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Pestome. I]env uccnedoeanus — W3y4UUTh BIUSHUE
TPAHCIIJIAHTALMK MYJIBTUIIOTEHTHBIX ME3E€HXHMaJIbHBIX
ctpoMansHBIX KieTok (MMCK) Ha pereHeparuio rmede-
HHU B (PM3HOJIOTHUECKUX YCIOBUSAX U IOCIE €€ PE3EKLUH
B YCJIOBHUSIX CTapeHusl opranu3Ma. Mamepuansl u memo-
ovi. Brienenne kynstypsl MMCK ocymiecTBisiiocs u3
XOpHUOHA TUIACHTHI 5 1a00paTOPHBIX KUBOTHBIX MbIIICH-
caMmoK Bo3pacTta 3-4 mecsria, Mmaccoit 22-23 1, cpok recra-
uuu 18 greii. KynsrusupoBanne MMCK npoBoamiocs B
ycnopusx CO,-unkybaropa npu temmneparype 37°C ¢ co-
JepKaHUeM YIIEKUCIIOro ra3a 5% u BIaXHOCTbIO 90%.
Jnst TpaHCIIaHTAaMK Ja0OpaTOPHBIM KUBOTHBIM OBLIH
ncnoabs3zoBanbl MMCK TpeTbero nmaccaxa B J03e 4 MIIH
knetok/kr. Beenenne MMCK ocyiecTBisuiocs B Gpu3no-
JIOTHYECKUX YCIOBUAX (0€3 pe3eKIny TeueHn) u aepes |
Yac rociie CyoToTaIbHON PE3eKLMHY [IEUSHH 3PEJIbIM U CTa-
PBIM JTa00PATOPHBIM KHUBOTHBIM. [Ipon3BoaMIacek oneHka
OMOXMMUYECKHX TMOKa3aresiell nepudepuaeckoil KpoBu 1
Mop(doMeTpUIeCKHUX MoKa3aTesel neueHu Ha 1, 3, 7 cyTku
niocie BBenenuss MMCK. Pezynomamot. TpancIutanTanus
MMCK 3penbIM B CTapbIM JIA00paTOPHBIM YKHBOTHEIM 0€3
PE3EKIUH NIeUYEHH HE MPUBOAUT K M3MEHEHUSIM OMOXMMU-
YEeCKHUX MoKazatenie nmepudepuyeckoir kpoBu 1 Mopdo-
METPUYECKUX MoKazareneit meueHu. Ha 3 cytku mocne pe-
3ekiuu neueHu Ha Gone BBegenus MMCK y 3penbix ja-
0OpaTOPHBIX >KUBOTHBIX OOHAPYKCHO CHHUKEHHE YPOBHS
ACT, AJIT, menounoit ¢ocdaraspl Mo CpaBHEHUIO C KOH-
TPOJILHOH MOATPYIIIOHN 3pEIIbIX )KUBOTHBIX. Y CTapbIX JKHU-
BOTHBIX 3TOT 3QQEKT MOSABISAETCS HA 7 CyTKU. Y 3pesbIX
U CTapbIX *XMBOTHBIX OOHAPY’KEHO IMOBBINIEHHE IJIOMIA-
I siJipa TeTaTounTOB, SASPHO-IIUTOINIa3MaTHYECKOTO HH-

Abstract. The aim of the study was to study the effect
of multipotent mesenchymal stromal cell transplantation
(MMSC) on liver regeneration under physiological
conditions and after its resection under aging conditions.
Materials and methods. Isolation of MMSC culture was
carried out from the placenta chorion of 5 laboratory
animal mice-females aged 3-4 months, weighing 22-23
g, gestation period of 18 days. MMSC was cultured in
a CO, incubator at a temperature of 37°C with a carbon
dioxide content of 5% and a humidity of 90%. MMSCs of
the third passage at a dose of 4 million cells/kg were used
for transplantation to laboratory animals. MMSCs were
administered under physiological conditions (without
liver resection) and 1 hour after Subtotal liver resection to
Mature and old laboratory animals. Biochemical indices
of peripheral blood and liver morphometric indices were
evaluated on 1, 3, 7 days after MMSC administration.
Results. Transplantation of MMSCs to mature and old
laboratory animals without liver resection does not lead to
changes in biochemical parameters of peripheral blood and
morphometric parameters of the liver. On day 3 after liver
resection on the background of MMSC administration in
mature laboratory animals, a decrease in the level of AST,
ALT, alkaline phosphatase was found in comparison with
the control subgroup of mature animals. Have old animals
this effect emerges on 7 clock. In mature and old animals,
an increase in the area of the nucleus of hepatocytes,
nuclear cytoplasmic index (YCI), the number of binuclear
cells was found. In mature laboratory animals revealed a
decrease in apoptosis, increased mitotic activity, which
led to an increase in the number of hepatocytes. At the
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nekca (SIL[N), konruecTBa IBYSACPHBIX KIETOK. Y 3peibIX
1a00paTOPHBIX JKUBOTHBIX BBISBJICHO CHIDKEHHE YPOBHS
arornTo3a, MOBBIIIEHHE MUTOTUYECKONH AKTHMBHOCTH, UYTO
MIPUBEIIO K YBEJIMYCHHUIO KOJIMYECTBA TE€NATOIMTOB. B TO
K€ BpPEMs y CTapbIX KUBOTHBIX OTMEUYEHO YMEHBIIECHHE
arloNTOTUYECKOr0 MHJAEKCA, YPOBEHb MHUTO30B, KOJIWYE-
CTBO IeNaTOLUTOB HE OTIMYAJIOCh OT JaHHBIX KOHTPOJIb-
HOU NOArpyNIibl. 3aK1i04eHue. YCTaHOBIICHO, YTO TPAHC-
mwradtauss MMCK 3pensiM u cTapbsiM J1a00paTOpHBIM
KHUBOTHBIM IIOCJI€ CYyOTOTaJIbHOW PE3CKLUU II€UEHH CTH-
MYJHPYET €€ pereHepanuio. Y 3pesblX )KUBOTHBIX BBISB-
JIeHa aKTUBalMs KJIETOUYHOH pereHepauuu (yBeJIMYeHHUE
KOJIMYECTBA IeMaTONUTOB) M BHYTPUKICTOUHOH (TTOBBIILIE-
HUE KOJMYeCTBa ABYSAEpHBIX KieTok, SIL{N), Torna kak y
CTapblX — JIMIIb 3@ CYET AKTUBALMM BHYTPUKIECTOYHOU
pereHepanuu.

KiroueBble c¢j10Ba: MyJIbTUIIOTEHTHBIE ME3EHXHMAJIb-
HBIE CTPOMAJIbHBIE KIIETKH, pereHepanus neueHn, OnoxXu-
MHUYECKHE IoKa3areny, MOp(hoMeTpUIeCKHUe TTOKa3aTein

same time, in older animals, there was a decrease in
the apoptotic index, the level of mitosis, the number of
hepatocytes did not differ from the data of the control
subgroup. Conclusion. It was found that transplantation
of MMSCs to mature and old laboratory animals after
Subtotal resection of the liver stimulates its regeneration.
In mature animals, activation of cellular regeneration
(increase in the number of hepatocytes) and intracellular
(increase in the number of binuclear cells, YCI) was
revealed, whereas in old animals-only due to the activation
of intracellular regeneration.

Keywords: multipotent mesenchymal stromal cells,
liver regeneration, biochemical parameters, morphometric
parameters
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W3BecTHO, 9TO TeueHb B (PU3MOJIOTHUECKHUX YCIOBH-
sIX 0071aaeT HU3KOW CKOPOCTHIO KJICTOYHOTO OOHOBJICHHS
[1]. Hannume HeCKONBKHUX CIIOCOOOB pereHepamuu rede-
HU (KJICTOUHBIA W BHYTPHUKIICTOUHBIN), a TAaKXKe MX HH3-
KM ypOBEHb WHTEHCHBHOCTH OIpEIENIeT CIOKHOCTH,
BO3HHKAIONIME TPH OIEHKE (PHU3HOIOTHUECKON pereHe-
pauuu. B ctapoM opranu3Me CKOpOCTb NPOTEKaHUS Kile-
TOYHOW M BHYTPHUKJIETOUHOW pereHepalnny CHUXKAeTcs 110
CPaBHEHUIO CO 3PEJIbIM OpraHu3zMom [2, 3, 4]. B To ke Bpe-
M$1 U3BECTHO, YTO pereHepanus Me4yeHr CyIecTBEHHO aK-
THBHpPYETCS TOCNe ee pe3eKkunu. B HacTosmeM uccreno-
BaHWHU HM3YYEHHE PETEHEPATOPHBIX MPOIECCOB B TEUCHH
3pEIBbIX U CTapbIX )KUBOTHBIX OCYIIECTBIISIIOCH B YCIOBU-
X ee pe3eKuuu. B xauecTBe JONMOIHUTENBHOTO (aKTopa,
AKTHBHPYIOIIETO PEreHepaLuio MeYeHH, OblIa UCTIONb30-
BaHa aJJIOreHHAas TPaHCIUIAHTAIMS IJIACHTApHBIX MYJIb-
TUTIOTEHTHBIX ME3EHXHUMAIIbHBIX CTPOMAaJIbHBIX KJIETOK
(MMCK). Bpi0op 3Tux KJIeToK OblT 00yCIIOBIEH WX CIIO-
COOHOCTBIO K BBIPAOOTKE IMPOTUBOBOCTIAMTEILHBIX (haK-
Topos, (pakropoB pocta (HGF- Hepatocyte growth factor,

It is known that the liver under physiological conditions
has a low cell renewal rate [1]. The presence of several
methods of liver regeneration (cellular and intracellular),
as well as their low level of intensity determines the
difficulties encountered in assessing physiological
regeneration. In the old body, the rate of cellular and
intracellular regeneration decreases in comparison with a
mature organism [2, 3, 4]. At the same time, it is known
that liver regeneration is significantly activated after its
resection. In the present study, the study of regenerative
processes in the liver of mature and old animals was
carried out under conditions of its resection. As an
additional factor activating liver regeneration, allogeneic
transplantation of placental multipotent mesenchymal
stromal cells (MMSC) was used. The choice of these
cells was due to their ability to produce anti-inflammatory
factors, growth factors (HGF-Hepatocyte growth factor,
VEGF - Vascular endothelial growth factor), matrix
metalloproteinases [5, 6, 7, 8, 9]. The immunosuppressive
properties of MMSCs determined the possibility of
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VEGF — Vascular endothelial growth factor), marpukc-
HBIX MeTaionporennas [5, 6, 7, 8, 9]. UmmyHocympec-
cuBHble cBoiictBa MMCK ompenenuin BO3MOXXHOCTB
MIPOBEAICHNS AJJIOTEHHON TPAaHCIUTAHTAIlMN JAHHBIX BH-
JoB kietok [10].

MarepuaJjibl 1 METOAbI

OKCIIepUMEHTHI BBITTOJHEHBI Ha 84 GenbIX 3penbIX Jia-
OOpaTOpHBIX MBIIIIAX-CaMIIax BO3pacTa 7-8 MecsIeB, Mac-
coif 20-23 1. u 84 cTapbIX Ta0OPATOPHBIX MBIIIAX-CaMITaxX
Bo3pacta 16-17 mecsues, maccoit 27-30 1. IIpousBoau-
Joch BeieneHne KynsTypsl MMCK u3 xopHuoHa ruianeH-
THI 5 7a0OPaTOPHBIX KUBOTHBIX MBIIICH-CAMOK BO3pacTa
3-4 mecsua, cpok recrarmu 18 auel. Bee skcnepumen-
TBI, YXOJI U COZIEp’KaHUE OCYIIECTBISIINCH B COOTBETCTBUH
¢ HupextuBoit Ne63 ot 22 centsopst 2010 roxa Ipe3uan-
yma u Ilapnamenta EBponbl «O 3amure XKHBOTHBIX, HC-
MOJB3YEMBIX JUIsI HayYHBIX HCCICJOBAHHUI» W MPHKA30M
Munzapasa PO Ne 267 ot 19.06.2003 «O0 yTBep:KaeHUH
MpaBUJI J1TaOOPATOPHOM MPaKTUKW». BuIomHeHne uccie-
JIOBaHUW OMOOPEHO JIOKANBbHBIM 3THUYECKHM KOMHUTETOM
OI'BOY BO «VYpanbCckuil rocyqapCTBEHHbIA MEAMIIMH-
cKnil yHuBepcuteT» npotokon Ne2 ot 16.02.2018.

KyneruBuposanne MMCK npoBoauiocs B yCIOBH-
ax CO,-unky6aropa (Termo Scientific, CILIA) npu Tem-
neparype 37°C ¢ conepkaHHeM YITIEKHCIoro rasa 5% u
BIaXHOCTBIO 90%. JLst TpaHCIUTaHTAIH JTa00PaTOPHBIM
JKUBOTHBIM OBLTH mcmonb3oBankl MMCK TpeTbero mac-
caxa. Unentudukarmmms MMCK npoBonmiace MMMYHO-
LUTOXUMHYECKHMM METOJOM C HCIIOJIb30BAaHMEM HaboOpa
Mesenchymal Stem Cell Characterization Kit (Millipore,
CIIIA), coaepkalliero Mo3UTUBHBIC (AaHTHTEIA K integrin
B1, CD 54, collagen type I u fibronectin) u HeraruBHBIE
Mapkepsl (aatutena k CD 14, CD 45). Mzydenne GyHKITH-
OHAJIbHBIX CBOMCTB BBIIEJICHHBIX KJIETOK OBLIIO IPOBEIECHO
MyTeM HampaBieHHOH An((EepeHIMPOBKH MOIYyUYECHHOH
KyJBTYPBI B HallpaBJIeHUX, XapakTepHbIX 1t MMCK —
B QJIMMOLUTAPHOM M OCTEOreHHOM. JKM3HEeCIoCOOHOCTD
KJIETOK ObLTa OMpeseNieHa ¢ MOMOMIBIO CYTPaBUTAIBHON
OKPacKH pacTBOPOM TPHUIIAHOBOTO CHHETO U IEepesl TPaHC-
mnaHTaguedl cocraBuwia 95-97%. Jlns TpaHCIUTaHTALMU
71a00paTOPHBIM KHUBOTHBIM ObLTH HcTiob30BaHEl MMCK
TPETHEro naccaxa B 103¢ 4 MJTH KIETOK/KT.

Peseknust 2/3 neyeHu y 1a00paTOPHBIX MBIIIEH BBITION-
Hena o metoauke C. Mitchell u H. Willenbring [11]. Bse-
JIeHHE KJIETOK MPOU3BOIAMIN B XBOCTOBYIO BeHy uepes |
Yac 1ocyie BBIIONHEHHs pe3ekuuu. MccaenoBanocsk Biu-
sane MMCK Ha MopdomeTpruecKue moKa3areny nedeHu
1 OMOXMMHYECKHE MToKa3aTeNu nepudepruyecKoil KpoBH B
(PM3MOMTOTHYECKUX YCIOBHIX M TOCIE CyOTOTaIbHOU pe-
3eknuu Ha 1, 3, 7 cyTku. M3 ompITa )KHBOTHBIX BHIBOIWIIH
JeKaIUTalueH Mo JETKUM 3(UPHBIM HAPKO30M.

Boun BbIENICHBI ONBITHAS U KOHTPOJIbHAS HOATPYIIIBI
n1a00paToOpHBIX KUBOTHBIX. ONBITHOW MOATPYIIE )KUBOT-
HbBIX TpoBoawin TpancianTamuio MMCK B no3ze 4 muH
KIICTOK/KT, KOHTPOJILHOW TOJTPYIIEe BBOAMIM PacTBOP
NacCl 0,2 mi.

allogeneic transplantation of these cell types [10].

Materials and methods

The experiments were performed on 84 mature white
laboratory male mice aged 7-8 months, weighing 20-23
g and 84 old laboratory male mice aged 16-17 months,
weighing 27-30 g. An MMSC culture was isolated from
5 laboratory placenta chorion animal female mice 3-4
months old; gestational age 18 days. All experiments,
care and maintenance were carried out in accordance with
Directive No. 63 of September 22, 2010 of the Presidium
and the European Parliament “On the protection of animals
used for scientific research” and Order of the Ministry of
Health of the Russian Federation No. 267 of 06.19.2003
“On the approval of laboratory practice rules”.

The MMSC was cultivated under the conditions of a
CO2 incubator (Termo Scientific, USA) at a temperature
of 37°C with a carbon dioxide content of 5% and a
humidity of 90%. MMSCs of the third passage were
used for transplantation to laboratory animals. MMSC
identification was carried out by immunocytochemical
method using a Mesenchymal Stem Cell Characterization
Kit (Millipore, USA) containing positive (antibodies to
integrin f1, CD 54, collagen type I and fibronectin) and
negative markers (antibodies to CD 14, CD 45). The study
of the functional properties of the selected cells was carried
out by directed differentiation of the obtained culture in
the directions characteristic for MMSCs - in adipocytic
and osteogenic. Cell viability was determined using
supravital staining with trypan blue solution and before
transplantation was 95-97%. MMSC:s of the third passage
were used for transplantation to laboratory animals at a
dose of 4 million cells/kg.

Resection of 2/3 of the liver in laboratory mice was
performed according to the method of C. Mitchell and H.
Willenbring [11]. Cells were introduced into the tail vein
1 hour after resection. We studied the effect of MMSCs on
the morphometric parameters of the liver and biochemical
parameters of peripheral blood under physiological
conditions and after subtotal resection on days 1, 3,
7. From the experience of the animals was removed by
decapitation under mild ether anesthesia.

Experimental and control subgroups of laboratory
animals were isolated. The experimental subgroup of
animals was transplanted MMSC at a dose of 4 million
cells/kg 0.2 ml NaCl solution was administered to the
control subgroup.

Preparation of liver tissue samples for histological
examination was carried out on an automatic processor
Leica EG 1160 (Leica. Germany), followed by pouring
it into paraffin. Histological sections of the liver with a
thickness of 3-5 pum were stained with hematoxylin-
eosin. For morphometric data analysis, a computer image
analysis program (Biovision, Russia) was used. For this
purpose, micrographs were taken of random fields of view
of histological preparations with an OLYMPUS XC30
digital camera based on an OLYMPUS BX51 microscope
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[TonroroBky 00pa3loOB TKaHW IEYEHU MJII THCTOJO-
THYECKOTO HCCIICIOBAHUSl OCYILECTBISUIA Ha aBTOMa-
tryeckoMm tporeccope Leica EG 1160 (Leica. T'epma-
HUS) C TOCTeAyIomel 3aauBKoi B mapaduH. [mcrono-
TUYECKUe Cpe3bl MEeYeHU TONIIMHON 3-5 MKM OKpaliuBa-
JIU TeMaTOKCHJIIMHOM-303UHOM. Jl1isi MopdomeTprudecko-
rO aHaJiM3a JIAaHHBIX MCIIOJIb30BAIM KOMITBIOTEPHYIO TIPO-
rpammy aHanuza uzobpaxenuit (Biovision, Poccust). C
3TOM IICJIbI0 MPOU3BOAMUIM MHUKPO(POTOCHEMKY Clydaii-
HBIX TIOJIE 3pEHHS THCTOJOTHYECKHX TpenapaToB Q-
posoit kamepoit OLYMPUS XC30 nHa 6a3ze MUKpOCKOTa
OLYMPUS BX51 (OLYMPUS, fnonus) npu yBenude-
Huu %100, X200, %400, X600, x1000 (ne menee 10 moneii
3pEHUS B K&KJIOM THCTOJIOTHUYSCKOM Cpe3e).

[IpousBoamiack OlEHKA CIEAYIOMUX MOPPOMETPH-
YeCKUX TIOKa3arelel MEeYeH!: KOJMYECTBO TeraTOIMTOB
Ha | MM?, MJIOIIAJh TEMaToUUTOB, IUIOIAAb SApa remna-
TOIMTA, TUIOMIAh IUTOIUIA3MBI TeNaTOIUTA=TUIONA/Ib
rermaronuTa — IUIOINAAb SjIpa TeNaToluTa, SJISPHO-
uurorazmMarudeckuit  wuaexkc  (SILM), xomudecTBO
JBYSIIEPHBIX TEMaTOIMTOB Ha | MM2, MHUTOTHYECCKHI
nanaekc (MUW), anonrormueckuit mamexc (AUW). SnepHo-
nurorutazMarndecknii mHaeke (SILM) ompenensin, Kak
OTHOIIIEHUE SIPa U [IUTOTLIA3MBI KJIETKH. MUTOTHYECKHIA,
aroNTOTUYECKHUI MHACKCHI, BhIpaxanu B ipomiiuie (%o).
Bepudukainus BBIPaKEHHOCTH aroNTo3a OCYIIEeCTBIIS-
Jlach C Hcroyib3oBaHueM meronaa ApopTag® Peroxidase
In Situ Oligo Ligation (ISOL) (Millipore, CIIIA). Armomn-
TOTUYECKUI WHAEKC OTPENEeNsIICS KaK OTHOIICHNE YhCIia
KJIETOK B COCTOSTHHH arionTo3a K 00IIeMy YUCITy TIOACYH-
TaHHBIX TENATOIUTOB.

OneHka OMOXMMHUYECKUX [TOKa3aTelNel nepudepuaeckon
KPOBH ITPOM3BOMIACH HA aBTOMATUYECKOM OHOXMMHYE-
CkoM W mMMyHOpepMeHTHOM aHamm3atope Chem Well
2910 (Combi). M3yuanuch cremyromnye OHOXUMUIECKIE
roKa3aresu: oommii Oenok (OrmyperoBast peaxiusi), ab0y-
MUH (KOJIOPUMETPUUYECKUN METOJ C OPOMKPE30JIOBBIM 3¢-
JICHBIM), MOYEBHMHA (ypea30-CaluIIaT-TUIIOXIOPUTHBIH
MeTOIl, peakiusi beptnora), mroko3a (peakuus TpuHme-
pa), obumit 6umpyous (Metox Menmpamexa-Tpoda),
acnapraramuHoTpancdepasa (ACT), anaHmHaMUHOTpaHC-
¢epaza (AJIT), wenounas pocdaraza (LLD). [Ipu ompe-
JICJIICHUU OMOXMMUYECKUX TOKa3aTesieil UCIOJIb30BaIiCh
Habopbl komnanuu «OmnbBeke Jlnarnoctukym», Poccust.

Jl0CTOBEpHOCTh OTIWYHI B CPaBHHUBAEMBIX BBIOOpPKAX
MIPOBEICHO C TPIMEHEHNEM HelapaMeTPUIecKoro (paHTo-
Boro) meroga Manna-Yutau. Cratuctuueckas oopadoT-
Ka JIaHHBIX [TPOBE/ICHA C TIOMOIILIO MPOTPAMMHOTO TTaKeTa
SPSS Statistics (Bepcust 17,0).

Pe3yabrarhl Hccie10BaHusA

IIpu ananu3e OMOXUMUYECKUX MTOKa3aTenel nepudepu-
YEeCKOH KPOBU M MOP(OMETPUYECKHUX TIOKa3aTeNel meye-
HU 3peJIbIX M CTapbIX JaO0OpaTOPHBIX KUBOTHBIX Ha 1, 3,
7 cytku nocie BeeaeHust MMCK mabopaTopHbIM KHBOT-
HBIM 0€3 pe3eKIIUN TICICHH.

Ha 1 cyTkm mocie pe3exmuu nedeHn, Tak ke Kak B (pu-

(OLYMPUS, Japan) at a magnification of x100, x200,
%400, x600, x1000 (at least 10 fields of view in each
histological section )

The following morphometric indicators of the
liver were evaluated: hepatocyte count per 1 mm?
hepatocyte area, hepatocyte core area, hepatocyte
cytoplasm area=hepatocyte area — hepatocyte core area,
nuclear cytoplasmic index (NRC), number of binuclear
hepatocytes per 1 mm?, mitotic index (MI ), apoptotic
index (AI). The nuclear cytoplasmic index (NRC) was
determined as the ratio of the nucleus and cytoplasm of the
cell. Verification of the severity of apoptosis was carried
out using the ApopTag® Peroxidase In Situ Oligo Ligation
(ISOL) method (Millipore, USA). The apoptotic index
was defined as the ratio of the number of cells in the state
of apoptosis to the total number of calculated hepatocytes.

The assessment of biochemical parameters of peripheral
blood was performed on an automatic biochemical and
enzyme immunoassay chem Well 2910 (Combi). The
following biochemical parameters were studied: total
protein, albumin, urea, glucose, total bilirubin, aspartate
aminotransferase  (AST), alanine aminotransferase
(ALT), alkaline phosphatase. In determining the
biochemical parameters used sets of the company «Olvex
Diagnostikum», Russia.

The reliability of differences in the compared samples
was carried out using the nonparametric (rank) Mann-
Whitney method. Statistical data processing was performed
using the SPSS Statistics software package (version 17.0).

Research result

In the analysis of biochemical parameters of peripheral
blood and morphometric parameters of the liver of mature
and old laboratory animals on 1, 3, 7 days after the
introduction of MMSC to laboratory animals without liver
resection.

At 1 day after liver resection, as well as in physiological
conditions, both age groups showed no effect from
allogeneic transplantation of placental MMSCs.

Onthe 3rd day after liver resection against the background
of MMSC administration in mature laboratory animals, a
decrease in AST by 24.1%, ALT by 24.8%, and alkaline
phosphatase by 23.1% was revealed in comparison with
the data of the control subgroup (table 1).

Analyzing biochemical indices of peripheral blood
of mature and old laboratory animals on day 7 after
liver resection on the background of the introduction of
ITCS decreased level of enzymes AST, ALT, alkaline
phosphatase compared with control subgroups. An
increase in fibrinogen levels was also found in both age
groups studied. In mature laboratory animals, the urea
level increased by 21.9% compared to the data of the
control subgroup of mature laboratory animals (table 2).

When studying the morphometric parameters of the liver
on 1 and 3 days after liver resection on the background
of the introduction of MSCS, no differences were found
between the experimental and control subgroups in both
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3HOJIOTUYECKUX YCIOBUSAX, B 00EUX BO3PACTHBIX TPYyIIIaxX
OTMEUEHO OTCYTCTBHE 3(PQeKTa OT aJIOTCHHOH TpaHC-
miaHTanuu mwianearapasix MMCK.

Tabnuua 1
Buoxmmmueckune nokasatenu nepndepryeckon Kposm na-
6OpPaTOPHbIX Mbilen Ha 3 CYTKM NOCae pe3eKumn NeYyeHu

age groups.

Table 1
Biochemical parameters of blood of laboratory mice on
the 3th day after liver resection,

3HayeHune

MNokasaTtenun 3penbie Crapble

NaCl MMCK NaCl MMCK
06w 6e- | o 31485 | 5561+4,24 | 47,76:4,48 | 55,34+5,09
NOK, 1/n
’;’;"‘5"“"”“' 19,80+2,51 | 21,60+3,14 | 18,11+2,36 | 18,87+2,51
Mouesnha, | 4 37,033 | 4,59+0,36 | 4,49:0,39 | 4,60£0,51
MMONb/n
fnoko3a, 3,66£0,29 | 4,200,46 | 4,13%0,72 | 4,40%0,34
MMOAb/N
Obwuni 6u-
Avpy6un, | 21,99+5,47 | 21,29+2,36 | 25,89+2,27 | 24,20+2,06
MKMOANb/N
ACT, En/n | 209,53+13,85 | 158,99+14,38* | 212,14+19,08 | 24,20+2,06
AT, En/n | 1552449,38 | 116,73£12,51* | 211,50+18,06 | 203,93+19,32
LLlenoyHas
docdatasa, |106,67+10,45 | 82,0£7,26* | 130,37+25,94 | 200,39+18,59
En/n
GubpuHo- | 010,17 | 2,1140,18 | 2,2740,26 | 2,49+0,24
rem, r/n
MpumeuyaHue: * OTAMUME OT KOHTPO/IbHOW NOArpynmnbl

3pesibiX 1abopaTOPHbIX }KMBOTHbIX, AOCTOBEpPHO C p<0,05.

Tabnuua 2
Buoxmmmueckue nokasatenv nepndepruyeckon Kposm na-
H6OpPaTOPHbIX Mbllleil Ha 7 CyTKM Noc/ie pe3eKkunn neyeHu

Value

Parameters Mature old

NaCl MMSC NaCl MMSC
Total 50.03+4.82 | 55.61+4.24 | 47.76+4.48 | 55.34+5.09
protein, g/ |
Q}bl“m'”' 19.8042.51 | 21.60+3.14 | 18.11+2.36 | 18.87+2.51
7{63' mmol | 4 3741033 | 4.50:036 | 4.49+0.39 | 4.60+0.51
Glucose, 3.660.29 | 4.20£0.46 | 4.130.72 | 4.40%0.34
mmol /|
Total
bilirubin, 21.99+5.47 | 21.29+2.36 | 25.89+2.27 | 24.20+2.06
umol /|
AST, U/I 209.53+13.85 | 158.99+14.38* | 212.14+19.08 | 24.20£2.06
ALT, U/I 155.24+9.38 | 116.73+12.51* | 211.50+18.06 | 203.93+19.32
alkaline
phospha- | 106.67£10.45 | 82.0+7.26* |130.37+25.94 | 200.39+18.59
tase U/I
g/'tl’”mge“' 2.0£0.17 | 2.11#0.18 | 2.27+0.26 | 2.49+0.24
Note: * — unlike the control subgroup of mature

laboratory animals, significantly with p<0.05.

Table 2
Biochemical parameters of blood of laboratory mice on
the 7th day after liver resection,

3HayeHune

MNokasaTenun 3penbie Crapsble

NaCl MMCK NaCl MMCK
06w 6e- | 11 5743 62 | 49,63+2,80 | 47,63¢3,77 | 52,77+3,85
NOK, 1/
/:/’/‘]"6"'“”“' 20,59+1,90 | 23,13+2,32 | 18,13+1,42 | 20,19+2,16
MouesnHa, | 4 57,046 | 557+0,48* | 4,5440,35 | 4,97+0,23
MMONb/N
[niokosa, 4,30£0,29 | 4,910,51 | 4,26+0,39 | 4,53+0,37
MMOAb/N
O6wunii 6u-
nvpy6un, | 15,41£2,76 | 14,8142,02 | 17,14+2,21 | 16,34+1,84
MKMO/b/N
ACT, Ea/n | 153,86£16,96 | 103,57412,42* | 183,59+16,79 | 123,849,29°
AT, En/n | 137,10416,29 | 86,3447,52% | 175,01+12,82 | 127,34+10,12°
LenoyHan
docdatasa, | 83,11£5,93 | 64,23+6,00* | 114,89+9,67 | 90,5046,51°
Ea/n
®dubpunHo- o

2,20£0,20 | 2,76£0,15* | 2,44%0,16 | 3,030,20
rem, r/n

MpumeyaHue: * — oTAnYME OT KOHTPOALHOM NoArpynmbl
3penblx 1abopaToOPHbIX }KUBOTHbLIX, fOcTOBEPHO € p<0,05;
° — OT/INYMEe OT KOHTPO/IbHOW noAarpynmnbl CTapbix nabo-
PATOPHbIX }XMBOTHbIX, AOCTOBEPHO ¢ p<0,05

Ha 3 cyTku mociie pe3exiuu nedeHy Ha (hoHe BBEICHUS
MMCK vy 3pensix 1a00paTOpHBIX JKUBOTHBIX BBISBICHO

Value

Parameters Mature Old

NaCl MMSC NaCl MMSC
Total 44.2743.62 | 49.63+2.80 | 47.63+3.77 | 52.77+3.85
protein, g/I
Albumin, g/l | 20.59+1.90 | 23.13+2.32 | 18.13¢1.42 | 20.19+2.16
Urea, 4.57+0.46 | 5.57+0.48* | 4.54+0.35 | 4.97:0.23
mmol/I
Glucose, 4.30£0.29 | 4.91+0.51 | 4.26+0.39 | 4.53+0.37
mmol/I
Total
bilirubin, 15.4142.76 | 14.81+2.02 | 17.14+2.21 | 16.34+1.84
umol/I
AST, U/I 153.86£16.96 | 103.57412.42* | 183.59+16.79 | 123.849.29°
ALT, U/I 137.10£16.29 | 86.3447.52* |175.01+12.82 | 127.34+10.12°
alkaline
phospha- | 83.11#5.93 | 64.2316.00* | 114.89£9.67 | 90.506.51°
tase U/I
gj’l””oge”’ 2.2040.20 | 2.7640.15% | 2.44%0.16 | 3.03+0.20°
Note: * — unlike the control subgroup of mature

laboratory animals, reliably with p<0.05; * — unlike the
control subgroup of old laboratory animals, reliably with
p<0.05

When analyzing the morphometric parameters of
mature laboratory mice on day 7 after liver resection, the
experimental group showed an increase in the number
of mitotic index by 27.7%, a decrease in apoptotic index
by 24.3%, which led to an increase in the number of
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camkenue nokazarenern ACT na 24,1%, AJIT na 24,8%,
mesiouHo gocdarasbl Ha 23,1% 1m0 CpaBHEHUIO C JaHHBI-
MU KOHTPOJIbHOM moArpymnisl (Tabnumna 1).

AHanmm3upys OMOXMMUYECKHE IOKa3aTrenu mepudepu-
YeCKOH KPOBH 3pEINbIX W CTaphIX JIA0OPATOPHBIX KUBOT-
HBIX Ha 7 CYTKH TIOCJE PE3eKIMH TiedeHn Ha (OHE BBe-
nennst MMCK otmeyeHO CHMKEHHE YPOBHS (DEPMEHTOB
ACT, AJIT, wenounoii gpocdarasbl Mo CpaBHEHUIO C JIaH-
HBIMH KOHTPOJIFHOW MOATPYMBL. Taxke o0HApyKEHO I10-
BBITIICHUE YPOBHS (MOPUHOTEHA B 00CHX N3YIaeMBIX BO3-
PacTHBIX Tpymnmax. Y 3penbIX JTabopaTOPHBIX KUBOTHBIX
OTMEUYEHO MOBBIIIEHNE YPOBHA Mo4eBHHBI Ha 21,9% mo
CPaBHEHHIO C JaHHBIMH KOHTPOJIBHOM MOATPYIITBI 3PEIBIX
nabopaTopHBIX )KUBOTHBIX (Tabmuma 2).

Tabnuua 3
MopdomeTpuueckme nokasatenm nevyeHn 1abopaTopHbIX
MblILEN Ha 7 CYTKM nocne pe3eKkunm neyeHn, Mtm, n=7

3HayeHune
MNokasatenu 3penbie Crapble
NaCl MMCK NaCl MMCK
::::q::;on;e1 1918,29+ | 2394,14+ | 1552,00+ | 1591,43+
ou 82,04 2258* | 101,14 | 102,08
MM
Mnowaap rema- | 286,41+ | 27514+ | 348,19+ | 352,31+
TOLMTOB, MKM? 22,44 24,16 28,36 33,73
rne“nc;fjﬂ::;gpa 63,39+ 76,63+ 72,77+ 87,93+
TOHMTOS, 5,12 4,92+ 10,32 8,91°
MKM
:::::fj‘;;‘;% 223,03+ | 20437+ | 227,13+ | 224,73+
- 17,97 22,80 15,37 19,36
ULNTOB, MKM
AnepHo-
Hntonnasma- 0,2940,02 | 0,38+0,02* | 0,32+0,02 | 0,3940,01°
TU4YeCKoe OTHO-
weHue
;(°2“:i$'::niz 320,77+ | 393,90+ | 30574+ | 379,71+
AeP 10,64 23,23* 22,52 35,33°
LUTOB HAa MM2
MuToTuiecknit | o110 47 | 5,76£0,49* | 1,50£0,10 | 1,5740,12
UHAEKC
ANOMTOTUIECKA | 1 55, 09 | 0,9440,07% | 1,8140,17 | 1,4240,12°
UHAEKC
dubpuHoreH, r/n | 2,20+0,20 |2,76+0,15* | 2,44+0,16 | 3,03+0,20°

MprmeyaHue: ¥ — OTANYME OT KOHTPOJIbHOM NOArpynMnbl
3pesiblX 1aboPaTOPHbIX }KMBOTHbIX, A40CTOBEpHO ¢ p<0,05;
° — OT/IMYME OT KOHTPO/IbHOM MOArpynnbl CTapbix nabo-
PaTOPHbIX XUBOTHbIX, A4OCTOBEPHO C p<0,05.

[Ipn m3yuernn MopoMeTpruIecKix moka3areseil meve-
HU Ha | ¥ 3 CyTKHM Moce pe3eKIny IeYeHn Ha (JOHE BBe-
nennst MMCK He 0OHapyXeHO OTIIMYMN MEKAY ONBITHOH
Y KOHTPOJIBHO# MOATPYIIaMu B 00EHX BO3PACTHBIX TPYII-
max.

IIpu ananm3e MophoMeTpUIECKUX TTOKA3aTEIeH 3peIbIX
abOPaTOPHBIX MBIIIEH Ha 7 CYTKH IIOCIE PE3EKINU Tie-
YEHU B OIBITHOW IPyNIe OTMEUCHO YBEIUYECHHE KOJIUYe-
ctBa MU na 27,7%, cumxenue AU na 24,3%, uto npuse-
JIO K IIOBBIIICHUIO KOJIMYECTBa rernarouuToB Ha 24,8%. B
TO K€ BPEMsl Y CTapbIX JIAOOPATOPHBIX KHUBOTHBIX BhISIBIIC-

hepatocytes by 24.8%. At the same time, in old laboratory
animals, only an increase in apoptotic index was detected
without an increase in mitotic index and the total number
of hepatocytes.

Also, in mature and old laboratory animals, an increase
in the area of the hepatocyte nucleus was observed,
which led to an increase in nuclear-cytoplasmic ratio. In
laboratory animals of both age groups, an increase in the
number of dionuclear hepatocytes was observed (table 3).

Table 3
Morphometric parameters of the liver of laboratory mice
on the 7th day after liver resection, M+m, n=7

Value
Parameters Mature old

NacCl MMSC NacCl MMSC
::g:’jgy‘:fes per | 191829¢ | 2394245 | 155200¢ | 159143+

82.04 225.8* 101.14 102.08
1 mm?
Hepatocyte area, | 286.41% 275.14+ 348.19+ 352.31+
pum? 22.44 24.16 28.36 33.73
The area of
nucleus of 63.39+ 76.63+ 72.77+ 87.93+
hepatocytes, 5.12 4.92* 10.32 8.91°
um?
The area of the
cytoplasm of 223.03+ 204.37+ 227.13+ 224,73+
hepatocytes, 17.97 22.80 15.37 19.86
um?
Nuclear- 1 2640.02 | 0.38£0.02* | 03240.02 | 0.3940.01°
cytoplasmic ratio
Number of
binuclear 320.77+ 393.90+ 305.74+ 379.71+
hepatocytes per 10.64 23.23* 22.52 35.33°
mm?2
Mitotic index, %o | 4.51%0.47 | 5.76£0.49* | 1.50+0.10 1.57+0.12
;}i’o""to“c index, | 1 554009 | 0.94£0.07* | 1.812017 | 1.4240.12°
dubpuHoreH, r/n | 2,20£0,20 |2,76%0,15* | 2,44+0,16 | 3,030,20°

Note: * unlike the control subgroup of Mature laboratory
animals, reliably with p<0.05; * unlike the control
subgroup of old laboratory animals, reliably with p<0.05.

Conclusion

The conductedresearchindicates the possibility of MMSC
in mature and old body to restore the morphofunctional
state of the liver after its Subtotal resection. This is
evidenced by changes in the biochemical parameters of
peripheral blood — a decrease in the increased activity of
enzymes (AST, ALT, alkaline phosphatase). At the same
time, in mature animals, the correction of these indicators
against the background of placental MSCS transplantation
is noted already on the 3rd day after liver resection,
whereas in older animals this effect was detected on the
7" day. Also, against the background of the introduction of
MMSC after liver resection, morphometric changes were
revealed, indicating the activation of liver regeneration.
However, the mechanisms of activation of regeneration in
a mature and old body have some differences. In mature
laboratory animals, the restoration of the organ structure
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HO Juub nosbieHne AU 6e3 yeennuenust MU u oG1ero
KOJIMY€CTBA IeNaToIUTOB.

Taxoke y 3pesblX U CTapbIX JIAOOPaTOPHBIX KUBOTHBIX
OTMEUYEHO YBEJIMYCHHE IUIOIIAIN SIApa renaTouUTOB, YTO
npuBeso K Bo3pactanuto SIM. YV mabopatopHbIX KHBOT-
HBIX 00€HX BO3PACTHBIX TPYII OTMEYCHO YBEIHMUEHUE KO-
JINYECTBA JBYSIICPHBIX TeIAaTOUTOB (Tadnuma 3).

3akaouenue

IIpoBeneHHbIE HCCIENOBAHNS CBHIETENBCTBYIOT O BO3-
MoxxHoct MMCK B 3peniom 1 cTapoM Opraius3me BOccTa-
HaBIuBaTh MOP(GO(YHKINOHATBHOE COCTOSHHE I1€YEHH
nociie ee cyoTtotanbHOM pedeknuu. OO 3TOM CBUICTEIb-
CTBYIOT M3MEHEHHs] OMOXMMHYECKUX TOKazaTesiel mepu-
(hepudeckoll KPOBU — CHIDKEHUE TTOBBIIIEHHON aKTHBHO-
ctu pepmentoB (ACT, AJIT, memnounoit pocdarassn). [lpu
9TOM Yy 3pEJIbIX JKUBOTHBIX KOPPEKIMS JaHHBIX ITOKa3aTe-
neit Ha GpoHe TpaHcIUIanTanuu mwianeHTapasix MMCK ot-
Me4YaeTcsl yKe Ha 3 CyTKHU TOcje pe3eKIHUH MeYeHH, TOr-
Jla KaKk y CTapbIX KUBOTHBIX 3TOT 3(pdekT BhIsBIECH HA 7
cytku. Taxxe Ha Gpone BBenenuss MMCK mocie pe3exknmnn
[IEYCHH BBISBIEHBI MOP()OMETPUUECKUE U3MEHEHNUS], CBU-
JETENbCTBYIOMNE 00 aKTHUBALWU PETreHEepalud ICUYCHH.
OnHako MEXaHW3MBbl aKTUBALlMM PEreHepaluu B 3pejoM
U CTapoOM OpraHH3Me MMEIOT HEKOTOphIe OTIHUus. Y 3pe-
JIBIX JIAOOPATOPHBIX )KUBOTHBIX BOCCTAHOBJIICHUE CTPYKTY-
PBI OpraHa JOCTUTAETCs 3a CYET MEXaHM3MOB KIIETOYHOU
(yBesimueHUe KOJIMYEeCTBA TeNaTOLUTOB) U BHYTPUKIETOY-
HOM pereHepaunu (yBenudeHue pa3mepoB sapa, L), B
TO BpeMsl KaK y CTapbIX J1a0OPaTOPHBIX KUBOTHBIX 3a CUET
BHYTPHUKJICTOYHON PET€HEPALIH.

is achieved due to the mechanisms of cellular (increase in
the number of hepatocytes) and intracellular regeneration
(increase in the size of the nucleus, nuclear-cytoplasmic
ratio), while in older laboratory animals due to intracellular
regeneration.
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