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Pesiome

BBepeHue. lNprMeHeHMe BbICOKMX A03 BUTamMuHa D npuBoguT K HexenatesbHbiM MOOGOYHBIM dPdPeKTam, TakuMM Kak
runepkanbuvemus. MNapukanbumton (MK) - 370 6ronorMyecku akTVBHOE CHMHTETUYECKOE BELEeCTBO, KOTOPOE CENeKTUBHO
CBA3bIBAETCA C BHYTPUKIETOUHbIMW peuenTopamn BuTaMmmnHa D 1 He Bbi3biBaeT runepkanbumnemumio. I3BeCcTHO 0 BANAHWUM [AHHOTO
npenapata Ha MeTabonuyeckue nyTW, CEKpeLMio NapaTMPEeoONAHOro ropMmoHa, actMy u ¢Gmbpo3 neyeHn, 4To nopTBepXAaeT
ero WUPOKNA KANHNYeCKun noteHumnan. OgHako BAnAHMIO pa3Hbix fo3 MK Ha cocToAHMe KNeToK meyeHun, KoTopble ABMAAIOTCA
BaXHeWLWM MeCTOM ero MeTabonunsma, NoCBsALEHbl eAVHNYHbIE Ny6nnKauuu.

Lenb. M3yunTtb BAsHME BHYTPUOPIOWMHHOIO BBEAEHMA pa3Hbix Ao3 MK Ha cTeneHb akTMBaLMM pPeLenTopoB K BUTamMuHy D n
NpoBecTV MOPPONOrnMyYECKyto OLLEHKY COCTOAHNA TKaHW NEeYEHN Y MblLLEN.

MaTtepuanbl 1 metogbl. B sKcnepumMeHTe UCMONb30BaNM CamuoB Mbiwen AnHUM BALB/c 6e3 BHeWHUX MNaTonormyeckmx
npu3Hakos, Becom 16-18 r n Bo3pactom 4-6 Hefenb, KOTOPbIX pa3fenunn Ha 4 rpynnbl. 340POBble XNBOTHbIE KOHTPONbHOM
rpynnbl nonyYanu BHYTpmb6ptoWwmnHHO no 100 Mkn duspacteopa. KuBoTHble 13 2, 3 1 4-ii rpynn nonydyanu MK BHYTpUOPOWNHHO
B fo3e 25, 50 n 100 Hr/mbllwb COOTBETCTBEHHO Ha 1, 2, 4 n 7- geHb. BbiBegeHne 13 skcnepumeHTa oCyLWwecTBnAnocbL Ha 10-1
nnm Ha 21-n geHb Nocse Havana sKcneprMeHTa. [MCTONOrMyYecKyo OUeHKY TKaHel neyeHu BblBEAEHHbIX N3 SKCNepuMeHTa Ha
10- AeHb >KMBOTHbIX MPOBOAWSIM COTfAaCHO OOWENPUHATBIM FUCTONOTMYECKAM MeToAuKaM. VIMMYHOrMCTOXMMMUYeckoe
nccnefoBaHre NPoBOAMIIM B aBTOMAaTUUECKOM pexnme B UMMyHornctocteliHepe Bond™- maX (Leica, fepmaHua). Ucnonb3osanu
nepBUYHbIE KPONNYbM MNONNKNOHANbHbIE aHTUTENA K peLienTopy ButammHa D.

PesynbTatbl n o6cyxpeHune. BeegeHune MK B pasHbix fo3ax 3aKOHOMEPHO MOBbLIWANO obllee KONMYECTBO KIIETOK MeyeHwy,
akcnpeccupytowmx VDR, npenmyliecTBEHHO 3a CYET MMMYHHbIX KNeToK. YBennyeHre MpPOUeHTHOro KonmyecTBa MHTEHCMBHO
OKpaLUEeHHbIX HEMApeHXMaTO3HbIX KNETOK (++++ U +++) Habnoganocb K 21-My AHIO SKCMeprMeHTa MU COCTaBWIO B MOArpynne
2.2 - 56,0%, 3.2 — 46,6 % n 4.2 — 48,0 %, B KOHTPOJIbHOW rpynne 3TO 3HauyeHue cocTaBuno 39,5 %. Hambonee 6nuskoe K
KOHTPOJIIO CTPOEHMe TKaHM neyeHn Habnoaanoch y XXMBOTHbIX, KoTopble nonyyanu MK B fose 25 Hr/mbiwb. B rpynnax mbiwei,
roe XnBoTHble nonyyanu MK B gosax 50 Hr/Mbiwb 1 100 HI/MbIWb, OTMeYanucb onpeaeneHHble Mopdonornyeckne N3IMeHeHus,
HOCALME NPENMYLLECTBEHHO AUCTPOdUYECKMA N AUCLUMPKYNATOPHBIA XapaKTep, UTO OTpaXasio TOKCUYECKoe BAWAHME STUX
no3 K Ha meTabonn3m renatoumToB.

3aknouyeHmne. BeegeHne pasHbiX [03 nNapukanbuuTona NPUBOAUT K MOBbiWeHUO 3Kcnpeccun VDR npeumyllecTBeHHO B
HenapeHXMMaTO3HbIX KNeTKax neyeHu, oCylecTBAAIWNX MMMYHHble GyHKLmMK. dkcnpeccna VDR B renatoumTax Bcex Noarpynn
Bo3pacTana K 10-my fHi0 HabnoaeHna n cHWXanacb K 21-My AHIO, YTO, BEPOATHO, 6blI0 06YCNOBNEHO TMOeNbio STUX KIEeTOK.
Mukpockonuyeckoe uccnegoBaHme Mokasano, 4To mcnonb3osaHue (MK y 340pOBbIX Mbilen NPUBOAUT K OMpefesieHHbIM
[10303aBUCUMbIM U3MEHEHMAM B NEYEHUN, HAUMeHee TOKCUYHOW aABnsaeTca fo3sa MK 25 Hr/mblwb.

KnioueBble cnoBa: renatounTbl, KNeTKn Kynd)epa, p,VICTpOd)VIﬂ, NMMYHOTNCTOXMUA

KoHPNUKT nHTepecoB. ABTOPbI AeKNapupyloT OTCYTCTBUE ABHbIX M MOTEHUMANbHbIX KOHGIUKTOB WHTEPECOB, CBA3aHHbIX C
ny6nnKaumen HacToALLen cTaTby.
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Abstract

Introduction. The high doses of vitamin D lead to undesirable side effects such as hypercalcemia. Paricalcitol (PC) is a
biologically active synthetic substance that selectively binds to intracellular vitamin D receptors and does not cause
hypercalcemia. The effect of this drug on metabolic pathways, parathyroid hormone secretion, asthma and liver fibrosis is known,
which confirms its wide clinical potential. However, only a few publications have been devoted to the effect of different doses
of PC on the state of liver cells, which are the most important site of its metabolism.

Aim. To study the effect of intraperitoneal administration of different doses of paricalcitol on the degree of activation of
vitamin D receptors and to conduct a morphological assessment of the state of liver tissue in mice.

Materials and methods. The experiment involved male BALB/c mice without external pathological signs, weighing 16-
18 g and aged 4-6 weeks, which were divided into 4 groups. Healthy animals of the control group received 100 ul of saline
solution intraperitoneally. Animals from the groups 2, 3, and 4 received PC intraperitoneally at the doses of 25 ng/mouse,
50 ng/mouse, and 100 ng/mouse, respectively on the days 1, 2, 4, and 7. Sacrifice was performed on the 10th or 21st day after
the onset of the experiment. Histological assessment of liver tissues of animals removed from the experiment on day 10 was
performed according to generally accepted histological methods. Immunohistochemical examination was performed
automatically in a Bond™- maX immunohistostainer (Leica, Germany). Primary rabbit polyclonal antibodies to the vitamin D
receptor were used.

Results and discussion. The introduction of PC in different doses consistently increased the total number of liver cells
expressing VDR, mainly due to immune cells. An increase in the percentage of intensely stained non-parenchymatous cells
(++++ and +++) was observed by the 21st day of the experiment and amounted to 56.0 % in subgroup 2.2, 3.2 - 46.6 %
and 4.2 - 48.0 %, in the control group this value was 39.5 %. The liver tissue structure closest to the control was observed in
animals that received PC at a dose of 25 ng/mouse. In the groups of mice where the animals received PC at doses of 50 ng/mouse
and 100 ng/mouse, certain morphological changes were noted, mainly of a dystrophic and discirculatory nature, which
reflected the toxic effect of these doses of PC on the metabolism of hepatocytes.

Conclusion. The administration of different doses of PC leads to an increase in VDR expression mainly in non-parenchymatous
liver cells that perform immune functions. VDR expression in hepatocytes of all subgroups increased by the 10th day of
observation and decreased by the 21st day, which was probably due to the death of these cells. Microscopic examination
showed that the use of PC in healthy mice leads to certain dose-dependent changes in the liver, the least toxic dose of PC
is 25 ng/mouse.

Keywords: hepatocytes, Kupffer cells, dystrophy, immunohistochemistry
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BBEAEHUE

ButammH D n ero metabonutbl Heobxogumbl AnA
obecneyeHna pasnnUHbIX GU3MONOrMYECKUX npouec-
coB nyTem perynupoBaHusa 6anaHca kanbuuma n ¢ocdo-
pa [1-3]. B KNMHNYECKMX N SKCNEPUMEHTANbHbIX 1ccre-
[JOBaHUAX MOKa3aHo, 4YTo BMTaMUH D moxeT ymeHbLuaTb
OKNCNUTENbHBIN CTPecC 1 BOCNasieHne, a Takke Crnoco-
6eH okKa3blBaTb pa3HOOOpPa3HOE BO3AENCTBME Ha cep-
[eYHO-COCYANCTYI0, PENPOAYKTUBHYIO, BblAENUTENbHYIO
N UMMYHHYIO CUCTEMbl, MOMUMO CBOEl Ba)HOW ponu B
MUHepann3aunm KOCTHON TKaHu [4-7].

ButamnH D nposBnaeT cBoe Aencrere yepes peLern-
Topbl BuTammHa D (VDR), koTopble 6binv NpU3HaHbI Ya-
CTbl0 CynepcemelicTBa AAEPHbIX PeLenTopoB, KOTopble
NPUCYTCTBYIOT HE TONIbKO B TKAHAX, y4acTBYIOLNX B NPO-
ABneHNN Knaccnyeckux sdpdektoB BuTammHa D (Takmx
KaK KOCTU, KOXKa, KMLWEYHNK 1 NOYKK), HO U B «HEKaccu-
yecKmx» TKaHAX (TakMx Kak mMo3r, ceppue, neyeHb, MbiLl-
Ubl N >KMPOBas TKaHb) [8]. 3T peuLenTopbl CO CBOMMMU
NUraHgamy B LeNeBbIX KJIeTKax OonocpeayioT pasHoo6-
pa3Hble 6uonoruveckre 3¢deKTbl, TEM CambiM pPerynu-
pya TPAHCKPUMNUMIO LieNIEBbIX F€HOB (FeHOMHbIN NyTb B
«HeKJIaccnuyeckux» TKaHax) [9].

Butamun D 1 ero peuentopbl UrpaioT BaXkHYI0 posib
B MOZYNAUUN BOCNanUTESIbHbIX MPOLECCOB Y MMMYHHOM
byHKUMN. MHOrve nccnefoBaHVA Kak in vivo, Tak u in
vitro npopemoHcTpupoBanu, Yto eButammH D nopaenaet
BOCManeHne B TKaHAX 3a CYET CHVXKeHWA BblpaboTKM
NPOBOCNANINTENbHBIX LUTOKMHOB, TakUX Kak WHTepnein-
KuH 6 (UN-6), UN-8, UN-12, dakTop Hekpo3a onyxonu-a
(®HO-0a), nHTepdepoH y (MOH-y) [10, 11]. VDR akcnpec-
CUPYIOTCA BO MHOTUX KNeTKax MMMYHHOWN CUCTEMbI, BKIO-
Yyas MOHOLWUTHI, Makpodary, a Takke AeHAPUTHble KieT-
KW, 1 MOTYT ObITb NEPCNEKTUBHOW MULLEHbIO NMpu 3abo-
neBaHusAX neyeHn [12].

MpupoaHble popmbl BUTammHa D obnagatot cxoaHom
dapmakonormyeckon akTMBHOCTbIO 1 obecneyrBaloT Te-
paneBTUYECKUN 3PPEKT, KaK NpPaBUIO, 3a CYET BbICOKMX
[03, UTO HepefKo MPUBOAUT K HexenaTeNbHbIM Mobou-
HbIM 3bdeKTam, rnaBHbIM 06pa3om K runepKanbLuemMuu,
BK/OYAA KanbuMduKaLuio KPOBEHOCHbIX apTepui w
HedpoKanbumHo3 [13, 14].

B HacTosAwee Bpemsa pa3pabaTbliBalOTCA HOBble MPO-
N3BOAHble BUTaMUHA D ¢ onTMMU3NPOBaHHOW CENeKTUB-
HOCTbIO K peuenTopam U CHUXKEHHOW CMCTEMHOW TOK-
CMYHOCTbIO, YTO MOBBILIAET VX TepaneBTUYECKYIO IPdek-
TMBHOCTb MPOTUB paKa, ayTOMMMYHHbIX PAacCTPONCTB U
BOCManuTenbHbIX 3aboneBaHun. B KnuHnyeckom npakTu-
Ke NPVMEHAITCA HEeCKONIbKO aHanoros ButamuHa D, Ta-
Kue Kak anbdakanbuuaon, napukanbumton u danekanb-
uutpuon [15].

MNapukanbunton (MK) (19-Hop-1,25-gUrMgpoKcmMBmn-
TamuH D)) ABNAETCA CMHTETMYECKNUM aHanorom D, Ko-
TOpbI CENEKTUBHO CBA3bIBAETCA C peuenTopoM BuUTa-
MnHa D 1 npepoTBpallaeT cekpeuuo napaTmpeouns-
HOro ropmoHa. lNpenapaT WUPOKO MCnoNb3yeTca AN
neyeHms M npoduNakTUKM BTOPUYHOrO runepnapa-
TUpeo3a NpU XPOHUYECKOW MOYEYHOWN HeJOoCTaTOUHO-
cTn. Kpome TOro, nmeTca cBefeHnA O NPOTMBOBOC-
nannTenbHbIX U aHTUOKCKMAAHTHbIX cBomncTBax MK [16].
B knuHnyeckon npaktuke MK npumeHaetca gna neye-
HUA BTOPWUYHOrO runepnapaTMpeosa y naumeHToB C
XPOHMYECKMM nopaxeHnem novek [17]. HepaBHee uc-
crnefoBaHme nokasano, uto K 3amegnaeT skcnpeccuio
NpoBoCManuTeNbHbIX GakTOpPOB, BbI3BAHHbIX TPAHC/O-
kaumen NF-kB n3 uymtonnasmbl B AQpo, TemM cambim
ynyJdwaa TeyeHue 3SKCNePUMMEHTaNbHOro ayTOUMMYH-
Horo sHuedanomuennTa. bonee Toro, 661710 NOKa3aHoO,
4yTO npenapaT CcnocobeH ymeHbLaTb 3KCNeprMeHTanb-
Hbli MHTEPCTUUNANbHbIN GUOPO3 Nouyek, Bbi3BaHHLIN
XPOHUYECKOW MOYEeYHOW HepJoCTaTOUYHOCTbIO, 3a cyeT
BIMAHUA Ha peuenTopbl PeHMHa W aHTMOTEH3VHa W
yMeHbLIeHua BocnaneHus [17]. Takxke 6bino obHapyxe-
HO, uTo K ymeHbluaeT noBpexaeHne rneyeHu, Bbi3BaH-
HO€e MepeBA3KONM »KeNMUHbIX MPOTOKOB, 3a CYET NoaaBe-
HUA oKucnuTenbHoro ctpecca [18]. OgHako BAMAHMIO
pa3nnuHbix fo3 MK Ha cocToAaHMe KNeToK neyeHu, Ko-
TOopble ABMAIOTCA BaXHENLWUM MECTOM ero MeTabosnus-
Ma, NOCBALLEHbI e4MHUYHbIE Ny6nnKauum.

Lenb. /3yuntb BnuAHME BHYTPUOPIOWNHHOIO BBE-
JeHunA pasHbix o3 MK Ha cTeneHb akTMBauuwn peuenTto-
poB K ButamuHy D u npoBectn Mmopdonornyeckyio oLeH-
Ky COCTOAHUA TKaHW NeYEeHWN Y MblLLEN.



MATEPWUAJIbl U METO/ bl

B aKcneprMeHTe 1Cnonb30Banu CaMmuoB MbILEN Nn-
HuM BALB/c 6€3 BHELWHUX MATONOrMYecKnX NMPU3HAKOB,
Becom 16-18 r n Bo3pactom 4-6 Hegenb. "KUBOTHbIX pas-
Jenvnn Ha cnepytowme rpynnbl U NOArPYNNbl, NpefcTas-
NeHHble Ha pucyHke 1.

MMcTonornyeckylo oueHKy TKaHel nevyeHu BbiBefeH-
HbIX Ha 10-I1 feHb U3 3KCMepUMEHTa KMBOTHbIX MPOBO-
AU COrnacHo OO6LEeNPUHATBIM MMCTONIOrMYEeCKUM MeTOo-
ankam. O6pasubl nevyeHun, ¢pukcnpoBaHHble 10%-m ¢dop-
MasniMHoM, 3anuBanu B napaduH 1 nonyyanu cpesbl Ton-
WWHOWM 5 MKM, KOTOpble OKpalluuBaau reMaTOKCUIIVHOM
1 303HOM.

MmmyHorncroxmmmyeckoe unccnefgoBaHie MnpoBo-
OV B aBTOMATUYECKOM peXxrMe B UMMYHOIMCTOCTeN-
Hepe Bond™- maX (Leica, l'epmaHus). Mcnonb3soBanu
nepBUYHbIE KPOMUYbU MOJNMKIOHANIbHbIE aHTUTeNna K
peuentopy ButamuHa D (Affinity, cat. Ne DF6917, pa3se-
geHue 1:100). Busyanusauuio npoBoanamM C CUCTEMON
petekumn BOND Funding Polymer Detection System
(Leica, BenukobputaHusa). MUKpPOCKONNYECKUN aHanm3
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BbINOJIHANIN C MOMOLbI CUCTEMbI BMAEOMUKPOCKONMNM
(Mmkpockon DM2000, kamepa DFC295, Leica, lepma-
HMA). KonmyecTBO NO3WUTUBHBIX KNETOK MOACUYUTbIBANM
B 10 nonax 3peHua npu ysenunyeHum x400. NHTeHCnB-
HOCTb OKpallMBaHWA OLEHUBANMN Kak cnabylo «+» (cBet-
NO-KOPUUYHEBOE OKpalluBaHue), CpefHiol «++» (Ko-
pVYUYHEBOE OKpalMBaHWE) W CUNbHYIO «+++/4++++»
(TeMHO-KOpPUYHEBOE OKpalLMBaHMe).

WccnepoBaHue 6b110 ogobpeHo MpPOTOKOIOM 3ace-
JaHuA KomuTeTa no 3tmke N2 10 ot 23.11.2021 OrAOY BO
«Kpbimckuii degepanbHbil yHUBepcuTeT umeHn B.U. Bep-
HafcKoro». PaboTy C >KMBOTHbIMM OCYLLECTBNIANN B COOT-
BeTCTBUM C [MpaBnnamu nposefeHnA paboT C MCMonb3o-
BaHMEM 3KCMEepPUMEHTaNIbHbIX »KUBOTHbIX (Npukas MuH-
By3a N° 724 o1 13.11.1984).

MonyuyeHHble B Xoae MccnefoBaHWsA AaHHble obpaba-
TbiBaNI C MOMOLLbIO MaKeTa CTaTUCTUYECKUX MPOorpamm
STATISTICA 10.0, ncnonb3ya kputepuin Wannpo - Ynunka
ANA NPOBEPKM HOPMaNbHOCTU pacnpegeneHuns, gucnep-
CMOHHbIV aHanus, metog LWedde n kputepuin [aHHeTa.
YpoBeHb 3HaunmocTu p < 0,05

3popoBble camubl mbiwen nuHnun BALB/c
Healthy male BALB/c mice

_ g
et
Ipynna N2 1 lpynna N2 2
KoHTponb BHeTpy6pioWmnHHOE
BHeTpy6poLWnHHOE BBegHue 1K B fo3e

BBegHue no 100 Mkn
¢duspacTeopa (OP) Ha 1,
2,4 1 7- OeHb.
BblBOA 13 3KCNEepUMEH-
Ta (Bud) Ha 21 fgeHb.
h=6

Group No. 1

Control

Extraperitoneal admi-
nistration of 100 pl of
saline (SA) ondays 1, 2,
4and?7.
Withdrawal from the ex-
periment (WE) on day 21.
n==6

25 Hr/mbiwb B 100 MKN
OPHa1,2,4n7-npeHb
Group No. 2

Intraperitoneal admi-
nistration of PC at a do-
se of 25 ng/mouse in
100 pl of SA on days 1,
2,4and 7

Subgroup 2.1
WE on the 10th day
n=6

Subgroup 2.1
WE on day 21
n=6

N %
(4N
Ipynna N2 3 Ipynna N2 4
BHeTpy6piolriHHOE BHeTpy6pioLiHHOE

BBeaHue K B no3e 50
Hr/MbiWwb B 100 mkn OP
Ha1,2,4 n7-naeHb

Group No. 3
Intraperitoneal
administration of PC at
a dose of 50 ng/mouse
in 100 pl of SA on days
1,2,4and 7

Subgroup 3.1
WE on the 10th day
n=6

Subgroup 2.1
WE on day 21
n=6

BBegHue 1K B go3e 100
Hr/Mbiwb B 100 mkn OP
Ha1,2,4 1 7-n aeHb

Group No. 3
Intraperitoneal
administration of PC at
a dose of 100 ng/mouse
in 100 pl of SA on days
1,2,4and 7

Subgroup 4.1
WE on the 10th day
n=6

Subgroup 4.1
WE on day 21
n=6

PucyHok 1. ilnsaiiH nccnegoBaHmns

Figure 1. Design of the experiment
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PE3VYJIbTATblI U OBCYXAEHUE

BeegeHue MK nosbiwano obuiee KONMMYECTBO KNeTOK
neyeHu, akcnpeccupytowmx VDR, npn pasnnyHbiX KOH-
LEeHTpaumaAxX 1 cpoKax HabnogeHusa (tTabnuua 1). Yeenu-
YeHne MPOLIEHTHOro KOMMYeCTBa MHTEHCUBHO OKpalleH-
HbIX KNeToK (++++ 1 +++) Habnoganocb BO BCeX SKcne-
PUMeHTanbHbIX rpynnax Ha 21-n geHb 3KcnepumeHTa 1
cocTasuno B nogrpynne 2.2 — 56,0%, 3.2 - 46,6 % n 4.2 -
48,0 %, B KOHTPOJNIbHOWN rpynne 3TO 3HayeHue COCTaBU-
no 39,5 %. OTn pe3ynbTaTbl YKa3blBalOT Ha BEPOATHOCTb
TOro, UTo BMTaMuH D 1 ero aHanorn cnocobHbl akTVBHO
N ANUTENbHO BO3[ENCTBOBaTb Ha KNETKM MeyeHn yepes
reHOMHble MyTn (Heknaccuyeckne spdeKTbl).

Jkcnpeccna VDR B nmeyeHn OeMOHCTpUpyeT 3Hauu-
TeNbHble pa3nyMa B 3aBMCMMOCTM OT TUNa KNeToK 1 Jo-
3bl BBegeHuA K. B renatouyntax mblwen KOHTPOSbHOMN
rpynnbl skcnpeccna VDR 6bina 3aMeTHO Hu3Kaa (+/++),

TOrAa Kak B HeMapeHXMMaTO3HbIX KfeTKaX, BK/ouasn
Knetkn Kyndepa, neuyeHoUHble CUHycOVAaNibHble 3HAO-
TENnanbHble KNEeTKW, XONMAHTMOUUTbl W MeyeHOoYHble
3Be3fuaTble KNeTKM, PErncTpupoBanmcb boree BbiCOKMe
YPOBHU AfepPHOM aKCNpeccun (+++/++++).

BeegeHue fo3bl 25 Hr/mMblWwb K 21-My gHI0 Habnoae-
HUA CTAaTUCTUYECKM 3HAUMMO MOBbLILLASNIO KOJIMYECTBO MO-
NOXUTENbHbBIX KNEeTOK neveHu, skcrnpeccupytowmx VDR,
Mo CPaBHEHWMIO C KOHTponeMm 1 10-M gHeM HabnoaeHus
rnaBHbIM 0Opa3oM 3a CYeT yBeNMYEeHMA SKCMpPeccun B
HenapeHXMMaTo3HbIX UMMYHHbIX KneTkax Ha ¢oHe ee
He6OoNbLIOro CHXKEHMA B renatouuTax. B TeueHne mHo-
rMX SIeT CYUTANIOCh, YTO KIIOUEBOW POSbIO BUTaMUHa D BO
BPOXOEHHOM VIMMYHUTETE ABJIAETCA €ro CrocobHOCTb
CcTMMynumpoBaTb AuddPepeHUNPOBKY MOHOLMUTOB-Npes-
LIEeCTBEHHMKOB B bOonee 3pesble darounTapHble MaKpo-
¢darn, Takke Oblla NPOLEMOHCTPMPOBaAHA YeTKas CBA3b

Ta6nuua 1. KonmuectBo MUMMYHONO3UTNBHO OKpalleHHbIX K VDR Knetok neueHmn

Table 1. Number of liver cells immunopositively stained for VDR

KonunuecTBo nonoxutenbHo oKpaleHHbIX KNeToK, %
OT BCEX MOJIOKUTENIbHO OKPALUE€HHbIX Cymma
[lo3a, cpok Bud NoNoXUTENbHO
Mogrpynnbi LS OKpaLlleHHbIX
KNeToK
NHTeHCMBHOCTb OKpalunBaHuA
++++ +++ ++ +
: KoHTponb 182+1,1 90,6 £6,3 792+32 87,8+25 2758+74
6,6 % 32,8% 28,7 % 31,8% 100,0 %
1 MK 25, 10-i geHb 38,8+3,3 84+78 82,4+4, 92 +4,1 297,2 + 9,4* **
' 13,1 % 283 % 27,7 % 30,9 % 100 %
- MK 25, 21-1 aeHb 83,8 + 6,4 98,2+ 2,6 77,6 2,6 71+24 330,6 + 6,4% ¥**
' 253 % 29,7 % 23,5% 21,5% 100 %
31 MK 50, 10-i geHb 13+2,4 71,6+88 92,4+ 4,1 101,2+ 8,1 278,2 + 7,5%**
’ 4,7 % 25,7 % 332% 36,4 % 100
35 MK 50, 21-i geHb 328+23 1098+3,4 76,8 5,1 856+1,8 304,6 + 8,4% ** *xx
’ 10,7 % 359 % 252 % 28,1 % 100 %
4 MK 100, 10-1 aeHb 524+33 91,8+2,1 72,6+ 1,6 71£6,2 287,8 + 4 4%xx xxx
' 18,2 % 31,9% 252 % 24,7 % 100 %
42 MK 100, 21-i1 feHb 654+26 100,6 +5,2 97,2132 82+34 345,2 + 8,3* ***
’ 18,9 % 29,1 % 282% 23,7 % 100 %

npmmeqamne. * Paznnune cpefHux c KOHTpOJ'IbHOVI prI'II'IOIZ ABNAETCA CTaTUCTUYECKN 3HAYMMbIM Ha YypPOBHE 3HAYMMOCTU

p <0,01.

** Paznnumne cpepgHux mexgy nogrpynnon 2.1 n nogrpynnamu 3.2 n 4.1 ABNAETCA CTaTUCTUYECKN 3HAYMMbIM Ha YPOBHE 3Ha-

unmocTtun p < 0,01 n p = 0,04 COOTBETCTBEHHO.

*** Paznuune cpefHUX mexay rpynnon 4.2 n nogrpynnamu 2.2, 3.1, 3.2 n 4.1 ABnAeTCA CTaTUCTUYECKN 3HAYMMbIM Ha YPOBHE

3Haunmoctn p < 0,01.

Note. * The difference in means with the control group is statistically significant at the significance level of p < 0.01.
**The difference in means between subgroup 2.1 and subgroups 3.2 and 4.1 is statistically significant at the significance

level of p < 0.01 and p = 0.04, respectively.

*** The difference in means between group 4.2 and subgroups 2.2, 3.1, 3.2 and 4.1 is statistically significant at the signifi-

cance level of p < 0.01.



mexgy ButamuHoMm D u aktmBaumen Toll-nogo6Hbix pe-
uentopos TLR4 [19].

B 3- rpynne, roe XnMBOTHble nony4yanu 6onee Bbl-
cokyto po3y K 50 Hr/mbiwb, NOBbILEHNE 3KCApeccun
VDR Kk 21-my pgHi0 Habniofanocb NperMyLiecTBEHHO 3a
cyeT HenapeHXMMaTO3HbIX KNeTOK +++/++++, Konnuect-
BO KOTOpPbIX BO3pacTano Ha 16,2% Mo CpaBHEHWIO C
10-m gHeM Ha PpoHe yMeHbLUEHUs MPOLEHTA KIETOK +/++.

Mpw BBegeHun MK B go3e 100 Hr/mbiwb K 10-My gHI0
NPONCXoAnNIo pe3koe yBennyeHne 3KCnpeccum BO BCeX
KNeTOUHbIX NonynAaumaAx, NpyM 3TOM nocnegyowero yse-
nuyeHna skcnpeccum VDR K 21-My HI0 Kak B renatouu-
Tax, Tak N B HENapeHXMMAaTO3HbIX KneTKax MpakTnyeckn
He Habnganochk.

Mpy MMKPOCKONNYECKOM UCCNeaoBaHUN NMeYeHN Mbl-
el KOHTPOJIbHOWM rpynnbl HabNohaeTcs Kiaccuyeckas
rMcTosiormyeckaa KapTuHa, XapakTepHasa Ana 340pOBbiX
XMBOTHbIX. [enaTouunTbl, opraHM3oBaHHble B TpabeKynbl,
npeacTaBasaioT cobol KpyrHble MONIMroHalNibHble KieT-
KW 3NUTENNaNbHON Npupoabl, AApa OKpPyrnon ¢opmsbl ¢
yyacTKaMu reTepo- 1 3yxpomaTtuHa. B HekoTopbIx KneT-
Kax Bu3yanmampytotca agpblwkn. Cpegn renatoumntoB
BCTPEYAETCS YMEPEHHOE KONMYECTBO ABYAAEPHbIX GOPM.
B ueHTpe neyeHOUHbIX AONEK pacrnonaralTca LeHTpanb-
Hble BeHbl, 3aMOJIHEHHbIE SPUTPOLNTAMKN, CUHYCOUabI He
pacLwypeHbl. (PUCYHOK 2).

PucyHok 2. Cna6o Bbipa)KeHHOE NMOJIHOKPOBME LieHTpanb-
HbIX BEH B TKaHN NeYeHU }KNBOTHOro KOHTPONbHON rpyn-
nbl. OKpacka reMaTOKCWINHOM 11 503MHOM. YB. X9,6

Figure 2. Mild plethora of central veins in liver tissue of
the animal in the control group. Hematoxylin and eosin
staining. Magnification x9.6

Haunbonee 65113Koe K KOHTPOJSIbHOW Fpynne CTpoe-
HMe TKaHW neyeHy HabnoAanoch y XMBOTHbLIX MEpBOW
SKCNepuMeHTanbHON rpynnbl, KoTopaa nonyyana MK B
fo3e 25 Hr/mblwb. Y KUBOTHbIX OTMEYanucb cnabo Bbl-
paXkeHHOe MONTHOKPOBUE LieHTPanbHbIX BEH U OYarosble
npoABneHna AancTpoduyeckmx wmmeHeHmn. lenatouu-
Tbl CO C1abbIMN NPU3HAKa-MWN BHYTPUKIETOUHOrO OTeKa
pacnonaranncb B nepurnopTanbHOi 30He. BoKpyr uLeHT-
pasibHbIX BEH renaTounTbl MMenn OOLIMPHYIO 303UHO-
bUNbHYIO MENKO3EePHUCTYIO LMTonNasmy (PUCyHOK 3, A).

Joknunuyeckue u KTUHUYecKue uccne0o08aHus
Preclinical and clinical study

B rpynnax mbiwen, rae XnBoTHble nony4vanu MK B
po3ax 50 Hr/mbiwb 1 100 Hr/MblWwb, OTMEYaNUCb onpe-
[eneHHble MUKPOCKOMMYECKNe W3MEHEHUA, HoOcALKMe
npenMyLecTBEHHO ANCTpodUYeCKUii U AUCLUPKYNA-
TOPHbIA XapaKTep, YTO OTpakano TOKCU4YeCKoe BUA-
Hue 3Tnx o3 MK Ha metabonusm renatouuTos. eye-
HOUYHblE JONbKU TEPAN CBOK YETKYI rekcaroHasnbHYy
CTPYKTYpY. PUCYHOK TKaHM neyeHu B LESIOM Bbirnagen
CcTepTbIM. LleHTpanbHble BeHbl OblIN PE3KO paclUMpeHbl,
3anosiHeHbl 3PUTPOLUTAMU, CUHYCOMUAbI Cy»KeHbl (pucy-
HOK 3, b).

Ha ¢oHe BakyonbHON auctpodun renaToumToB B
TKaHW NeYeHU KUBOTHbIX 3-1 SKCNepUMEHTaNbHOW rpyn-
Mbl ONpefenAnncb MHOXXECTBEHHble AByAAepHble rena-
TOUUTBI, YTO OTPaXasno MpPOoLecCbl KOMMNEHCATOPHON pe-
reHepauuu (pncyHok 3, B).

3a cueT BblpaXeHHOro BHYTPMKNETOYHOro OoTeka B
neyeHoYHbIX 6ankax oTMevanocb HapylleHne HopMarb-
HOW MMCTOAPXUTEKTOHMKM, YTO OCOOEHHO CUJIBHO MpO-
ABNANOCb Y >KMBOTHbIX TPETbel 3KCNepuMeHTanbHOMN
rpynnbl, nonyyaswux MK B gose 100 Hr/mbiwb. [enaTo-
unTbl Nepndepmnyeckon YacTu NevyeHOUYHON [ONbKU Ae-
MOHCTpUpoBanu 6Gonee Taxenble AncTpoduyeckue ms-
MeHeHWA, X LMToMnnasma Bbirnagena onTUYecku npo-
3PayYyHON NN 3anOSIHEHHOW KPYMHbIMK Bakyonamu. fAgpa
B TaKUX KreTkax ObUiv, Kak NpaBusio, OKpyrsble, runep-
XPOMHbIe 1 pacnonaranncb LUeHTpanbHo (pucyHok 3, ).
MOoXHO NpeanonoXnTb, YTO, MOMUMO MeTaboNMyecKnx
HapyweHunin, Bbicokaa go3a K (100 Hr/mbiwb) cama no
cebe MOXeT BbI3blBaTb BblIPabOTKY NPOBOCMANUTENbHbIX
LUTOKUHOB.

3AKJIIOMEHUE

BBegeHue pasHbix [03 NapukanbuuUTOna MPUBOAMT
K nosbiweHno 3Kkcrpeccun VDR npeumyliecTBeHHO B
HenapeHXMMaTO3HbIX KJfIeTKax MNeyeHu, OCyLLeCTBAAL0-
WX MMMyHHble byHKuMnM. Skcnpeccua VDR B renato-
uMTax BCex moarpynn so3pactana K 10-my gHio Habnto-
LEHVA 1 CHWXKanacb K 21-mMy [iHI0, 4TO, BEPOATHO, 6bifo
06ycnoBeHo rmbenbio STUX KNETOK.

Mukpockonuyeckoe wnccnefoBaHMe MoOKasano, 4To
ncnonb3oBaHme K y 300pOBbIX Mblwen MPUBOAUT K
onpegeneHHbiM [10303aBUCAMbIM M3MEHEHUAM B neve-
HW. BepoATHOe MepeHanpsxeHVe afanTauMOHHbIX Mexa-
HU3MOB MPUBOAUT K rmaponuyeckon amctpodumn rena-
TOLWTOB U KOMMEHCATOPHOMY YBENUYEHUIO Ymcria ABY-
AfepHbIX renatoumToB B 3- 1 4-1 rpynnax. Bo 2-n rpyn-
ne Takme M3MeHeHWA BblABNEHbl He 6binn. Mpu 3Tom y
MbIle 3TON 3SKCNepUMEHTaNbHOM rpynnbl OTMeuva-
nacb rvnepnnasua BHYTPUKIETOUYHbIX OpraHens, KoTo-
pas NpoABnAnacb B HaNM4MM B LUUTOMNMa3Me MHOXeCTBa
303MHOGWNbHBIX rpaHyn. Takum ob6bpas3om, y Mbilen
Hambonee 6naronpuATHbLIM ABNAETCA MCMONb30BaHMe
[031poBKK MK 25 Hr/mblLb.

Heobxoaumbl panbHelwne nccnefoBaHna ns usy-
YyeHus ponu ButamuHa D n VDR B MeTabonv3ame KneTok
neyeHmn Kak B HOpMe, Tak 1 MpU NaToNoruu.
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PucyHok 3. Mopdonornueckme nsmeHeHus neyeHm mbiwleil Ha poHe BBeeHMA pa3nuyuHbix aos MNK.

A - NONIHOKPOBHbIE LieHTPa/ibHble BeHbl U c/laboBbipa)keHHasa ruagponuyeckas aUcTpodus nepunopranbHO pacnosno-
)KEHHbIX renaTounTOB Y XXUBOTHOTO 2-I1 3KCMEePMMEeHTa/IbHON rpynnbl. OKpacKka reMmaToKCUIMHOM N 303UHOM. YB. X17,2;
b - nonHOKpoBMe cOCYyOB MeYeHN MbiwK U3 3-f SKCMepuMeHTanbHOM rpynnbl, nonayyaswen o3y MK 50 Hr/mbiwb.
OKpacka reMaTOKCUAIMHOM W 303MHOM. YB. X6; B - MHOXecTBeHHble AByApepHble ¢OpMbl renaTounToB MbIWN U3
3-11 3KcnepuMeHTanbHOW rpynnbl, nony4yaswen Ao3y MK 50 Hr/Mbiwb. OKpacka reMaToOKCUJIMHOM U 303MHOM. YB. X17,2;
I - Bbipa)keHHaa ruaponuyeckasn AucTpodpua renaToUTOB MbIlIN U3 4-i1 SKCNepuMeHTaIbHOI rpynnbl, NoayyvasLuel fo-
3y MK 100 Hr/mbiwb. OKpacKa remaToOKCWJINHOM 1 303MHOM. YB. X20

Figure 3. Morphological changes in the mouse liver after administration of various doses of PC.

A - Congested central veins and mild hydropic degeneration of periportal hepatocytes in an animal of the third
experimental group. Hematoxylin and eosin staining. Magnification x17.2; B - Congestion of liver vessels in mice from
the 3 experimental group that received a dose of PC of 50 ng/mouse. Hematoxylin and eosin staining. Magnification
x6; C - Multiple binuclear forms of hepatocytes in mice from the 3rd experimental group that received a dose of PC of
50 ng/mouse. Hematoxylin and eosin staining. Magnification x17.2; D - Severe hydropic degeneration of hepatocytes
in mice from the 4 experimental group that received a dose of PC of 100 ng/mouse. Hematoxylin and eosin staining.
Magnification x20
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ciation of serum total 25-hydroxy-vitamin D concentra-
tion and risk of all-cause, cardiovascular and malignan-
cies-specific mortality in patients with hyperlipidemia
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