans-
HUM KoHTpecoM 3 Oioetuku (Kuis, 2001), 3akony Yk-
paian Ne 3447 — IV «IIpo 3aXHCT TBapWH BiJl JKOPC-
TOKOTO ITOBOKEHHSD 3T1THO 3 MUpeKTHBOI0 Pamn €C
2010/63/EU npo noTpuMaHHS IIOCTaHOB, 3aKOHIB, aJ-
MiHICTpaTHBHUX MOJ0XeHb JlepxaB €C 3 nuTaHb 3a-
XUCTY TBapHH, SIKI BAKOPUCTOBYIOTHCS 3 HayKOBOIO
Mmetoro [20, 21].

Pe3yabTaTH Ta iX 00roBOpeHHsA

Iicrosorivune AOCTIKSHHS JeMiHEPaTi30BaHUX
(hparMeHTIB KOMIpKOBOI YaCTUHU HUKHBOI IIEJICTH
yepe3 oqHy 100y MiCisi YTBOPEHHS TpelmaHamiifHOTO
OTBOPY [O3BOJHJIO Bi3yalli3yBaTH pPi3HOMAaHIiTHI
O3HaKM JIbTEPATUBHMX MPOILECIB y NPHIETIINX 0
EKCIIEpUMEHTAIIBHOTO JIepeKTy MUISTHKAX KiCTKOBOT
TKaHWHH, a TAKOXX BUSBUTH XapaKTEpPHI PEaKTHBHI
3MiHH Y CKJIQJIi sICeH i MapoIoHTa. 30KpeMa, HaBKOJIO
nedexty BuU3HAUYANMCh YHMCIEHHI JPiOHI ocepeaku
KPOBOBHMIIUBIB Ta TPOMOOYTBOPEHHS BHACIJIOK PYH-
HYBaHHSI CTIHOK MIKpOCY/AMH. 3HaYHUI NEpHBACKY-
JSIpHUHM Ta IHTEPCTHLIMHNN HAOPSK ICTOTHO MOIIKO-
JUKyBaB 3arajbHy TiCTOAapXiTeKTypy IepiocTy i
M’SIKUX TKaHWH siceH. [TomipHa nefikonurapHa iHDi-
JBTpALlis crocTepirajgach JIMIIE B OKPEMHUX HEBEIH-
KHX TUISHKAX. Y KICTKOBiH TKAHHHI MO KPasX IMaXTH
BU3HAYAJIICh YHCIICHHI piOHI cKymiaeHHs (idpuHO-
BUX Mac 1 OCepeIKH reMocuaepo3y. Y MpocBiTax re-
MOKAMUISPIB KOMITAKTHOT KOPTHKAJIbHOI IIACTHHKH
4YacTO BU3HAYAIKCh SIBHINA CTa3y Ta Cla/pKyBaHHS
€PUTPOINTIB. 3anayibHi 3MiHU OKICTS Y BUTJISAII TOH-
KOi TIpOCTOi mepiocTanbHOI peaxiiii Oyau BUpaxeHi B
MOMIPHOMY CTYTICHI.

Y MaTepuHCHKiI KOMITAKTHIM KiCTII HABKOJO
JIedeKTy B KOHTPOJIBHIN TPYIIi CHOCTEpITauch Ie3-
OpraHizalisi Ta TOMOTEeHi3allisl INIACTHUHOK OCTEOHIB 3

TOSIBOIO YHCIICHHUX PE30POMIHHNX JIaKyH. 3a JOIo-
MOTOI0 TPAaHCMICIHHOT €JIEKTPOHHOT MiKPOCKOTIii BH-
SIBIISITUCH MOPQOJIOTIYHI 03HAKH aKTHBAIIi1 ITO0INHO-
KHX OCTEOKJIACTiB, MO MiATBEPIKYBaJIOCh HETaTHB-
HUM IMYHOTiCTOXIMI9HUM 3a0apBiIeHHSIM mapadiHo-
Bux 3pi3iB Calcitonin-SP17-xroHaTbHIMH aHTHUTI-
JaMH, a TaKOXX MPOSIBH IHTPALIEIOISIPHOTO HAOPSKY
OCTEOIUTIB, IHTEPCTULIIHHOTO HAOPSIKY Ta AECTPYKLIT
KOJIar€HOBHMX BOJIOKOH 3 TOMOT'€HI3alli€l0 KiCTKOBOTO
MaTpHKCY.

Yepe3 oxHy 100y €KCHEPUMEHTY MOPOKHHHA
eKCIIepUMEHTabHOrO  JeexkTy Oyna 3anoBHEHa
KpOB’SIHUM 3TyCTKOM. 3 OOKY IepioCTy HaBKOJO Je-
(beKTy He BUSBIIIOCS OyIb-IKNX O3HAK HEOBACKYIIO-
renesy, hidpo3yBanHs abo npouideparii Gpidpodmac-
TiB. [ToOnM3y eHI0CTy YIIKOKEHUX KiCTKOBUX Tpa-
OeKy y TOBEpXHEBUX AUITHKAX 3TYCTKY CIOCTepira-
JMCh TPUMITHBHI TEeMOKAIUIAIPH Ta CHAOTENialbHi
TSDKI B cynpoBoJi (Gi6po0nacTiB, 1m0 CBIAYMIO HPO
YTBOPEHHS TpaHyJILiiiHOT TKaHMHU Ha nepudepii
€KCIIEPUMEHTAIILHOTO Ae(EKTY.

Yepes OMH THIKACHD IICIISI HAHECEHHS EKCIie-
PUMEHTAIBHOI TpaBMM NPOSBHM HAOpsAKY Ta iHMI
O3HAKH{ TPaBMaTHYHOTO 3alaJIeHHS HAaBKOJIO 30HH Jie-
(exry Oymu penykoBani. CTymiHb Ae3oprasizamii ma-
TEPUHCHKOI MIIACTHHYACTO] KiCTKH HOTIIHOIIIOBABCS Y
MOpIBHSAHHI 3 TONEpPEenHIM TEPMIHOM CIIoCTepe-
KEHHsI, IOCHIIIOBAJIaCh T'OMOTEHi3amis KiCTKOBOTO
MaTpHKCY Ta 3pocTalia IUIoIIa Pe30pOLiitHNX MOPOXK-
HHH, 3aII0BHEHNX TKAHUHHUM JIETPUTOM 1 (iOpHHOT-
JHUMU MacaMu, 30epirajuch JCTMO3UTH T'€MOCH/IC-
puHy. [ToBepXHsl TpaBMOBaHHX OCTEOHIB 1 KICTKOBUX
Tpabekys 1Mo Kpasx AedeKTy BHUIIsiiana ropoUucToro
BHACJIJIOK YTBOPEHHSI I'eTepOMOP(PHUX OCTEOITHUX
BUPOCTIB. Y CKJIaJi TAKMX BHPOCTIB MOPSI i3 MO0 M-
HOKHMH OCTEOKJIACTAMH HABKOJIO OKPEMHX ITOBHO-
KPOBHHX TEMOKAIJLIPIB CIIOCTEpiraiach 3Ha4Ha Ki-
JBKICTh OCTE00ACTIB, sIKi HE yTBOPIOBAIH CYIilb-
HOro ()pPOHTY Ta HE KOHTAKTYBAIU MiX coboro. [Ipn
IMYHOTICTOXIMiYHOMY BHBYCHHI PO3IOALTY eKCIIpe-
cii Ki-67 sinpa mepeBaxHO1 OLTBIIOCTI 0cTe00IacTiB
MICTHIIM MITKY JIaHOTO MapKepa, 110 BKa3yBaJlo Ha IX
icroTHuii ponidepaTuBHUit noTeHian. Ha enexrpo-
HOTpaMax HaBKOJIO OCTEO0JIACTIB CrIoCTepiranach Bi-
JTHOCHO HEBEJIMKa KiJIbKICTh MOMIPHO BIOPSAKOBA-
HHX ITy4YKiB KOJIATCHOBHUX BOJIOKOH, 3aHYPEHHX Y PO-
3BHHYTHI OpPTaHIYHUI MaTpHUKC.

HanpukiHmi nepmoro THXHS €KCHEpHMEHTY B
nepuepUIHUX AUITHKaX pereHepary, mo Gopmysa-
BCS TICJISL YTBOPEHHS KPOB’STHOTO 3TYCTKY, CIIOCTEPi-
Tajich YUCIICHHI OCEPEeIKN IEPETHHYACTOrO OCTEO-
TeHe3y 31 IIJTPHUM BMiCTOM HOBOYTBOPEHHUX IPHMi-
TUBHUX TE€MOKAIIJAPIB 1 reTepoMOp(HUX KIITHH —
($i6pobiactiB, ocreobnacTiB Ta iX MOMEPEAHHKIB,
MIPOTEHITOPHUX HeaudepeHniioBannx KIiTHH. [Ipn
IMYHOTICTOXIMIYHOMY JOCIIPKEHHI aKTHBHE HaKO-
nmuaeHHs MITKH Mapkepa Ki-67 B sapax o3Ha4eHHX
KJIITHH CBITYIJIO TIPO IXHIO aKTUBHY Mpodtidepartito
Ha mepudepii pereHepary, a BHCOKa IIUIBHICTD
CD34-no3uTHBHUX CTPYKTYp BKazyBajia Ha 3Ha4yHY
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aKTHBHICTB IIPOIIECIB HEOBACKYJIOTeHE3Y B JaHil JIO-
Kamizarmii. 'emMaTorenHi KJIITHHU HABKOJIO TE€MOKAIIi-
TpiB Ha mepudepii pereHepaTy 3yCTpidainch piaKo,
OCTEOKJIaCTH He BHUSBILUINCH. Ha enekrpoHOrpamax
HaBKoJI0 (iOpoOmacTiB 1 ocreobmacTiB B 0CTEO-
TeHHUX OCTPIBIIX PO3TAalIOBYBAJINCh HEBIIOPSIKO-
BaHi KOJIar€HOB1 BOJIOKHA 3 03HAKaMH HE3PLIOCTI, sIKi
HE YTBOPIOBAJIM OpraHizoBaHux ImyukiB. Octeoin B
ocepeiKax MepeTHHYACTOro ocTeoreHesy OyB 30ara-
YeHH Ha aMOp(HHUH KOMITOHEHT. Y TIINOOKHX AiJs-
HKaX MOCTTPaBMAaTUYHOTO JAETPUTY, 110 3aII0OBHIOBAB
eKCIIEpUMEHTANIbHY IaxTy, KITHHH (iOpodnact-
HOTO PsiIy pO3TalIOBYBAIUCH AU(Y3HO IMOOIMHII Ha
3HAa4YHIN BiACTaHl OQHA BiJ OJHOI; MEXaHOLMTH I1H-
[IUX TiICTOTCHETUIHUX PAMIB HE BUABISLINCDH; MiKpO-
CYIUHH 3yCTPIdaIuch BKpai pimko.

[IpoTsrom 2-ro i 3-T0 THKHIB TiCIS eKCIIepuMe-
HTaJFHOI TPaBMU B KOHTPOJBHIH IpyIIi TBapHH 3ama-
JIbHI TIPOSIBU y CKJIAAl KICTKOBOi TKAaHUHHM Ta CTPYK-
Typax HapoAOHTY 100IN3Y 30HU Ae(EKTY OCTYIOBO
penykyBaiuch.  Croctepiranuch  MOp(hOJIOTiUHI
O3HaKH Je30praHizauii MaTepHHCHKOI KICTKH Ta TO-
MOTeHi3alii KICTKOBOIO MAaTPHKCY HABKOJIO 30HU
TpaBMH. 30epirauch pe3opOIiiHi MOPOKHIHH 3 BMi-
CTOM TKaHHHHOTO AeTpuTy, (pibpuHy abo remocuae-
puny. ITo kpasx ymIKomKeHOI MaTEePHHCHKOI KiCTKH
Ha TIOBEPXHI TPaBMOBaHHX OCTEOHIB 1 KICTKOBUX Tpa-
OCKyJ CIIOCTepirairch YHCICHHI TeTepoOMOpPQHI BH-
POCTH OCTEOiJHOI CTPYKTYpPH, SIKi 3aHYypIOBAJIUCH Y
pemapaTuBHU pereHepaT Mk OCTEOTCHHUMH OCTPi-
BIIMH. Y CKJIaJli BUPOCTIB BiJ TPpaOEKys1 MaTCpUHChH-
KOI KICTKM CHOCTEpirajich MOBHOKPOBHI T'eMOKaIli-
JSIpH B OTOYCHHI HE3HAYHOI KIJIBKOCTI OCTEOKJIACTIB.
[epeBaxkHa OLIBIIICTH OCTEOKIACTIB OyJia MPeICTaB-
JIeHa KOMITaKTHUMH OBJILHUMHU ()OpMaMH 3 po3Mi-
pamu 10 70 MkM. OcTeo0IacTy 3a YHCENBbHICTIO 3Ha-
YHO TIepeBakKalld HaJl IHIIAMH KIIITHHAMH 1 PO3TaIlo-
BYBAJIMCh TIOOJMHII B TOBILI OPTaHIYHOTO MAaTPUKCY
OCTEOiTHIX BHUPOCTIB BiJ CITIKYJ i TpaOeKyI MaTepH-
HCBKOi KiCTKH.

[Ipu BU3HaUYCHHI eKkcrpecii Mapkepa mpodidepa-
uii Ki-67 nepeBaykHa KiJbKICTh IMYHOTICTOXIMIYHOT
MITKH HaKOITMYyBaJach B SIpax O0CTe00acTiB, y TOU
4ac sK siipa OCTEOKINACTIB, HAOTENIOUUTIB 1 OCTEO-
IIUTIB MaTepUHCHhKOT KicTku Ki-67 He eKCIpecyBaIH.
Busuenns Calcitonin-SP17-kJI0OHaJIbHUX aHTHUTIJ 110-
Ka3aJIo BIJICYTHICTh CYTTEBOI pe30pOIiifHOT aKTUBHO-
cTi ocreoknacTiB. 3acTocyBaHHs Mapkepa CD34 Bu-
SBUJIO HU3BKUH CTYIiHb BacKyisipu3samii. Ha enexr-
pOHOTpaMax OCTEOIN y JaHii JOKaTi3allii MiCTUB He-
3HAYHY KiJTBKICTH CT1a0KO OPiEHTOBAHUX ITyUYKiB KOJa-
TEHOBHX BOJIOKOH HaBKOJIO OCTE€OOJIACTIB 3 PO3BUHY-
TOI0 36PHHUCTOIO €H/IOTUIA3MATUYHOIO CITKOIO Ta KOM-
miexcoM IMonbmxki.

Ipotsirom 2-3-ro THXKHIB Y TBAPUH KOHTPOJIb-
HOI TpymH Ha epudepii KICTKOBOTO pereHepary oce-
PEIKH MEepeTHHYACTOTO OCTEOreHe3y aHaCTOMO3Y-
BaJIM 3 YTBOPEHHAM Tpabekyil. B ix ckmani Bizyamizy-
BJINCH YUCIICHHI T€MOKANUIIpU B OTOYEHHI 0CTE00-
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JIaCTiB, HAOIMIKEHUX OIWH JI0 OJHOTO 1 PO3TaIioBa-
HUX Tpynamu. ¥ MDKTpaOeKyJIsIpHHUX MPOCTOpax 30-
CepeIKyBaITUCh GiOpoOIACTH Y HEBEJIMKIH KITBKOCTI
Ta YUCIICHHI OCTEOINPOTCHITOPHI KITHHHU. [HTEHCH-
BHE HAKONHWYCHHS IMYHOTICTOXIMIYHOI MITKH Map-
kepa Ki-67 croctepirainoch mepeBakHO B siIpax Kili-
TUH-TIONIEPETHUIIB 0cTeobacTiB; Mmapkepa CD34 —y
MeMOpaHax i IIUTOIUIa3Mi eHAO0TeiaIbHUX KITITHH Ha
nepudepii perenepary. OCTeoKIacTH Ta iHII rema-
TOTCHHI KJIITUHH 3yCTPIYaINCh y HE3HAUHIH KiNbKO-
cti. Calcitonin-SP17-1103UTHBHI KITITHHHI €eMEHTH
HE BHSBJISUIMCS. 3a JIOTIOMOTOI0 TPAHCMICIHHOT enex-
TPOHHOI MIKpPOCKOMII y CKJIaii OCTeoiry HMpUMITHB-
HUX TpaOeKyI BU3HAYAINCH Pi3Hi 3a CTyIeHEeM 3piso-
CTi KOJIATEHOBi BOJIOKHA Ta IX ITyYKH 3 HEBIIOPSIKO-
BaHOIO Opi€HTAIli€r0. BOIOKHUCTHIT KOMIIOHEHT Y Mi-
KTpabeKyISIPHUX MPOCTOpax HaBKOJIO (idpobdiacTiB
TIOCTYIABCS 3a IUIOMICI0 aMOP(PHOMY KOMITOHEHTY. Y
BHYTPINIHIX TUITHKaX pereHepary, sKuii 3all0BHIOBAB
MIOPOKHUHY €KCIIEPHUMEHTAIBHOTO J1e(eKTy, CIIocTe-
piraBcst 1y’e HU3bKHI CTYyMiHb BacKyJsipu3auii. [To-
PpsA i3 MOMiIpHUMH 03HaKaMu (iOpo3yBaHHs BU3HaUa-
JIMCh HEBEIIMKI CKYIMYEeHHs BIIOKPEMIICHUX XOHIPOO-
JACTIB 3 YTBOPEHHIM OCEPENKIB XPSIIOBOIO MaTpH-
KCY, IKHI HE MICTHB MIKPOCYIHH 1 BOJIOKOH.

UYepes 4 1 5 TIOKHIB MMicIs HAHECEHHS EKCIIepH-
MEHTaJIbHOI TPaBMH y TBapHH KOHTPOJBHOI Ipynu
Oynmp-sKi 3amaiibHI MPOSBH y CKJIAAI KiCTKOBOI TKa-
HUHH Ta B CTPYKTypax MapoJoHTy Oymu BincyTHi. [1o
Kpasix eeKTy HOBOYTBOPCHI 3 OOKY MaTepPHHCHKOT
KICTKH TpaOeKyJI OpieHTYBaJMCs IIEPEeBaKHO pajia-
JIBHO BIHOCHO pereHepary. OkpeMi TpabeKysu i ci-
KyJIM 3aHYPIOBAJINCS B TOBIIY pereHepary Ta aHacTo-
MO3yBaJi 3 IpyOOBOJIOKHUCTOI KICTKOBOIO TKaHH-
HOIO OCTPIBLIB JileCMalIbHOTO OcTeorene3y. HaBkoio
TTOBHOKPOBHHX I'€MOKAIIJISIPiB, IO BiTramyXyBaJluCh
BiJl MIKpOCYAMHHOTO pyclia IepiocTy, y HNIISTHKax
KOMIIaKTHOT MaTEPUHCHKOI KiCTKH, SKi Maimu Mop¢o-
JIOT1YHI 03HAKH MMOCTTPAaBMATHYHOI 1e30pTraHizallii Ta
TOMOTeHi3aIlii KiICTKOBOTO MaTPHUKCY, CIIOCTepiraiach
10sIBa aKTHBHHUX OCTEOKJACTIB, IO MiATBEpPAXKYBa-
JIOCh TP IMYHOTiCTOXIMIYHOMY BUBUYEHHI PO3MOILTY
Calcitonin-SP17-koHaNbHUX aHTHTLII.

Pe3opOuiiiHi MOPOKHUHU 3 BMICTOM TKaHUH-
HOTrO neTputry, piOpuHy abo reMoCHAEpHUHY 3yCTpi-
YaJMuCh PIIKO, MPOTE TOsiBa JakyH [‘aymmmna cBif-
YA MPO MOYAaTOK BiJHOBJICHHS YNIKOJKEHHX BHa-
CIJOK TPaBMH OCTEOHIB MAaTCPUHCHKOi KiCTKH.
Octeo0macTi 3a YHUCENBHICTIO TIepeBakall HaJl iH-
[TiIMH KJTITHHAMY Ta PO3TAIIOBYBAJIHCh IOOHMHIII 200
rpylaMu B TOBIII OPTraHIYHOTO MAaTPUKCY TpabeKyl
mo0NMHM3y €HIOCTY MAaTepUHCHKOI I'y04YacToi KiCTKH,
110 MOEIHYBAJIOCH 3 TX aKTHBHUM BPOCTaHHSIM BCepe-
IUHY pereHepaTy. Po3mosin iMyHOTICTOXiMIYHOT Mi-
Tku Ki-67 Bka3zyBaB Ha BHCOKY MpOJidepaTUBHY aK-
THUBHICTh OCTE€OOJIACTIB, Ha BiMiHY BiJ iHIIMX CIO-
JYYHOTKAaHWHHUX KIITHH. [Ipm enexTpoHHOMIKpOC-
KOIIIYHOMY JTOCITi/PKeHHI B IIUTOILIA3Mi OCTE00JIacTiB
CIIOCTEPIraINch 100pe PO3BUHYTI CHHTETHYHI 1 CEK-
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PETOpHI CTPYKTYpPH, IPOTE OCTEOI y AaHil JToKai3a-
il MicTHB 0OMEXeHY KiJIbKiCTh c(hOpMOBAHUX KOJIa-
TEHOBHUX BOJIOKOH a00 iX ITydKiB.

VY TBapWH KOHTPONBHOI rpynu Ha repudepii Ki-
CTKOBOTO pereHepaTy CIOCTepiraiuch YucIeHHi Tpa-
OeKydH, sSIKi aHaCTOMO3YBaII MK cOO0T0 3 YTBOPEH-
HAM ryOuactoi ricroapxiTekrypu. OCHOBOIO HOBO-
YTBOpeHUX Tpabekya Oyia rpyOOBOJIOKHHCTA KICT-
KOBa TKaHWHA 3 PO3BUHYTOIO CITKOIO F€MOKAIIISPIB,
rpyInamMy rerepoMop(pHHUX 0CTE00IaCTiB ITOPSA 13 HU-
3bKOU(EPCHIIIHOBAHUMHU OCTCOTCHHUMU KITITHHAMHU
(puc. 1). [TooguHOKI OCTEOKIIACTH PO3TAILIOBYBAIHCH
003y OCTPIBIIIB IECMAIIBHOTO OCTEOTEHE3Y Ta Me-
KyBaiu 3 hidpobiactamu (puc. 2).

Puc. 1. EnexktpoHHa TpaHcwmicinHa mikpodoTorpadis
nepudepu4Hoi AiNsHKM pereHepaTy HUWXKHbOI LWenenu Kpo-
nvKa KOHTPOIbHOI rpynu 4yepes 4 TwkHi nicna Tpasmu. 1 —
ocTeobnact; 2 — HM3bkoaMepeHLinoBaHa OCTEOreHHa KIli-
TWHa; 3 — no3akniTMHHUIA maTtpukc. x4000.
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Puc. 2. EnekTpoHHa TpaHcMiciiiHa mikpodoTorpadis
nepudepryHOi AiNsHKM pereHepaTy HUXKHbOI Lenenu Kpo-
nvKa KOHTPOIbHOI rpynu 4yepes 4 TwkHi nicna Tpasmu. 1 —
sinpa ocTeoknacTis; 2 — ibpobnacT Ta noro BigpocTku; 3 —
nokyc gecmarnbHoro octeoreHesy. x3000.

IHTeHCHBHA eKcIpecis Mapkepa mpoJidepariil
Ki-67 crioctepiranace B sapax ocTeo0/1acTiB 11X Kiti-
THUH-TIOTIEPETHHUI Y THX Tpabekyiax, mo (Gopmysa-
JHCS 32 PaxyHOK OCTPIBIIB JECMAIIbHOIO OCTEOIe-

He3y BCEepeIuHI pereHepary, Ha BiIMiHy BiJ TOBEpX-
HeBuX Horo ningHok. Po3nozin mapkepa CD34 Bka-
3yBaB Ha aKTHBHE YTBOPEHHS I€MOKAIIIPHOTO py-
Clla He JIIIe Ha nepudepii pereaepary, a i y riaubo-
Kux 30Hax. IMyHoricroxiMmiune BuBueHH: Calcitonin-
SP17-peakTHBHUX €JIEMEHTIB, MOPSA i3 MOSBOK pe-
30pOIIHAX JIaKyH, BKA3yBaJI0 HA MOYAaTOK PEMOJIc-
JIIOBaHHS PETUKYI0(iOpPO3HOT TKAaHMHU KiCTKOBHX
TpabeKyJ, M0 CHOCTEPIraaocs 4epe3 5 TIKHIB eKc-
TIEpUMEHTY B NepuU(epiifiHuX IUITHKaX pereHepary.
Ha BiaMiHy BiJ 11bOTO, Y BHYTPIIIHIX 30HaX pereHe-
paTy Ha TJIi 0OMEXeHOI BacKyJsipu3allii Ta Gpiopo3sy-
BaHHS Bi3yalli3yBaJMCh YHCJICHHI OpiOHI ocepemkn
XPSAIIOBOTO OCTEOTEHE3y, B SKUX OyNHM BiACYTHI Te-
MOKAITUIAPH Ta ITyYKH KOJIArCHOBUX BOJIOKOH.

Hanpukiaii 5-To THXHA y nepupepuaHnx Iins-
HKax KICTKOBOT'O pereHepaTy Ha eJIeKTPOHOTpaMax y
CKJIaJi OCTeoimy OLTBIIOCTI HOBOYTBOPEHHX Tpabde-
KYJI BU3HAYIIUCS ITyYKH IITBHO TA Xa0TUYHO YIIaKo-
BaHMX KOJIAr€HOBHX BOJIOKOH. B okpeMux Bumagkax
KOJIareHOB1 BOJIOKHA YTBOPIOBAJIM NapaleiibHi KOM-
IUIeKCH 3 (OpMYBaHHSAM JaMeJsIpHOT KOHGirypaii
moOJIM3y 0CTe00IacTiB, IO CBIAYMIIO MPO iHILialio
peMOJIeTIOBaHHS TPYOOBOJOKHUCTOTO MAaTpHKCY B
MIPUMITHBHI KiCTKOBI TutacTHHKH. Ha maHomy erari
eKCIICPUMEHTY CIIOCTEpiranach IOsSBa MEPBHHHUX
OCTCOLUTIB 3 O3HAKAMH CTPYKTYPHO-(QYHKIIOHAIH-
HOI HE3piNoCTi — 31 3HAYHUM 00’ €MOM IHTOILIa3MH,
HEIOPO3BUHYTHUMH BiIPOCTKAMH, 30€peKeHUM KOM-
TuieKcoM ["oJIb/Ki Ta YHCIEHHUMH €JIeMEHTaMHt Tpa-
HYJSIPHOT €HIOIUIA3MATHYHOI CITKA. Y IMHPOKUX
MPOCTOPax MiXK HOBOYTBOPEHHUMH TpaOeKyJIaMu ITy-
XKa CIIOJy4Ha TKaHHHA MICTHJIa TeMOKAIJISIPH Nepe-
BaXHO 31 C(HOPMOBAHUMH MIKEHIAOTETIOMUTAPHUMU
KOHTaKTaMH, MI€JIOI/IHA TKAaHWHA HE BUSIBIISIACD.

Ha BOCHMOMY THXXHI IOCTTPaBMAaTHYHOI pere-
Hepaii B TUITHKaX MaTepUHCHKOI KiICTKH, TIPHIIETIINX
0 30HH Je]eKTy, CIoCTepiraarch O3HAKH BiIHOB-
JICHHS YIIKO/DKEHUX ocTeoHiB Ha cBiTinoonTnanomy
PiBHI OcepeKiB Jie30pranizaliii Ta ToMOreHi3arii Kic-
TKOBOTO MaTpHKCy HE BUSBIISUIOCH, 3arajbHa TKa-
HUHHA CTPYKTypa MEpiOCTy YacTKOBO BiJHOBIIIOBA-
Jlach, aKTHBHI OCTEOKJIACTH MOOIHM3Y Pe30pOLiitHNX
JIAKYH MEXYBaJIM 3 HEBEJIMKUMHU TPyNaMHu ocTeobia-
CTiB, OCTEOIIMTH OCTEOHIB MalH 3BHYaiHy (opMmy i
KOHTaKTyBaJld OJMH 3 OJHMM CBOIMHU BiJIPOCTKaMH.
BuBuenns posmnoziny imyHoricroxiMignoi mMitTku Ki-
67 noka3asio He3HaYHy NpoJIiepaTHBHY aKTUBHICTh
0CTeOO0NACTIB 1 CHOOTENIaTbHUX KIITHH, IO BKa3y-
BaJIO Ha BiIHOCHY cTa0li3aIlito KOMIaKTHOI TKaHWH-
HO{ opraHi3ailii 30BHIITHBOI KiCTKOBOI IJTACTUHKH KO-
MIpKOBHX BizfpocTkiB. Takoxk oOMexeHa mpoutidepa-
TUBHA aKTHUBHICTh KJITHH CIIOCTEpIrajgach y CKIJIaji
BIJIHOBJICHUX TPaOeKyJ ryouacToi MaTepuHCHKOT Kic-
TKH, YaCTHHA SKUX aHACTOMO3yBajia 3 HOBOYTBOpE-
HUMH KICTKOBUMH TpaOeKyIaMH pereHepary.

Ha nepudepii KicTKOBOro pereHeparty HOBO-
YTBOPEHI TPAOEKYJIN MICTHIIN PO3raly’KeHy CITKY re-
MOKAIUISAPiB, HaBKOJO SKHX Bi3yali3yBaJIUCh YHC-
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JIEHHI aKTMBHI OCTEOKJIACTH, OCTE00JacTH 1 I0O0au-
HOKi OCTEOIMTH. Y JaHUX NepupepuIHnX TPaOeKy-
JaxX CHOCTEepiraguch O3HAKH aKTHBHOTO PEMOIEIIO-
BaHH: IPpyOOBOJIOKHUCTOI KICTKOBOI TKAHUHH 3 YTBO-
PEHHSM IUTACTHHOK HIPUMITHBHHAX TeTePOMOP(GHUX
OCTEOHIB, TEOMETPIs AKUX IIHPOKO BapiroBaja Ta Bif-
Ppi3HsIaCh BiJl 3pIIMX OCTEOHIB MaTEPUHCHKOT KICTKH.
Y MIKTpaOeKyIsIpHUX MPOCTOPax Bi3yali3yBajlHCh
MOOJMHOKI JUISHKA MI€NoigHoi TkaHuHu. [loOnu3y
MepiOCTy CIOCTEPIrajIuch O3HAKU aKTHBHOI KOMIIAK-
TH3aIlil KICTKOBOT TKAHWHU. [HTErpaIlis moBepxHi pe-
MapaTUBHOTO pereHepary 3 MaTepUHCHKOI0 KiCTKOIO
Oyia JacTKOBOIO, TIEpEBa)KHO Ha PiBHI mepexomy il
3pimux TpabeKysn Y HOBOYTBOPEHY Ty0dacTy KiCTKY
pereHepaty. Ha esnekTpoHOrpaMax ImiacTHHYACcTa Ki-
CTKOBa TKaHMHA B JTaHIH JIOKami3amii MiCTHIIA ITydKA
IIUTBHO YHAKOBAaHHX MAPAJIIIbBHUX KOJAreHOBHX BO-
JIOKOH, SIKI MEXYBAaJH 3 OCepeAKaMU HEBIOPSAKOBA-
HUX (Qi0pmi i 30araueHnX Ha aMOp(HUN MaTepian HU-
3bKO1 €JIEKTPOHHOI NITEHOCTI. OCTEOIUTH MiXK KICT-
KOBMMH IIJACTUHKaMH MaJld O3HaKd OOMeEXeHOT
CTPYKTYpHO-(YHKIIOHANIBHOT 3pinocTi (puc. 3).

Puc. 3. EnekTpoHHa TpaHcMiciinHa mikpodoTorpadis
nepudeprvHOi AiNSHKM pereHepaTy HWXKHbBOI LWenenu Kpo-
nYKa KOHTPOSbHOI rpynu Yepes 8 TWKHIB nicng Tpasmu. 1 —
siapa ocTeoknacTis; 2 — ibpobnacT Ta noro BigpocTku; 3 —
noKyc aecmarnbHoro octeoreHesy. x4000.

VY 6inbu rmuOOKKX AUISHKAX pereHepaTy posra-
HIOBYBAJIUCh TPAOEKYJIH, SIKi CKIIaAaIUCh IEPEBAKHO
3 rpyOOBOJIOKHUCTOT KICTKOBOT TKAHMHHU Ta MiCTHIIN
SK OCEepEJIKH ii peMOJICITIOBaHHS, TaK 1 OKpeMi 3aJ-
KK XPSIIOBOTO OCTEOTicTOreHe3y. MiX TaKUMH
TpabeKylaMH CIOCTepIrajauch CKymieHHs (hidpo3Hoi
TKaHUHH 3 MOOAWHOKMMH (idpobmactamu. Ha Biz-
MiHYy BiJl MTONIEPEAHLOTO TEPMiHY EKCIICpUMEHTY, B
IIMOOKHX AUISHKAX pereHepaTy BinOyBanoch aKTH-
BHE BPOCTAaHHSI €HIOTENIabHUX TSDKIB, IO MiATBEP-
JUKyBaJIOCS ~ IMYHOTICTOXIMIYHMM  BH3HAYCHHSAM
CD34-1103uTHBHHUX CTPYKTYP MIX TiaiHOBUMH OCT-
piBILIMH, TTO30aBICHIMH MiKPOCYIWHHOTO i BOJIOK-
HUCTOTO BMICTy. IMyHOricTOXiMiyHE BHBYECHHS
Calcitonin-SP17-peakTHBHHX €JIEMEHTIB IOKA3aJio,
1110 HE JUBJITYUCH Ha 3HAYHY BAaCKYJIIpHU3aLliio Tpy0o-
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BOJIOKHHCTHX TPaOEKyI i IPUCYTHICTh ICTOTHOI KiJb-
KOCTi OCTEOKJIACTiB, iIHTCHCHBHICTh PEMOJICTIOBAHHS
MMOOKNX IUISHOK pereHepaTy Oyma oOMeXeHOIO.
TpaHcMiciifHA eNeKTpOHHAa MIKPOCKOMIS ITOKa3aia
BHCOKHUII BMICT XaOTHYHO PO3TAalIOBAaHUX KOJAreHO-
BHX BOJIOKOH Ta iX ITy4KiB OOJIN3Y OCTEOOIACTIB, SKi
MaJTi O3HAKU 3HAYHOT CHHTETUYHOT 1 CEKPETOPHOT aK-
THBHOCTI.

UYepez 12 TWXKHIB IIicNs €KCHEPHUMEHTAIBHOT
TPaBMH B KOHTPOJIBHIH TPpyIIi TBAPHH HA CBITJIOONTH-
YHOMY PiBHI CIIOCTEPIrajocs MOBHE BiJHOBJICHHS 3a-
rajJbHOi TKAaHWHHOI CTPYKTYpH IIE€piocTy B 30HI
YIIKO/KEHHS Ta OCTEOLMTapHOI JaKyHO-KaHaJbIle-
BOI CHCTEMH y CKJIaJli MATEPHHCHKOI KICTKH HaBKOJIO
eKCIEPUMEHTANBHOTO NeeKTy. 3a TiCTOapXiTeKTy-
POIO Ta PO3IOAIIOM KIITHHHHX €JIEMEHTIB, a TaKOX
3a TOCTIHKYBAaHIUMH IMYHOTiCTOXIMIYHHUMH 1 €JIEKT-
POHHOMIKPOCKOIIIYHUME XapaKTePUCTUKAMU MaTe-
PHHCBKA KICTKOBa TKaHHHA KOMIPKOBOI YaCTUHH HU-
JKHBOT IIeJIeNH TBapUH KOHTPOJILHOI IPpyNHU HE Biapi-
3HSUIACh BiJ| IPYIU IHTAKTHUX TBapHUH.

KicTkoBi Tpabekynu B nepudepuyHuX IiIsTHKaX
pereHepaTty MiCTHIM PO3BUHEHY MIKPOCYIUHHY Ci-
TKY Ta THUIOBI KIIITHHHI €JIEMEHTH, IO CKIIaJaTH OC-
HOBY IUTACTHHYACTOI KiCTKOBOi TKaHWHH. HeBenmka
KUTBKICTh OCTEOKJIACTIB 1 OCTEOOIACTiB O i3 YHC-
JICHHAMU 3PUTIMH OCTEOLUTAMH CBIIYMIN TIPO 3aBe-
PIICHHS TPOIIECiB PEMOICTIOBAaHHS TPYyOOBOJIOKHHUC-
TOi TKAHMHHU B TJIACTUHYACTY, IIPOTE 32 MiKpoapXiTe-
KTypolo Ta ()OPMOIO OCTEOHH pEreHepaTy iCTOTHO
BIJIpI3HSANIUCS BiJ TUIOBOI OynoBU. 30Kpema, Mpu
TPaHCMICIHHIN eNeKTpOHHIN Mikpockomii Mikpolua-
pyBaTHii KOMIIO3MT KOJIareHOBUX (iOpHI CycCimHiX
KICTKOBUX ILJIACTUHOK OYB pO3’€IHAHUI BapiaOeib-
HUMH 32 TOBIIMHOIO ITPOCTOpaMU aMOP(HOTO Mare-
piary HHM3BKOi €JIeKTPOHHOI IIUTBHOCTI, IO BKa3y-
BaJIO HA HE3aBEPUICHUH a0 YIIKOIKEHUH Mpo1iec Mi-
Hepastizalii KiCTKOBOTO MaTpuKCy ocTeoHiB. Kpim
TOTO, yNaKyBaHHs KOJIArCHOBHX BOJIOKOH y Tapaie-
JIbHI KOMIIIEKCH BCEpEIMHI OCTEOHHMX IUIACTHHOK
OyJI0 HEpIBHOMIpDHMM Ta PO3PI3HSIIOCS MK CycCia-
HIMHU OCTEOHAMHU KOMITAKTHOI KiCTKH pereHepary.

JIUIIHKY Mi€JTOTAHOT TKAHUHH Y MIXKTpaOeKyisi-
PHHX TIPOCTOpaXx Bi3yalli3yBalMCh JMIle Ha niepude-
pii penapatiBHOrO pereHepary. [Hrerpariist ioro mno-
BEPXHI 3 MaTEPUHCHKOIO KIiCTKOK OyJja HEMOBHOIO,
TIePeBaYKHO 32 PaxyHOK aHACTOMO3YBAaHHS MIXK 3pi-
JMMHU TpabeKyJlaMH MAaTepHUHCHKOI KICTKM 1 HOBO-
YTBOPEHOIO I'yOYaCTOI0 KiCTKOIO pereHepary.

Uepes 12 THXKHIB eKCIIEPUMEHTY TNIMOOKI A1s-
HKH pereHepary MiCTWim TpaOeKyiH 3 03HaKaMH aK-
THBHOT'O PEMO/ICITIOBAHHS TPYOOBOIIOKHHUCTOI KiCTKO-
BOi TKaHHHU 3 YyTBOPECHHSIM NPHUMITHBHUX KICTKOBUX
IJIACTHHOK, TEOMETPisl SIKAX IIMPOKO BapitoBasia Ta
BiIpi3HANIACH BiJI 3piJMX OCTEOHIB MATEPUHCHKOT Kic-
TKH. 32 JIOTIOMOTOI0 €NIEKTPOHHOI MiKpOCKOTIii B TJa-
CTHHYACTIM KICTKOBIM TKaHWHI B JaHIi JoKamizamii
Bi3yalli3yBaJlCh Pi3HI 32 OPIEHTAIIE€I0 BOJOKOH ITy-
YyKkHi. 30KpeMa, MITbHO YNaKoBaHi mapaneibHi }io-
PWIM MEXYBAIH 3 OCEPEAKAMH HEBIOPAIKOBAHHUX
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BOJIOKOH, B SIKUX 30epirajach 3Ha4Ha yacTka aMmopd-
HOTO KOMIOHEHTY HOBOYTBOpPEHOTo octeoiny. Octe-
OLIMTH MI’K KICTKOBAMH INTACTUHKAMH B TIIHOOKHX [i-
JSTHKaX pereHepaTy Mald PO3BHHEHY LUTOIIIA3MY,
Maiike He YTBOPIOBAIH BiAPOCTKIB, MICTHIIN elleMe-
HTH KOMIUIEKCY 1 0JIBb/DKI Ta TPaHyISIPHOTO PETUKY-
IyMy.

VY rnubokuX AUISHKAX pereHepary KicTKOBi Tpa-
Oekynu Cckyafanucst 3 rpyOOBOIOKHUCTOI KICTKOBOT
TKaHWHHU a0o AUIAHOK ii pemopnentoBanHs. OcTpiBui
XPSIIIIOBOTO OCTEOTiCTOreHe3y, Ha BIAMIHY BiJl MOIe-
PEIHBOrO TEPMIHY EKCIIEPUMEHTY, Y TAKHX TpaOeKy-
Jlax He BUABILUIMCH. Mix rerepoMopdHUMH 3a TiCTO-
apXITEKTypOIO KiCTKOBHMH TpabeKylIaMH CIIoCTepi-
TaJuch 3HaYHI BOTHUIIA (PiOpo3yBaHHs, SKi MiCTHIN
MOOAWHOKI (pibpobmacT Ta TOMIpHY KiNBKIiCTh
CD34-mo3uTHBHUX €HAOTETIaIbHIX eJIeMeHTIB. IMy-
HoricroxiMiyae BuBueHHs Calcitonin-SP17-peakTus-
HHX OCTEOKJIACTIB BUSBIJIO 3HAYHY aKTHBHICTH PE30-
pOLil rpyOOBONOKHUCTOT TKAaHMHU TpaOeKys, TNpH-
yomy posnojin Mapkepa Ki-67 nemoHcTpyBaB oOMe-
JKCHHS MPOJTiepaTHBHOTO MOTEHITIATY SHIOTETiOIH-
TiB 1 0cTE00aCTIB y JaHii JoKaizamii.

JocmimkeHHs TICTOJIOTIYHIX TpenapaTiB IeMi-
Hepati30BaHOI HIDKHBO] HIEJICTH Yepe3 oAy 100y Imi-
CJIl YTBOPEHHS TPEIaHaIlifHOTO OTBOPY Ta IMIUIAH-
tarii marepiany B-TK® BusBmio umcieHHi apiOHI
OCepesKH KPOBOBMIIMBIB Ta TPOMOOYTBOPEHHS BHa-
CIIOK pyWHYBaHHS CTIHOK MikpocynuH. Bymn xapa-
KTEPHUMH TIPOSBU [I€30praHi3ailii Ta roMoreHisarii
TUIACTUHOK OCTEOHIB MaTEPHUHCHKOT KICTKH 3 TIOSIBOIO
YHUCIICHHUX Pe30pOLiHHUX JIaKyH. EJNeKTpOHHOMIK-
POCKOITYHO BHSBJISJIMCH MOPQOJIOTiYHI O3HAKH aK-
THUBAIII] MOOJMHOKUX OCTCOKIIACTIB, IO IiATBEPKY-
BAJIOCh HETaTUBHHUM IMYHOTICTOXIMIYHMM 3a0apB-
neHHsM mapadinoBux 3piziB Calcitonin-SP17-k1oHa-
JHHUMHM aHTUTIJIaMH, @ TAKOXK IPOSIBU 1HTPALIEITIOIS-
pHOTO HAOpSKY OCTEOIHTIB, IHTEPCTHUIIIHOTO Ha-
OpsIKy Ta JecTpyKii (piOpHIT Ha TIIi TOMOTeHi3aIli1 Ki-
CTKOBOTO MaTpUKCy. 3 OOKY ImepiocTy HaBKOJIO nede-
KTy HE BUSBIISUINCH Oy/b-sIKi O3HAKH HEOBACKYJIOTE-
He3y, (ibpo3yBanHs abo mposidepanii ¢idbpodaac-
TiB. BuzHauenHns npomideparusHoro mapkepa Ki-67
BUSIBMJIO OOMexeHy KijbkicTh Ki-67-mo3uTuBHUX
KJIITHH y AaHii gokamizaiii. [100113y eHI0CTy yIIKo-
JUKEHHX KiCTKOBUX TpabeKysl Ha MeXi 3 IMITaHTOBa-
HUM MaTepialloM CHOCTEpIiTraaich MPUMITHBHI TeMO-
KaIliJIIpy Ta €HIOTeliaNbHI TsDKI B cympoBoi ¢ibpo-
OmactiB, MO BKa3zyBaJio Ha (pOPMYBaHHS MPOIIAPKY
TPaHyJISALIHHOT TKAHWHH 10 KPasX eKCIIePUMEHTAIb-
Horo nedekry. Lle miarBepaKyBanock akTHBHUM Ha-
KOTIMYCHHSM IMYHOTICTOXIMIYHOT MiTKH Mapkepa Ki-
67 y aapax ¢iOpoO6IacTiB i eHAOTENIOUTIB €HAOCTY.

UYepes olMH THXKACHB IICJIS HAHECEHHS eKcIie-
PUMEHTAJIFHOI TpPaBMH IPOSBH HAOpsKy Ta iHII
O3HaK{ TPAaBMAaTHYHOTO 3alajeHHs HABKOJIO 30HH Jie-
(hexTy TPOSBISUINCH Yy He3HA4HOMY cTymeHi. Ha-
BIIPOTH, O3HAKHM J€30pTaHi3aIlii MaTepHHCHKOI IIac-
THUHYACTOI KICTKH ITOCHIIIOBAINCS y TIOPIBHSHHI 3 T10-
HepeHiM TePMIHOM criocTepekeHHs. SIK 1 B rpymi

KOHTPOJBHUX TBAapHWH, CIOCTEpiragach roMoreHiza-
i KICTKOBOT'O MaTPHUKCY Ta 3pocTaja IJIoma pe3op-
OIIMHMX TOPOYKHUH, 3aIIOBHEHUX ACTPUTOM, (iOpH-
HOiOM a0 TeMOCHICPUHOBHMH Jemo3uTaMu. Tpas-
MOBaHI OCTEOHH 1 KICTKOBI TpaOEeKyIH MO Kpasix Je-
(exTy Mamm ropOHCTy HMOBEPXHIO BHACTINOK YTBO-
PEHHS YHCJICHHUX APiOHUX OCTEOITHHX BUPOCTIB. Y
CKJIQ/i TaKUX BHUPOCTIB MOPSX 13 MOOJAWHOKUMH
OCTEOKJIACTaMH HaBKOJIO T€MOKAIUISPIB croCTepira-
Jach 3HaYHA KUIbKICTh BIJOKPEMIICHUX OJIUH BiJl OJ-
HOTO OCTe00JacTiB, SIKI MPH IMYHOTICTOXIMIYHOMY
3abapBiieHH] i3 3acTocyBaHHAM Mapkepa Ki-67 inre-
HCUBHO HAKOMTMYYBAIN MITKY IIpoiideparrii.

HanpukiHmi mepmoro THKHS €KCIICpUMEHTY B
nepruepUIHAX AUITHKaX pereHepary Mix (parMen-
TaMH iMIDTaHTOBaHOTO Matepiany B-TK® Bussus-
JHMCh YHUCIIEHHI OCEPEIKH AECMAIBHOTO OCTEOTCHE3Y
31 IIIJTPHAM BMiCTOM HOBOYTBOPEHHUX IPHUMITHBHIX
TeMOKaIISPiB 1 reTepoMopdHUX KITITHH — iOpoodia-
CTiB, ocTeo0acTiB Ta iX HU3bKOIU(EpeHIIHOBaHUX
NONEPEeTHHUKIB. AKTUBHE HAKOIMYEHHS IMYHOTICTO-
ximMigHOi MiTKM Mapkepa Ki-67 B simpax o3HaueHHX
KJIITHH CBIIYWIO MPO TXHIO aKTHBHY MpoJidepartito
Ha nepudepii pererepary. 3HauHa niineHicT CD34-
MIO3UTHBHUX CTPYKTYP Y BUTIISIII IPUMITUBHHUX TEMO-
KaIiJsIpiB 1 eHAOTENabHUX TSOKIB BKa3yBaJia Ha aK-
TUBHUI HEOBACKYJIOT€HE3 B JaHil okami3arii. ['ema-
TOTCHHI KIITHHH HAaBKOJIO TeMOKAIUIIPIB 3yCTpida-
JMCh PIZIKO, OCTEOKJIACTH HE BHABIINCH. Ha enekt-
poHOTpaMax HaBKOJIO (hiOPOOIIACTIB i OCTECOOJIACTIB B
OCTPIBISIX I€CMaJIbHOTO OCTEOTeHE3y PO3TaIllOBYBa-
JIMCh HEBIIOPS/IKOBaHI KOJAreHOBI BOJIOKHA 3 O3Ha-
KaMH He3piJIOCTi, SIKi He YTBOPIOBAIN OPraHi30BaHUX
nydkiB. B ocreoini nux octpiBuiB aMoppHUil KOMIIO-
HEHT HHU3bKOI €JIEKTPOHHOI IIUILHOCTI 3HAYHO Tepe-
Ba)kaB HaJl KOJIArCHOBMMH BOJIOKHAMH.

[poTsirom 2-T0 i 3-T0 THXKHIB MICIS IMIDTAHTAII{
Matepiany B-TK® 30epiranuce o3HaKH Je30praHiza-
mii MaTepUHCHKOI KICTKM Ta TOMOTEHi3aIli KiCTKO-
BOT'0 MaTPHKCY HAaBKOJIO 30HH TPaBMH, HEBEJIMKI pe-
30pOIiiiHI TOPOXKHUHK 3 BMICTOM TKAaHHHHOTO JIET-
pury, ¢idbpuny abo remocunepuny. I1o kpasx ymko-
JDKEHOI MaTepHHCHKOI KICTKH Ha TOBEPXHi TPaBMOBa-
HHX OCTEOHIB 1 KICTKOBHX TPaOCKyJI CIOCTEPIrairnch
YHCIIEHHI reTepOMOpQHI BUPOCTH OCTEOIAHOT CTPYK-
TYpH, IKi 3aHYPIOBAINCH Y perlapaTUuBHUN pereHepar
MiX OCTEOTEHHHMH OCTPIBIIMH. Y CKJIaJi BHPOCTIB
BiJl TpabeKyJl MaTepHUHCHKOI KiCTKH CHOCTEpITrajrch
MTOBHOKPOBHI TEMOKAIUJISIPY B OTOYCHHI HE3HAYHOI
KUTBKOCTI  OcTeokiacTiB. [lepeBakHa OLIBIIICTH
OCTEOKJIACTIB Oysla IpeAcTaBlieHa KOMIAKTHUMH
OBaITLHUMH PopMaMu 3 posMipamu 110 70 Mkm. Octe-
00J1aCTH 32 YHCENBHICTIO 3HAYHO TIEPEBaYKAIN HAJL iH-
MUMHU KIITHHAMH 1 PO3TaIlOBYBAJIMCH MOOIWHII B
TOBIIi OPTaHIYHOTO MATPUKCY OCTEOiTHUX BHPOCTIB
BiJI CITiKyJ 1 TpabeKys MaTepHHCHKOI KicTku. [Ipu BU-
3HaueHHi excrnpecii Mapkepa mpodmideparrii Ki-67 me-
peBakHA KiJBKICTh iIMYHOTICTOXIMIYHOT MITKH HaKO-
MTMYyBaJIach B sipax 0CTe00IIacTiB, y TOH yac sk s1pa
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OCTEOKJIACTiB, CHIOTEIIOMHTIB 1 OCTEOLUTIB MaTEPH-
HCBKOI KicTku Mosekyn Ki-67 e excripecyBaym. Bu-
BueHHs Calcitonin-SP17-KkIOHaNBHUX aHTUTIN IOKa-
3aJ10 BiICYTHICTh CYTTEBOI pe30pOIiifHOI aKTUBHOCTI
octeoknactiB. 3actocyBaHHsS Mapkepa CD34 Bu-
SBUJIO HU3BKWI CTYIiHb BacKymspm3anii. Ha enexr-
pOHOTpaMax OCTEOIN y IaHil JloKai3allii MiCTHB He-
3HAYHY KUJIbKICTB CJIa0KO OPI€EHTOBAHMX ITy4KiB KOJIa-
TEHOBHX BOJIOKOH HaBKOJIO OCTE00JIACTIB 3 PO3BUHY-
TOIO 3€pPHHUCTOIO €HJIOIUIA3MATUYHOIO CITKOIO Ta KOM-
riekcoM ["ombmxKi.

[potsirom 2-3-ro THXKHIB MiC/Is IMIDIAHTALIT CH-
HTETUYHOTO KajbHilocdaTrHoro mMarepiamy Ha Te-
pudepii KICTKOBOTO pereHepary OCepeaKH MepeTHH-
4acTOTO OCTEOTeHe3y, Ha BiIMiHY BiX TpymH KOHT-
POJII0, Bi3yami3yBajJHCh y 3HAYHO OUIBIIIH KiNBKOCTI.
OcTeoreHHi OCTiBII aHACTOMO3YBAJld 3 YTBOPCHHAM
TpabeKyJ, a TaKoX 00’ €THYBAJIHCh 3 TOPOMCTUMH Ki-
CTKOBUMH TpabeKyJIaMH MaTepuHCHKOI ry04acToi Ki-
cTkH. B iX cknani Bisyasni3yBainuch YHCIICHHI TeMOKa-
MUISPH B OTOYCHHI OCTEOOJIACTIB, SIKI PO3TAIIIOBYBa-
JIUCh MOOJMHIN a00 yTBOPIOBANIM Ipymu. Y MIKTpa-
OCKYJISIPHUX MPOCTOpPax 30CepePKyBaTUCh (HiOpoO-
JIACTH Y HEBEJHKIiH KUTBKOCTI Ta YHCICHHI OCTEOIPO-
TeHITOPHI KIITHHHU. 3a OTMIOMOTOK TpPaHCMiCiHHOL
€JIEKTPOHHOI MIKPOCKOIIT Y CKJIaJi OCTEOiqy HOBO-
YTBOPEHUX TpaOEeKyNn BU3HAYAINACH TeTepoMopdHi
KOJIAar€HOB1 BOJIOKHA Ta X IMYYKH 3 HEBIIOPSAKOBA-
HOIO OPI€HTAIIET0, SIKi CYTTEBO MOCTYMAIIUCS 3a TITO-
e aMmop(hHOMY MaTpukCy. Y MIKTpaOeKyJspHUX
npocTopax HaBkojo (ibpodiactiB GiOpo3HUil KOM-
MOHEHT pereHepary MocTynaBcs 3a VIO aMopd-
HOMY KOMIIOHEHTY. YJIbTPacTpyKTypa 0CTe00IacTiB,
10 PO3TAIIOBYBAJIKMCH MOOIU3Y MEXi 3 MaTEepHHCH-
KOO KICTKOI0, CBiIYHJIa TIPO MIEBHE OOMEXEHHS 1X CH-
HTETHYHOI akTMBHOCTI. HaBmaku, Ti ocTeoOiacTH,
mo Oyiau 3aHypeHHMH Y TOBIIY KepaMidHO-KiCTKO-
BOTO pereHepary, MICTHIM PO3BHHEHHIH KOMIUIEKC
TostbKi Ta YMCTICHH] €IEMEHTH TPaHyIIIPHOI €HI0-
Ja3MaTUYHOI CITKM. [HTEHCHBHE HAaKONWYEHHS IMY-
HoricToxiMigHOT MiTku Mapkepa Ki-67 cmocrepira-
JIOCh TIEPEBAXKHO B sIApax KIITHH-MIONEPETHHUIb OCTe-
obacriB; mapkepa CD34 — y memOpaHax i riuroria-
3Mi SHIOTENaNbHUX KIITHH Ha nepudepii pereHe-
pary. OCTEOKJIaCTH Ta iHIII reMaTOTeHHI KIIITHHY 3Y-
CTpivaKch y He3HauHii kitbkocTi, Calcitonin-SP17-
MO3UTHBHI KITITHHHI €JICMEHTH HE BHSBIISUIHCS.

VY BHYTpIMIHIX TUISHKAX KiCTKOBO-KEPaMiqHOTO
pereHepary, SKHi 3aII0BHIOBAB ITOPOXKHUHY €KCIIepH-
MEHTaJIBHOTO Ae(DeKTy, Ha eMiHepalli30BaHHUX TiCTO-
JIOTIYHUX TIperaparax CIoCTepiraaich 03HAKHU aKTH-
BHOTO HEOBACKYJIOT€HE3Y, 1[0 HAa TPEThOMY THXKHI
CIIOCTEPEXKEHb IPOSBISIIOCh YTBOPEHHSM YHCIICH-
HHUX OPUMITUBHUX HE 3a[I0OBHEHUX EPUTPOLIUTAMH Mi-
KPOCYIMH 1 €HAOTeNanbHuX TskiB. [loMipHa Kijb-
KiCTh HOBOYTBOPEHHX T€MOKAIIJISIPIiB Maja 3aIioBHE-
HHUH epuTporuTaMu mpocBiT. HaBkomo Takux ¢GyHK-
MIOHAJILHO CIPOMOKHUX MIKPOCYAMH Bidyami3yBa-
JIMCS TOOJJMHOKI OCTPIBIIi IECMAIEHOTO OCTEOTCHERY.
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Ha BigmiHy Big KOHTPOJBHOI IPyIH, B TITHOOKHAX i-
JISTHKaX pereHepary He BUSBIISUIICH OCEPEAKH XPAIIO-
BOTO MATPHKCY, M030aBIEHOT0 MIiKpOCYIWH 1 BOJO-
KOH; OCEpeIKd LIUTbHOI Heo(OPMIICHOI CITOIYYHOI
TKaHWUHU OyNM HEBEJIMKHUMH Ta 3YCTpidaluch y He-
3HAYHIH KiTBKOCTI.

Yepes 4 1 5 TrokHIB micIs IMILTaHTAII] MaTepiany
B-TK® mo xpasix neekTy HOBOYTBOpEHi 3 OOKy Ma-
TEPUHCHKOI KICTKM TPabeKyin Opi€HTYBaINCS Iiepe-
BaXXHO paJlialIbHO BiTHOCHO pereHepaty. Oxkpemi Tpa-
OeKynH 1 CHIKYJIM 3aHypIOBAJINCH B TOBIIY pereHe-
paTy Ta aHaCTOMO3YyBAaJIH 3 IPyOOBOJIOKHUCTOIO KiCT-
KOBOIO TKaHHHOIO HOBOYTBOPEHHX TPaOeKys 3 (op-
MYBaHHSM CITUJIFHOTO Oe3MepepBHOTO SHIOCTY. Y Mi-
JITHKaX KOMITAKTHOI MaTePHHCHKO1 KiCTKH, sIKi 30epi-
TaJIy 3aJIUIIKOBI 03HAKH IIOCTTPaBMAaTHYHOI 1e30pra-
Hi3aIlii Ta TOMOTeHi3amii KiCTKOBOTO MaTpHKCy, Ha-
BKOJIO TEMOKAIIJISIPIB CIIOCTEPIranach ImosiBa aKTHB-
HHUX OCTEOKJIACTiB, L0 MiATBEP/HKYBAJIOCH MPU IMY-
HOTICTOXIMIYHOMY JIOCITiIPKEHH1 po3smnojiny
Calcitonin-SP17-knonanpHux aHTuTil. HasBHICTH
YHUCJIEHHUX JIaKyH ['aymmna cBimumia mpo akTUBHE
BiJTHOBJICHHS YIIKO/)KEHUX YHACIIZOK TPAaBMH OCTe-
OHIB MaTepUHCHKOI KicTkH. OCcTe00IacTH 3a IHCEINb-
HICTIO TIepeBakaln HaJ IHIIMMHU KIITHHAMH Ta PO3-
TaIIOBYBAJIKCH 130JIb0BaHO a00 TPyIaMH B TOBIII Op-
TaHIYHOTO MaTPUKCY TpaOeKyI MOOIU3y CHIOCTY Ma-
TEPHUHCHKOI Ty0UacTOl KiCTKH, IO TTOEAHYBAIIOCH 3 1X
aKTUBHUM BPOCTAHHSM BCEPEIUHY pereHepary. Pos-
moin iMmyHoricToxiMigaoi Mitku Ki-67 Bka3yBaB Ha
BHCOKY TpoJi)epaTUBHY aKTHBHICTh OCTEOOJACTIB,
Ha BIJMIHY BiJl 1HIIMX CIHOJYYHOTKAHUHHHUX KJIITUH
naHoi sokamimaunii. [Ipu enekTpoOHHOMIKPOCKOTIY-
HOMY JIOCJI/DKEHHI B IIUTOILIa3Mi OCTEO0IaCTIB CITO-
cTepirajuch 100pe pO3BUHYTI CHHTETUYHI 1 CEKPETO-
PHI IIUTOILIA3MAaTHYHI CTPYKTYpH. Ha BimMmiHy Bif Ko-
HTPOJIFHOI TPYIH, OCTEOIN y AaHil JoKai3arii mic-
TUB 3HAYHY KUTBKICTH COPMOBAHHX KOJAT€HOBHX
BOJIOKOH, 00’€THAHHUX Y IY4YKH, 3 TX CyTTEBHM Hepe-
BaXKaHHSAM HaJl aMOp(QHUM MaTpUKCOM (puc. 4).

Puc. 4. EnekTpoHHa TpaHCMICiiHa MikpodoTorpadis
BiHOBIEHOI TpabeKkynn MaTepuHCHKOI KiCTKM B OiNSHUi 3a-
rMUGNEHHS B pereHepaT HKHBLOI LLenenu Kponuka Yepes 5
TWXKHIB MiCNs1 HAHECEHHSA TpaBMK Ta 3arnoBHEHHS AedekTy
matepianom B-TK®. 1 — octeobnacT; 2 — ny4ku KonareHOBMX
BOJIOKOH HOBOYTBOpeHoro octeoigy. x3000.
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Ha nepudepii KicTKOBOTO pereHepary crocTepi-
TaJHUCh TOJIIMOP(HI TPyOOBOIOKHHUCTI KiCTKOBI Tpa-
OeKynn 3 TMEepPeBKHOIO PaialIbHOIO OpiEHTAIIIETO,
IIUTFHAM aHACTOMO3YBAHHSM 1 IIOCTYTIOBHM IIEPEXO0-
JIOM 10 TyO9acToi apXiTeKTypH NpH 3arinOJieHH] B
30Hy iMIDTaHTaMii. B nepudepuanux tpabexynax Ki-
JBbKICHO mepeBakayy octeobmactu. IlomipHa Kisb-
KICTh OCTEOLMTIB 3HAYHO IEpeBHIIyBajla iX BMICT
NP MOPIBHSHHI 3 TPyNor KOHTpoiro. OcTeoknacTu
3YCTPIYaINCh MEPEBaKHO HA MEXKIi KICTKOBO-KepaMmi-
YHOTO pereHepary 3 IIacCTHHYACTOI0 KiCTKOBOKO TKa-
HUHOIO KOPTHKAJIBHOI IUTACTHHKY MAaTEPHHCHKOT Kic-
TKH, a TaKOXX MPH MEPeXoMdi BiTHOBICHUX TpaOeKyl
MaTEepUHCHKOI Iy04JacToi KiCTKHA B HOBOYTBOPEHI Ipy-
0oBOMOKHHCTI Tpabekynu pereHepary. [lopsx 3 Tum
(hakTOM, IO KUJIBKICTh OCTEOKJIACTIB Y AAHUX [IISH-
Kax Oylla 3HaYHO BUILOIO, HIXK y TOIEPEIHIA TePMiH
eKCIIEpPUMEHTY 1 HiX Yy TPYIli KOHTPOJIBHUX TBAPHH,
YIBTPACTPYKTYpHI O3HAaKW aKTHBalii OCTEOKIIACTiB
CBIIYMJIM ITPO MOYATOK PEMOJIEIIOBaHHS neprdepny-
HUX JIUITHOK TPYOOBOJIOKHHCTO! KICTKOBOI TKAHUHU
BXKE depe3 4 TYKHI Micysl iIMIUTaHTalii Marepiany -
TK®. Ha enektpoHorpamax y ckjiaji OUIbIIOCTI HO-
BOYTBOPEHHX TpaOEeKysI BU3HAYAIIKCS [IUIBHO YITaKO-
BaHI KOJIAT€HOBI BOJIOKHA 3 YTBOPEHHSM Hapajieilb-
HUX ITY9YKiB 1 KICTKOBUX IuTacTHHOK. [Topsix i3 miac-
THHKaM# a00 MK HIMH BU3HAYaIHACh TeTepoMopdHi
BEJIHKI 32 PO3MipaMH OCTEOLUTH 3 MOpdoIoTiyHIMHA
o3HaKaMu 0OMeskeHoT 3pinocTi. YacTHHA OCTEONHUTIB
MoOIM3Y BiJHOBICHHX OCTEOHIB MAaTEPHHCBHKOI Kic-
TKH, HaBIaKH, Ha0yBaJla XapaKTepPHUX 3pUIMX O3HaK,
TaKHUX SIK 3MEHIICHHS MacH [IUTOIJIa3MH, YTBOPEHHS
BIZIPOCTKIB, peAyKIis KoMmIuiekca ['onbpki Ta rpany-
JSIPHOTO €HJIOTLIa3MaTUYHOTO PETHKYIYMY.

Y BHYTPIIIHIX 30HaX KICTKOBO-KEPaMi4HOTO pe-
TeHepaTy BUSBILUINCH AULSIHKA TI'PyOOBOJIOKHHCTOI
KiCTKOBOi TKaHWHH, SIKi MICTHJIM MIUTBHY CIiTKY IpH-
MITHBHHX TeMOKAMIIAPiB. 3HAYHA KiJBKICTh OCTE00-
JIACTIB YTBOPIOBAJIAa YHUCIICHHI CKYITYEHHS MK OCTpi-
BIPIMH JECMaJbHOTO OCTEOTEHE3Y Ta MIKpOCyIu-
Hamu. Ha BiaMiHy Bin mepudepudHHX TpaOeKys, B
SIpax OCTEOO0ACTIB 1 X KIITHH-TIOIEPEIHHUIIb CIIOC-
Tepirajach iIHTCHCHBHA SKCIIPECist Mapkepa mpostide-
pauii Ki-67. Posnoxin mapkepa CD34 Bka3yBaB Ha
aKTHBHE YTBOPEHHSI FeMOKAIIJSIPHOTO pyclia B TJIH-
OoKiit 30HI pereHepary, 110, HMOBIpHO, 3anobiraio
3Ha4HOMY (piOpO3yBaHHIO TaHOI 30HHU, SIK e OYJI0 Xa-
PaKTepHO /ISt KOHTPOJIBHOI IPYIIH.

Ha BocbMOMY THXHI IMOCTTpaBMAaTHYHOI pere-
Heparii micns iMmoiadTanii marepiany B-TK® cmoc-
Tepiranocs MOBHE BiJHOBJICHHS 3arajlbHOI TKAHUHHOT
CTPYKTYpPH TEPiOCTy B 30HI YIIKOKEHHS Ta hopMy-
BAaHHS OCTEOLIMTAPHOI JIAKYHO-KaHAJIbIIEBOT CUCTEMH
y CKJIaJli MAaTEPUHCHKOI KiCTKA HaBKOJIO €KCIIEpHMeE-
HTaJIbHOTO AedexTy. 3aranbHa TKaHWHHA apXiTeK-
Typa i pO3NOJIT KIITHHHUX CyOMOMyIsIiil, a TaKoX
JIOCTIJKYBaHI IMyHOTICTOXIMIYHI 1 yIBTPacTPyKTY-
PHI XapaKTepHCTUKH MaTEpHUHCHKOI KiCTKOBOi TKa-
HUHU KOMIPKOBOI YaCTHHHM HIXHBOI ILENeTH MicIs
ocreoractiku B-TK® He Binps3HSUIMCH Bij rpynu

IHTaKTHUX TBapHH.

Ha mepudepii kicTKOBOTO pereHepaTy HOBO-
YTBOPEHi TpaOEeKyJIn CKIQIaINCs MePEBaXHO 3 IIac-
THHYACTO! KICTOBOI TKaHMHH Ta MICTHIIM PO3TaIly-
KeHy CiTKy MikpocyauH. [TomiMopdHi KiCTKOBI mia-
CTHHKH NIPUMITHUBHUX OCTEOHIB MEXKYBaJH 3 OCTEOK-
JacTaMU, YaCTHHA SIKMX OyJia rmpejcTaBiieHa aKTHBO-
BaHMMHU (GopMamMH MOOJIM3Y PE30pOLIHHMX JaKyH.
IHIIa YacTUHA OCTEOKJIACTIB IHTEHCUBHO HAKONUYY-
Bana Calcitonin-SP17-MiTKy, 1110 BKa3yBaso Ha rajb-
MYBaHHS iX pe30pOTHBHOI aKTHBHOCTI. 3aCTOCYBaHHS
ocreoractTiku Matepiaiaom B-TK® cynpoBomxysa-
JIOCH TIOSIBOIO 3PLIMX OCTEOUHWTIB Ha mepudepii Tpa-
OeKyI I pereHepary, a TakKoX y JUITHKaX KOMIIAKTH3a-
1ii KICTKOBHX TUIACTHHOK MOON3Y BiTHOBJICHOTO TIe-
piocty. ¥V 3armmbneHnx Tpabekyiax ry0dacToi Kic-
TKH PEreHepary Ha TIi aKTUBHOTO PEMOJIEIIOBaHHS
rpyOOBOIOKHUCTOT KiCTKOBOi TKAHWHU 3 YTBOPEHHIM
KiCTKOBHUX IJIACTHHOK OCTEOLUTH MaJIH O3HAKH CTPY-
KTypHO-()yHKIIIOHAJIBHOT He3piiocTi. 30Kpema, Ha
€JISKTPOHOTpaMax B IIUTOILIA3MI BEIMKUX Oe3BiIpoc-
TYACTUX OCTEOLUTIB Bi3yali3yBaJlCh YHCJICHHI ele-
MEHTU KOMIUICKCY ["OJIb/IKI Ta TpaHyIIpHOI CHIIOM-
JTa3MaTHYHOI ciTkK. HaBKo0 4ncieHHnX ocreobuac-
TiB IyYKH LIIJIFHO YITAKOBAaHHX MapajeIbHUX KoJlare-
HOBHUX BOJIOKOH MEXXYBaJIM 3 OCEPEAKAMHI HEBIOPA-
KoBaHUX (hiOpmiT Ta aMOp(HHUM MaTepiasioM HU3BKOI
€JIEKTPOHHOT IiITFHOCTI.

JlakyHo-KaHaNIBIIEBa cUCTeMa Ha Tiepudepii Kic-
TKOBO-KEPaMi4HOTO pereHepaTy He Burisiiana chop-
MOBaHOI0. Y MDKTPaOEKyJISpHUX IPOCTOpax HOBO-
YTBOpEHOI I'y04acTol KiCTKH Bi3yasi3yBaJUCh OKpEeMi
JUISHKA Mi€JTOITHOT TKaHUHU. [HTerparlisi moBepxHi
penapaTHBHOIO pereHepary 3 MaTepUHCHKOIO KiCT-
KOO 3aJINIIANACHh HETIOBHOIO.

Y BHYTpIMIHIX MUISHKAaX pereHepary po3Tamio-
ByBaJach rerepoMopdHa ryddacta CTpyKTypa, sKa
CKJIa/Iajiacsi 3 NIPUMITUBHHUX KiCTKOBHX IITACTHHOK,
TaKOX MICTHJIA TIOMITHY KUIBKICTH TPyOOBOIOKHHUC-
Toi TKaHWHU. Ha BiZMiHY BiJ] TPy KOHTPOIIO, MIiCIIS
OCTEOIUTACTUKY 3 BHKOpUCTaHHM [-TK® 3anmmkis
XPSIILIOBOTO OCTEOTICTOreHe3y He CHOCTepIrajoch.
CrHoy4yHOTKaHWHHI JAISIHKA HaBKOJO MIKPOCYJHMH
3YCTpIYaIKMCs PiKO Ta MaJIM BUIJIST TOHKHUX MPOIIIa-
PKiB, 30araueHuX Ha XaOTUYHO YIPyMOBaHi KoJjare-
HOBI BoJyiokHa. CepeJ; OCTEOreHHUX KIIITHH NepeBa-
KAl 0CTe00IacTH, PO3TAIIOBaHI TU(PY3HO, B TOMIp-
Hilt kimpKocTi. TpaHCcMiciliHa eeKTPOHHA MIKPOCKO-
ITis TTOKa3aja BUCOKMH BMICT XaOTHYHO PO3TalIOBa-
HUX KOJIArCHOBHMX BOJIOKOH Ta iX ITy4KiB MOOJH3Y
0cTe00IacTIB, AKI MaJd O3HAKH 3HAYHOI CHHTETHYHOT
i cekpeTopHOi akTUBHOCTI. Ha BinqMiHy Bix crioctepe-
JKeHb Y KOHTPOJIbHIH TpyTi, 0OMeXeHa KiJIbKiCTh aK-
THUBHHX OCTEOKJIAcTiB 3 Hu3bKowo Calcitonin-SP17-
PEaKTHUBHICTIO BHUSBIISUIACS JIMIIE y AUISHKAaX rpy0o-
BOJIOKHHCTO{ KICTKOBOi TKAHWHHU HE3HAYHOI YaCTHHU
KICTKOBUX TpabeKkyl, II0 MiAJaBajucs PEeMOAEIIO-
BaHHIO.

UYepes 12 TrkHIB micns iMIuianTanii Marepiany
B-TK® mopsix i3 MOBHUM BiJHOBJICHHSIM CTPYKTYpH
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TepiocTy B 30HI YIIKO/KEHHS BigOyBasioch hopMmy-
BaHHS OCTEOLUTApHOI JaKyHO-KaHaIbLEBOI CUCTEMHU
3 03HaKaMH¥ THIIOBOi OYZOBH y 30Hi 30BHIITHBOI KiCT-
KOBOI IacTHHKH. Ha BiMiHY Bif TPyIH KOHTPOIIO,
TCIIST 3aCTOCYBAaHHS OCTEOTPOITHOTO MaTepiairy oce-
PEIKH He3aBEepLICHOTO OCTEeOreHe3y a0 HEeMOBHOTO
PEMO/ICIIOBAaHHSl HE BUSIBJSUIUCH, OCTEOHH pErcHe-
paTy 3a CBOEIO CTPYKTYPOIO Ta TEOMETPIE0 HE Bipi-
3HSUINCH Bijl Oy/TOBU IHTAKTHOT MaTEPHHCHKOT KICTKH.

KicTkoBi Tpabekynu B nepudepuyHnX IUITHKaX
pereHepaty MaJu IJIaJIky HOBEPXHIO 0e3 03HaK HOBO-
YTBOPEHHS OCTEOINy, MICTHIIN PO3BUHEHY MIKpOCY-
JIUHHY CITKY Ta CyTTEBO MEHIINY Y HOPIBHSHHI 3 I10-
TIepeHIM TEPMiHOM KiTBKiCTh OCTEOTEHHHX KIIITHH.
Hu3pka IHTEHCHBHICTH IMYHOTICTOXIMIYHOI MiTKH
mporideparnBHOoro Mapkepa Ki-67, a Takox Hese-
JIMKA KiJTBKICTh OCTEOKIACTIB 1 0CTE00IacTiB mopsiy i3
YUCICHHAMH 3pUIAMH OCTEOUTAMHU CBITUWIH TIPO
3aBEpLICHHS MTPOIIECIB PEMOAEIIOBAaHHS Nieprdepny-
HUX Tpabekyn perenepatry. IIpore, MikpoapXiTek-
Typa Ta JopMa OCTEOHIB pereHepary HIHpOKO Bapiro-
BQJIM Ta MOMITHO BIJIPI3HSJIMCH BiJ TUIOBOI OyIOBU
IHTAKTHUX OCTCOHIB. 3a TOMIOMOTOI0 €JICKTPOHHOT Mi-
KpPOCKOTIIT MiX ITydKaM¥ MapajebHUX KOJAreHOBUX
BOJIOKOH CYCITHIX KiCTKOBHX IUTACTHHOK Bi3yami3y-
BaJINCh TIPOIMAPKA aMop(HOTro MaTepiarry HU3BKOI
€JIeKTPOHHOI IIIJTBHOCTI, SKi BapifoBalli 3a TOBIIH-
HOIO Ta OIIOCEPEIKOBAHO BKa3yBajlHM Ha He3aBeplIe-
HUH XapakTep MiHepaizallii KiICTKOBOTO MaTPHKCY.

SIK 1 B KOHTPOJIBHIN Ipymi, Micist 3aCTOCYBaHHS
B-TK® crocrepiranocst yTBOpEHHs Mi€JIOiTHOT TKa-
HHUHH y MDKTpaOeKySIpHUX IPOCTOpax Ha nepudepii
penapaTHBHOIO pereHepaTy, B TOW 4ac sK IIIMOOKa
30Ha pereHepary OCepe]KiB KPOBOTBOPEHHS HE Mic-
THna. [HTerpamis MOBEpXHI KiCTKOBO-KepaMidHOTO
pereHepaTy 3 MaTepUHCHKOIO KiCTKOIO Oylla 3HA9HO
Kpaliolo, HiK Y TBapuH TPYIH KOHTPOJIO, IPOTE Ha
CBITJIOONITHYHOMY DiBHI IeMapKaIlisi B JESKUX JiJISTH-
Kax 30epirasach y BHIJISAI BapiaTUBHOI 3a TOBILIH-
HOIO CMY’KKH HECTPYKTYPOBAHOTO MaTtepialy.

VY rimboxkiit 30HI pereHepary TpabeKynH cKia-
JIaIiCsl IEPeBaXKHO 31 CPOPMOBAHMX KICTKOBHX IlIa-
CTHHOK, IIPOTE IX TeOMETpisl IIUPOKO BapitoBaja Ta
BIAPI3HsUIACH BiJl 3pUIMX CTPYKTYp MaTepUHCHKOT Ki-
ctku. [Ipu ynbTpacTpyKTYpHOMY JOCIIKSHHI BOHU
MICTHJIM IIJIbHO YMAKOBaHI mapaneibHi (iopuwin 3
HE3HAYHOIO YacTKOI0 aMopdHOro marepialy HOBO-
yYTBOpeHOT0 ocTeoiny. [lepeBaxkHa yacTHHA OCTEOIH-
TIB MK KICTKOBUMH IIIACTHHKAaMHM Majla O3HAK{
CTPYKTYpHO-(YHKITIOHAJILHOT 3p1JIOCTi; OKpeMi ocTe-
OLMTH, HABMAaKH, Majldl PO3BHHYTY IHUTOILIA3MY,
Maike He yTBOPIOBAIM BiJIPOCTKIB, MICTIIIN eleMe-
HTU KOMIUIEKCY ['OJIbJDKI Ta TpaHyJISPHOTO PETHKY-
aymy (puc. 5).

B oxpemux rimbOKuX AUITHKAaX pereHepary 3y-
CTpIYaIUCh OCEPEeIKH I'PYOOBOJIOKHHUCTOI KICTKOBOT
TKaHWHH, SIKI MICTWJIN MOMIPHY KUIBKICTh aKTHBHUX
ocreoknactiB. [Ipu iMyHOTriCTOXIMIYHOMY BUBUEHHI
posnoziny Calcitonin-SP17-mo3uTHBHUX OCTEOKJIAC-
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TiB BUSBJISIACh BUCOKA aKTUBHICTH pe3opOii rpyoo-
BOJIOKHHCTOI TKAaHUHH TPaOeKyJ y TIIHOOKiH 30Hi pe-
TeHepary, B TOW Yac SK IUIACTHHYACTA TKAaHWHA OiJTb-
mocTi Tpabekyn ryddacToi KiCTKH pereHepary Mic-
THJAa OCTEOKIACTH 3 OOMEXCHOI0 ()YHKITIOHAIBEHOIO
aKTUBHICTIO. MiX TreTepoMOpOHUMH KiCTKOBHUMHU
TpabeKyJlaMU y CTaHi PEMOJENIOBAHHs CIIOCTepira-
Jch ApiOHI BorHMima (iOpo3yBaHHS, SIKI MICTHIN
MOOMUHOKI  (iOpobnacTy Ta MOMIPHY KUIBKICTH
CD34-n0o3uTHBHUX €HAOTEMANbHIX eleMeHTiB. [Ipn
TPaHCMICIHHIN eJIeKTPOHHIN MIKPOCKOIIIT B TUITHKaX
¢i0po3y Bi3yanizyBanuch (QyHKLIOHYIOUI TeMOKaIli-
JSpH 3 CYHIUIBHOIO CHIOTENiadbHOIO CTIHKOIO 1 3a-
MKHYTUMH MDKEHAOTENTialbHUMU KOHTaKTaMH B OTO-
YeHHI TeTepoMOp(GHUX MydKiB 3PUINX KOJAT€HOBHX
BOJIOKOH 3 XaOTUYHOIO Opi€eHTali€l0 (puc. 6).

Puc. 5. EnektpoHHa TpaHcMmiciiHa mikpodoTorpadis
rMBOKOI OiNAHKM pereHepaTy HWKHBOI LWenenu Kponuka ve-
pe3 12 TWKHIB Nicna HAaHECEHHS TpaBMKM Ta 3anoBHEHHS Ae-
dekTy matepianom B-TK®P. 1 — 94po Hespinoro octeouuTa;
2 — 3anMLWKN LUMTOMNNa3Mm octeoumnTa; 3 — Nyyky KonareHo-
BWX BOSIOKOH MPUMITUBHUX KiCTKOBMX nnacTtuHok. x3000.

Puc. 6. EnekTpoHHa TpaHCMicCinHa MikpodoTorpadis
rMBOKOI AiNAHKM pereHepaTy HWKHBOI LLenenm Kponnka ve-
pe3 12 TWXHIB Micnsi HAHECEHHS TPaBMU Ta 3aMOBHEHHS Ae-
dekTy matepianom 3-TK®. 1 — aapo eHgoTenioumTa; 2 — Big-
pocTok ¢ibpobnacrta; 3 — Myyku KorareHOBMX BOJIOKOH B
ocepefky ¢ibpo3sy. x2500.

3a CBO€IO 3arajbHOIO IUIOMICIO AUISTHKY (PiOpo3y
TIOMITHO TIOCTYIAJIMCS KOHTPOJIBHIM Trpymi. AHaii3
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po3mnoniny ekcrpecii mapkepa Ki-67 BHSIBUB TIOMip-
HUH TIpoTiepaTUBHUN MMOTEHITIA HIOTETIONUTIB Y
TpabeKymax TITMO0KOi 30HH pereHepary, B TOM 9ac K
ictoTHa mIibHICTE Ki-67-mo3uTHBHUX siep 0cTeo0-
JacTiB, HA BIAMIHY BiJl TPYIH KOHTPOIIIO, CBIIYMIIA
npo iX moMipHy npouideparito B TIHOO0KiH 30HI pere-
Hepary.

BucHoBku

1. AnpTepaTuBHI 3MiHM KICTKOBOi TKaHHHHU KO-
MIPKOBOI YaCTHHH HIDKHBOI ILEJIENH IIiCNIST YTBO-
PEHHsI TpemnaHaliiHOTO OTBOPY CYIPOBOMKYIOTHCS
(hopMyBaHHIM TeTepOMOPPHUX OCTEOITHUX BHUPOC-
TiB Ha MOBEPXHi YIIKOPKEHUX OCTEOHIB i KICTKOBHX
TpaOeKyJ MOYNHAIOYH 3 MIEPUIOTO THXKHS MICII Tpa-
BMH 3a paxyHOK npourieparii octeo0IacTiB 3 HaCTy-
IHAM 3POCTaHHAM IX CHHTETHYHOI AaKTHBHOCTI.
Brpoaorik mepmmx TpbOX THXKHIB IICIIS TPaBMH 3a-
To€HHS Ae(eKTy Mix KPOB’SITHUM 3TyCTKOM 3.iHCHIO-
€TBCS Yepe3 yTBOPECHHS YHMCIIEHHUX OCTPIBIIB Hepe-
TUHYACTOr0 OCTEOTreHe3y B TPaHyJILIHHIA TKaHUHI
Ha TJIi IHTEHCUBHOT'O HEOBACKYJIOI'€HE3Y 3 Mapalieiib-
HOIO MIrpali€ro ¥ akTHUBALI€I0 OCTEONPOreHITOPHUX
KIITUH 3 X HAaCTyNHUM LUTOAWU(EPEHIIIOBAHHSIM,
IO Yepe3 TP THXKHI eKCIIEPUMEHTY NPU3BOJHUTH 110
(hopMyBaHHS Ta aHACTOMO3YBaHHS NPUMITHBHUX Ki-
CTKOBHX TpabekyI Ha nepudepii pereHepary. Oome-
JKEHa BacKyJIsIpu3allis IMO0KOi 30HH eKCIIepHMEHTa-
JTHHOTO AeeKTy B MepIr TPU TIDKHI MICI TPaBMH
CYIIPOBOIKYETBCS aKTUBHUM (hiOpO3yBaHHAM Ta
YTBOPEHHSIM JPIOHUX BIIOKPEMIICHUX OCEpEIKiB
XPSILIOBOTO OCTEOTEHE3Y.

2. Yepe3 5 THkHIB y nepuGepruyHuX UISTHKAX
KiCTKOBOT'O pereHepaty 3 00Ky TpadeKys MaTepUHCh-
KOT KICTKH IHII[IIOETHCS PEMOJICITIOBAHHS TPYOOBOJIO-
KHUCTOT'O MaTPUKCY B MPHUMITHBHI KiCTKOBI IJIaCTH-
HKU 3 TIOSIBOFO HE3PIJIMX OCTEOUHUTIB. Y BHYTPIIIHI Hi-
JSIHKHA pereHepary IOLIMPIOEThCS Iy0dacTa CTPyK-
Typa HOBOYTBOPEHUX I'PyOOBOJIOKHHCTHX KiCTKOBHX
TpaOeKyn 3a paxyHOK IHTEHCHBHOI mpouideparii
ocTeoOacTiB 1 akTHBaIii anrioreHesy. Yepes 8 Tmxk-
HIB 3arO€HHS YTBOPIOETHCS J10OpEe BaCKYIIIPH30BaHA
CylijbHa ry0Yacta CTPYKTypa KiCTKOBOT'O pereHe-
pary, ruboKa 30Ha SKOro 30epirae yuciaeHHi IpioHi
ninstHkr Gidpo3y. Yepes 12 TwkHIB penapaTuBHHUNA
pereHepaT 4aCTKOBO iHTErpOBaHUI 3 MaTEPUHCHKOIO
KICTKOIO, TIEPEBAXHO 32 PaXyHOK aHACTOMO3YBaHHs
ii 3pinmx TpaGeKyn 3 HOBOYTBOPEHOIO TyO9YacTOrO Ki-
CTKOIO pereHepary. [InacTuH4acTa KicTKOBa TKAHMHA
Ha epudepii pereHepary OIMPOKO Bapiroe 3a ricToa-
PXITEKTYpOIO Ta CTYICHEM IU(EPEHIIIFOBAaHHS OCTE-
001acTiB 1 OCTCOIUTIB, BIAPI3HAIOYHCH Bi 3PLIHX
OCTEOHIB MaTEePUHCHKOI KicTKH. ['TnOoKa 30Ha pere-
HepaTy TOpsiA i3 YHUCIEHHUMH IiMSHKaMH (idposy
MICTHTB TpabeKyJn 3 0O3HAKaMH aKTHBHOTO PEMOJe-
JIFOBaHHS I'PyOOBOIOKHUCTOT KICTKOBOT TKAHWHH, 10
MPU3BOJHUTH 10 YTBOPEHHSI NPUMITUBHHUX KiCTKOBUX
TUTACTHHOK 3 TIEPEBAYKAHHIM HE3PITNX OCTEOITHUTIB.

3. Immnanranis marepiany B-TK® ne BruuBae
Ha XapakTep i IMHAMIKy aJlbTepaTHBHUX 3MiH MaTe-
PHHCBHKOI KICTKOBOI TKaHWHM KOMIPKOBOi YacTHHH

HIDKHBOT IIETIETTH TICHIS TPaBMH, TPOTE TMPOTITOM 2-
3-r0 THXKHIB CKCIIEPUMEHTY 3YMOBJIIOE CYTTEBE 30i-
JIBIICHHS KiTBKOCTI 1 MIIJTFHOCTI OCEPEIKiB TepETHH-
4acTOTO OCTEOTeHE3Y Ha IepHudepii KiCTKOBOTO pere-
Heparty 3 iX ImoJajbIINM aHACTOMO3YBaHHAM i 00’ €1-
HaHHSM 3 KICTKOBUMH TpaOeKylaMH MaTepHHCHKOI
ryoyacroi kictku. Peanizamisi 0CTEOKOHIYKTHBHOTO
MOTeHLialy CUHTeTHYHHUX rpaHyn B-TK® BinOysa-
€TBHCS Yepe3 CTBOPEHHS YMOB JIJIsl aKTHBHOT'O HEOBac-
KyJIoreHe3y, Mirpauii Ta uuToAu(EepeHIiIOBaHHS
OCTEOTEHHUX KIITHH, NMPUYOMY O3HA4YeHI MPOLECH
PO3IMOBCIOKYIOThCS  XBHIENOAIOHO Bin mepudepii
0 TIHOOKOI 30HH pereHepary. YIBTPacTPyKTypa
0cTeo0NIacTiB MOOIM3y MEXi 3 MATEPUHCHKOIO KiCT-
KOO CBITYHUTH PO 0OOMEKEHHS iX CHHTETHYHOI aKTH-
BHOCTI, B TOH 4ac AK ocTeo0JacTH y TOBIII Kepami-
YHO-KiCTKOBOTO pereHepaTy iHTCHCHBHO CHHTE3YIOTh
amMop¢HHI 1 BOJOKHUCTHI KOMIOHEHTH ocTeoiny. B
rMOOKiK 30HI IMIUIAaHTAaTy MosiBa (YHKIIOHYIOYHX
MIKpOCy/uH 3anobirae (GopMyBaHHIO OCEPEAKIB Xpsi-
HIOBOTO MATPUKCY Ta OOMEXye cTymiHb (ibpo3y-
BaHHS, IO CYNPOBOKYETHCSI YTBOPEHHSIM OCTPIBLIB
JIeCMaJIbHOTO OCTEOTeHE3Y.

4. Yepes 5 THKHIB micisl IMIUTAHTAIlil CHHTETH-
gHoro -TK® y nepudepnaHnx miasHKaxX KiCTKOBO-
KepaMivyHOTO pereHepary BinOYBa€ThCS IHTCHCHBHE
pPEMOJIENIOBaHHS TPYyOOBOJOKHIUCTOTO MAaTpPHKCY B
MPUMITHBHI KiCTKOBi IUTACTHHKH, TPUYOMY BiTHOB-
JI€HI OCTEOHM MATEPUHCHKOI KiCTKH, MPHJIETIOI 10
30HHM IMIUIAHTAL], @ TAKOX CTPYKTYPH BiJHOBJICHOTO
HEepiOCTy CTUMYIIIOIOTH TOSIBY 3pUIMX OCTEOLHUTIB Y
HOBOYTBOpPEHHUX Tpabekynax pereHepary. ImmianTa-
i CMHTETHYHOTO KajbliidocdaTHoro marepiany
CYTTEBO IPHCKOPIOE PO3MOBCIOKESHHS XBHJII PEMO-
JICTIFOBaHH KICTKOBOT TKAHUHH Bij nepudepii Brinod
pereHeparty B mepiof 3 4-ro 1o 12-To TIXKHIB eKcIe-
pUMEHTY, IpoTe He 3a0e3Ieuye TMOBHOT OCTEOIHTer-
pamii iMIUTaHTaTy Ha KIITHHHOMY piBHI Ta BiJTHOB-
JeHHs SKocTi (GiOpHioreHe’y Ha YIBTPAaCTPYKTYp-
HOMY DpiBHI, He 3amo0irae dvacTkoBoMmy (ibpo3y-
BaHHIO I'NTHOOKOT 30HU pereHepary Ta He 3abe3neuye
MOBHOT'O BiJIHOBJICHHSI OCTEOLIUTApHOT JIaKyHO-KaHa-
JBIIEBOT CHCTEMH.

IlepcnekTHBH  MOAAJBIIMX  JIOCHIIKEHb
NOB’s13aHi 3 TMOPIBHSJIBHAM aHATi30M TKAaHWHHUX,
KIITHHHUX 1 YJIBTPAaCTPYKTYPHHUX XapaKTepHUCTHK
MPOIIECiB pereHepaii HIKHBOI IeNenH micis i Tpa-
BMaTHYHOTO YIIKOJDKEHHS i3 HACTYITHOIO IMIUIaHTa-
LI€I0 PiI3HUX OCTEOIUTACTUYHUX MaTepialis.

Indopmanisa npo koHikT iHTepeciB

[MoreHmiitanX a00 SBHUX KOH(QIIIKTIB iHTEpECIB,
10 TIOB’sI3aHi 3 IIUM PYKOITMCOM, Ha MOMEHT ITyOi-
Karlii He iCHy€ Ta He mepea0avyaeThesl.

xepesia ¢pinaHCyBaHHSA

JlocmipkeHHST TIPOBEZICHO B paMKax HAayKOBO-
nociigHoi Temu «MopdodyHKITIOHANbHI Ta IMYHOTi-
CTOXiIMiYHiI 0COOIMBOCTI TKaHHH 1 OpTaHiB B HOPMi Ta
TIPU MATOJIOTIYHUX CTaHax» (HOMep JepaBHOI pe-
ecrpanii 0122U0000168).
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Yeananosa 1.B. PemojenioBaHHs KicTKM HUKHBOT IIeJIeNM Mic/Isi TpaHCIIaHTamii B-Trpukanbuiiidoc-
(daty: ricronoriuni, iMmyHoricroximiuHi Ta yJIbTpacTpyKTypHi acneKkTH.

PE®EPAT. V crarTi npeacTaBieHi pe3yiIbTaTH JIOCIiKEHHS TiCTONOTIYHNX, IMYHOTiCTOXIMIYHUX Ta yIIb-
TPAacCTPYKTYPHUX XapaKTEPHCTHK KiCTKOBO-KEpaMIYHOTO pereHepary Iicis TpaHCILIaHTauil B-Tpukansiiidoc-
¢ary (B-TK®D) B excriepuMeHTaTbHUI Te(EKT HIKHBOT IIeNIeNH KPOJIHKa, OCKITbKH MIOBHA Ta SKiCHA pereHeparis
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KICTOK IIEJICITHO-JIUIEBOT TIISHKY, il MEXaHi3MH Ta JTMHAMIiKa 3aJUIIAl0ThCS He J0 KiHI BUBYCHUMH, ITOTPEOY-
FOTh YTOYHEHHS 1 AeTarizaiii. MeTa TOCHiHKeHHS — BU3HAYUTH JUHAMIKY TiCTOJIOTIYHUX, IMYHOTICTOXIMIYHHX Ta
YIBTPACTPYKTYPHHUX 3MiH Y KiCTIII HIYKHBOT IIETIETIH KPOJIMKA IMicHIs i TpPaBMATHYHOTO YIIKOKSHHS 13 HACTYITHHM
3aMiIeHHsIM epeKTy ocTeoracThaHnM MaTtepianoM B-TK®D. Meroau. ocmian BUKoHaHO Ha 45 KponKax-caM-
X BiKOM 6-7 Mic, Macoro 2,5-3,0 kr. 20 TBapHH CTaHOBIIN KOHTPOJIEHY Ipyiry, 20 — exciepuMenTansHy. e 5
IHTaKTHUX TBapuH OYJI0O BUKOPHCTAHO /Ul BUBUCHHS HOPMAJIBHOI CTPYKTYpPH KiCTKOBOI TKaHMHH JIOCHIKyBaHOI
JUISTHKY HWOKHBOIT 11esteny. Jlo KOHTPOJIbHOI rpynu yBIHIIIM TBApUHU 3 JepeKTOM KiCTKOBOI TKAaHWHH, SKHUH 3a-
TOIOBaBCA MiJl KPOB’STHUM 3TyCTKOM. EkcriepuMeHTaNbHy TPYIy CKIIaJalli KPOJIWKH, Y SKUX KICTKOBUH Ae(deKT
3anoBHIoBany MatepiaioM B-TK®. KoHTponb mocTTpaBMaTHYHOTO CTaHy KiCTKOBOI TKAHMHU B JUISHII Ae(EKTY
31ifICHIOBaIIN BIPOJOBXK 84 1110 3 BUKOPUCTAHHSM HACTYITHUX METOIMK: MOJICTIOBaHHSI KICTKOBOTO 1e(EeKTY, CBIT-
JIOONITHYHA OIIiIHKA TiCTOCTPYKTYPH JEKaJIBIIMHOBAHOI KICTKH, IMyHOTICTOXIMIUHEe BH3Ha4Y€HHs eKcrpecii map-
kepiB CD34, Calcitonin, Ki-67, Tpancmiciiina enekTpoHHa Mikpockomnist. Pe3yabsTaTn Ta mizcymoxk. IMruianraris
Matepiany B-TK® He BIUMBae Ha XapakTep 1 JHHAMIKY albTepaTHBHHUX 3MiH MAaTEPUHCHKOI KiCTKOBOI TKAHUHH
KOMIpKOBOI YaCTHHH HIDKHBOI IIEJIEIH IiCIS TPaBMH, IPOTE MPOTATOM 2-3-TO THKHIB EKCIIEPUMEHTY 3yMOBITIOE
CyTTeBE 30UTBIICHHS KUJIBKOCTI 1 IIITBHOCTI OCEPEKIB MEPEeTHHYACTOTO OCTeOTeHe3y Ha mepudepii KicTKOBOro
pereHepary 3 iX IMOJANBIINM aHACTOMO3YBaHHAM i 00’ €JHAHHAM 3 KiCTKOBHMH TpaOeKyIaMHi MaTepHHCHKO]I I'y0-
gacToi KicTkH. Pearizallisi OCTEOKOHIYKTHBHOTO IMOTEHIiary cHHTeTHYHUX TpaHyl B-TK®D BinOysaeTscs depes
CTBOPCHHSI YMOB UIsI aKTUBHOTO HEOBACKYJIOTEHE3Y, Mirparii Ta HUToau(epeHIiFOBaHHS OCTCOTeHHIX KIITHH,
MPUYIOMY O3HAYCHI MPOIECU PO3MOBCIOKYIOTHCS XBUJICTIONIOHO Bil mepudepii 10 ruOOKOI 30HH pereHepary.
VY IIBTPacTpyKTypa 0CTEOOIACTIB MOOIH3Y MEXKi 3 MATEPUHCHKOIO KICTKOIO CBIAYUTH PO OOMEKCHHS iX CHHTETH-
YHOT aKTUBHOCTI, B TOH Yac sIK 0CTEO0JIACTH Y TOBIII KePaMidyHO-KICTKOBOI'O pereHepaTy iIHTCHCHBHO CHHTE3YIOTh
aMop(HHI 1 BOJIOKHUCTHI KOMIIOHCHTH 0CTe0iny. B rnboKiii 30Hi IMIUIAaHTATY MOsIBa (PYHKIIIOHYIOUUX MIKPOCY-
JIUH 3armo0irae (opMyBaHHIO OCEPEIKIB XPAIIOBOTO MATPUKCY Ta OOMEXKYE CTYMiHb (piOPO3yBaHHS, 110 CYIPOBO-
JDKYETBCSI YTBOPEHHSIM OCTPIBIIIB I€CMaIBHOTO OocTeoreHesy. Uepes 5 THXKHIB Micis IMIUIAHTaNii CHHTETHIHOTO
B-TK® y mepudepryHnx NiASHKaX KiCTKOBO-KEPaMIYHOTO pereHepary BinOyBaeThCs IHTCHCHBHE pPEMOICITIO-
BaHHS rPyOOBOJIOKHUCTOTO MAaTPUKCY B MIPUMITHBHI KiCTKOBI INIACTUHKH, IPUIOMY BiTHOBJICHI OCTCOHU MaTepH-
HCBKOI KiCTKH, TIPHJIETIIO] 10 30HM IMIUTAHTAILli], @ TAKOX CTPYKTYPH BiTHOBJIIEHOTO IIEPiOCTY CTUMYIIOIOTh MOSIBY
3pUIMX OCTEOIUTIB Y HOBOYTBOPEHHUX TpabeKylax pereHepaTy. IMIuTaHTamisi CHHTETHIHOTO KabIlifiochaTHOTO
Marepialy CyTTEBO NPHCKOPIOE PO3MOBCIOKEHHS XBHJII PEMOJACTIOBAHHS KICTKOBOI TKaHMHH BiX mepudepii
BIrIMO pereHepary B nepion 3 4-ro 10 12-ro THXKHIB eKCIIEPUMEHTY, IPOTe He 3a0e31edyye NOBHOI OcTeoiHTerpaii
IMIUTAHTATY Ha KJIITHHHOMY PiBHI Ta BiIHOBJCHHS SKOCTI (hiOpHIOreHe3y Ha yAbTPACTPYKTYPHOMY PiBHI, HE 3a-
nobirae yacTkoBoMy (hiOpo3yBaHHIO TIIMOOKOT 30HH pereHepaTy Ta He 3a0e31edye MOBHOTO BiJJHOBJICHHS OCTEO-
LUTAPHOI JIAKYHO-KaHaJIbLIEBOi CHCTEMH.

KarouoBi ciioBa: HiDKHS 1iesena, 3yOOIleNeN Uil arapar, pereHepaltis KicTKOBOT TKaHUHH, P-TpUKaJIbIIiH-
¢ocodar, ricrocTpyKkTypa, IMyHOTiCTOXIMIs, yABTPACTPYKTYpa.
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Shamelashvili K.L. X< Antioxidant and antitumor activity of nanoliposomes and solid nanoparticles loaded with
rhenium-platinum system in rats with Guerin carcinoma.

Dnipro State Medical University, Dnipro, Ukraine.

ABSTRACT. Background. Despite significant progress in recent decades in the development of chemotherapeutic agents
with high efficacy and tolerability, cancer treatment often continues to be challenging due to adverse effects and drug re-
sistance developed by tumor cells. These problems still call for research into new treatments that combine good efficacy
and selectivity. Objective of the work was to investigate the effect of the administration of rhenium(l11) cluster compounds
on the intensity of lipid peroxidation (LPO), the activity of erythrocyte antioxidant protection enzymes superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GP) in a model of tumor growth (Herren's carcinoma). Methods - ex-
perimental models of carcinogenesis (development of Geren's carcinoma). Photocolorimetric methods - to determine the
content of TBC-active products and the activity of antioxidant protection enzymes (catalase, superoxide dismutase, gluta-
thione peroxidase) in the blood of rats. Results. Administration of Re tetraisobut alone in the form of nanoliposomes and
solids was not effective in inhibiting the growth of Geren's carcinoma, however, it led to a significant decrease in the inten-
sity of LPO in the blood plasma compared to the group of tumor-bearing rats, group T8. The introduction of the Re-Pt
system led not only to a significant inhibition of tumor growth, but also to a significant decrease (normalization) of the
concentration of LPO products. Encapsulation of the Re-Pt system in one nanoliposome or in a solid nanoparticle did not
lead to the loss of anticarcinogenic and antioxidant properties of its components. The introduction of the Rhenium-Platinum
system and its components led to an increase in the activity of SOD of erythrocytes and a decrease in the activity of CAT in
comparison with the control and an increase in the activity of SOD in comparison with the group of tumor-bearing rats. It
should be noted that the introduction of Re tetraisobut did not lead to the activation of CAT in comparison with the control
group. When the Re-Pt system was introduced separately and in the system, an increase in the activity of HP was observed
compared to the T8 group. Conclusion. Therefore, the normalization of the redox state of erythrocytes under the influence
of Re tetraisobut in different forms of administration can be explained both by the activation of SOD, as a result of which
the concentration of superoxide anion decreases, and by the activation of HP, which leads to a decrease in the concentration
of hydrogen peroxide.
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Beryn OcTaHHIM YacoM aefaii Olaplie JOCIiKEHb JEMOH-
Pak — cMeprensHO HeOe3meuHe 3aXBOPIOBAHHS, CTPYIOTH UIiTKy KOPEILILII0 MK OKHCIIOBaIbHUM
IO XapaKTePU3YEThCS HEKOHTPOJIHOBAHUM 3POCTaH- CTpECOM Ta BHHHKHEHHSIM/PO3BUTKOM paky [2,3.4].

HSIM Ta MOIIMPEHHSIM aHOMAJIBHUX KIITHH, IO TPH3-
BOJHTH 10 9,6 MUNBHOHIB cMepTeil 1 mocinae apyre
MICIIe cepest MPOBiTHUX CBITOBUX MPUYHH cMepTi [1].
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OKHCITIOBaIbHUH cTpec BU3HAYAETHCS K
He]i310JIOTIUHNI CTaH OpraHi3My, IpH SKOMY CIIO-
CTEepiraeTbcd BUPAXECHUH IucOaTaHC MK IIpo-
JYKIIE€I0 PEYOBHUH 3 OKUCHUMH BIACTHBOCTSMH Ta
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(yHKI[IOHYBaHHSAIM €HIOTEHHHX 3aXHCHHUX CHUCTEM 3
AQHTHOKCHUIAaHTHOIO 31aTHICTIO. P€40OBHH 3 OKHCHIMU
BIIACTMBOCTSIMU 3a3BUYal KJIaCH(iKyIOThCS Ha aK-
TUBHI ()OPMH KHCHIO, a30TY, CipKH Ta XJI0pY. AKTHBHI
thopmu kucHro (ADPK) BupoOIIsItOTECS HalfyacTime i €
HaWIIKiUBIimHMA. [0 HUX BIZHOCATBCS CYIEPOK-
cuaHui aHioH-pagukan (O2e—), TiIPOKCHIBHUHA pa-
mukan (OHe), ringpokcwipnuii ion (OH-), mepexuc
BogHio (H202), cunrnernuit kucenp (102) ta o30H
(03) [5]. Borr MoOXyTh OyTH BHUKIHKAaHI €K30TCH-
HUMHU JpKepenaMu (Hanpuknaza, Y d-BunpominioBaH-
HSIM, TOKCHYHUMH PEYOBHHAMH, JTIKAPCHKUMH 3aC0-
O6amn), (i3i0IOTIIHIME 3MiHAMH (HAIIPHUKIIA, CTPeC-
OBHMH CTaHaMH, XPOHIYHUMH 3aMaIbHAMHU CTaHAMH,
CTapiHHAM) a00 SHIOTEHHUMH DKepeliaMu (HarpwH-
KJIall, TOOIYHUMH TPOTYKTaMU MITOXOHAPIaIEHOTO
JUXaJbHOTO JIAHIIOTa, TPAHCMEMOpaH -OKCHIa3H,
MieJorepokcuIasolo y aromurax) [6]. B HOpMas-
HUX (i310JIOTIYHUX yMOBaxX OKCEJAaTUBHHU CTpec
KOHTPOJIIIOETHCSI JIOCTAaTHBOIO TPHUCYTHICTIO KO(ak-
TOpIB METa0OJIIYHUX IUIAXIB 3 BIACTHBOCTSMH IIO-
TJIMHAYIB BUIBHUX paguKaiiB (Hanpukiam, BitT. C, BIT.
E, CoQ10) Ta akTHUBHICTIO aHTHOKCHIAHTHUX (ep-
MEHTIB, Takux ik katamaza (KAT), cymepokcummic-
mytaza (COD) ). HaBmaku, HEKOHTPOJIFOBaHHUI OKCe-
JaTUBHHUHI CTpEC Biirpae KIIOYOBY POJIb KaHIIEpOTe-
Hesi; Horo nis BimOyBaeThca depe3 KiNbKa MIIAXIB,
BKJIIOUYAIOYH NpsiMe OKUCHE nokopkeHHs JJTHK, ne-
CTaOUTBHICTh TEHETHYHOTO MaTepiairy, BTpy4YaHHS B
CHTHAJIbHI IIUIIXM POCTY MYXJIMHU Ta 3alporpamo-
BaHy 3aru0enpb KIITHH, MPOAYKIIO LUTOKIHIB, Xe-
MOKIHIB Ta Me/1iaTOpiB IMyHHOT cucTeMHu To1wo [7].

MeranoopradiuHi pedyOBHHHM IPEACTABISAIOTH
co00I0 MEePCHEeKTUBHUN KJIaC aHTHKAHIEPOTEeHHUX
CIIOJIYK, OCKIJIBKH aTOM(M) MeTally y IXHbOMY CKJIaJli
00yMOBIIOIOTH 3HAYHO OUIBINNHN pedoKC-TIOTEHIIIAM,
HiK MalOTh CYTO OpTaHi4HI MOJeKynH [8.], a perys-
Iisl pEIOKC-CTaHy PAaKOBOI KITITHHH 1 MaJliTHI30BaHUX
TKaHWH BIJHOCHThCS 1O OJHI€I 3 Haiimepcnek-
TUBHIIINX CTpaTeriii aHTUPaKOBOi Teparii [9].

VY cygacHuX po0OoTax, MPUCBSTUYCHUX 010XiMii pe-
JIOKC CHCTEMHU KIITHHH 1 OpraHi3my, IIiIKpeCIo-
€TBCSI, 1110 AHTHOKCHJIAHTHI BJIACTHBOCTI Ipenaparis
MOXYTb BiJlirpaBaTH BHUPIMIAIBHY POJb Y KOPENLil
MaTOJIOTIYHUX CTaHiB, B TOMY YHCII 1 B MPOTHITYX-
JIMHHIA aKTHBHOCTI. Y HaIIMX MOMEPEIHIX TOCIi-
JUKCHHSIX TI0Ka3aHO M0 KiacTepHi cnosyku Pe-
Hito(IIl) MicTATh yHIKaIBPHUH TOYBEPHHUH 3B’S30K,
MaroTh aHTHUKAHIIEPOT€HHY aKTUBHICTh Ta 3HWXKYIOTh
IHTEHCHBHICTh OKCHJIATHBHOTO CTPECY NPH KaHIIEPO-
TeHe31.

TakuMm 9UHOM MeTO0I0 PoOOTH OYIIO MOCTITUTH
BIUIMB Pi3HUX (OpM BBEAEHHS CTONyKH Perito (Ha-
HOJIITOCOMH, TBEPJli HAHOYACTKH) OKPEMO 1 pa3oM 3
nycIutaTHHOM Ha iHTeHCcuBHICTE [10JI Ta akTUBHICTE
COJ, KAT i rimyrationnepokcunasu (I'TI) kpoBi my-
PiB-IIyXJIMHOHOCIIB.

Marepianu Ta MeTOAU

Knacrepni crionyku Penito(I1l) 3 opraniuaumu

JiraHgamu Ta mucruiatul (cPt) Oyno cuHTe30BaHO HA
kadenpi meopranignoi ximii YAXTY (m. Hduinpo)
[10]. ¥V  poGori BuKOpucToByBamd  Rea(i-
C3sH7CO0)4Cl, — muxmoporteTpa-p-i300yTHpaToIn-
perid(IIl) (Re tetraisobut)]. ExcriepumeHT 3 BHBYCHHS
MPOTHITYXJIMHHOI Ta AHTHOKCHIAHTHOI aKTHBHOCTI
criosryk PeHiro mpoBoauiM Ha miypax 3 KapLuHOMOIO
I'epena (T8) 3rigHO MpoIeaypi, IETATBHO OMKUCaHIN B
[11]. Knactepni crionyku Peniro i mucriaTiH BBO-
qud: 1 crnocib — BBEICHHS OKPEMO CIIONYK PeHiro y
HaHoJINocoMHil (opmi Ty y Gopmi TBepIuX HaHOYA-
CTOK— I'pyIu T8+[ Retetraisobut]nl, T8+[ Retetraisobut]np;
2 cmioci — BBeIeHHS! KOMITOHEHTIB IPOTHITYXJIMHHOT
cucremu Peniii-Ilnatinaa (Re-Pt), ne conyka Penito
y HaHOIIIMOCOMaX Ta Y (hopMi TBEpIHX HAHOYACTOK Ta
cPt y po3umHi BBOOWIMCS OKpEeMO — Tpymu
T8+[Retetraisobut]nl+CPt, T8+[ Retetraisobut]np+cPt,; 3
croci6 — BBe#eHHs cucteMu Re-Pt y Burmsini 3mimnra-
HUX HaHOJIIIOCOM Ta TBEPIUX HAHOYACTOK, ¢ 00M-
JIBa LIUTOCTATHKK 3HAXOMWJIUCS BCEPEAMHI JIIMiAHOT
HAaHOKAIICYJIM Yy MOJSIPHOMY cHiBBinHOIIEHHI 4:1,
rpymi — T8 + [Re tetraisobut +CPt(4:1)] nl, T8 + [Re
tetraisobut +CPt(411)] np,Ta 4:2 rpynu T8 + [Re tetraisobut
+CPt(4:2)] nl, T8 + [Re tetraisobut TcPt(4:2)] np. Ha 21
JICHB TICJIS TPAHCIUIAHTANii ITyXIMHYU IPOBOANIIN JIe-
KalliTaIlifo IIypiB MiJ eTepHUM HApKO30M Ta BHU3HA-
Yay Macy MyXJIMHH, aKTHBHICTb CYIEPOKCHIANCMY-
tazu (COJ), axruBHOCTI Karamasu (KAT), rayra-
tionnepokcunasu (I'Tl) ra xonnentpaniro ThK-akTu-
BHHX MPOAYKTIB yIJIa3Mi KPOBI Ta EPUTPOLIUTAX, BH-
3HAYald CPUTPOLUTAPHY CTIMKICTh 3a 3arajibHO-
NPUHHATHMU Ta onucaHuMH paxime [11] meTogamu.

Pe3ysbTaT Ta 00roBOpEeHHA

OO6pana Mojenb MyXJIMHHOTO POCTY — KapLiu-
HoMma ['epena (T8) — xapakTepHu3yeThCst IHTEHCHBHUM
pocToM Ta Ha 21 IeHb MiCIIs TpaHCIUTAHTAIli] PAKOBHX
KmTHH gocsrae macu 50 - 65 1, mo ckiaagae 20 — 40
% wmacu Tina Bapund (Taom. 1).

VY rpymi T8 criocrepiranocs 3HaYHE ITiIBUIICHHS
(6impm HiXk y 6 pa3iB) koHueHTparii ThK-akTuBHIX
MPOAYKTIB, IO CBIMYHUTH MPO IHTEHCHU]IKAIIO TPO-
necy I1OJI, mpuramanHy «paJuKaJbHOMY BUOYXY» ¥
uiit mogemi. IIpu mii cPt (rpyna cPt) maca myxiuHu
Ha 21 100y y 3,5 pa3u MeHIe NOPIBHSHO 3 TPYIOI0
T8. Takox NpakTHYHO BJBIUI 3HIIKYETHCS IHTCHCUB-
micts [1OJ] y rura3mi KpoBi 1rypiB 3 KapIiuHOMOIO 'e-
peHa, SKUM BBOJMIM LWCIUIATHH, 3aBASKU TalbMYy-
BaHHIO POCTY ITyXJIMHH.

3a BBeNEHHS Re tetraisobut BHYTPIIIHEOUEPEBHO
(rpymu T8 + [Retetraisobut | nl, T8 + [Re tetraisobut 1np, )
Maca IyXJIMHU 3MeHITyBaiack B 1,3-1,8 pasu, To0To0,
HabaraTo MeHIle, Hix 3a BBeneHusa cPt. Bmict TBK-
AKTMBHHUX NPOAYKTiB B rpymax T8 + [Retetraisobut ] NI,
T8 + [Re tetraisobut N 3MeHBITYeThCA B 2, 7 Ta 4,3 pazu
BIJIMIOBiTHO MOPiBHSHO 3 rpymoro T8, Ta B rpymmi T8
+ [Re tetraisobut INp BiZOyBa€THCS 3MEHBIIEHHS LIHOTO
MoKa3HuKa Ha 41% MOPiBHIHO 3 TPYMOIO J1e BBOIWIN
quiue cPt.
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Tabmmus 1

Maca nyxJinHH, 1HIEKC TalbMyBaHHS MyXJIHHH Ta KOHUeHTpawiss TBK-akTHBHUX MPOAYKTIB B IIa3Mi TBAPHH 32
BBEJICHHS CIIOJIYK PeHiro 3 TeTpaizo0yrupatHuM JiranmaoM (Retetraisobut) crrocodom 1, n =8 — 10

ExcriepuMeHTasnbHI rpynu

Maca nyxJiuHu, I

lanemyBanss, % no T8  Bwict TEK, MkMois/n

1 KonTtpons -

2 T8 63,27+ 3,16
3 cPt 17,72 £ 0,89**
4 T8 + [ Re tetraisobut ] nl 45,64 £2,15*
5 T8 + [ Re tetraisobut ] NP 34,68 + 2,46*
6 T8 + cPt + [Re tetraisobut ] Nl 1,98 £ 0,1 [***
7 T8 + cPt + [Re tetraisobut ] NP 0,93 + 0,05%**
8 T8 + [Re tetraisobut +CPt(4:1)] nl 1,38 £ 0,07***
9 T8 + [Re tetraisobut +CPt(4:1)] np 2,39 £0,12%**
10 T8+ [Re tetraisobut +CPt(4:2)] nl 18,13 + 0,90**
11 T8+ [RE tetraisobut +CPt(4:2)] np 30,03+ 1,51*

- 7,69 0,38
- 52,88 £2,64 #
71,99+3,60 21,16 + 1,06 #,*
27,86 +1,39* 19,50 £ 0,90*#
45,18 £2,26* 12,44 + 0,60**#
96,87+4,84%** 11,90 £ 0,62 **#
98,53+4,93%** 8,65+0,43 **
97,82+4,89%** 7,53 £0,38 **

96,224, 81+ 12,72 + 0,64 **#
71,35 +3,57%* 10,90 + 0,55 **#
52,54+ 2,63* 26,44 + 1,22 *#

# — P<0,05 BiTHOCHO KOHTPOJILHOI IpyIIH,

* — P<0,05; ** - P<0,01; *** - P<0,001 BigHOCHO Tpynu T8§.

OTtxe, okpeme BBEeJIEHHS Re tetraisobut ILypaM-IIy-
XJIMHOHOCISIM TIOKa3ajio TOMIpHY NPOTHUITYXJIHMHHY
aKTUBHICTE Re tetraisobut, 3TATHICTH IIi€l KIIACTEPHOT
CTIIOJIyKH 1O TaJbMYyBaHHS OKCHIATHBHOTO CTpeCy
KpPOBI TBapHH Ta NEPCIEKTHBHICTb BHUKOPHCTAHHS
TBEPAMX HAHOYACTOK Yy Teparii il MOILIyKY HOBUX
KJIaciB MMPOTHITYXJIMHHUX 3aCO0iB.

BBeneHHss KOMIOHEHTIB cuctemu Re-Pt € 3pas-
KOM €(eKTHBHOrO, MpPAaKTUYHO MOBHOTO TajJbMYy-
BaHHS POCTY INepelierieHol nyxiauHu. B rpymax T8
+ [Retetraisobut ] 11, T8 + [Re tetraisobut JNp picT myXamHMI
3HIKYeThCsIB 34 Ta 68 pa3u mopiBHAHO 3 rpynoro T8.
Crin 3a3HaYMTH, [OI0 BBEACHHS KOMIIOHCHTIB CHC-
Temu Re-Pt mpu3BonuTh HE TIIBKM IO 3HAYHOTO Ta-
JBMYBaHHSI POCTY ITyXJIMHH, ajle ¥ 1O 3HAYHOTO 3HU-
JKeHHsl (HOpMaii3aulii) KOHIEHTpamii IpOayKTiB
ITOJI. To6To B rpymi T8 + [Retetraisobut ] nl BMicT TBK-
AKTHBHUX MPOJYKTIB 3MEHBIYEThCs B 4,4 pasu mnopi-
BHSHO 3 Tpymoro T8, a B rpymi T8 + [Re tetraisobut NP B
6, 1 pa3u MOPIBHSAHO 3 TI€O K€ IPYIOI0 1 HAOIUKY-
€ThCs1 JI0 PIBHSI KOHTPOJTIO

OTtpumaHi pe3yibTaT 3 e(EeKTUBHOCTI CHCTEMH
Re-Pt cramy momroBXoM Ul CTBOPSHHS! HOBHX Ha-
HO(opM, a came po3poOKH (OPM HAHOIIIIOCOM Ta Ha-

HOYACTOK, SIKi O MICTHITM BCepEAMHI JIiIiTHOT HAHOKa-
TICYM 00nABa TUTOCTATUKH — CPt 1 Re tetraisobut.

Sx Oymo BigMiueHO B IiTEpaTYpHOMY OTIIAAL
Taki 3MilIaHi HAHOJIMOCOMH Ta TBEP.i HAHOYACTKU
OyJiM CHHTE30BaHI 1 oXapakTepu3oBaHi. BBeneHHs
HiI0CHI THUM TBaprHAM KOMOIHOBaHOI cucteMu Re-
Pt y 3mimanux HaHominocoMmax (T8+[Retetraisobut
+cPt(4:1)] nl) i wnanouactkax (T8+[Retetraisobut
+cPt(4:1)] np) BUABMIIOCS TaKOX CHCKTUBHHM, SK 3
TOYKH 30py HNPOTHUITYXJIMHHUX BIAcCTHBOCTEH ( Maca
IMyXJIMHU MEHbIIA B 42 Ta 26 pa3iB BiMOBiTHO B IO-
piBHsAHHI 3 Tpymoro T8), Tak i aHTHOKCHIAHTHUX
(Bmict TBK-akTHBHHMX TpOXYKTiB 3HW3MBCA 7 Ta 4
pa3u BigNOBiTHO, MOPIiBHSIHO 3 Tpymot T8), 3a Bu-
KITIOYCHHSAM EKCIIEPUMEHTIB, NI¢ 010 301IbIIeHO Ki-
JBKICTh IINCIUIATUHY BCEPEMHI HAHOKAIICYIH (Tpynu
T8+[Retetraisobut +CPt(4:2)] nl, T8+[Retetraisobut
+cPt(4:2)] np). MoX/IHMBICTh BapilOBaHHS BMiCTOM
LUTOCTATUKIB BCEPEAMHI HAHOKAIICYJIU, Ha HAIY Jy-
MKY, € 3HAaUHHM KPOKOM YIIepe/l B HAIIPSIMKY HaHOTe-
XHOJIOT1H Ta KOMOIHaWiWHOI Tepamii y JiKyBaHHI
paxy.

Oxpim BMicTy TBK-akTHBHHX MPOAYKTIB B ILa-
3Mi KpoBi, BHBYaBcs Takok BMicT TBHK-aktmBHMX
MPOAYKTIB B epurponuTax (Tadm. 2).

Tabmuus 2

Konnentparis TBK-akTHBHUX MPOAYKTIB B €PUTPOIIUTAX EKCIIEPUMEHTAIBHUX TBapwH, n = 8 — 10

ExcriepuMeHTalbHI TPYNH

Bwmict TBK, MKkMOITB/1T

Kontpois
T8
T8 +cPt
T8+[Re tetraisobut] Nl
T8+[Re tetraisobut ] NP

7,54+ 0,38 **
50,7442 54#
20,36+1,01%
19,75+0,99*
13,19+0,66*

T8+[Re tetraisobut ] NI+CPt
T8+[Re tetraisobut ] NP+CPt
T8+[Re tetraisobut +CPt(4:1)] nl
T8+[Re tetraisobut +CPt(4:1)] np

OCoOoO~No ok~ wWwNPE

10,45+0,52%*
7,76+0,39%*
8,2440,41%*
13,68+0,68*

# - P<0,05 BiXHOCHO KOHTPOJIEHOI IPyIIH,
*— P<0,05; ** - P<0,01; *** - P<0,001 BimHOCHO Tpymu T8
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[TopiBHIOIOYH IHTEHCHUBHICTh TIEPEKUCHOTO OKH-
CHEHHS JITIIiB B pUTPOITUTAX T B TIa3Mi KPOBI IITy-
piB MOXXHa TIO0AYHTH, IO HE MAE CYTTEBOI Pi3HMIII
Mix BMicToM TBK-akTHBHUX IPOIYKTIB SIK B KOHTPO-
JBHUX TPYTax i Tpymnax mypiB-IMyXJIMHOHOCIIB, TaK i
3a BBEJCHHA NOCHITHHX croiyk Peniro. ToOTo, He
3BaXKatouM Ha (popMy BBEICHHS KIACTEPHUX CIIOIYK
Peniro BinOyBaeThes 3HMWKEHHS iHTeHcHBHOCTI [10J1

3HmkeHHs iHTeHcuBHOCTI T1OJI KpoBi 3a pi3HUX Ta-
TOJIOTi MakcuManbHO y 1,5 — 2 pasu, To edexTus-
HicTh TampMyBaHHS Tporecy IIOJI cmomykoro
Retetraisobut HabaraTo mepeBHIIye e(heKTUBHICTD BilO-
MUX aHTHOKCHIAHTIB 1 TOCATa€ YOTHPHOXKPATHOI BE-
JTAYUHH.

VY HalMx eKCIepUMEHTaxX PO3BUTOK OKCHIATHB-
Horo ctpecy (rpyna T8) mpu3BOIUTH 1O 3HMKEHHS

B EpUTPOLMTAX IYPiB 32 PO3BUTKY KapIuHOMH ['e- aktuBHOCTI epurpounTapanx CO/l (na 14 %) ra KAT
peHa. (1a 59 %) y nopiBHsHHI 3 KoHTpOojaeM (Taou. 3).
SIKmo BiOMi QHTHOKCHAAHTH IPU3BOIATH IO

Tabmuus 3
AXTHBHICTb €H3UMIB aHTHOKCHAAHTHOTO 3aXUCTy €PUTPOLIUTIB EKCIIEPUMEHTAIBHAX TBAPHH (Y % 10 KOHT-
pomo), n=8 — 10

ExcniepuMmenTanbHi rpynu Axtusaicte COJl, % AxrusHicts KAT, %

1 Konrpoans 100,00 100,00

2 T8 85,92 + 5,204 41,08 + 2,054
3 cPt 291,49 + 6,624, 66,70 + 3,34#*
6 T8+ [Re tetaisobut ] Nl 294,00 + 10,24%%# 90,46 + 5,02*
7 T8+ [Re tetaisobut ] NP 262,15 + 8,15%*4 94,46 + 4,32*

10 T8+CPt+[Re tetraisobut ] nl
11 T8+cPt+[Re tetraisobut ] NP
12 T8+[Re tetraisobut +CPt(4:1)] nl
13 T8+[Re tetraisobut +CPt(4:1)] np
16 T8+[Re tetraisobut +CPt(4:2)] nl
17 T8+[Re tetraisobut +CPt(4:2)] np

280,15 + 7,56**#
246,18 £ 6,16**#
318,46 £ 11,56**#
306,15 £ 8,14%*#
261,18 = 8,14%*#
274,15 + 8 45%*#

68,14 + 3,26%#
82,14 + 4,12%#
72,18 + 4,12%4#
84,18 + 5.46%#
62,16 + 4,14%#
60,12 + 3,96#

#-P<0,05 BiZHOCHO KOHTPOJIBHOI TPYIIH,
*— P<0,05; **-P<0,01; ***-~P<0,001 BigHOCHO TpymH T8

Beenenns mucnnatuny (rpyna cPt) npusBoauts
JI0 3HAQYHOTO Ii/IBUILEHHSI aKTHBHOCTI (TMPaKTUYHO
Brpuui) CO/Jl i 3meHmmenns aktuBHocTi KAT (B 1,5
pa3u) y MOPIBHSIHHI 3 KOHTPOJIEM 1 IiIBUIICHHS aK-
tuBHOcTi COJl 1 KAT y mopiBHsiHHI 3 rpymoio T8.
Baenennst Re tetraisobut Tpu3BoauTh 10 aktuBanii CO/J
y MOpiBHSAHHI 3 KOHTposeM (B 2-3,1 pa3u) Ta y opis-
HSHHI 3 TPYIIOI0 MYXJIUHOHOCIIB (B 2,1 — 3,3 pasn) Ta
IUCIUIATHHOBOIO Tpymoto (Ha 5-9 % mnst rpyn T8 +
[Re tetraisoput +CPt(4:1)] nl, T8 + [RE tetraisobut +CP(4:1)]
np). AxtuBHicTh KAT 30impmryerscs y Tpymax, e
BBOAWIH Re tetraisobut B 1,5-2,3 pasu y MOpiBHSAHHI 3
rpynoto T8 i ta B 1,4 pa3u MakcUMyM y NOPIBHSIHHI 3
LICIUIATHHOBOIO TPYIIOI0, X04a HE JIOCSATAE KOHTPO-
JIbHUX 3HAYEHB.

JlaHi 110710 pi3HOTo BILUTUBY CIOAyK Re Ta Pt Ha
aktuBHicTh COJl i KAT MoXHA MOSCHUTH, MO-Tie-
piie, pi3HUM iX BIUIMBOM Ha €pUTPOIIOE3. 30KpeMa, 3a
KaHI[eporeHe3y BinOyBaeThCsi TpUTHIYeHHS Nrf-2
(epuTpoin-moxigHOro) saepHoro (GakTopy, SKUi pe-
TYJIIOE EKCIIPECiio aHTHOKCHIAaHTHUX €H3UMIB; KJIac-
TepHi croyku PeHito maTpUMYOTh POLIEC EPUTPO-
M0e3y 3a PO3BUTKY HOBOYTBOPEHHS; INCIIATHH IIPH-
THiUye epurpomnoe3, (OpPMYIOTHCS EPUTPOLUTH i3
MEHII KOPOTKUM CTPOKOM JKUTTS, IPOTE 3 OUIBIIOI0
kinekictio COJI.

3 iHmOro 60Ky, METAIOOPTaHIYHi CIIOYKH MO-

KyTb Oe310CepeTHBO B3aEMOIISITH 3 eH3UMAMU aHTH-
OKCHJIZHTHOTO 3aXHCTy epuTpouutiB. OnHak, Bi-
JIOMO, 1[0 ITUCIUIATHH 3a 0e3MmocepeHbOi B3aEMOIii
nesaktuBye ensumu COJl i KAT, 38’s13yr049uch 3 Ti-
OJIHUMU 3aJIMIIKaMu IUCTEIHY. B Toll ke vac mis
criostyk Pewito ©e3nocepeiHs akTHBaIlisi €H3UMIB MO-
KITUBA.

InTepnperarnist JaHUX CTOCOBHO AaKTHBHOCTI
KAT yckmagHIOEThCS THM, IO B €PUTPOIUTAX ICHYE
111 OZIMH €H3HM, KU PO3KJIaa€ riiporeH MepoKCuI
— riryraTtionnepokcuaasa. Ockinbku akTuBHICTH KAT
3MEHIIYBaJIacs B KPOBI €KCIIEPUMEHTAIbHUX ILIYDPiB
HOPIBHSHO 3 KOHTPOJIEM B YCiX rpymnax, TO Ui Jie-
SIKUX TPYII IOJATKOBO OYJI0 MPOBEJCHO TOCHIPKEHHS
aktuBHocTi ['TI (Puc. 1).

B nporieci pocty nepeuiernsienoi kapunHomu I'e-
pena aktuBHicTh [Tl 3HMXyeThess Ha 50 %, mopis-
HSHO 3 KOHTpoJsieM. [IprunHY 3HMKEHHS aKTUBHOCTI
FOTO €H3UMY, BipOTIHO, TaKi caMi, K i JUIA 1HIITHX
€H3MMIB aHTHOKCHIAHTHOTO 3axucTy. Beenenns cPt
HE BIUIMHYJIO HA aKTHBHICTh €H3UMY Y IOPiBHSHHI 3
rpymor mypiB-myxiauHOHOCITB (T8), He nUBISTYHCH
Ha 3HAYHHUH NPOTHIYXJIUHHUI edekT cPt. Ockinabku
I'TI € ryTaTioH-3aJIe)KHUM €H3MMOM, TO HEOOXiTHO
3a3HAYMTH, 0 cPt Ge3mocepesHbO B3aEMOJIIE 3 TITy-
TaTIOHOM Ta CIIEIU(ITHO 3B’ SI3YETHCS 3 CEJICHOBUMU
1 TIOJOBUMH TpymaMu B akTHBHOMY IieHTpi I'TI, mo
MIPU3BOIMTH [0 iHAKTUBAIIii eH3uMy. BiporinHo, came
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TOMY 3a 3HAYHOTO T'aJIbMyBaHHS MYXJIMHHU PIBEHb aK-
tuBHOCTI ['TI He 3pocTae.

120

100
80 *
60
#
40
20
Q

#
Control TS T8+[cPt]  T8+cPt+[Re T8+ Re

Axtneaiete I'TL, %

Tetrasobut Jnl  Tetrasobut
+ePt(4:1)nl

Puc. 1 AKTUBHICTb rnyTaTioHNepoKcMaasu eputTpoLmTia
B AESKMX rpynax ekcrnepmmeHTanbHux TBapuH. #-P<0,05 Bi-
OHOCHO KOHTpOMbHOI rpynu, *— P<0,05BigHocHO rpynu T8.

3a BBeneHHs cuctemu Re-Pt okpemo Ta y Bu-
TSl CHCTEMH CIIOCTEPIrasocs ITiIBUIICHHS aKTHB-
HOCTI eH3uMy Ha 22-77 % mnopiBHSAHO 3 rpymoio T8.
OTxe, HOpMauTizalist peloKC-CTaHy epUTPOLUTIB iJl
JUER0 Retetraisobut MOYKE OYTH TIOSCHEHA K AaKTHBAIIIEIO
CO/l, BHAcHiIOK YOTO 3MEHIIYETHCS KOHLIEHTpaLis
CYMEpOKCUIHOTO aHiOHY, Tak i aktuBaiier [Tl ska
MPU3BOANTE 0 3HIDKCHHsS KOHIICHTpALii TiIporeH
MEepOKCULy. AKTHBAIsI €H3UMIB aHTHOKCHAAHTHOTO
3aXUCTy EPUTPOINTIB 1 3HIDKEHHS KOHIIEHTpAII] aK-
TUBHUX (POPM KHCHIO OOYMOBIIIOE 3HIDKECHHS iHTCH-
cuHocTi nporecy [TOJI camoi KIITHHH i BCHOTO Op-
TaHi3MY B LIJIOMY.

Axtusaris eputpouutapHoi CO/l 3a BBeaeHHS
JIesIKUX croiyk PeHiro Oyna mosicHeHa HaMH iXHBOIO
CO/I-noai0HOI0 aKTHUBHICTIO a00 MOXKIHBOIO B3ae-
Mogiero 3 Mojekyiaor COJl i3 HACTYIMHOK 3MiHOIO
KOoH(opMallil arloeH3uMa Ta BiJIIOBIIHUM ITiJICHIICH-
HSIM IIBUIKOCTI PEaKIlii y akTHBHOMY LIEHTPI CH3UMY.

BucHOBKM: peryisiilis OKCHAaTHBHOIO CTPECy
KPOBIi IIypiB-TIyXJIMHOHOCIIB KJIACTEPHUMH CIIOITY-
KaMu PeHiro BitOyBa€eThcs, B TIEPIIy Yepry, 3a J0MO0-
MOT'0I0 YHIKaJbHOTO TIOYBEPHOTO 3B’A3KY, 3/[aTHOTO
JIO TaciHHS paJuKaJIbHUX PpEeaklii, MO3UTHUBHOTO
BIUIUBY Ha IPOLIEC EPUTPOIIOE3Y, MOKIINBi Oe3moce-
penHiii B3aeMo/Iil 3 eH3UMaMK aHTHOKCHUJAHTHOTO 3a-
xucty 1 npuramanHii im CO/I-noiOHiit akTHBHOCTI.

OTKe, NOCHIPKEHO BIUIMB CIOCOOY BBEIEHHS
IUXJI0poTeTpa-pu-i300yruparoaupeniro(Ill) — (mano-

JIIocoMax, TBepANX HAaHOYACTKaX 1 pa3oM 3 IHCILIa-
THHOM — cucTema Peniii-IInaTuna) Ha IHTCHCHBHICTD
MpoIieCy MEPEKNCHOTO OKUCHEHHS JIIIIIB Ta aKTHB-
HICTh CH3WMIB aHTHOKCHIAHTHOTO 3aXHCTy €pUTPO-
LOUTIB Y MOJEI ITyXJITMHHOTO POCTY.

Bcranosieno 3menmenss Bmicty TBK-aktus-
HUX IMPOIYKTIB IUIa3MH 3a BBEJCHHS AUXJIOpOTETpa-
p-izo6ytuparomupenito(1ll) mypam-myxJIMHOHOCIIM
HE3aJIe)KHO BiJ CIIOCOOY Ta IHTEHCUBHOCTI TajibMy-
BaHHS MyXJIHHHU.

[TokazaHo e(eKTUBHICTh 3HMKEHHS (0 YOTH-
PBHOX pa3iB) IHTECHCHBHOCTI MEPEKUCHOTO OKMCHCHHS
TmaiB 32 BBEACHHS AUXIOPOTETpa-|-i300yTHpaTo-
mupeniro(I1l), oo 3Ha4HO MepeBUIIye e(EeKTHBHICTH
BIJIOMHX aHTHOKCHIAHTIB.

BusiBneno 30iTbIIEHHS AKTUBHOCTI CYIEpPOK-
cugaucMyTasu (y cepenqabomy Ha 168 %) Ta 3MeH-
LIEHHS aKTUBHOCTI KaTanasu (y cepeqaboMy Ha 20 %)
EPUTPOLMTIB 32 BBEACHHS JUXJIOPOTETpa-|-i300yTH-
patoaupeniro(11l) pisHUME crtocoOaMu y IOPIBHIHHI
3 KOHTPOJIEM.

[lokazaHO TMEPCIEKTUBHICTH BUKOPUCTAHHS
KJIACTEPHUX CIOJIYK PeHi0 y METUIIMHI SK HETOKCH-
YHUX €()EKTUBHMUX aHTHOKCHIAHTIB, 3JaTHHUX O -
3aKTHBALil CYIIEPOKCHIHOTO PAIHUKAIY.

IepcnexkTHBY MOJANBLIIMX PO3POOOK

TakuM 9YHMHOM, OJATIBIIE TOCTIHPKECHHS BIIACTH-
Boctell cronyk Peniro i cuctemu Pewiii-Ilnatina €
TIEPCIIEKTUBHUM AJISI PO3POOKH HOBHX IPOTHITYXJINH-
HUX CIOJIYK 5IKi O HE TNBbKU MPUTHIYYBAJIH ITyXJIMH-
HUH piCT, a 1 BOJIOJIIN aHTHOKCHIAHTHUMHU BIIACTH-
BOCTSIMH JUIS TIO/IOJIAHHST OKCHJIATUBHOTO CTPECy

Indopmanis npo kKoHQJIIKT iHTepeciB

[MorteHuiitnnx abo sBHUX KOHQIIIKTIB iHTEpECIB,
IO TMOB’S3aHi 3 IMM PYKOIHMCOM, Ha MOMEHT
myOmikamii He iCHye Ta He mepen0adaeThes.

dxepena piHaHCYBaHHA

JlociimKeHHs] BUKOHAHO B paMKax HayKOBO-ZI0-
crmigHoi Temu «HaHomimocomu Ta TBepAi HaHOYA-
CTKH, HaBaHTaXeHi cuctemoro Peniii-Ilnarnna y mo-
JIeNX TeraTo-, HepomaTii Ta TeMONITUYHUX aHe-
Miit» (Homep aeprkaBHol peectpanii 0113U003034).

Indopmanis npo koHQJIIKT iHTepeciB

[MorteHuiitnnx abo sIBHUX KOHQJIIKTIB IHTEpECIB,
IO TOB’s3aHI 3 1UM PYKONKUCOM, Ha MOMEHT
nyOJikanii He iCHye Ta He riepe0a4aeThesl.
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Mamenamsiii K. JI. AHTHOKCHIAHTHA | NPOTUNYXJIMHHA AKTUBHICTH HAHOJIINIOCOM Ta TBePAUX HAHO-
YacTOK, HABAHTAKEHUX PeHiii-IVIaAaTHHOBOIO CHCTEMOIO Y INYPiB 3 kKapuuHoMmoio ['epena.

PE®EPAT. AktyanpHicTh He3Baxxaroun Ha 3HAYHUN IPOTPEC OCTAHHIX JECATIIIITH Y po3po0IIi XiMioTepa-
MEBTUYHHX IIPENapariB 3 BUCOKOIO €EKTUBHICTIO Ta NEPEHOCUMICTIO, JIKYBaHHS PaKy 4acTo MPOJOBXKYE OyTH
CKJIQJIHUM 4Yepe3 HECIIPUATINBI e(heKTH Ta JIiIKapChKy PE3UCTEHTHICTb, III0 PO3BUBAETHCS Ty XJIMHHAMH KJII THHAMH.
i mpobnemu Bce 11e 00yMOBIIOIOTh HEOOXITHICTD JOCHTIKCHHS HOBUX METO/IIB JTIKyBaHHS, SIKi IOETHYIOTH XO-
poury epeKTHBHICTh 1 BHOIpKOBicTh. MeT0I0 poOoTH OyIIO MOCTITUTH BIUIMB BBEJCHH KIACTEPHHUX CIIONYK Pe-
Hito(IIl) Ha iHTEHCHBHICTH TIpolecy NepekucHoro okucieHHs mimiaiB (II0JI), akTHBHICTE €H3MMIB aHTHOKCHIAH-
THOTO 3aXUCTy epUTpouuTiB cynepokcuanucmyrasu (CO/l), karanasu (KAT) ta rayrationnepokcunazu (I'TI) y
MO/IeJTi MyXJIMHHOTO pocTy(KapimHoMa ['epeHa). MeToau - eKCriepuMEHTaIbHI MOJICITi KaHIIEpOTreHe3y (PO3BUTOK
kapuuHoMu ['epena). @OTOKOIOPUMETPUYHI METOIM — JUIsl BU3HAUYeHHs BMicTy TBK-akTHBHHX MPOAYKTIB Ta ak-
TUBHOCTI (DEPMEHTIB aHTHOKCHIAHTHOT'O 3aXUCTy (KaTajasH, CyNepoOKCHATUCMYTa3H, TIIyTaTIOHIIEPOKCHIAa3H) B
KpoBi 11ypiB. Pe3yabTaTn. BBegeHH 0KpeMO Re tetraisobut Y POpPMax HAHOIIMOCOM 1 TBEpIUX HE OYI10 €PEKTUBHUM
I10J10 PUTHIYEHHS POCTY KapUUHOMH [ epeHa, npoTe, IPU3BOAMIO JI0 3HAYHOTO 3HMKEHHs iHTeHcuBHOCTI [10J]
y IUTa3Mi KPOBi MOPIBHSHHI 3 TPYIIO0 MIYpiB-ITyXJIMHOHOCIIB, Tpyna T8. Beenenns cucremu Re-Pt mpusBoamio He
TUTBKH J0 3HAYHOTO TallbMyBaHHS POCTY IYXJIMHU, aje ¥ A0 3HAYHOTO 3HIKCHHS (HOpMaizallii) KOHIIEHTpAaIlil
npoayktiB [1OJI. TakancymoBanHs cuctemu Re-Pt B oHy HaHOMIIOCOMY a00 B TBepIy HAHOYACTKY HE MPU3BO-
JIMJIO /IO BTPaTH aHTHKAHIEPOT€HHHUX Ta aHTHOKCHAAHTHUX BIIACTUBOCTEH i KOMIIOHEHTIB. BBeneHHs cucremu
Peniii-IlnatrHa Ta 1 KOMIIOHEHTIB PU3BOAWIO 110 TiABHIICHHS akTHBHOCTI COJl epUTPOIMTIB 1 10 3HWKEHHS
aktuBHOCTI KAT y mopiBHsSIHHI 3 KOHTpoJieM i migBumieHHs akTuBHOCTI CO/l y MOpIiBHSHHI 3 TPYIOK HIypiB-
MyXJIMHOHOCITB. CITiji BIAMITHTH, 110 BBEIIEHHS Re tetraisobut HE mpu3Boamto 1o aktusaiii KAT y nopiBHsiHHI 3 KO-
HTPOJIBHOIO IpyIor0. 3a BBeJIeHHs cucTeMu Re-Pt okpemo i B cucTeMi crioctepiraiocst MmiJBUILIEHHS aKTUBHOCTI
I'TI nopieusiao 3 rpynoro T8. Ilizcymok. O1xe, HOpMaIi3allis PeIOKC-CTAaHY €PUTPOLIUTIB MiJ] Ti€F0 Re tetraisobut 32
pi3Hux (opM BBesIeHHsI MOXKe OyTH nosicHeHa sik akTuBarieto COJI, BHaC/Ii 10K 4Oro 3MEHIIYEThCS KOHLIEHTPALis
CYNEPOKCHUIHOTO aHiOHY, Tak 1 aktuBauieto ['T1, sika IpU3BOJUTH 10 3HHKEHHI KOHIIEHTPALlii I JPOTeH NEPOKCUTY.

Karouosi cioBa: xapuyHoma ['epena, epexrcHe OKHCIEHHS JIMiIIB, CyNepOKCHIINCMYTa3a, KaTajlas3a Ta
TITyTaTiOHNEPOKCH1a3a.
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Yanchyshyn A. DX Microscopic organisation of the myocardium of experimental rats 1 and 3 hours after exposure
to the venom of the scorpion Leiurus macroctenus.
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ABSTRACT. Background. Animal venom toxins are characterised by significant variability in structure and biological
effects. They are usually represented by proteins, numerous peptides that have undergone restructuring over many years of
evolution, which influenced the mechanisms and features of their effect on the victim's body. Scorpion venom can cause
myocardial damage, initiating many pathogenetic mechanisms. After bites from these animals, the development of myocar-
dial infarction due to coronary spasms is quite often recorded. Objective. Study of microscopic changes in the heart of
mature rats 1 and 3 hours after exposure to the venom of the scorpion Leiurus macroctenus. Methods. Experimental studies
were conducted on 60 male rats (180 g+3 g), which were injected intramuscularly with 0.5 ml of venom solution (28.8
mg/ml) (LDso=0.08 mg/kg). Heart samples of animals from all groups were taken for microscopic examination. Histological
preparations of the heart were stained with hematoxylin and eosin, azan trichrome and iron hematoxylin. Results and con-
clusion. Administration of Leiurus macroctenus scorpion venom to rats resulted in the smoothing and homogenisation of
cardiac muscle fibres and their moderate hypertrophy. Diapedetic haemorrhages and pronounced lymphohistiocytic infiltra-
tion were observed. After 3 hours of the experiment, the deepening of morphological changes in the rat myocardium was
detected. Wave-like deformation of muscle fibres and their pronounced oedema was noted. Edematous changes, lympho-
cytic infiltration, and haemorrhages characterised the stroma of the cardiac muscle. Manifestations of desquamation of the
endothelial lining of the vascular wall and perivascular lymphohistiocytic infiltration were observed.

Key words: venom, scorpions, myocardium, lymphohistiocytic infiltration, rats.

Citation:

Yanchyshyn A. Microscopic organisation of the myocardium of experimental rats 1 and 3 hours after exposure
to the venom of the scorpion Leiurus macroctenus. Morphologia. 2024;18(4):120-5.

DOI: https://doi.org/10.26641/1997-9665.2024.4.120-125

Yanchyshyn A. 0000-0003-1598-8106
X Anatomynmu@gmail.com
© Dnipro State Medical University, «Morphologia)»

Introduction

Venomous animals are known to be distributed
globally and represented by many biological species.
Many of them belong to the kingdom Animalia [1, 2].
Venomous animals include both vertebrates and in-
vertebrates. In their bodies, they constantly or period-
ically contain substances that are toxic to representa-
tives of other animal species or humans who become
victims of their bites. It has been established that even
small doses of these compounds cause disorders of
normal functioning and, in severe cases, death [3, 4,
5, 6]. Some species of venomous animals have special
venom glands that produce the venom itself, while
others accumulate toxic components from the exter-
nal environment in various tissues of the body [7, 8,
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9].

Animal venom toxins are characterised by sig-
nificant variability in structure and biological effects
[10]. They are usually represented by proteins, nu-
merous peptides that have undergone restructuring
over many years of evolution, which influenced the
mechanisms and features of their effect on the vic-
tim's body [11, 12, 13]. These toxins use ion channels,
receptors, and enzymes as targets while exhibiting ex-
traordinary efficiency and selectivity of action [14,
15, 16]. Animal venoms are natural sources of biolog-
ically active molecules that exert various pharmaco-
logical effects [17, 18, 19]. They are classified ac-
cording to their origin - snake, scorpion, spider ven-
oms or according to the features of their action on the
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victim's body - neurotoxins, hemo-vasotoxins, cardi-
otoxins, cytotoxins, etc. [20, 21, 22]. They are usually
aqueous solutions containing many components of
predominantly protein nature. The venom of one spe-
cies of animal sometimes contains several hundred
different toxins. As a rule, it includes enzymes (phos-
pholipases, proteases, oxidases), proteins without en-
zymatic activity (for example, disintegrins), peptides,
and metal ions [23, 24, 25]. Such a complex compo-
sition of animal venoms is the reason for the impact
on all body systems and the development of severe
clinical poisoning.

In modern conditions, scorpions significantly
expand the territory of their existence, spreading even
to those areas of the globe that were not previously
characteristic of them. About thirteen families of
these animals have been established, most of which
are dangerous to humans. Their venom consists of
salts, biogenic amines, nucleotides, enzymes (phos-
pholipases, hyaluronidase, L-amino acid oxidases,
metalloproteinases, serine proteases), peptides with
low molecular weight [26]. These compounds affect
almost all systems of the victim’s body. They are also
characterised by their extraordinary pharmacological
properties, which allow them to use certain toxins for
therapeutic purposes [27, 28].

Scorpion venom can cause myocardial damage,
initiating many pathogenetic mechanisms. After bites
from these animals, the development of myocardial
infarction due to coronary spasm is quite often rec-
orded [29, 30, 31]. It has been established that poison-
ing with scorpion toxins is associated with the release
of vasoactive inflammatory and thrombogenic pep-
tides and amines, such as histamine, bradykinin, ser-
otonin, thromboxane, leukotrienes, which induce cor-
onary artery spasm, facilitate platelet aggregation
processes and the development of thrombosis. The
venom can have a direct cardiotoxic effect with the
development of myocarditis (toxic and adrenergic).

The study aimed to study microscopic changes
in the hearts of mature rats 1 and 3 hours after expo-
sure to Leiurus macroctenus scorpion venom.

Materials and methods

Experimental studies were conducted on 60
male rats (180 g3 g), which were injected intramus-
cularly with 0.5 ml of a solution of poison (28.8
mg/ml) (LDso=0.08 mg/kg) dissolved in saline (0.9%)
[32]. The control group (13 rats) was injected with
only 0.5 ml of saline (0.9%).

For microscopic examination, heart samples of
animals from all groups were taken. The pieces were
fixed in a 10% formalin solution for 1 day. Then, they
were dehydrated in alcohols with increasing concen-
tration and embedded in paraffin blocks. Histological
preparations of rat hearts were stained with hematox-
ylin and eosin, azan trichrome, and iron hematoxylin.
Histological preparations were studied using an SEO
SCAN light microscope and photographed using a
Vision CCD Camera with an image output system
from histological preparations.

Results and discussion

The introduction of Leiurus macroctenus scor-
pion venom into rats was accompanied by morpho-
logical changes in the myocardium of the animals. In
particular, the first changes were detected already 1
hour after venom injection. Loss of transverse stria-
tion of muscle fibres was observed in the myocar-
dium, barely noticeable in individual fields of view.
Cardiac muscle fibres were characterised by moder-
ate hypertrophy and appeared as wave-like structures
(Fig. 2). The cytoplasm of contractile cardiomyocytes
was homogenised. The nuclei of these cells had a pre-
dominantly oval (elongated) shape and contained
condensed chromatin, which was concentrated mar-
ginally. One or two nucleoli were noted in them. Due
to oedema in individual cardiomyocytes, the nuclei
contours were indistinct and bizarre (Fig. 1).

Fig.1. Histological changes in the rat heart 1 hour after
exposure to the venom of the scorpion Leiurus macroctenus.
The lumen of the myocardial blood vessel (1), the focus of
haemorrhage (2), and the loosening of the outer membrane
of the vessel wall (3). Staining with hematoxylin and eosin.
x200.

Fig. 2. Microscopic organisation of the rat heart 1 hour
after exposure to the venom of the scorpion Leiurus mac-
roctenus. Wave-like deformation of myocardial fibres (1), nu-
clei of contractile cardiomyocytes (2), and myocardial muscle
fibres (3). Staining with hematoxylin and eosin. x200.
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The spaces between the myocardial fibres were
significantly expanded, showing the interstitial con-
nective tissue oedema. Myosatellite cells were visible
between the muscle fibres. The nuclei of the latter had
an elongated shape and contained condensed chroma-
tin. Significant diapedetic haemorrhages and accumu-
lation of erythrocytes between the myocardial fibres
were observed in all fields of view. The venous ves-
sels of the heart muscle were markedly full-blooded,
with conglomerates of erythrocytes in their lumens
and adhesion of the latter to the vessel walls. In-
creased spaces distinguished the endothelial lining of
the veins between the cells. The nuclei of the endo-
thelial cells were oval and hyperchromic. The smooth
myocytes of the tunica media of the vein walls were
characterised by moderate oedema and contained
rounded or elongated nuclei. Loosening and fibrilisa-
tion of the adventitia of the vessels were noted. Fibrin
threads, foci of desquamation of endothelial cells
from the basement membrane, and their invagination
are also visible in the lumens of blood vessels. A char-
acteristic histological finding under these conditions
was pronounced lymphohistiocytic perivascular infil-
tration (Fig. 4). Numerous lymphocytes, macro-
phages, and occasionally plasma cells were observed
around the myocardial vessels. Leukocyte and lym-
phohistiocytic infiltration was also noted in the con-
ducting system of the rat heart (Fig. 2).

Fig. 3. Histological changes in the rat heart 1 hour after
exposure to the venom of the scorpion Leiurus macroctenus.
Muscle fiber (1), blood vessel lumen (2), contractile cardio-
myocytes (3). Staining with iron hematoxylin. x200.

Three hours after the start of the experiment, mi-
croscopic studies of the rat myocardium revealed
deepening morphological changes. This period was
characterised by increased wave-like deformation of
the heart muscle fibres. They were distinguished by
significant oedema. The sarcoplasm of contractile
cardiomyocytes was eosinophilic and somewhat en-
lightened. The nuclei of these cells increased in size,
mainly were elongated, contained numerous vacu-
oles, and contained 1-2 nucleoli. Chromatin was dis-
tinguished because it formed lumps localised directly
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under the karyolemma. It should be noted that vacu-
olisation and an increase in the volume of the nuclei
of contractile cardiomyocytes indicate their oedema
due to the influence of toxins from the venom of the
scorpion Leiurus macroctenus. The striation of the
muscle fibres of the myocardium under these condi-
tions was not determined. Significant expansion of
the spaces between the cardiac muscle fibres and
edematous changes in the stroma were noted. Moder-
ate lymphocytic infiltration was observed in the inter-
stitium. In addition, areas of haemorrhage were de-
tected. Signs of apoptotic changes in the nuclei were
noted in some contractile cardiomyocytes (Fig. 5, 6).

Fig. 4. Histological organisation of the rat heart 1 hour
after exposure to the venom of the scorpion Leiurus mac-
roctenus. The lumen of the myocardial blood vessel (1), mus-
cle fibres (2), and contractile cardiomyocytes (3). Azan tri-
chrome staining. x200.

Fig. 5. Microscopic changes in the rat heart 3 hours af-
ter exposure to the venom of the scorpion Leiurus mac-
roctenus. Hypertrophied myocardial muscle fibres (1), nuclei
of contractile cardiomyocytes (2), areas of haemorrhage (3),
oedema and lymphohistiocytic infiltration (4). Hematoxylin
and eosin staining. x200.

Leading cardiomyocytes also underwent struc-
tural changes under conditions of acute intoxication
with the venom of the scorpion Leiurus macroctenus.
They increased in size; their shape was indefinite. The
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cytoplasm of leading cardiomyocytes had a homoge-
nised structure. The cell nuclei were shifted mainly to
the poles. They were both hypochromic and hyper-
chromic and contained dispersed chromatin. The kar-
yoplasm was sometimes lightened, with signs of oe-
dema, and vacuolated.

Fig. 6. Histological organization of the rat heart 3 hours
after exposure to the venom of the scorpion Leiurus mac-
roctenus. Contractile cardiomyocytes (1), nuclei of contrac-
tile cardiomyocytes (2), lumen of the myocardial blood vessel
(3). Staining with iron hematoxylin. x200.

Fig. 7. Photo-optical changes in the rat heart 3 hours
after exposure to the venom of the scorpion Leiurus mac-
roctenus. Accumulation of erythrocytes in the myocardial
stroma (1), myocardial muscle fibres (2), and lumen of the
myocardial blood vessel (3). Azan trichrome staining. x200.

Photo-optical studies of the rat heart after 3
hours of the experiment also revealed specific
changes in the typical organisation of the heart mus-
cle vessels. It is worth noting the increased lympho-
histiocytic infiltration of the vessel walls, compared
with the group of animals after 1 hour from the begin-
ning of the experiment. The lumens of the myocardial
blood vessels were dilated and full-blooded. They re-
vealed erythrocyte sludge, stasis, and fibrin threads.
The endothelial layer of the inner membrane of the
vessels was discontinuous; the gaps between the cells
increased significantly, which probably increased the
degree of haemorrhage. The nuclei of the endothelial
cells had an elongated shape, were hyperchromic, and
contained condensed chromatin. The endothelium
was sometimes exfoliated from the basement mem-
brane, and initial manifestations of cell desquamation
into the lumen of the vessels were observed. Lympho-
histiocytic perivascular infiltration was noted (Fig. 5,
7).

Conclusion

Administration of Leiurus macroctenus scorpion
venom to rats resulted in smoothing and homogenis-
ing cardiac muscle fibres and their moderate hyper-
trophy. Diapedetic haemorrhages and pronounced
lymphohistiocytic infiltration were observed.

After 3 hours of the experiment, morphological
changes in the rat myocardium deepened. Wave-like
deformation of muscle fibres and their pronounced
oedema were noted. Edematous changes, lympho-
cytic infiltration, and haemorrhages characterised the
cardiac muscle stroma. Manifestations of desquama-
tion of the endothelial lining of the vascular wall and
perivascular lymphohistiocytic infiltration were ob-
served.

Prospects for further development are related
to the study of histological changes in the myocar-
dium of rats exposed to the venom of the scorpion
Leiurus macroctenus at later stages of the experiment.
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Anunmue A. MikpockoniyHa oprasizamisi Miokapaa ekcepuMeHTAJIBHUX HIyPiB Yepe3 1 Ta 3 roquHu
micJist BILIMBY OTPYTH cKopmionis Leiurus macroctenus.

PE®EPAT. AxktyanabHicTb. TOKCHHH TBapWHHHX OTPYT XapaKTEpU3YIOThCS 3HAYHOIO BapiaOeNmbHICTIO
CTPYKTypH Ta OionoriyHux edekriB. 3a3BUyail BOHH NPEACTABICHI OUTKaMH, YHCEIEHUMHE MTENTHIAMH, IO TTia-
BaJIMCH TIepedyaoBaM MPOTATOM 0araTboX POKIB €BOJIONII, AKi BIUIMHYIIA HAa MEXaHi3MH Ta OCOOIUBOCTI BIUIHBY
ix Ha opraHi3M xepTBH. OTpyTa CKOPIIIOHIB MOXKE BUKJIMKATH YPa)KeHHsI MiOKap/ia, iHIIII0I0YH HU3KY IaTOreHe-
TUYHHUX MeXaHi3MiB. [Ticiist yKyciB IMX TBApUH JJOBOJI 4aCTO PEECTPYIOTH PO3BUTOK 1H(PAPKTY MioKap/ia BHACIIIOK
KOpOHapHOro cnasmy. Mera. BUBYEHHs MiKPOCKOMIYHHUX 3MIH CepLisl 3piHX IIypiB yepe3 1 Ta 3 roauHu micis
BIUTMBY OTPYTHU CKopItioHiB Leiurus macroctenus. Meroau. ExcriepuMeHTabHI JOCIIUKESHHS TIPOBOAMIH Ha 60
mypax-camusx mypis (180 r+3 r), skum BHYTpilIHEOM 5130B0 BBoaWiM 0,5 M1 pozuuHy oTpyTH (28,8 mr/mi)
(LD50=0,08 mr/kr). ]I MiKpOCKOIIIYHOTO AOCIIKEHHS 3a0Mpaiy 3pa3Ku cepIld TBapuH Beix rpym. PapOyBaHHS
TICTOJIOTIYHHAX TIPETapaTriB cepIisl 3AIHCHIOBANIA TE€MaTOKCHIIHOM Ta €03MHOM, a3aH TPHUXPOM 1 3aNi3HHUM Te-
MaTOKCHJIIHOM. Pe3yabTaTn Ta miacymok. BBeneHHs mypam oTpyTH cKopmioHiB Leiurus macroctenus npusBo-
JIAJIO IO 3TJIa/DKYBaHHS Ta TOMOTEHi3allii BOJIOKOH CEepIIeBOrO M’s3y, IX MOoMipHOI rimeptpodii. Bimmivanu mosBy
JiarmeIe3HNX KPOBOBWIIMBIB, BUpaKeHY JiMdoricTionuTapHy iHdinpTpamiro. [Ticns 3 ToauH mpoBeaeHHS eKCIie-
PUMEHTY BUSBILLIN TOTTHOJICHHS MOP(OIOTIYHUX 3MiH MioKap/a mrypis. Bigmiganu xBunenoniony aegopmartiro
M’S30BHX BOJIOKOH, iX BHpakeHHH HaOpsik. CTpoma cepLeBOro M’si3y XapakTepu3yBaslaCh €JeMaTO3HUMHU
3MiHaMu, JiM(ouuTapHOO iH(IIBTpaLi€cto, TeMoparisMu. Crocrepiraiy NposiBU JIeCKBaMallil eHI0TeNialbHOro
BUCTHWJICHHS CY/IMHHOI CTIHKH, IEPUBACKYJISIPHY JiMdoricTionurapHy iHQIIbTpaLito.

Karwudogi ciioBa: oTpyTa, CKOPIOHH, MiOKap, JiMoricTionuTrapHa iHGUIbTpaIlis, IypH.
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Background

Morphology is the science that studies the form,
structure, and spatial relationships of tissues and cells
in living organisms. It serves as a foundational com-
ponent of biological and medical sciences, as it ena-
bles an understanding of how structure is intimately
linked to function at all levels of organization [1].
Morphological analysis provides insights into the in-
tricate architecture of cells and tissues, revealing how
their specific configurations support their biological
roles. For instance, the arrangement of muscle fibers
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in cardiac tissue is critical for efficient contraction
and blood circulation, while the layered structure of
the skin contributes to its protective functions. Within
the fields of histology, cytology, and embryology,
morphology examines tissues and cells under the mi-
croscope, revealing their structural features and inter-
connections. This microscopic analysis is fundamen-
tal for identifying cellular components, such as orga-
nelles and extracellular matrices, as well as under-
standing developmental processes during embryo-
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genesis. The ability to observe and describe these fea-
tures allows researchers to establish baselines for nor-
mal structure and identify deviations associated with
pathological conditions. Morphometry, on the other
hand, is a quantitative method for assessing morpho-
logical characteristics. It provides precise measure-
ments of sizes, shapes, and proportions of structural
elements within tissues, enabling researchers to gen-
erate statistically significant data that can be com-
pared across different conditions and populations [2].
This quantitative approach is essential in modern re-
search, allowing for objective evaluations of morpho-
logical parameters, which is crucial for a comprehen-
sive understanding of both normal and pathological
processes in cells and tissues.

By employing morphometric techniques, re-
searchers can uncover subtle variations and relation-
ships that contribute to our understanding of health
and disease. For example, morphometric analysis can
reveal changes in cell size and shape in response to
injury or disease [3], offering insights into underlying
mechanisms of pathology. Additionally, morphomet-
ric methods can assist in the identification of bi-
omarkers and facilitate the assessment of therapeutic
interventions by providing measurable outcomes. The
integration of morphology and morphometry en-
hances our diagnostic and therapeutic strategies.
Mastery of these techniques not only enriches our un-
derstanding of biological systems but also paves the
way for innovations in clinical practices, contributing
to improved patient care and outcomes. By emphasiz-
ing the importance of these methodologies in educa-
tion and research [4,5], we can foster a new genera-
tion of scientists and clinicians equipped to tackle the
complex challenges in health and disease.

Purpose

With the advancement of cutting-edge technolo-
gies and microscopy methods, there is an increasing
demand for precise quantitative assessments of mor-
phological structures. Traditional descriptive mor-
phology often falls short in providing sufficient data
to evaluate dynamic changes within tissues, particu-
larly in the context of disease progression or embry-
onic development. In many instances, qualitative ob-
servations alone cannot capture the nuanced altera-
tions that occur at cellular and tissue levels. Mor-
phometry offers a solution by enabling researchers to
obtain objective, quantitative data that can be system-
atically analyzed. This capability transforms the
study of morphology from a predominantly descrip-
tive science into a rigorous quantitative discipline, al-
lowing for the identification of subtle morphological
variations that may be critical in understanding patho-
logical conditions. For instance, in cancer research,
morphometric techniques can reveal changes in cell
shape, size, and arrangement, providing insights into
tumor behavior and prognosis.

The integration of morphometry into contempo-
rary morphological research is indispensable, as it en-

hances the ability to track changes over time and un-
der varying physiological or pathological conditions.
As the landscape of biological research becomes in-
creasingly complex, the precision afforded by mor-
phometric analysis becomes essential. It not only con-
tributes to the understanding of normal physiological
processes but also plays a pivotal role in elucidating
the mechanisms underlying various diseases. The ap-
plication of morphometry is not limited to basic re-
search; it extends to clinical settings where accurate
morphological assessments can inform diagnosis and
treatment strategies. For instance, in histopathology,
quantitative analysis of tissue samples can assist
pathologists in identifying disease states and deter-
mining the aggressiveness of tumors, ultimately guid-
ing therapeutic decisions.

In summary, the relevance of mastering morpho-
metric techniques in modern scientific inquiry cannot
be overstated. As research progresses towards a more
quantitative framework, the ability to provide de-
tailed, objective analyses of morphological changes
will be crucial in advancing our understanding of
health and disease, thereby significantly impacting
both basic and applied biomedical research.

Objective

The primary aim of this article is to elucidate the
significance of morphometry in the analysis of mor-
phological structures within the framework of foun-
dational courses in histology, cytology, and embryol-
ogy. Morphometry serves a dual purpose: it not only
facilitates the description of tissue structure but also
enables the quantitative assessment of its parameters,
thus contributing to a more precise understanding of
both normal and pathological processes. In a rapidly
evolving scientific landscape, the ability to quantita-
tively analyze morphological characteristics is be-
coming increasingly vital. By employing morphomet-
ric techniques, researchers and students can delve
deeper into the intricacies of tissue organization and
cellular architecture. This quantitative approach al-
lows for the identification of specific morphological
features that may correlate with functional outcomes,
thereby enhancing the interpretative power of histo-
logical observations. The objectives of this article in-
clude exploring the various morphometric methods
available, discussing their applications in different bi-
ological contexts, and demonstrating how these tech-
niques can be integrated into educational curricula.
By highlighting specific case studies where mor-
phometry has provided critical insights, we aim to un-
derscore its importance as a complementary tool for
traditional descriptive methods. Additionally, we will
address the challenges and limitations associated with
morphometric analyses, including issues related to
measurement precision and the need for standardized
protocols. Understanding these challenges is essential
for ensuring the reliability and reproducibility of mor-
phometric studies. Ultimately, this article seeks to ad-
vocate for the inclusion of morphometric techniques
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in the training of future professionals in the biomedi-
cal field. By fostering an appreciation for the quanti-
tative dimensions of morphology, we can empower
students and researchers to make informed, data-
driven conclusions that advance both scientific
knowledge and clinical practice.

Overview of key concepts and definitions of
morphometry. this section will provide a comprehen-
sive introduction to the fundamental principles and
terminology associated with morphometry, establish-
ing a clear understanding of its relevance in biological
and medical contexts. Analysis of historical develop-
ment and contemporary approaches to morphometry.
This objective will trace the evolution of morphomet-
ric techniques from their inception to the present day,
highlighting key milestones and advancements that
have shaped current methodologies. We will also ex-
plore modern approaches, including the integration of
digital imaging and computational tools. Determina-
tion of the role of morphometry in tissue research. we
will examine how morphometry contributes to the
study of tissues, particularly in understanding struc-
tural and functional changes. This analysis will em-
phasize its application in both normal physiology and
pathological conditions, illustrating how morphomet-
ric data can inform clinical practice and research.

Methods

Morphometry relies on precise measurements of
the structural elements of tissues using light or elec-
tron microscopy, along with specialized software for
image processing. The primary parameters measured
in morphometric studies include cell dimensions, tis-
sue thickness, surface area, volume, and the ratios of
various tissue components [6]. The application of
these techniques enables researchers to obtain quanti-
tative data that can be statistically analyzed, enhanc-
ing the objectivity of morphological assessments. For
instance, light microscopy allows for the visualiza-
tion of tissue architecture at a cellular level, while
electron microscopy provides insights into ultrastruc-
tural details that are critical for understanding the in-
tricacies of tissue organization [7]. Specialized soft-
ware tools facilitate the analysis of acquired images,
enabling the extraction of morphometric data with
high precision. These tools often include automated
measurement capabilities, which reduce human error
and increase the efficiency of data collection. By em-
ploying these methodologies, researchers can gener-
ate robust datasets that inform our understanding of
the dynamic nature of tissues and their responses to
various physiological and pathological stimuli.

The integration of advanced morphometric tech-
niques into research and clinical practice is essential
for elucidating the complexities of biological systems
and enhancing our ability to address health-related
challenges [8].

Light Microscopy. This foundational technique
is widely used for the assessment of histological sec-
tions. Light microscopy allows researchers to visual-
ize tissue architecture and cellular components,
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providing essential insights into the organization and
characteristics of various tissues. It is particularly
useful for routine histopathological examinations,
where stained tissue sections can reveal important
morphological details.

Electron Microscopy. This advanced method
provides highly detailed images of ultrastructural el-
ements within tissues. Electron microscopy, includ-
ing transmission and scanning techniques, allows for
the examination of cellular structures at a much
higher resolution than light microscopy. This capabil-
ity is crucial for studying intricate features such as or-
ganelles, membrane structures, and the extracellular
matrix, enabling a deeper understanding of cellular
function and pathology.

Computer Image Analysis. This method in-
volves the use of specialized software to perform pre-
cise measurements of morphological parameters from
acquired images. Computer-assisted image analysis
enhances the accuracy and efficiency of morphomet-
ric assessments by automating the process of data ex-
traction. Parameters such as cell size, shape, and spa-
tial relationships can be quantified, allowing for ro-
bust statistical analyses that can inform research con-
clusions.

The materials utilized in morphometric studies
primarily consist of tissue samples from various or-
ganisms. These samples can be derived from healthy
and diseased tissues, providing a comprehensive ba-
sis for comparative analysis [9]. By examining di-
verse tissue types—such as epithelial, connective,
muscular, and nervous tissues—researchers can gain
valuable insights into the structural variations that
correlate with different physiological and pathologi-
cal states.

In preparation for microscopic examination, tis-
sue samples are typically fixed, embedded, and sec-
tioned to appropriate thicknesses. Staining protocols
may also be employed to enhance contrast and high-
light specific structures, thereby facilitating more ef-
fective visualization under the microscope. By utiliz-
ing these materials and methods, researchers can sys-
tematically investigate morphological changes, con-
tributing to the advancement of knowledge in both
basic and applied biological sciences.

Results

The structural-functional unit is a fundamental
component of tissue, organs, or organ systems, char-
acterized by a specific morphological organization
that performs functions unique to that organ [9]. This
unit represents the minimal structural entity capable
of independently executing biological processes in-
herent to a given organ or tissue, thereby sustaining
vital activities across various levels of biological or-
ganization. The structural-functional unit possesses a
well-defined architecture typical of a particular tissue
or organ [10, 11]. Most commonly, it is represented
by a cell or a group of closely associated cells special-
ized in carrying out specific functions. Additionally,
it may include extracellular components that facilitate
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the realization of these functions. For instance, in car-
diac tissue, the structural-functional unit is the cardi-
omyocyte, a specialized cell responsible for contrac-
tion, which enables the heart to function as an effec-
tive pump. The primary role of the structural-func-
tional unit lies in the execution of specific functions
associated with the tissue or organ [12]. This function
is dictated by the specialization of the cells and their
morphology. For example, in nervous tissue, a neuron
is responsible for transmitting nerve impulses,
whereas in muscular tissue, the sarcomere performs
the contraction function. The sarcomere is a struc-
tural-functional unit of striated muscle tissue, partic-
ularly found in cardiomyocytes and skeletal muscles.
It constitutes the fundamental building block of the
contractile system and is essential for generating me-
chanical force through the interaction of actin and
myosin filaments [13]. This intricate relationship is
crucial for muscle contraction and overall movement.

Histological Context. In histology, structural-
functional units form the basis for understanding the
organization and functional specialization of tissues.
Histological studies investigate how cells and tissues
are organized within organs to ensure the fulfillment
of their specific functions. For instance, in the kid-
neys, the nephron serves not only as the primary
structural unit but also as a functional one [14]. It is
responsible for blood filtration, reabsorption of useful
substances, and waste elimination, thus playing a crit-
ical role in maintaining the body's homeostasis. Mor-
phometric analysis of nephrons enables the assess-
ment of renal functional capacity under both normal
and pathological conditions. By employing morpho-
metric techniques, researchers can quantitatively
evaluate the morphological characteristics of struc-
tural-functional units, thereby providing valuable in-
sights into their physiological roles and contributions
to health and disease [15]. This approach enhances
our understanding of tissue organization and func-
tion, ultimately informing clinical practices and ther-
apeutic interventions.

Levels of Organization. Structural-functional
units can be organized at various levels:

1. Cellular Level: This is the most basic level
of organization, where an individual cell acts as a
functional unit. For example, an epithelial cell in the
skin performs specific tasks essential for barrier pro-
tection and sensory perception [16]. The unique mor-
phology of epithelial cells, such as their tight junc-
tions and polarity, contributes to their specialized
functions.

2. Tissue Level: At this level, groups of cells
that interact closely together perform a common func-
tion. An example is epithelial tissue, which lines in-
ternal surfaces of organs and cavities [17]. The coor-
dinated action of these cells facilitates processes such
as absorption, secretion, and protection, highlighting
the importance of cellular organization in maintaining
homeostasis.

3. Organ Level: In complex organs, such as the

kidneys or liver, structural-functional units may en-
compass not only individual cells but also intricate
complexes, like nephrons in the kidneys or hepatic
lobules in the liver. These units integrate various cell
types and extracellular matrices to perform special-
ized functions critical for the organ’s overall perfor-
mance, such as filtration and metabolic regulation
[18].

Extracellular Matrix and Microenvironment. In
histology, the significance extends beyond the cell as
a structural-functional unit; the surrounding microen-
vironment also plays a crucial role [19]. The extracel-
lular matrix (ECM) is vital for supporting cellular
structure and regulating cellular functions. It consists
of a complex network of proteins and carbohydrates
that provide structural integrity and biochemical sig-
nals. For instance, in connective tissue, fibroblasts are
the structural-functional units responsible for produc-
ing collagen and elastin fibers, which form the tissue
framework. The interaction between fibroblasts and
the ECM is essential for providing mechanical sup-
port to tissues and facilitating processes such as
wound healing [20]. This relationship underscores the
importance of the extracellular matrix in maintaining
tissue architecture and promoting cellular functions.
The microenvironment can influence cellular behav-
ior, impacting processes such as differentiation, mi-
gration, and response to injury. Understanding the in-
terplay between structural-functional units and their
extracellular surroundings is essential for elucidating
the mechanisms underlying tissue development, re-
pair, and pathology [21]. This comprehensive per-
spective is crucial in advancing our knowledge of
both normal physiology and disease states, paving the
way for innovative therapeutic approaches in regen-
erative medicine and tissue engineering.

Morphometry and Quantitative Assessment. The
application of morphometry to evaluate structural-
functional units is critical for objective tissue analysis
[22]. Morphometric studies quantitatively determine
changes in size, shape, and quantitative ratios of
structures, enabling conclusions about their func-
tional activity. For instance, in cardiac research, mor-
phometry can be employed to assess the density and
orientation of sarcomeres in cardiomyocytes, which
directly influences the contractile ability of cardiac
muscle [23].

Examples of Structural-Functional Units in Var-
ious Systems.

1. Epithelial Cells: These are the primary struc-
tural-functional units in epithelial tissue, responsible
for barrier functions and secretion. Their organization
and morphology are vital for processes such as ab-
sorption and protection.

2. Osteon: This is the structural-functional unit
of bone tissue, ensuring bone strength and its ability
to withstand mechanical loads. The arrangement of
osteons and their interaction with surrounding bone
matrix is essential for skeletal integrity.

3. Hepatocyte: As the main cell type in the
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liver, hepatocytes are responsible for metabolic and
detoxification functions. Their structural adaptations
facilitate various biochemical processes critical for
maintaining homeostasis.

Dysfunction of structural-functional units often
underlies the development of pathological conditions.
For example, impaired function of sarcomeres in car-
diomyocytes can lead to heart failure. Morphological
changes in these structural-functional units during
disease processes—such as hypertrophy, atrophy, or
destruction—can be quantitatively assessed using
morphometric methods for diagnosing and monitor-
ing disease progression [24, 25].

The application of morphometry has enabled the
acquisition of quantitative data regarding the struc-
ture of tissues and cells, which assists in the objective
evaluation of their changes during normal develop-
ment and pathological states. For instance, morpho-
metric studies have revealed significant alterations in
the sizes of cell nuclei associated with specific dis-
eases, as well as changes in arterial wall thickness
during the progression of atherosclerosis [26]. These
findings underscore the critical role of morphometry
in understanding disease mechanisms and develop-
mental biology.

Discussion

This section includes a comparison of various
morphometric methods and an evaluation of their ef-
fectiveness in tissue analysis. Common techniques
such as light microscopy, electron microscopy, and
image analysis software are discussed in terms of
their strengths and limitations [27]. Each method of-
fers unique insights, yet their reliability often hinges
on factors such as the quality of sample preparation
and the precision of measurements. Potential limita-
tions include variability in results due to sample het-
erogeneity and the challenge of standardizing meas-
urement protocols across different studies [28]. By
addressing these aspects, the discussion highlights the
importance of selecting appropriate morphometric
techniques tailored to specific research questions and
emphasizes the need for rigorous methodological

standards to ensure data integrity [29, 30]. This com-
prehensive approach not only enhances the validity of
findings but also contributes to the overall advance-
ment of morphometric applications in both basic and
clinical research.

Conclusion

1. In summary, the concept of structural-func-
tional units is fundamental in histology, as it defines
how tissues and organs are organized and function.
Studying these units provides insights into how cellu-
lar-level changes affect overall organism function,
laying the groundwork for further investigation into
pathological processes and the development of thera-
peutic strategies. By integrating morphometric analy-
sis into research, we can deepen our understanding of
normal physiology and disease mechanisms, ulti-
mately enhancing clinical outcomes.

2. Morphometry serves as a crucial tool for the
quantitative analysis of morphological characteristics
of tissues, making it indispensable in modern histo-
logical and cytological research. It allows for precise
measurements and objective evaluations of changes
in tissues, thereby fostering a deeper understanding of
both normal and pathological processes.

3. In future studies, the significance of mor-
phometry is likely to increase further due to advance-
ments in image processing technologies and auto-
mated tissue analysis. These innovations are expected
to enhance the accuracy and efficiency of morpho-
metric assessments, enabling researchers to uncover
intricate details about tissue architecture and dynam-
ics.

4. The integration of morphometry with emerg-
ing technologies will undoubtedly pave the way for
new insights into cellular behavior and disease mech-
anisms, reinforcing its pivotal role in the fields of
medicine and biology.
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Ko6e3a I1.A. Mopdomerpisi. 3arajbHuii MeToa A ricrosorii, nurosorii Ta emopioJorii. Orasia Ta
NnepcrneKTUBH iHTerpanii B OCBiTHIN nponec.

PE®EPAT. AkryansHicTb. Mopdooris — 1ie Hayka, sika BUB4a€e GopMy, CTPYKTYpY Ta MPOCTOPOBI B3a-
€MOBITHOCHHH TKaHHH 1 KIITHH Yy )KUBHUX opraHizMax. Mopdomnoriaauii aHami3 Hagae yaBIeHHS PO CKIATHY ap-
XITeKTypy KJIITHH 1 TKAaHUH, TOKa3yIOUH, K IX cnenn¢idHi KoHpIrypamnii miATpuMyIoTs Oiomorivyni GpyHkmil. Mera.
3Ha4YeHHS OBOJIOMIHHA MOP()OMETPIHIHIMH TEXHIKAMHA B CYJaCHUX HAYKOBHX JOCIIHKEHHIX BaXKKO EPEOLIiHUTH.
OcHOBHa MeTa, MPOSICHATH BXXJIMBICTE MOPPOMETpii B aHATi31 MOP(OIOTIYHUX CTPYKTYp Y paMKax 0a30BHX Ky-
pciB ricTosorii, ETonorii Ta eMOpiororii. Y mpoMy aHami3i Oyzae miaKpecieHo i1 3aCTOCYBaHHS K B HOpMaJIbHIH
(hizionorii, TaK i B MATOJOTIYHIX YMOBAX, LTIOCTPYIOYH, IK MOP(QOMETPHYHI TaHI MOKYTh BIUIMBATH Ha KIIIHIYHY
NPaKTHKY Ta aociipkeHHs. Meroau. MopdoMeTpist IpyHTYETHCS Ha TOUHMX BUMIPIOBAHHSIX CTPYKTYpHHX elie-
MEHTIB TKaHHH 32 JIOTIOMOTOI0 CBITJIOBOT 200 €IEKTPOHHOI MiKPOCKOIIii, 8 TAKOX CIELiajli30BaHOTO IIPOTrPaMHOTO
3a0e3mneueHHs it 00poOku 300pakeHb. PesyabTaTn. Onucani piBHI OpraHizaiiii Ta 3arajJbHHUNA Tiaxia 10 BU3HA-
4yeHHsT MOP(POodYHKIIOHATBHOT onuHuI. L[ oquHuUI npeacTasise co000 MiHIMAIBHY CTPYKTYPHY OIMHUIIO,
3JIaTHY CaMOCTII{HO BUKOHYBATH 010JIOT1YHI MPOLIECH, BIIACTUBI JAHOMY OpTaHy Y TKaHHHI, 320€3Meuyr0UH KHT-
TEBO BAXKIMBY AISUTHHICTH HA Pi3HHUX PiBHAX opraHizaiii. BucHoBok. MopdoMeTpis cIyrye BaKIHBUM iHCTpyMe-
HTOM JUTS KUTBKICHOTO aHaii3y MOP(OIOTIYHUX XapaKTePUCTUK TKaHWH, IO POOUTH ii He3aMiHHOIO B Cy9acHUX
TICTOJIOTIYHHX 1 IUTOJIOTIYHUX IOCIIDKCHHIX. BOHA M03BOIISIE IPOBOIUTH TOYHI BUMIPIOBaHHS Ta OO0'€KTHBHI
OIIiHKH 3MiH Y TKaHUHAX, CHPUSIOYH TTHOMIOMY pO3yMiHHIO SIK HOPMAJIBHUX, TaK 1 MATOJOTIYHHX mporeciB. [HTe-
rparist MOppOMeTpii 3 HOBITHIMH TEXHOJOTISIMA 0€3yMOBHO BiJKPHE HOBI MOKJIMBOCTI ISl BUBUCHHS KJIITHHHOT
TOBEJ[IHKY Ta MEXaHI3MiB 3aXBOPIOBaHb, IiTKPECITIOIOYH i1 KIIFOYOBY POJIb Y MEIHMIIHHI Ta 010JIO0Tii.

KaiouoBi ciioBa: Mopdomerpisi, ricTosoTis, LUTOJIOTIsI, eMOPi0JIoTisl, OCBITHIH Hpolec.
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10 BITIOMA ABTOPIB

3arajbHi BUMOTH

Hana indopmaris ckilazeHa Ha OCHOBI «Emu-
HUX BHMOT J0 PYKOITHCIB, IO ITOJAIOTHCS B OioMe-
JHMYHI )KypHAII», 3 SKUMH aBTOPU MOXKYTb O3Hai0-
MHUTHCS JeTaJIbHIIIE Ha caiTi
http://www.ICMJE.org.

Kypuan «Morphologia» my0mikye ormsamosi i
npoOJIeMHI CTaTTi, JIeKWii, OpUriHaNbHI CTATTi, KO-
POTKI TOBIJOMJICHHS, peleH3il Ta BIATYKH Ha
nmyOmikanii, mociOHMKM i MoHOrpadii, Marepiany 3
METOJI0JIO0Tii HAyKOBUX JOCIIXKEHb, aHOHCH, HO-
BUHHM, MOBIOMJICHHS, INPE3EHTalii, a TakoX Ma-
Tepialli 3 XpOHIKH Ta icTopii B ramy3i MopdoJorii.

Penaxmist po3risimae marepianu myOmikamii 3
JOTPHMAaHHSM aBTOPCHKUX PAB 1 €THYHUX HOPM Ha-
YKOBOT ITyOJTiKaILii.

Penaxmis npuiitMae mMatepiand, sSKi HaTAIOTHCS
YKpaiHCBKO ab0 aHINTIHCEKO0 MOBAMH.

I[Ipy momaHHI pYKONWCY aBTOPH TOBHHHI
ypaxyBaTH Ta PO3KPUTH HMOTEHIIWHI KOHQIIKTH iH-
TepeciB ab0 UITKO 3asfBUTH IPO iX BIACYTHICTH
(6impm meTanmpHY iH(OpPMAIiI0O MOXXKHA 3HAHTH B
posnim «D. Kouduikt iHTEepeciBy «EIMHIX BUMOT
IO PYKOMWCIB, 1[0 MOMAIOTECSA B OiOMEINYHI KYp-
Hau»).

3a HasBHOCTI B pyKoIHci iHpopManii, o ii1eH-
TH(]iKye 0co0y YYaCHHKIB JOCITIJDKEHHS, CIIiJ
HAJIaTH 1X MUCHMOBHH JI03B1J HA MyOJIiKaIlito.

Y pykomucax Mae OyTH YITKO MO3HaueHa
BIJIMIOBITHICTh TIPUHIIMIIAM Oi0CTUKH, III0 BUKJIAJICHI
B Jlekmapamii Xenbciaki Ta 3akoHi Ykpaiau «Ilpo
3aXMCT TBAPUH BiJl YKOPCTOKOTO MOBOMKEHHs» (No
1759-VI Bix 15.12.2009) abo B aHANOTIYHUX IOKY-
MEHTAaX HaI[lIOHAIEHOTO PIiBH IHIIUX JEPXKAaB.

TexHiuHi BUMOTH 10 pyKonmucy

O0csr orAnoBoT, MPOOIEMHOT CTATTi a00 JICKITiT
MOBHUHEH CTAaHOBUTH BiJ] 12 710 36 CTOPIHOK MAIIIMHO-
MHCy, OpHUriHajgbHOI crarTi Big 8 m0 24 CTOpPIHOK,
BKITIOYAIOYHM UTFOCTPATUBHUI MaTepial, iHIIAX Ma-
TepiajiB 3a Y3rOMKCHHAM 3 PEIAKIIEr0.

TekcT npykyerscs gepes 1,5 iHTepBanu, po3mip
mpudty 14, rapaitypa Times New Roman. Bigctyn
a63amy 10 mm. Beperu 3 ycix 60kiB mo 20 M.

Crarts moBuHHA OyTH BUKOHaHa Y popmati RTF
a6o «mgoxymeHnt Microsoft Word».

Cmpykmypa pykonucy:

YK

Hasga crarri (6e3 abpesiaTyp)
ArTop(1): iHiIianK, Npi3BUIIE
ORCID inentugikatopu aBTOpiB
E-mail BigmoBigampHOTO aBTOpa

e OdimiitHa Ha3Ba YCTaHOBH, MIiCTO (IJIST KOXK-
HOTO aBTOPA)

e JlaHi mipo 3B'I30K IMyOIiKaIil 3 MITAHOBUMH
HayKOBO-JIOCII/IHUMH poO0oTaMu, pOHIaMHU, IHCTUTY-
IsIMHU, TpaHTaMH (3a X HasBHOCTI)

e Pedepar ykpaiHCbKOIO Ta aHIITIHCHKOK MO-
BaMH.

e Texkcr crarTi

Pegpepam 00 cmammi
(npasuna oopmnenns)

Pedeparn ykpalHCBKOIO Ta aHTIIHCHKOI MO-
BaMU MOTPiOHO HagaBatu obcsiroM Bix 1800 mo 2200
3HaKiB Ta CTPYKTYPYBAaTH 3a TaKUMH pPyOpUKaMu:
Ha3Ba CTaTTi, MPi3BHUIIA TA iHIIIaJK aBTOPIB, iX MicIe
poborn,  akryameHicTh  (Background), wmeta

(Objective), wmeromu  (Methods), pe3yabratu
(Results), miacymox a6o BucHoBku (Conclusion),
kiro4oBi ciosa (Key words).

VY 3BSIBKYy 3 00poOKOIO MeTamaHHX KOXKHOI
CTaTTi XXypHally HayKOMETPHYHMMH Oa3zaMH 3Bep-
TAEMO yBary aBTOPiB Ha OCOOJHBY BaXKJIHBICTH pe-
TENEHOTO OQOPMIICHHSI Ha3B YCTAHOB i MPi3BHII aB-
TOpiB, TaK SK BiJ IBOTO 3AJEKWUTH YCINIIHICTH IX
imeHTUdIKaIll Ta po3paxyHKy HAYKOMETPUYHUX MO-
Ka3HHKIB.

VY TekcTi OpHUTiHANBHOI CTAaTTI BapTo IOICP-
JKYBaTUCh MOCIIJIOBHOCTI 000B’SI3KOBUX CKIIAJI0OBHX:

o Beryn
Merta
Marepianu Ta MEeTOIN
Pe3ynbraTn Ta iX 0OrOBOpEeHHS
[Mizcymoxk (ab0 BUCHOBKH)

[epcriexTHBH MOAANBIINX PO3POOOK

o JliteparypHi mkepena (muB. JJomaTok)

VY TekcTi cTaTTi Bei (i3WYHI BEIHMYUHH Ta OJIU-
HUIN CJIi HaBOAWTH 3a SI, TepMiHHM 3TigHO 3 aHa-
TOMIYHOIO Ta TICTOJIOTIYHOIO HOMEHKJIATypaMmH,
Ha3BM XBOpPOO 3a Ji04or0 MIiKHapOJHOKW Kiia-
cudikaiiero XBOpoO, JIKAPChKI mpemapaTd 3a
MixHapoaHUMU HenmaTeHToBaHUMH HazBamu (INN).

Bci cxopoueHHS mpH iX MepmIioMy 3ragyBaHHI
MoBUHHI OyTH posmm¢ppoBaHi. Bukopucranus cko-
pOYCHB y Ha3Bi cTaTTi Ta pedepari He 103BONISETHCS.

[MocunanHs Ha mepIopKepena B TEKCTI CTaTTi
Tpeba 3/1iHCHIOBATH HaBEACHHSM Y KBAaJPaTHUX JIyXK-
Kax IOpPSIKOBOTO HOMEpa y CHHCKY JITEepaTypHUX
JoKepell. MOXIIMBE TaKoX ITOCWIAHHS y BHIJISAL:
«..Ha aymky LI. IBanoBa Ta cmiBaBTOpiB [8], R.T.

O O O O O
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Smith 3 koneramu [12]...». IlocunanHs Ha Kijgbka
MIEPIIOKEPEN Y TEKCTi CTATTi PO3AUISIOTHCS TaKUM
YUHOM: «...[2, 4, 6-8]».

CraTrTs MOXe MICTHTH Hdiarpamu, Tpadiku Ta
TaOIHII, 110 TOOYAOBaHI BHYTPILIHIMH 3ac00aMu pe-
nmakTopa MS Word. [Ins mo3HadeHHs IPUMITOK peKo-
MEHJIOBaHO BUKOPHUCTOBYBATH HACTYIIHI €JIEMEHTH Y
BianmoBigHiK mocmigosHocti: *, 1, 1, §, |, 9, **, 71, 1.
dotoimocTpanii MOJAIOTECS B EIEKTPOHHOMY
BapiaHTi okpemMumH ¢aiinamu y dopmati JPEG abo
TIFF; po3nineHa 31aTHICTh Ma€ CKJIAJaTH HE MEHIIIC
HiK 150 To4ok Ha AIOHM. Y TEKCTi CTAaTTI PHUCYHKH
moTpiOHO PO3TAIIOBYBATH ICHS MEPIIOTO IIOCH-
JaHHS HA HUX, IIJIUCH 10 PUCYHKIB HABOIUTH MO-
BOIO OPHTIHAJTY CTATTi i 00OB’S3KOBO aHTIIICHKOIO.

Pykommc moBuHEH OyTH peTenIhHO Bifpenarona-
HUH aBTOpamMu. Bei cTaTTi MiAmsATraloTh mpomenypi pe-
[ICH3yBaHHSL.

Jnst mepBUHHOI €KCIEpPTU3M PYKONHUC 1 Bijio-
MOCTI IO aBTOPIB (YCTaHOBH, MOCAIH, HAYKOBI CTY-
TMIeHi Ta BYCHI 3BaHHS aBTOPIB) NOTPIOHO HaACHIIATH
3a agpecoro: morphology@dmu.edu.ua.

VY pa3i OpUMHATTSA CTAaTTi Ha IO X aapecy
HAJICUIIA€TBCS BiZICKAHOBAaHA KOMisl «ABTOPCHKOT
3TOM» 3 MIAMCOM BiAIIOBIZaIFHOTO aBTOPA.

Honarok
JlitrepaTypHi paxepena
(npaBuJia i npukjaaan oGopmJIeHHS CIIMCKY)

Bci mitepaTypHi HOCHIaHHS, SKi HaBEACHI B
po06oTi, 000B’SI3KOBO TOBHHHI OyTH TpeACTaBJICHI B
CIIUCKY MEpIIOKEpeN y MOPSAAKY BHUKOPHUCTaHHS
(mocunanp) y Tekcti. CKOpodeHHs Ha3B KypHAIiB
HaBOJAIThCA 3TiAHO 31 cramapramu Index Medicus
(http://www.wsulibs.wsu.edu/general/journal_abbre
viations.html). 3a gocTOBIpHICTH JaHNX, HABEAEHHUX Y
616iorpagiuHOMY CITUCKY, BiJIIOBIIa€ aBTOP.

Koxxne Bukopuctane Oibmiorpadidne mxepeno
Mae OyTH THO3Ha4YeHe y TeKCTi cTarTi (Y KBaJpaTHUX
nyxkax). [locusanus Ha HeomyOikoBaHi po6oTn abo
MaTepialli Ha IIpaBax pPYKONHCY (IucepTaiii,
aBTOpedepaTn) He TOMYyCKAIOThCS.

KoxxHe mKepeno y CchoHcKy HEOOXiTHO
odopmroBaTH y (POpMAaTi MIXKHAPOIHOTO CTAHAAPTY
Vancouver reference style (NLM/PubMed). ¥V pasi
HasBHOCTI B Mepexi [HTepHeT eneKTpoHHOi Komil
LIUTOBAHOT'O JIOKYMEHTa Oa’kaHo B KiHI
6i6miorpadiuHoro mocuianHs posmimryBatd URL
aZpecy IOKYMEHTa;, 3a HAsSBHOCTI CIiJ] TaKOX
BkaszyBaru DOI abo PMID crarri. [Ipu odopmienni
MOCHJIaHb Ha MEPIOANYHI BUIAHHS, 110 MAIOTh KUTbKa
BapiaHTIB Ha3BW, CIiJ BigmaBaTh TMepeBary
AHIIIIHCHKIH.

Kopomxa incmpyxyis no ogpopmnenro munogux
JIMepamypHux nOCUNAHb BIONOBIOHO 00 MIJNCHAPOO-
Hux  eumoz  Vancouver reference  style

(NLM/PubMed).
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OdopmiteHHs TOCHITaHHS Ha CTATTIO, OIyOITiKO-
BaHy B MEPiIOAMYHOMY BUIAHHI:

Asmopu Hasea nybmixayi¥

Voloshyn MA, Talanova OS. |[The features of
distribution a-SMA in spleen structures in health and
after intrauterine action of antigen]. Morphologia.
2({13;7(2):37-40. Ukrainian.

Haszea
neploouyHO20

Pix Tacinayia BUOAHHA

Moea
8UOAHHA nybnixayiy

Tom | Homep

Heo0xigHO BKa3zyBaTH BCiX aBTOPIB, BiIOKpeM-
JFOBaTH iX OXWH BiX OJHOTO KOMOIO i TPOOiIOM.
IHimiam BKa3ylOThCS TICIA Mpi3BUINA, 3HAKAMHU
MMyHKTYyamii He po3aimsttoTecs. [IoBHI iMeHa aBTOpiB
He HaBoIsThCA. [licis mepeniky aBTOpIB CTaBUTHCS
Kparnka i mpoOin. HasBa myOuikamii HaBOAWTHCS
AHIJIICBKOI0 MOBOIO y KBaJpaTHHUX Iyxkax. [licms
Ha3BH CTATTI CTABUThCA Kparka i mpooin. s crarti
AHIJIICHKOI0 MOBOIO Ha3Ba BKAa3yeThCs Oe3 KBaJpaT-
HHUX IyXOK. HasBa mepionWyHOro BHIaHHS HABO-
IUTHCS AHTIIMCHEKOI0 MOBOIO ab0 TpaHCIITEepalicto
Ha3BH CHMBOJIAMH JIATHHCBKOrO andasity. Hdomyc-
KaeThCsl HABOJUTH 3aPEECTPOBAHE CKOPOUCHHS HA3BH
nepionuyHOro BUIaHHA. [licns Ha3BHM BUIAaHHS CTa-
BHUTBCS Kpamka i mpo6in. [Hpopmamis npo BHIaHHS:
PIK BUaHHS BiJJOKPEMIIIOETHCS KPAITKOIO 3 KOMOIO,
HOTIM HAaBOJAWTHCS HOMEP TOMY, B KPYIJIUX JIy)KKax
BKAa3y€eThCsl HOMEP JKypHally, HiCis ABOKpAIKH MPH-
BOIUTHCS Jiama3oH cropiHok. Jlus craTti, 110
omyOJIiKOBaHa HE aHIITIHCHKOK MOBOIO, B KiHIII chop-
MOBAHOTO TOCHJIAHHS BKa3yE€ThCSI MOBa OpHUTiHAIY.
HonatkoBa iH(popmMaris mpo crartio Homepu DOI
PubMed ID Ta in.

OdopMiIeHHS NOCHIIaHHS HA KHUTY:

Asmopu Pedaxmop

mmkmuk//s(as, Lubsik MD, authors; Panasyukl YeN,

editor. Lektiny v gistokhimii [Lectins in histochemistry]. Lviv:
Vyscha shkola; 1989. 14l4 p- Russian.

Haszea kxucu |
(mpaHcrimepayia i Micye

nepexnao, aUOaHHA

. | Kinsxicmas
BuoagHuymeo  p;,  CMOPIHOK

BUOAHHA

Moea euoarHa

Heo0OxigHO BKa3yBaTH BCiX aBTOPIB, BiOKpEM-
JIOBAaTH iX OAWH BiJ OJHOTO KOMOKO 1 MpOOiIoM.
IHimianu BKa3yrOTHCS TMiCHs TPi3BUINA, 3HAKAMH
MyHKTyamii He po3aimstorecs. [IoBHI iMeHa aBTOpiB
HE HaBOZATHCA. ABTOPH IEPIIOTO 1 IPYTOTo MOPSIKIB
PO3AUIAIOTECS KPAIMKOK 3 KOMOIO 1 TpoOiiomM. AB-
TOPH [IPYTOTO TOPAAKY PENaKTOpH, IepeKIanadi.
[Ticns mepeniky aBTOpiB CTAaBUTHCS Kpamka i mpooit.
Ha3Ba KHHTM: HAaBOIUTHCS TpaHCIHITEpalis Ha3BU
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KHHTH i/a00 Tiepeksia Ha3BU KHUTH aHTJTIHCHKOI0 MO-
BOI0O B KBaJpaTHUX Ny)XKKaxX. SIKIO KHWTra BUIaHa
aHTJIIACHKOI0 MOBOIO, Ha3Ba ii B KBapaTHi Ty>KKH HE
Oepetbes. Ilicnms Ha3BM KHUTH CTaBHTHCS Kparka i
npo6in. Homep Bunanns (y popmari Ist, 2nd, 3rd, 4th
TOWIO), JdoJaTKoBa iH(OpMAIis TPO BHUIAHHA:
BUIIpaBiieHe (rev.), nomoBHeHe (enl.), ctepeoTnnHe
(repr.) Ta inm. 3BepHiTH yBary mepiie BHIAaHHS BKa-
3YEThCSI TIIBKH B TOMY BHIAJKY, SIKIIO JIOCTOBIPHO
BIZIOMO TNpO MoJaJIbIli mepeBuaaHHs 1 Bu nuryere
caMme mepiie BuaaHHsA. Miclie BUIAHHS BKa3yeThCs
MICTO, B KPYIJIMX JAyKKaxXx 3a HEOOXiJHOCTI BKa-
3yeThes KpaiHa. [licns 3a3HaueHHs micns myOmikamii
CTaBUTHCS IBOKpANKa i mpobis. BumaBHUIITBO HaBO-
IUTBCS TPAaHCITITEpOBaHE JIATHHHUICID abo oro
aHDIilicbka HasBa. Ilicisd BHIABHUIITBA CTABUTHCS
Kpamka 3 KoMoro i mpoOin. Pik BumamssA, micns
BKa3iBKM HOTO CTaBHTHCSA Kpamka i mpobim. Obesar
KHUTH B CTOpiHKaX (Harmpukiaz, 568 p.), micis 3a3Ha-
YEHHs HOT0 CTaBHUThCS Kparka i mpoOin. st KHUTH,
110 OmyOJiKOBaHA HE AHTIIMCHKOI0 MOBOIO, B KiHII
MOCHJIAHHS BKa3y€eThCsl MOBA OPUTIHAIY.

OdopmiteHHs TOCHIIaHHSI HA MaTepianu KoH(e-
peHii:

Hazea
Asniop 6 pobonut

Bakeyeva T¥e, Sapruhova VB. Pilipenko DL [Ultrastriicture of
mitochondria in endogenous oxidative stress, mitochondrial
antioxidant protective effect SkQ1]. In: [Proceedings of the IV
Congress of the Russian Society of Biochemistry and Molecular
Biology; 2008 May 11-15;} Novosibirsk, Russia]. Nauka;

2008. p. 32]9. Russian.

Pix IacHayia Moega
BUOAHHA BUOAHHA

Has8a s6ipxu Mamepians, 0ama ma  BudaeHuymeo
MICe NPOseOeHHR operiyil

HeoOxigHO BKa3yBaTH BCiX aBTOPIB, BiJOKpEM-
JIOBaTH iX OJWH BiJ OJHOTO KOMOIO 1 MPOOLIOM.
[Himiamm BKa3yIOThCS TICNA Mpi3BUINA, 3HAKAMU
MyHKTYyamii He po3aiuritoTecs. [IoBHI iMeHa aBTOpiB
He HaBOJAThCA. [licis meperniky aBTOPIB CTaBUTHCS
Kpanka i1 mpo6in. Hasea myOmikarii HaBOIUTHCS
aHIJIIHCHKOI0 MOBOIO Yy KBaJpaTHHUX Iyxkax. [licis
Ha3BM CTaTTi CTABUThCS Kparka i npoOin. s ma-
TepialliB aHITIHCHKOI0 MOBOIO Ha3Ba BKa3yeThCsl 0e3
KBajpaTHUX nyxok. CriomyuHa ¢pasza «In:». Hazpa
30ipHHMKa MaTepianiB KOH(EpPEeHIll, a TaKoX Ha3Ba
KOH(epeHIii HaBOAATHCS AHTIIHCEKOI0 MOBOKO Y
KBaJpaTHUX IyXkax. Jlis marepiani, mo BUIaBa-
JIMCh aHMIHCHKOI0 MOBOIO, IY)KKH HE CTaBIATHCS.

ITicnst Ha3BM cTaBUTHCA Kpanka i mpo6in. Corix 3a3Ha-
YUTH MaKCUMAIILHO TIOBHI BiJIOMOCTI Mpo KoH(pepeH-
Iif0 TaTH TPOBEICHHS, MicIle POBeIeHHs Ta iH. Bu-
IABHUILITBO 3a3HAYacTHCS MICTO BUIAHHSA 1 HAa3Ba BU-
JaBHUIITBA TPAHCIITEPALI€l0 JATHHUICI  abo
aHMIHACHKOI0 Ha3BOM. [licis 3a3HadYeHHS BHUIAB-
HUIITBA CTABUTHCA Kparka 3 KOMOIo i mpooin. Pik Bu-
JAHHS, MICIS HBOTO CTAaBUTHCS Kpamka i MpoOii.
Jliama3oH CTOPIHOK, MIiCJIsl HHOTO CTaBUTHCS Kparka i
npobun.  [lns matepianiB, mo omyOiikoBaHi He
AHITIHCHKOI0 MOBOIO, B KiHIII C()OPMOBAHOTO MOCH-
JIAHHS BKa3YETHCS MOBA OPHTIHATY.

OdopmiteHHS TTOCUIIAHHS HA IATEHT:

Buraxioruxu Ilpasoenacrux

z:umvdnﬂmz/PaseclILm SP, Diachiuk MD, inventors; State
scientific institution ""Scientific and practical center of preventive
and clinical medicine" The State Administration, assignee.
Method for sampling specimen from prostate. Ukrainian patent
UA 74938. 2012 Nov 12\Int Cl. A61B 17/00. Ukranuan.\ o
Koo kpaiw, Hasea  Inoexc MHK_ _g/1>§a gy
nybuxayiy

Ry 2
HOMEp namenny o SHHAOC)
n_v'gju xayit

Heo0xigHO BKa3zyBaTH BCiX aBTOPIB, BiTOKpEM-
JFOBaTH iX ONWH BiX OJHOTO KOMOIO i MPOOiIOM.
[Himianm BKa3yOThCS TICIA Mpi3BUINA, 3HAKAMHU
NyHKTYyanii He po3AisitoTbes. [loBHI iMeHa aBTOpIB
He HaBOJATHCs. [licis meperniky aBTOpIB CTaBUTHCS
KoMa i 3asHagaeThes inventor aGo inventors, cra-
BUTBHCSI Kparka 3 Komoto i npo6Oin. [IpaBoBmacHuk
BKa3YyEThCs iM'sl (MpaBHIIa aHAJIOTIYHI TAKUM IS BH-
HaxinHKUKIB) a00 Ha3Ba oprasizauii, MOTIM IicCIs
KOMH BKa3yeThCs asSigNee, moTiM CTaBUTHCS Kparka
TouKa i mpoOin. HaBomuThcs Ha3Ba BUHAXOMY, MICII
HBOTO CTaBUTBhCA Kpamka i mpoOin. Bkasyerbcs
KpaiHa peecTpallii, a TAKOX THI JOKYMEHTY (TIATEHT),
KOJ KpalHH 1 HoMep maTeHTy. Bei eneMenTH po3aissi-
FOTBCS TIPOOIIaMH, HANIPHKIHII CTaBUTBHCS Kparka i
npo06in. Bkazyerbes mata myOuikarii iHdopmariii mpo
BUJIauy MATEHTy, NOTIM Kparika 3 rnpoOinom. [Haekc
(ingekcn) MixHaponHoi narteHTHOI Kiacuikaril
HaBoaathea micas Int. Cl., Sxmo ix Ginbiie ogHOrO
PO3AUISIFOTBCS KPATKOIO 3 KOMOKO. [Ticist 3a3HauCHHS
BCIX IHIEKCIB CTaBUTHCSA Kpamka i mpooin. s ma-
TepiaiiB, BUIAHUX HE aHTITIHCHKOI0 MOBOIO, B KiHIIi
cOpMOBAHOTO  IOCWJIAHHS  BKAa3yeThCS  MOBa
OpUTIHAITY.

Anpeca penakii: 49005, Ykpaina, M. JIainpo, Byn.CeBacTomnoibchka, 19.
Penaxmis xypraxy «Morphologiay.
Ten.: 0974584284,
E-mail: morphology.ivt@gmail.com
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AUTHOR GUIDELINES

General requirements

This information is based upon the "Uniform
Requirements for Manuscripts submitted to Biomed-
ical Journals" which authors can find online www.IC-
MJE.org.

Journal «Morphologia» publishes reviews and
topical articles, lectures, original papers, case reports,
review and comments on publications, manuals and
monographs, materials in research methodology, an-
nouncements, news, reports, presentations, and mate-
rials on the history and chronicles in morphology.

Editorial office examines materials of publica-
tions in compliance with copyright and ethical norms.
Editorial Board accepts the materials written in Eng-
lish and Ukrainian languages.

When submitting a manuscript, authors should
consider and disclose potential conflicts of interest or

clearly state their absence (more information can be
found in section «D. Conflicts of Interest» of the
"Uniform Requirements for Manuscripts submitted to
Biomedical Journals™).

In the case when submitted manuscript contains
personally identifiable information of study partici-
pants authors should provide their written permission
to publish such materials.

In the manuscripts should be clearly indicated
compliance with the principles of bioethics set in the
Declaration of Helsinki and in the Law of Ukraine
"About protection of animals from violent behavior”
(Ne 1759 -VI 15 Dec 2009) or equivalent documents
of the national level of other countries.

Technical requirements for the manuscripts

Size of Review, critical articles or lectures
should be from 12 up to 36 typewritten pages, original
articles from 8 up to 24 pages, including illustrations,
other publications on consideration with the editorial
office.

The text is printed with 1.5 line spacing, font size
14, Times New Roman. Paragraph indent 10 mm, all
margins 20 mm.

Article must be done in RTF or «document Mi-
crosoft Word».

The structure of the manuscript:

«UDC

« Title of the article (no abbreviations)

* Author (s): initials, surname

* ORCID identifier of every author

« e-mail of the responsible author

* The official name of the institution (affiliation),
the city

* Data about communication of publication with
the planned research project, foundation source, insti-
tutions, grants (if available)

* Summary in English language

* Text of the article

Abstract of the article

(Design rules)

Extended abstract (from 1800 up to 2200 sym-
bols) in English should be submitted with next man-
datory elements: title of the article, Family name and
first names of all authors, their affiliations, the actu-
ality of research (Background), purpose (Objective),
methods (Methods), results (Results), conclusions
(Conclusion), keywords (Key words).

Because of the processing of the metadata of
each article by scientometric databases authors
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should pay especial attention to the particular im-
portance of careful designation of names of institu-
tions and authors, as it affects the success of their
identification and calculation by scientometric indi-
cators.

In the text of the original article authors should
follow the sequence of mandatory components:

0 Background

0 Purpose

0 Materials and Methods

0 Results and discussion

0 The conclusion (or conclusions)

o0 Prospects for further investigations

0 References (see Appendix)

In the text of the article all the physical units
should be given in system Sl, terms according to the
anatomical and histological nomenclature, names of
diseases according to the current International Classi-
fication of Diseases, drugs at the International
Nonproprietary Name (INN).

All abbreviations at their first mention must be
decrypted. Use of abbreviations in the title and ab-
stract is not allowed.

A citation of the original documents in the text
of the manuscript should be implemented in square
parentheses indicating the sequence number in the list
of references. Acceptable also to cite as: according to
I.l.lvanova et al. [8], RT Smith and colleagues [12].
Citations of several primary sources in the text should
be separated as follows: [2, 4, 6-8]".

Article may contain diagrams, graphs and tables
constructed by internal means of MS Word. To de-
note footnotes, it is recommended to use the elements
in the following order: *, 1, £, §, ||, 9, **, 1+, £1. Pho-
toillustrations are submitted electronically as separate
files in JPEG or TIFF with minimal resolution 150
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dpi. The text of the article should include drawings
after the first reference to them, figure captions need
to be done in the original language and in English
mandatory.

The manuscript should be carefully edited by the
authors. All articles are subjected to peer review pro-
cedure.

For primary expertise manuscript and infor-
mation about the author (affiliation, position, scien-
tific degrees and academic titles of authors) should be
sent to e -mail at: morphology@dmu.edu.ua. In case
of article acceptance a scanned copy of the "Copy-
right Agreement™ with the signature of the responsi-
ble author is sent to editorial office.

Appendix
References
(Rules and examples of the list)

All references cited in the paper must be ar-
ranged in a list in order of their first mentioning in the
text. Abbreviations of journal titles are provided in
accordance with the standards of Index Medicus. The
author is responsible for the accuracy of the data pro-
vided in the bibliography.

Each used bibliographic source must be desig-
nated in the text (in square parentheses). References
to unpublished work or materials as a manuscript
(dissertations, reports) are not allowed.

Each source in the list should be composed an
international standard format Vancouver reference
style (NLM/PubMed). In case of presence of the elec-
tronic copy of the cited document in the Internet, it is
desirable to place the URL of the document at the end
of the reference, also indicate the DOI and PMID of
the article if it is available. When citing periodicals,
with more than one title, preference should be given
to English one.

Quick start guide on the arrangement of stand-
ard references in accordance with international re-
quirements of Vancouver reference style.

Reference to an article published in a periodical:

Authors Article title

// \
Voloshyn MA, Talanova OS. [The features of
distribution a-SMA in spleen structures in health and
after intrauterine action of antigen]. Morphologia.

20‘13;7(2):37—40. Ukrainian.

Date of Location
o] Language of
ublication \, (Pagination) publication

Journal title

Volume and Issue

All authors should be indicated, separate them
with a comma and a space. Initials are placed after the
surnames, they are not separated by punctuation. Full
names of the authors are not given. After the list of
authors put a dot and a space. Article title written in
English is given in square parentheses. After the title

of the article put a dot and a space. For publications
originally written in English title is not placed in
square parentheses. Indicate journal title in English or
by transliteration with symbols of the latin alphabet.
It is possible to use the registered abbreviation of the
periodical title. The title of the journal is preceded by
a point and a space. Publication Information: year of
publication separated by a semicolon, and then the
volume number, the number of issue, placed in paren-
theses and after them put the colon and pagination.
Additional information about the article DOI, Pub-
Med ID, and so on could be added at the end.

Reference to a book:

Authors Editor
e
Lutsik AD, Detyuk YeS, Lutsik MD, authors; Panasyuk YeN,
editor: Lektiny v gistokhimii [Lectins in histochemistry]. Lviv:
Vyscha shkola; 1989. 14|4 p- Russian.

- Title .
’ (transliterated and oy

< eof
| Number translated) pilbheation

Publisher Date of of pages

publication Language of

publication

All authors should be indicated, separate them
with a comma and a space. Initials are placed after the
surnames, they are not separated by punctuation. Full
names of the authors are not given. The authors of the
first ans second range are separated by semicolon.
The authors of the second range editors, translators.
After the list of authors put a dot and a space. Book
title: original name in English or transliteration/trans-
lation with the symbols of latin alphabet in square pa-
rentheses. After book title there is a dot and a space.
Number of issue (in format 1%, 2", 34, 4™ additional
information about issue reviewed (rev.), enlarged
(enl.), representational (repr.) etc. The first edition is
mentioned only in case of assured existence of more
than one editions of this book. Place of publication
specify the city and if it is important country in paren-
theses. After specifying the place of publication there
is a colon and a space. Publisher indicated in Latin
transliteration or in its English name. After publisher
there is a semicolon and a space. Year of publication,
after pointing it put a dot and a space.

Reference to a conference materials:

et
Bakeyeva Le, Sapru‘nova VB. Pilipenko DL [Uhmm'ctme of
mitochondria in endogenous oxidative stress, mitochondrial
antioxidant protective effect SkQ1]. In: [Proceedings of the IV
Congress of the Russian Society of Biochemistry and Molecular
Biology; 2008 May 11-15;\Novosibirsk, Russia]. Nauka;

20|0& p- 329. Rus\s\lan. Conference title (Book fitle), date and Publzlher
te of \ Language of

Authors of Paper

place of conference
publication publication
Location
(Pagination)
All authors should be indicated, separate them
with a comma and a space. Initials are placed after the

surnames, they are not separated by punctuation. Full
names of the authors are not given. After the list of

137

MORPHOLOGIA 2024 « Tom 18 « Ne 4


https://sites.google.com/a/dsma.dp.ua/morphology/home-page/author-guidelines/editorial-policy
https://sites.google.com/a/dsma.dp.ua/morphology/home-page/author-guidelines/editorial-policy
mailto:morphology@dmu.edu.ua
https://docs.google.com/a/dsma.dp.ua/viewer?a=v&pid=sites&srcid=ZHNtYS5kcC51YXxtb3JwaG9sb2d5fGd4OjIyYmU2YmUxNGM1MTNmMDM
https://docs.google.com/a/dsma.dp.ua/viewer?a=v&pid=sites&srcid=ZHNtYS5kcC51YXxtb3JwaG9sb2d5fGd4OjIyYmU2YmUxNGM1MTNmMDM
http://www2.bg.am.poznan.pl/czasopisma/medicus.php?lang=eng
https://www.ncbi.nlm.nih.gov/books/NBK7256/
https://www.ncbi.nlm.nih.gov/books/NBK7256/
https://www.ncbi.nlm.nih.gov/books/NBK7256/

authors put a dot and a space. Publication title written
in English is given in square parentheses. For publi-
cations originally written in English title is not placed
in square parentheses. After the title of the publication
put a dot and a space. Connecting phrase «In:». Name
of the conference written in English in square paren-
theses. For the conferences originally named in Eng-
lish the name is not placed in square parentheses. Af-
ter the title, put a dot and a space. The most compre-
hensive data about the conference should be indicated
dates, place and so on. Publisher the city of the publi-
cation and publisher name transliterated with Latin al-
phabet or English name. After specifying a publisher
put a semicolon and a space. Year of publication with
a dot and a space. For materials published not in Eng-
lish, at the end of the reference indicate the original
language.

Reference to a patent:

Inventors Assignee
Zhuravchak AZ, Pasechnikov SP, Diachuk MD, inventors; State
scientific institution ""Scientific and practical center of preventive
and clinical medicine” The State Administration, assignee.
Method for sampling specimen from prostate. Ukrainianpatent

|

UA 74938. 2012 Nov 12\ Int. CL. A61B 17/00. Ukrainian. | dogument
Patent

Country code, pDgte “L“ga’ Tfermmtnrasl Cmfgy

patent number Title Clasgzﬁca!mn é?i%%ié%%{eo?’if

All authors should be indicated, separate them
with a comma and a space. Initials are placed after the

surnames, they are not separated by punctuation. Full
names of the authors are not given. After list of au-
thors (inventors) put the coma and word ‘inventor’ or
‘inventors’, then the semicolon and space. Assignee
put the name of person (the same rules as for the in-
ventor) or the name of organization, then put coma
and the word ‘assignee’, than dot and space. The title
of the invention; put a dot and a space after it. In-
dex(es) of the International Patent Classification
given after Int. Cl., If more than one separated by a
semicolon. After specifying all the indices put a dot
and a space. For materials not published in English at
the end of the reference indicates the original lan-
guage.

Address of the editorial office: 49005, Ukraine, Dnipro, Sevastopolska str., 19.
Editorial office of the journal «Morphologia».
Tel.: +380974584284.
E-mail: morphology.ivt@gmail.com
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