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N.I. Maystruk, T.A. Boyko, Ye.Yu. Shapovalova

Comparative Analysis of Apoptosis and Proliferation Process-
es in Cells of Pancreas and Mesonephros of Human Embryos

Su 56 human embryos were studied in the age from 21
days to 12 weeks of the intrauterus development at absence of the
obviously expressed damaging factors of external environment, which
includes stage X - XXIII and beginning of the fetal period by classifi-
cation of Carnegje institute, index of proliferation (Ki-67-positive cells),
index of apoptosis (p53- positive cells), index of readiness to the apo-
ptosis (CD95- positive cells) and antiapoptosis index (Bcl-2-positive
cells) of mesonephros cells have been revealed. In developed meso-
nephrons indexes of proliferation and apoptosis of their cells approx-
imately are identically high. The index of readiness to the apoptosis
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and antiapoptosis index is not high. In the epithelium of pancreas main|
duct as far as maturing of embryos the proliferation index and antiap-
optosis index go down gradually, but remain notedly higher, than in-
dex of apoptosis and readiness to the apoptosis. By the 12th week of
gestation (embryos 70 mm of length) indexes of proliferation and ap-
optosis substantially higher in mesonephros as compared to pancreas. An
index of readiness to the apoptosis and antiapoptosis index are at identical
level.

Key words: human embryos, proliferation, apoptosis, mesoneph-
ros, pancreas.
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ABTOMATH3HPOBAHHBIH AHAJIH3 KPHOMHKPOCKONHYECKHX Npenaparos
Kadeapa rucTONOMVH, LMTONOTHE, H IMGpHOIOrHH (3a8. Kad. — npod. C.HO.Macnoecekuit)

XapbKOBCKOTO HALMOHATEHOTO MEJHLHHCKOTO YHHBEPCHTETA

"X apbKOBCKHH HAIMOHANBHEIA YHHBEPCHTET PATHOINEKTPOHHUKH

*YuusepcureT WM, JleHiGuuua, Manxosep, lepmanis

Pesiome. B pesynsrare HecnenoBaHui paspaGoTaHbl METOIBI H
nporpaMmHoe obecrieeHue /Ui ABTOMUTH3KPoBaHHOH 06paboTku
KPHOMHKPOCKONHYECKHX MPENapaToB €HAOTCINA H ONPEACICHIA
00beMa KICTOK NPH KPHOKOHCEPBHPOBAHHK. Peain3oBaHbl METOMILI,
[03BONAIOLIME YCTPAHATD apTe(aKThl OT KPHCTAILIOB JIbJA NIPH 3aM0-
paKMBaHKH KpHompenaparoB. OHAKO 3TO NPHBOIMT K YMEHBILICHHIO
KoMMYeCTEa HAOMONaeMbIX 0OBEKTOB, NITOMY HeoOXOAHMO paspa-
GaTslBATE METOABl 3AMOPAKHBAHUA ¢ MUHHMAJIBHBIM KOIH4YECTBOM
apTed)akToB OT KPHCTA/LIOB JibJla.

Knrouessie c1o6a: Kpuonpenapamsi, Cezmenmayius usoopaice-
Hidil, GHAIH3 U30OpaXcenui.

Tlocranosxa npoliieMbI H AHAJIHS IOC/IIHHX HCC/IEI0BAHMIL
OcHOBHOM MPHYMHO# CPABHHTE/IHHO HH3KOTO YPOBHSA aBTOMATH-
3a1(4K NPOTPAMMHBIX [POIYKTOB IS aHAJ32 GHOME/THIMHCKIX
w306paxkeHHit ABIAETCA BhICOKas BapuabesHOCTh GOMBIIHH-
crBa GHonorHYecKuX CTpYKTYp. [T03TOMY COBEpLICHCTBOBAHNE

CYIIECTBYIOMMX 1 pa3paboTka HOBBIX METOAOB H IIOAXOA0B /s
ananu3a (U B MIepBYIO O4epelb - 1A CerMeHTaunn) SHomean-

[MHCKHX M306pakeHHil JOImKHBI GbITh OCHOBAHBI HA H3YYEHHH

crienubHKH BA3YATH3ALHA HCCenyeMbIX 00bekToB. B HacTos-
mee Bpems Ga3oBsle TMOAXONBI K CerMeHTalMH H300paxkennH
JOCTATOYHO XOPOIO OcBeIneHb! B reparype [1-7]. [Ipu aTom
MOHO ONpe/IeJHTh NATh OCHOBHBIX KJIACCOB METOIOB CErMEH-
Taumy 00BEKTOB: NIOPOTOBbIE, HapaluMBaHuA obnacTeil, Bbije-
JIeHHs IPaHHLL, KOppeIALHOHHELIE H TeKcTypHsIe. [Tocieanue nsa
HAXOAT JIMIIb OIPAaHWHEHHOE MPUMEHEHHE TIPH AHAIN3E M30-
GpaxkeHnit GHONOrHYECKHX O0BEKTOB, BEHAY BBICOKOH HHIMBH-
AyanbHON M3MEHYHBOCTH HX MEOMETDHHECKHMX H ONTHHECKHX
CBOMCTB, @ TaK K€ XapaKTepHCTHK OKPYXKaloLUX CTPYKTYD.
OcHoBHO# 3ana4elt MPH 3TOM sBJIAETCA paspaboTka METOLOB,
QIFOPHTMOB H TIPOrPaMMHOTO ofecneyeH s Is aBTOMATH3H-
posanHOH 06paboTKH H300paKeHHHA MHKPOTPENapaToB ¥ MOHH-
TOPHHTa H3MEHEHHA 00BEMOB KJIETOK B IPOLECCE 3aMOpaKH-
BaHMA.

Marepnaj H MeTOAbI uecaenoBaHui

Hcenenopasus MpOBOAKIMCH HA MpENapaTax 3HA0Te/HA KHBOT-
HLIX C TOMOIIEIO M POBOI KPHOMHKPOCKOTTHYECKOH YCTaHOBKH, CO-
CTOsIEH W3 CTEPEOCKONMYECKOro MHKpockona Zeiss PrimoStar ¢
TPHHOKY/IAPHOH HAacaakoH, NO3BONAIOMmEH NOAKMOHaTE UH(POBYIO
OKY/ISPHYIO BMACOKAMEPY, CHUMKH C KOTOpOii ¢ 4actoroii 2 kanpa »
ceKyHay nepeaasanics yepes USB-unrepdeiic B [IOBM ana nans-
HeHureit o6paboriy 1 aHaak3a. [Tpenapar pasveraics Ha MpeaMEeTHOM
CTONHMKE MHKPOCKONA B CIICIMATBHON KPHONPHCTABKE, K KOTOPOH C
MOMOIIIBEO TEPMOH3OIHPOBAHHBIX KPHOIIUIAHIOB [104ABAJICH KHIAKHH

a30t. [IpoTOKON KPHO3AMOP&KHBAHMS BK/MIOYAI B Ce0f NOHIKEHHE
temneparypsi ot +4°C j0 - 70° C. ITpu 3tom a5 06paborky noaro-
TaMBaics Habop uzoOGpaxennii (DataSct).

Pe3yabTaTh! HCCIEA0BAHHH H HX ofcyxaenne

O6paboTKy H300paXkeHnii MHKPOTIPETIAPATOB MOKHO pas-
GUTHL HA HECKOJIBKO ITANoB, OCHOBHBIMH H3 KOTOPBIX AB/AIOTCS
3TAI NpeABapHTeIbHOH 06pabOoTKH, CErMEHTallH MHKPOOOBEK-
TOB M MX onHcaHui. PaccMoTpuM noapoOHO JaHbIe 3Tambl.

Ipensaputenshas 06paboTka u306pakeHHiT BKTIOUALT &
ce6fl FCTOrPaMMHYIO KOPPEKLIHIO H MEJTHaHHYIO (HIbTPaLHiO
w306pakeHnH, HANPaRICHHbIE Ha PACIIHPEHNUE TOHOBOTO IHATIA-
30Ha, KOPPEKLHIO HEPABHOMEPHOCTH OCBEILCHUA 1 YCTPaHEeHHE
JIOKATBHBIX TIOMEX.

ran cerMeHTauM| H300pae i, KOTOPLIH NeHTCA Ha iBe
cTaguu; Tpy6oli cerMeHTAlMH H pasMeTKH OOHapyKeHHBIX
obbexToB. Pesynbrarom rpyGoi cerMeHTaLy ABIAETCA NOCTPO-
eHHe GHHAPHO XapaKTepPHCTHUECKOH (yHKLINA H300paKeHHS,
pasrpasmumBaiomei oGnacti 06beKTOB ¥ poHA. AIPHOPHBIMH
JAHHBIMH [T CerMeHTaLMH ITPH 3TOM ABJISIOTCA: JOMYIICHHSE,
910 H306pakeHuHe ABIAETCA CyMMOH nMpeAcCTaBleHHH BCex
obnactell 06beKTOB, Ha H300pakeHuy (BKmOYas QOH Kax
06BexT), 1 00;1acTH 0OBEKTOB, HAXOAALIHECS HA H300paKeHHH,
HE NEPEKphIBAIOTCA. YUMTBIBAA, YTO NPH KPHOMHKDOCKOTIHKE
GONBUIMHCTBO KIETOYHBIX CTPYKTYP, ABJISIOLIMECS 00beKTam
CEerMeHTalMH, CYLUECTBEHHO He OTIMYAIOTCS 10 MHTEHCHBHOCTH
¥ LBETOBBIM XapakTepHCTHKaM OT (poHa, HO HMEIOT SPKO BbIpa-
JKeHHbIE KOHTYPBI, LeJIeco00pa3HbIM AB/IAETCS NMpoBeJeHHE Cer-
MEHTALMHK Iy TeM BbUIeNIeH!s rpaHuiL. JJaHHbI# METO NO3BOIIAET
C MOMOLIBIO ONepalHii MPOCTPAHCTBEHHOrO AU HepeHLMpo-
BaHWA BbIJIEJATH KOHTYPHBIE XapaKTEPHCTHKH 0OBEKTOB M OC-
HOBaH Ha BEIYHC/IEHHH IPAJMEHTHBIX XapaKTePHCTHK H300pake-
HuA. Ha 3aKmoyHTeNIbHOM 3Tane BhINOIHACTCA ONHOPOAHES
3a/IHBKa OOHApYXEeHHbIX 00bEKTOB Ha H300pakKEeHHAX.

Ha cTajuu pasMeTky u300paKeHHs Ha OTAEbHbIE 00beKTs:
BBITIOJIHAETCH MOCTPOYHOE CKAHHPOBaHHe OMHApHOH xapakTe-
pHCTHYECKOH (yHKLIHH CKOJIB3ALUMM OKHOM H IPOBEPKOH CMe#-
HOCTH 21eMeHToB obHapyxeHHbIX 00beKToB. [Ipouenypa Be-
MOJIHAETCA PEKYPCHBHO [0 NOJIHON pasMeTkH H300paKeHHS.

Jlasiee BRIMO/IHACTCH YCTPaHEHHE JIOXKHBIX OOBEKTOB ¥ apTe-
(aKTOB C MOMOLIBIO JiorHueckoi pubTpaumi. [lapameTpst ac-
rugecko (PWIBTPaLMK ONPEIEIAIOTCA IMITHPHYECKH, HCXO1%
M3 XApAKTEPHCTHK MCKOMBIX 00beKTOB. [IepBbiM JTanom e
eTCs yoTpaHeHHe MATBIX 110 [UIOIIAM 0GHEKTOB, ARIAIGIIAXCS
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HacTAMH KJIETOK M KPHCTA/UIOB, @ TAK e CIMBLUMXCH KIETOK U
HX aHcamGneli, HEMOMIAIOIUXCA AHANH3Y BCAEICTBHE Hapy-
ILICHHUA NOTIYILEHHH PH CErMEHTaLWH H 3aHUMAFONIHX Oo/blIHe
TUIOIaAK. Y4HTLIBAs, YTO PACCMATPHBAEMbIE KITETKH SB/ISIOTCS
0GBeKTaMU ¢ MOYTH HAeATLHOM Kpy ol opMoii, noaTomy mis
BBITAHYTHIX O0BEKTOB, GIH3KMX K HHM MO MUIOMIEIH, NPUME-
HACTCA QUIIBTPaLMA 10 3HaYeHMO Koa(duupenTa mowany.
ITpu 3TOM BLINOITHAETCA HAXOKAEHNE TUAMETPA KAk A0r0 05BeK-
Ta H COOTBETCTBYIOLIEE HAXOMIEHHE [UTOLIAIH AHATHTHYECKH,
a TaK e IyTeM YHCJIEHHOMO NoACYeTa NPHHALIEKALINX eMy
IEMEHTOB. 3aTeM, MO BeaHYHHe KoxpdUUHEHTa OTHOLICHUS
nnomaned onpenenaeTcs CTeNeHb BHTAHY TOCTH (OPMBI Kaxk-
noro obpabarsisaemoro obbekTa. Takim 06pazoM, yeTpausores
apTe(akTsl OT KPHUCTAIUIOB JIbAA ¥ «CIIMIIIHECA» KIETKH.
O6LeMHOCTE BErYACIeHHET TPH BBIMOTHEHMH OTIHCAHMA OGHapy-
HMEHHBIX OOBEKTOB CBA3aHA C HEOGXOIMMOCTLIO 00pabarsisaTs
GoJbIIOe KOTMECTBO M30GPaXKeHHIt H NPOCIEKHBATE PACO-
JI0XEeHHe Kaknoro obbexra B Habope nanHbIX. Ha npakruke, He
Gonee 20% oGHapYXeHHBIX 0GBEKTOB MOFYT GbiTh NPHMOAHEI
At 06paboTKm HA BeeX M300parkeHHAX Habopa JaHkIX,

Brisoas!

B pesynerare pabotst paspaGoTaHbi METOIBI H IIPOrpamMMHoe
obecredende /T aBTOMATU3UPOBAHHONH 06pPaboTKH Kpuo-
MHKPOCKOITHYECKHX MPENapaToB U onpeeneHus 00bema KIeToK
NPpH KPHOKOHCEPBHPOBaHMH. Peann3osaHsl MeTobI, MO3BOS-
IOIIHE YCTPaHATh apTe(hakThl OT KPHCTAIUIOB /b NPH 3aMopa-
JKHBAHHH KpHOMNpenaparos. OHaKo 3TO NPUBOAMT K yMeHbILIe-
HHIO KOTHYeCTBa HabmogaeMsiX 0OLexTOB, MO3TOMY Heobxo-
AAMO paspabarTsiBaTh METObI 3aMOPaKHBAHHA C MHHHMAJIbHBIM
KOJIRYECTBOM apTe(aKToB OT KPUCTALIOB JTBIA.

IepenexTnBoi ganbHeHWAX HeeienoBaHuii ecTs paspa-
GoTka nporpaMMHOT0 06ecreueHHs 1158 MOHHTOPHHTa H3MeHe-
Hust 00bemMa KIETOK NPH KPHOKOHCEPBHPOBAHHK B aBTOMATH-
YECKOM PEXHMME C BO3MOKHOCTBIO HKCNPECC-aHANIM3A W KOH-

TPOJA CTATyCa Mpouecca 3aMopaKHBaHHA.
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ABTOMATH30BaHUI aHAND Kpiomikpockoniuumux npenaparis

Pesiame. Y pesynurari nocimkeHb pospoGnesi METOIM Ta mporpam e
3a0e3NeyeHHA A1 aBTOMATH30BaHO! 06poBKH KpioMiKpOCKOMiTHIX
Mpenaparie eHAOTeNi}0 Ta BU3HAYeHHA O6’eMy KRTHH npw
KpioKoHCepByBaHHi. Po3poGineti MeToM 103BONSIOTS YCYBaTH apTedaKTH
BII KPHCTaNiB 160y MPH 3aMOPOXKYBaHHI npenapartis. OnHak ue
NIPH3BOIMTS A0 3MEHUIEHHS KibKOCT] criocTepesxyBaHmx 06’ ekTis, ToMy
HEOOXLIHO PO3POGTTH METOAH 38MOPONYBAHHS 3 MIHIMATLHOIO KLBKICTIO
apredaxTip Bin KpUcTATE NLOIY.

Kmiouosi chosa: kpionpenapamu, cezmenmayin 306pacens, anani
300paHcerin,

S.¥ Maslovskiy, O.S. Maslovskiy, O.G. Avrunin, B. Glassmaher

Automated Analysis of Cryo Microscopic Preparations

Summary. As a result of researching the methods and software for
automated processing of cryo microscopic preparations and endothelial
cells in determining the volume of cryopreservation were developed. The
developed methods allow to el iminate the artifacts from ice crystals during
freezing preparations. However, this leads to a reduction in the number of
observed objects, so it is necessary to develop methods of freezing the
minimum number of artifacts from ice crystals.

Key words: cryo preparations, image segmentation, image analysis.
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YabTpacTpyKTypHi 3MiPH KOMNOHEATIB S€4Ka Mic/ 15 JIKYBaHHS BapHKONeJie 33 10N0MOroi0 onepanii 3a

IBanicceBuaem

Katenpa oneparussol xipyprii Ta ronorpadiunoi anaromii (3as. kad. - npodp. I' 5. Kociok)
BiHHHLILKOMO HALIOHAIBHOTO MEHYHOrO yHiBepeuTeTy iM. M.I. IMuporosa

Pezrome. Beranosneri cyGMikpOCKOITi HHi 3MiHU CTPYKTYPHHX KOM-
TMOHEHTIB A€4Ka Nics onepanil 3a IsaHiccernyem, nposeaeHol yepes
30 ni6 micns MoemoBanHa Bapukouene. CTBOPIOBANH MOAEL BapH-
kouene Ha GesnopogHux cobakax-camiix, Macoro Bia 9 1o 12 kr. Yepes
60 1i6 nicns creopenHs moaeni saprkouee Ta 30 ai6 nicns onepauii
3a Isaniccenuuenm nocnimkyeann oGuasa seuxka. B ronanax Tsapun
micns onepauii 3ANHINAKOTECA HETAaTHBHI 3MiHH BCIX CTPYKTYPHHX KOM-
noHexTis Aeuka. CriocTepiracTbea 3MEHILIEHHS JiaMeTpy 3BUBHCTHX
CiM’SHHX KaHATBIIIB, MOTOBLUIEHHS iX BracHoi oGonoHkH. Buasneni
AingHKH CiMAHMX KAHAALUIB, A€ BCTAHOBAEHI O3HAKM AeCTpykKilil
CMNEPMATOreHHX KIiTHH CNEPMATOLIMTax NEPLIOTD i APYroro nopaaxis.
Hasisri ninsum, ae 36inbieni MixktiTrini npomixkd. B inteperuuii
3HAXOAATHCS TEMOKANINIAPH 3 HEPIBHOMIDHUMH, MEPEBBKHO POIILIU-
PEHHMH | 3BY)KCHMMH NPOCBiTAMHM, AKi 3aMOBHEHI EPUTPOILMTAMH,
TpomBoumTamy, BinmivatoTsca tiMpoum. CnocrepiracThcs HaGpsk
inTepeTHLLIO Ta HEBENHKI OCEPENKH MepHBacKyaspHOro dibpoay. Crio-
CTEpiraloThes NOUKOAKEHHI CIepMaT0301aH, Noaibni Ha BcTaHOBNEHI
npu BapHkouene Oe3 kopexuii. Bussneni nowkoaxeHi KIiTHHH
Jlefinura.

Kuwouosi crosa: sapurxoyene, MooeniosaiHa, AEYKo, NiKp6anna,
EIEKMPOHHE MIKDOCKORIA.

INocTanoBka npobsemn i ananis ocTaHHIX J0CTILKEHD.
BHBYEHHA NATOreHETHY HUX MEXaHi3Mis hopMyBarHs Ge3rumins
Y 4OJIOBIKiB TIPH NOPYIIEHHAX KPOBOOGIry S€Y0K € iCTOTHAM i
HeoOXiIHWM L1 po3po0Ku MeTOIB GLib1n TOYHOT DiarHOCTHKY
i posenenns 6inbur ed)eKTHBHOTO JTikyBaHHs 40T0BIO] iHbEp-
TWILHOCTI [7]. TTOUIKOMKEHHS CIEPMATONeHHOTO ETTITEIIIO € 0C-
HOBHOK NPHYHHOO NOPYLIEHHS CriepMaToreHesy i o0ymMoRneHo
NpH BapPHKOLIE/IE MOPYLIEHHAM TECTHKYJIAPHOTO KPOBOTOKY Ta
rineprepumieto [8].

TpH BTOpHHHOMY BapHKOLIENE CTIOCTEPIraETLCA NiBULLIEHHA
riAponMHaMi4HOTO THCKY B CHCTEM JIiBOT HUPKOBOT BEHH, PO3-
WIMPEHHA A€YKOBOT BEHH 3 HOPMANBHOK GYI0BOK BEHO3HOT
CTiHKH, (JOpPMyBaHH HEJOCTATHOCTI KJIaNaHiB i BUpaKeHOro
PeTpPOTpazHOro NOTOKY B 1030MoAiOHOMY crineTiHHi [6]. Hemae
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