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BHYTPUTPYMNMNOBAA HEOAHOPOAHOCTb MOP®OJIOTMYECKUX U MONEKYJTAPHO-
FEHETUYECKUX NMOKA3ATEJNEN Y KPbIC IUHUN BUCTAP B YCNOBUAX
SKCMNEPUMEHTAJIbHOIO ®UBPOINEHE3A

NMEBEQEBA E.W., *KYLWUH M.K., ‘NIAOUK H.O., 2KPACOYKO MN.A., 36ABEHKO A.C.
YO «Bwutebckuin opaeHa Opyx0bl HAPOAOB roCyAapCTBEHHbIN MEOANLMHCKUA YHUBEPCUTETY,
r. Butebck, Pecnybnnka benapycb
2y «BuTebckas opaeHa «3Hak MoyeTa» rocyaapcTBeHHasi akageMust BETEPUHAPHON MEANLMHDI»,
r. Butebcek, Pecnybnuka benapycb
3YO «Bbenopycckuii rocyaapcTBeHHbI MEAULIMHCKUIA YHUBEPCUTETY,
r. MuHck, Pecnybnuvka benapycb

lMpu modenuposaHuu mMoKcu4Yeckoao ubpo3a rnedyeHU KpbIC JIUHUU Bucmap ycmaHoeneHa
HEOOHOPOOHOCMb  3Ha4yeHuld U, MO-8UOUMOMY, peakyul OCHOBHbIX MoKa3amesnel €20
rpozpeccuposaHusi, B8K/Yass MapKepbl — 1amosio2uU4ecKo20  aHauoz2eHe3a U  HaKor/IeHust
coeduHumerneHoU mkaHu. OmmeydeH psad uHOusudyarbHbIX peaKkuuli XUBOMHbIX Ha eo3ldelicmeue
aKcriepumeHmarnbHbix ycrosud. lNpu usydyeHuu aghghbekmos aKkcriepuMeHmaribHbIX ycrnosut 8 modernu
ubpo3za rnedyeHu C UCMOAL30BAHUEM KpbIC JIUHUU Bucmap Heobxodumo y4yumbieamb
uHOuguOyaribHble 0COBEeHHOCMU peakyuu XUueOmHbIX. WMcrionb3o8aHue yCpeOHEeHHbIX 3HavyeHul
Moxxem ckpadbieamb peasibHble 3¢hghekmbl U NpueodUMb K OWUBOYHbLIM 8ble0dam.

Knroyeebie cnoea: Kpbicbl, muoauyemamud, ¢ubpo3 nedeHu, mopgonoausi, cocyodnbl,
akcrnipeccusi MPHK.
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INTRA-GROUP HETEROGENEITY OF MORPHOLOGICAL AND MOLECULAR-GENETIC
PARAMETERS IN WISTAR RATS UNDER CONDITIONS OF EXPERIMENTAL FIBROGENESIS

ILEBEDEVA E.I., IKUSHCHYN M.K., *LADZIK N.O., 2KRASOCHKO P.A., SBABENKA A.S.
lvitebsk Order of Friendship of Peoples State Medical University, Vitebsk, Republic of Belarus
2Vitebsk State Academy of Veterinary Medicine, Vitebsk, Republic of Belarus
3Belarussian State Medical University, Minsk, Republic of Belarus

When modeling toxic liver fibrosis in Wistar rats, heterogeneity in the values and, apparently,
reactions of the main indicators of its progression, including markers of pathological angiogenesis and
connective tissue accumulation, was established. A number of individual reactions of animals to the
influence of experimental conditions were noted. When studying the effects of experimental conditions
in a model of liver fibrosis using Wistar rats, it is necessary to take into account the individual
characteristics of the animal's response. Using averages may mask real effects and lead to erroneous
conclusions.

Keywords: rats, thioacetamide, liver fibrosis, morphology, vessels, mMRNA expression.

BBepneHue. Vicnonb3oBaHue XWBOTHbIX Mogenen ANS U3yYeHWs MEeXaHW3MOB MHULMaLMn ©
pa3BUTMSA Pas3NUYHbIX NATONMOMMYECKUX COCTOSHUIM XKMBbIX OPraHU3MOB SIBNSAETCA OAHUM U3
BaXXHENLLUNX MHCTPYMEHTOB COBPEMEHHOW Haykm B GuomeauumHckonm otpacnun. VIx HegocTaTkoM
CYMTAOT HEOAHOPOAHOCTb [aHHbIX B CNeacTBMe WHAMBMAYalNbHbIX OCOBEHHOCTEN peakumn
opraHM3aMa >XMBOTHbIX, YTO OCOGEHHO 3ameTHO npwu Manbix rpynnax [1, 2]. B page cnyyaes
«BbIOPOCHI» 3HA4YEeHUN yOansawTCs M3 aHanuaupyemoro Habopa [AaHHbIX WU K pacCMOTPEHUIO
NPYHMMAlOT YyCpedHEeHHble 3HayeHus. Yacto, gaxe npu paboTe C MpakTUYeCKn WAEHTUYHbIMU
MoZensMu nccriegoBaTeny nonyvarT NPpoTUBOpPEYUMBbIE pe3ynbTaThl. OTO NPUBOAUT K 3aTPyaHEHUSAM
B MOHMMaHUK obLlero npouecca Ha ooHe HeAOCTaTOYHOrO KONMYecTBa 4OCTOBEPHLIX hakToB [3, 4].

Mbl cunTaem, 4YTO pasgeneHue 9KCMEePUMEHTANbHbIX FPYMN >XUMBOTHBIX Ha MaKCUMarnbHO
BO3MOXHOE u4mcno noarpynn 6e3 ycpeaHeHWst U UCKNIYEHUS «BbIOPOCOB» MO3BONSET Monyvatb
©onee nogpobHble 1 NOMHblE AaHHbIE 06 N3y4YaeMblX NpoLeccax.

MaTtepuan n metoabl uccnepgoBaHuM. [lpoTokon wmccnegoBaHus ogobpeH kKoMmccuen mno
61oaTNKe U rymaHHOMy obpalleHuto ¢ nabopaTopHbIMK XUBOTHBIMU Butebckoro rocyaapCTBEHHOro
opaeHa [Opyxbbl HapogoB MeauuuHckoro yHuBepcuteta (Mpotokon Ne 6 ot 03.01.2019 r.).
MNMocTaHOBKa 3KCNEPUMEHTANbHOrO MCCNeAOBaHUA C MCNONb30BaHMEM NabopaToOpHbIX >KUBOTHbIX
cooTBeTcTBOBana pekomeHgaumsm KoHseHunn CoeTta EBponbl N0 oxpaHe MO3BOHOYHbIX XMBOTHbIX,
NCNONb3yeMblX B 3KCMEpPUMEHTanbHbIX M ApPYrMx HaydHbix uensx (European Convention for the
Protection of Vertebrate Animals for Experimental and Other Scientific Purposes: Strasbourg, Council
of Europe, 51 pp; 18.03.1986), Oupektuse Coseta ESC o1 24.11.1986 (Council Directive on the
Approximation of Laws, Regulations and Administrative Provisions of the Member States Regarding
the Protection of Animal Used for Experimental and Other Scientific Purposes) n pekomengaunsam
FELASA Working Group Report (1994-1996).

®dunbpo3 nedeHn y kpbic-camuoB Buctap maccon 190-210 r mogenmpoBanm nyTem XpOHUYECKOM
MHTOKCKKaumn  Tnoauetamugom  (TAA). CeexenpurotoBneHHbln pactsBop TAA  BBOAWMNK
WHTparacTpanbHo Yepes 3oHA B fo3e 200 mr/kr maccel Tena 2 pasa B Hef B TedeHne 9 Hea. Kpbichl
KOHTponbHoM rpynnel (n=12) nonyyanu sogy 6e3 TAA B aHanornyHom obbeme. SkcnepuMeHTanbHbIX
XMBOTHbIX paHgomMuaupoBanu Ha 4 rpynnbl (N=12 B Kaxaon) B 3aBUCUMOCTU OT ASIMTENbHOCTU
Bosgencteusa TAA: 3 Heq (1-a rpynna), 5 Heq (2-a rpynna), 7 Heq (3-a rpynna), 9 Heq (4-4 rpynna).

YposeHb akcnpeccun MPHK reHos Ang, Vegf n Mmp-9 oueHnBanu B obpasuax kAHK metogom
nonmMmMepasHon LEenHom peakumm B pexxmme peanbHOro BpeMeEHN.
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[na BbISIBNEHUA COeAMHUTENbHOW TKaHW Cpe3bl NevYeHu okpawwmeanu no metogy Mannopw.
CteneHb ubpo3a onpedenanu no nonykonudectseHHon wkane K.G. Ishak. Konwnuectso
CVMHYCOWOHbIX KanunnspoB, MEXOOMbKOBbIX apTepun U MeXAONbKOBbIX BEH MOACYMTbIBANM B 3-X
HenepeceKkarwLnXCca NoNaX 3peHNd Kaxaoro rmctonormveckoro cpesa. PesynbTaTbl oueHuBanu
nomoLbio Mukpockorna OLYMPUS BX51 ¢ ucnone3oBaHuem nporpamm ImageScope Color u cellSens
Standard.

CraTuctmyeckuin aHanus npoBogunm ¢ NCNonb3oBaHMEM NporpaMMHoOro obecnevyeHus Statistica
10.0 (StatSoft Inc. CLUA).

PesynbTtatbl. [laTomopdonornyeckme HapyleHUss MNeYEeHU KpbIC U U3MEHEHUS YPOBHS
akcnpeccun MPHK reHoB Ang, Vegf n Mmp-9 nogpo6bHO u3noxeHol B ctaTtbsax [5, 6].

HeogHopoOHOCTb MOPMOMOrMYECKUX WM  MOSEKYNAPHO-TEHETUYECKNX WU3MEHEHUA B NEYeHU
oueHmBanum Ha 3, 5, 7 u 9 Hen akcrepumeHTa (nporpeccupyowmin ¢ubpos). AHanmsanpyemblie
napametpbl: ypoBeHb MPHK reHoB Ang, Vegf v Mmp-9; nnowagb COEOUHUTENbHOW TKaHW,
KONMMYECTBO MEXOO0SbKOBbIX apTepui, MeXO0MNbKOBbIX BEH, CUHYCOUOHbBIX KanunnsipoB, OXBaTbiBalOT
Kak npouecc nHnumaumm n passutusa pmbposa, Tak u ConyTCTBYIOLLMIA NATONOMMYECKUA aHIMOreHes.

CoO CTOPOHbI KONUMYECTBA CUHYCOMAHbIX KanumnsapoB BCe rpynmbl XXMBOTHbLIX NOKa3anu BbICOKYHO
OOHOPOOHOCTb — KO3(PbUuMeHT Bapuaumm He npesblwan 33,3%. [lpouecc HakonneHus
COEOVHUTENbHOM TKaAHW B rpynnax npoOXo4uyl HEepaBHOMEPHO W BO BCEX KOHTPOSbHbIX TOYKax
Bapvaumsa BHYTpu rpynnbl npesBbiwana 50%. YBenunyeHne umucna MexaonbKOBbIX BEH UM apTepun
HOCUNO WHAMBMAYAlNbHbIX XapakTep C BO3MOXHOCTbI BblAdeneHusi 2-4 XMBOTHbIX B OTAEfNbHble
noArpynnbl N0 3TUM MPU3HAKaM.

AHanoOrMyHo CO CTOPOHbl TEHOB-MULUEHEW, BOBIIEKAEMbIX B MPOLIECCbl aHrmoreHesa W
HaKOMNMEHNs COEeOAUHUTENbHOW TKaHM — Hambonbluytd HEOAHOPOAHOCTb OTMeYanu Ha 5 u 7 Hep
3KCNepuMMeHTa.

Heobxogmo oTMeTUTb, UYTO C KoHua 1980-x rogoB M MO HacTosiWee BPeEMsi reHeTudeckas
OOHOPOOHOCTb KpbIC NUHUKM Buctap aBnseTca npegMeToM OUCKYCCUWA. YCTaHOBMEHO, YTO FeHOMbI
Kpbic Buctap, nogaepxmBaemblx B pasHbIX BUMBApPUSAX, CTATUCTUYECKM 3HAYMMO OTnuM4YarTcs. ITOT
dakT MOXET 4YacTMYHO OObBSCHWUTb  HECKONbKO  pasnuyalmwmecs no  cune  adpdexTbl
9KCMepUMEeHTanbHbIX YCNOBUMA Mpu MoaenupoBaHun ¢ubpo3a nevyeHn B pasHbix nabopaTtopusix. B
HaleM criydyae Mbl Habnganu oTnNnYMsa B peakuumn Ha aKCnepumeHTanbHble ycnosus y nopsgka 20-
30% >XMBOTHbIX B KaXX4oW rpynne npu nonyyeHum nx ansa akcnepMmMmeHTa u3 OgHoOro UCToYHMKa.

3aknoyeHune. Takum o0pasom, npu MOLENMPOBaHMM ToKcuyeckoro ¢umbposa nedeHu
yCTaHOBIIEHA HEOAHOPOAHOCTb 3HAYEHUM W, NO-BUOMMOMY, pPeaKkuui OCHOBHbLIX MokasaTenemn ero
NporpeccupoBaHnst,  BKMNOYas  Mapkepbl  MAaTOMOTMYECKOrO0  aHrMoreHesa W HaKoMNfeHus
coeguHuTenbHon TkaHu. OTMeuveH psaa MHOMBMAYaAnbHbIX PeakuuMi >XUMBOTHBIX Ha BO34encTBue
3KCnepuMeHTanbHbIX ycroBui. Mpu mM3yyveHUn adhpekToB IKCNEpMMEHTaNbHbIX YCIOBUA B MOAENN
drnbpo3a neyeHn ¢ NCNonNb3oBaHMEM KpPbIC NTIMHUN Buctap HeOOXoaANMO yunTbiBaTb UHAMBMAYATbHbIE
OCOBEHHOCTN peaKkuMn XMBOTHbIX. Vcnonb3oBaHWe YCpeAHEHHbIX 3HAYEeHWW MOXET CKpagblBaTb
peanbHble 3peKkTbl 1 NPUBOLAUTL K OLUMOOYHBIM BbIBOAAM.
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CHWXEHMUE YPOBHS1 MPHK ANG U VEGF NPU NMPOIPECCUPYIOLLENA KANUNNAPU3ALUN
CUHycomnaos NeEYEHN B SKCMNEPUMEHTAJIBHOM ®UBPOIEHE3E

NEBEOEBA E.W., 'WWACTHbIN A.T., 2KkPACOYKO N.A., 3S5ABEHKO A.C.
YO «Butebckuin opaeHa Opy»0Obl HAPOAOB roCyAapCTBEHHbIN MEAULMHCKUIA YHUBEPCUTETY,
r. Butebek, Pecnybnuka benapycb
2YO «BuTtebckasn opaeHa «3Hak MNoyeTa» rocyqapCTBeHHas akageMuns BeTeEPUHaAPHON MeAULIMHBI»,
r. Butebcek, Pecnybnuka benapycb
3YO «Bbenopycckuii rocyaapcTBeHHbI MeaULIMHCKUIA yHuBepcuTeT», I. MuHck, Pecny6nuka Benapycb

B neueHu Kpbic ycmaHosusnu cHuxeHue akcrpeccuu MPHK a2eHoe Ang u Vegf Ha ecex cpokax
akcriepumeHma (17 Hedenb, p=0,0000) no cpasHeHUO ¢ KoHmMposneMm. Ha cmaduu yupposa yposeHb
MPHK Ang ynan e 53,8 pasa (p=0,0000), a Vegf — e 5,27 (p=0,0000) [lpoepeccuposaHue
ubpozeHesa neyeHu conpoeoX0anoch yeenudyeHueM 8 CUHYCOUOHbIX Kanusnaspax niowadu Knemok
CD31+ 6 7 pa3 (p=0,0000) no cpasHeHuUO ¢ KOHmMposnem. Ha cmaduu npouyecca mpaHcghopmayuu
¢ubposa e uuppo3 8 cuHycoudax nossunucb knemku CD34+. Mexdy eeHamu Ang u Vedf u
knemkamu CD31+ u CD34+ ces3b He ebisernieHa. [lpu amom MexO0y 2eHaMu ycmaHOo8UU MeCHYH
KoppenayuoHHyto cesisb om r = 0,70 0o 0,84 (p<0,05). Ha ecex cmadusx ¢gpubposa do nepexoda e2o 8
UUppPO3 Mex0y eeHamMu U cOeOUHUMETbHOU MKaHbK OMMemMusiu ompuyamesibHble KOPPENSyUOHHbIE
ces3u ymepeHHou cusbi r = -0,49 (p<0,05).

Knroyeenbie cnioea: Kpbichl, hubpozeHes riedeHu, eeHbl Ang u Vegf, knemku CD31+ u CD34+,
KOPPEessyUOHHbIE C8A3U.

DECREASED mRNA LEVEL OF ANG AND VEGF IN PROGRESSIVE CAPILLARIZATION OF
LIVER SINUSOIDS IN EXPERIMENTAL FIBROGENESIS

ILEBEDEVA E.I., 'YSHCHASTNY A.A., 2KRASOCHKO P.A.3BABENKA A.S.
lvitebsk Order of Friendship of Peoples State Medical University, Vitebsk, Republic of Belarus
2Vitebsk State Academy of Veterinary Medicine, Vitebsk, Republic of Belarus
3Belarussian State Medical University, Minsk, Republic of Belarus

In rat liver, a decrease in mRNA expression of Ang and Vegf genes was observed at all stages
of the experiment (17 weeks, p=0.0000) compared to the control. At the stage of cirrhosis, the mRNA
level of Ang dropped by 53.8 times (p=0.0000), and Vegf by 5.27 (p=0.0000). The progression of liver
fibrogenesis was accompanied by a 7-fold increase (p=0.0000) in the area of CD31+ cells in the
sinusoidal capillaries compared to the control. At the stage of fibrosis transformation into cirrhosis,
CD34+ cells appeared in the sinusoids. No relationship was found between the Ang and Vegf genes
and the CD31+ and CD34+ cells. However, a close correlation between the genes was established,
ranging from r = 0.70 to 0.84 (p<0.05). At all stages of fibrosis before its transition to cirrhosis,
negative correlation of moderate strength r = -0.49 (p<0.05) was noted between the genes and the
connective tissue.

Keywords: rats, liver fibrogenesis, Ang and Vegf genes, CD31+ and CD34+ cells, correlations.
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