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AHHOTAIIUA

BBeenue. TybGepKyne3Hblii rpaHyIeMaTo3 Y HOBOPOXKJEHHDIX U JIETEH BCTPEUAETCS 3HAUUTETHHO PeKe, YeM Y B3pOC-
JIBIX, U B 0COOEHHOCTH €T0 BUCLIEPATIbHBIE (POPMBL, B TOM UrC/Ie HOpaKeHre nedeHn. OKUCIeHHBIN eKCTPAaH YCUIHBAET IIPO-
JIYKIIUIO KUCJIOPOHBIX PAZIKAJIOB, IUTOTOKCHUECKUH 1 GAKTEPUIIM/THBIA OTEHINAI (GarolUTOB, YCKOPSET mpoliecc (aro-
JIN30COMHOTO CIMSTHUSA U BJIMMUHAIMY BO30YAUTEIsA, CHAXKAsI TPaHy/IeMaTO3HbIH BOCHIAINTE IBHBIH IIPOIECC B OpPraHax.
IHens ucciamenoBaHUA. V3yyuts MOpdOJIOTUYECKUE U3MEHEHUS B TI€YEHH MBIIIEH OT IEPHOAA HOBOPOKIEH-
HOCTH /10 B3POCJIOTO BO3PACTa P BBeZleHUH BaKIUHBI BIDK 1 npuMeHeHNN OKHCJIEHHOTO JeKCTPaHa.
MaTepuanb U MeToOJABbl . Mpimei iuanu C57B1/6 (Bcero 200 ocobelt) pasaesiniiy Ha 4 TPYIIIBI: MBIIIAM U3
1-¥ (MHTaKTHOM) TPYIIIBI BBOZAWIH 0.02 MJI/KT 0.9% pacTBOpa HATPUS XJIOPH/IA B IEPBBIE CYTKHU MOCJIE POXKAEHHUs. Mbliiam
13 2-1i IPYIIIBI HA 2-€ CYTKH [I0C/IEe POK/IEHNUsI BBOZIIIN PACTBOP OKUCJIEHHOTO IeKCTPaHa MOJIEKY/ISIPHOM Maccoi 40 kla.
MBpliaM U3 3-# TPYIIIBI B IIEPBbIE CyTKH C MOMEHTA POXK/I€HUS BBOAMIN pacTBOp BakuHb! BIK 0.02 mMr/kr. Mbimam 4-i
IPYIIIBI BBOAWIN pacTBOp BakuuHbl BIDK 0.02 Mr/Kr, Ha BTOpPBIE CYTKU C MOMEHTA POXKJEHHSI — PACTBOP OKHUCJIEHHOTO
JIEKCTPaHa MOJIEKYJISIPHON Maccol 40 k/a.

PesynabTarTs . Udcaennas miaotHoeTs (N ) rpaHysieM B edeHH IPOTPECCHBHO YBEIUUUBATIOCH ¢ 28-X K 56-M cyT-
KaM 9KCIEPUMEHTA y MBIIIEN 3-U U 4-# rpynm B 13.5 pasda. OJTHAKO Y MBIIIEN 4-1 TPYIIIIBI KOJIMUYECTBO TPAHYJIEM ObLIO
MEHBIIUM B 1.4 pa3a B CPABHEHHUH C aHAJIOTHYHBIM [TOKA3aTeJIeM Y MbIIIel 3-i rpynmnsl. fluaMeTp rpaHyJsieM B IeYeHH Y
MBIIIEN 4-H TPYIIIBI ObLI MEHBIIINM Ha 28-€ U 56-€ CyTKH B CPABHEHUH C AHAJIOTHYHBIM IIOKA3aTEeJIEM Y MBIIIEH 3-1 IPYIIIbI
B 2 pa3a 1.3 pa3a COOTBETCTBEHHO. Y MBbIIIIEH 4-I Ipynnbl 06beMHas IVIOTHOCTD (VV) TucTpodUIecKy N3MEeHEHHBIX rera-
TOILIUTOB C 3-X IO 5-€ CYTKH ObLIa MeHbIIIel B 8 pa3 B CPABHEHUH C aHAJIOTHYHBIM II0Ka3aTeJieM Y MbIIIeH 3-i IPyIIIbL, Ha
10-e 1 28-e CyTKH — B 1.7 ¥ 1.2 pa3a COOTBETCTBEHHO. VV 04aroB HEKPO3a TellaTOIUTOB Y MBIIIEH 4-H IPYIIIBI HE OTINYA-
Jlach OT aHAJIOTHMYHOTO TTOKA3aTesIs Y MBIIIeH 1-H (MHTAKTHOH) U 2-H (KOHTPOJIBHOI) TPYIII BO BCE MIEPUO/BI HAGITIOEHIIS
1 ObLyIa MEHBIIIEN HA 3-U U 56-€ CyTKH B CPABHEHHH C aHAJIOTUYHBIM IOKazaTesieM y Mbltiei 3-i (BL[2K) rpynmsl B 3 pasa.
Ha 28-e 1 56-€ cyTKM SKCIIeDUMEHTA y MbIllell u3 3-i U 4-i Tpynn oTMedaercs yBenndenne N, IBysIepHBIX TeaTOIUTOB
Y TeNaToIUTOB C MUTO3aMHU B CPABHEHUH C AHAJIOTHYHBIM II0Ka3aTeJIeM y MBIIIeH 1-# U 2-1 rpymi. Y MbIIIel 4-i rpymmb
KOJIMYECTBO JIBYSI/IEPHBIX TeNATOLUTOB, OTPAXKAIOIIee PelapaTHBHYIO PereHepanuio TenaToUTOB, ObLIO OOJIBIIUM HA
28-e 1 56-€ CyTKH B CDAaBHEHUH C AHAJIOTUYHBIM [TOKa3aTeJIeM y MblIlleli 3-i rpymmsl B 1.8 pasa.

3axkawueHUue. ['paHysemoobpazoBaHue (KOJTHYECTBO U IMAMETP I'PAHYJIEM) B TIEUeHHU MbIIIEN IIPYU BBEJIEHUH BaK-
uuHbl BIDK 1 npuMeHeHNN OKHCJIEHHOTO JIeKCTpaHa ObLII0 BRIPAYKEHO B MEHbIIIEH CTEIIeHN B CDABHEHUH C He JIEYeHHBIMHU
OKHCJIEHHBIM JIEKCTPAHOM JKUBOTHBIMH, UTO CBH/IETEIBCTBYET 00 3 (HeKTHBHOM 2JTMMUHAIIIHN Bo30yAuTes B harorurax.
JlecTpyKTHBHBIE U3MeHeHUs (qucTpodruyecKkue U3MeHEHUs U HEKPO3 rellaTOIUTOB) B apeHXUMe [TeYeHH MBIIIeH Ipu
BBezieHnHU BakuuHbI BIK 1 nprMeHeHNN OKHUCJIEHHOTO JIEKCTPaHa 3HAYUTEIbHO CHUKAIOTCS, IIPU STOM aKTHBU3UPYIOTCS
[IPOIIECCH] PENapaTUBHOM pereHepanuy B IMapEeHXUMe IeYeHH MBIIIed, YTO 00yCIOBIEHO TernaToTPOnHbIM 3hderTom
OKHCJIEHHOTO JIEKCTPaHa.
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Structural changes in the liver of mice with BCG granulomatosis
and the use of oxidized dextran in age dynamics
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ABSTRACT

Introduction. Tubercular granulomatosis in newborns and children is much less common than in adults, and
especially its visceral forms, including hepatic lesion. Oxidized dextran enhances the production of oxygen radicals, cyto-
toxic and bactericidal potential of phagocytes, accelerates the process of phagolysosomal fusion and elimination of the
pathogen, reducing the granulomatous inflammatory process in organs.

Aim . To study morphological changes in the liver of mice from the neonatal period to adulthood with the BCG vaccine
administration and use of oxidized dextran.

Materials and methods. Miceof the C57B1/6 line (200 animals in total) were divided into 4 groups: mice
from the 1st (intact) group were injected with 0.02 ml/kg of 0.9% sodium chloride solution on the first day after birth. Mice
from the 2nd group on the 2nd day after birth were injected with a solution of oxidized dextran with a molecular mass of
40 kDa. Mice from the 3rd group were injected with a solution of the BCG vaccine of 0.02 ml/kg on the first day after birth.
Mice of the 4th group were injected with a solution of the BCG vaccine of 0.02 ml/kg, on the second day after birth — a
solution of oxidized dextran with a molecular mass of 40 kDa.

Results. Thenumerical density (N, ) of granulomas in the liver progressively increased from 28th to 56th day of the
experiment in mice of the 3rd and 4th groups by 13.5 times. However, in mice of the 4th group, the number of granulo-
mas was 1.4 times less than in mice of the 3rd group. The diameter of granulomas in the liver in mice of the 4th group
was smaller on the 28th and 56th days in comparison with the same indicator in mice of the 3rd group by 2 times and 1.3
times, respectively. In mice of the 4th group, the volume density (Vv) of degenerated hepatocytes from 3rd to 5th day was
8 times lower compared to the same indicator in mice of the 3rd group, on the 10th and 28th days — 1.7 and 1.2 times,
respectively. Vv of foci of hepatocyte necrosis in mice of the 4th group did not differ from that in mice of the 1st (intact)
and 2nd (control) groups in all periods of observation, and was less on the 3rd and 56th days in comparison with the
same indicator in mice of the 3rd (BCG) group by 3 times. On the 28th and 56th days of the experiment, mice from the
3rd and 4th groups showed an increase in the N, of binuclear hepatocytes and hepatocytes with mitoses in comparison
with the same indicator in mice of the 1st and 2nd groups. In mice of the 4th group, the number of binuclear hepatocytes,
reflecting the reparative regeneration of hepatocytes, was 1.8 times greater than in mice of the 3rd group on the 28th and
56th days.

Conclusion. Granulomas formation (the number and diameter of granulomas) in the liver of mice with the admin-
istration of the BCG vaccine and use of oxidized dextran was less marked in comparison with animals not treated with
oxidized dextran, which indicates the effective elimination of the pathogen in phagocytes. Destructive changes (degenera-
tion and necrosis of hepatocytes) in the liver parenchyma of mice with the injection of the BCG vaccine and subsequent use
of oxidized dextran are significantly reduced, while the processes of reparative regeneration in the liver parenchyma of
mice are activated, which is due to the hepatotropic action of oxidized dextran.

Keywords: granulomatous inflammation, liver, mice, oxidized dextran, age-related changes.
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BBEJIEHUE INTRODUCTION

HecmoTpss Ha OOIIyI0 TEHAEHIIUIO CHIDKEHUS
3a00J1€EBAEMOCTH U CMEPTHOCTH OT TyDepKysie3a B
Poccuiickoii ®esiepanyii 1 MHUpe B I€JI0M, OH IIPO-
JIOJDKAaeT 3aHUMATh BeZylllee MeCTO B CTPYKType
3ab0JIeBaeMOCTH U cMepTHOCTH [1]. B 2020 r. 3ape-
THECTPUPOBAHO 47 063 HOBBIX CJIy4ast 3a00JI€BaHUA B
Poccutickoit Penepanum, mokasaresb 3a601eBaeMO-
CTH COCTaBWJI 32.07 HAa 100 ThIC. HAaceJeHus. B 2020T.
HamOoJiee BbICOKas 3a60j1eBaeMoCTh TyOepKyIe30M

Despite the general tendency of decreasing mor-
bidity and mortality rates from tuberculosis in the
Russian Federation and the world as a whole, the
disease continues to occupy a leading place in the
morbidity and mortality structure [1]. In 2020,
47 063 new cases of tuberculosis were registered in
the Russian Federation, the incidence rate was 32.07
per 100 000 population. In 2020, the highest inci-
dence of tuberculosis in the Russian Federation con-
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Ha Teppuropuu Poccuiickonr Penepanuyi IpoJIos-
’KaeT peructpupoBatbes B Cubupckom, JlanbHEBO-
CTOYHOM U YPaIbCKOM GefepaIbHBIX OKpyrax:
57.58, 53.47 1 43.56 Ha 100 THIC. HACEJIEHHS COOTBET-
CTBEHHO, XOTsI B HUX TaK)Ke OTMEYaeTCs yMeHbIIe-
HUe ToKaszaTesisi 3a60J1eBaeMOCTH Ha 22.25, 19.34 U
22.3 % COOTBETCTBEHHO I10 CPAaBHEHHUIO € 2019 T. [2].

3aboJieBaeMOCTb JieTeli OT O JI0 17 JIET C BIEPBBIE
BBISIBJIEHHBIM aKTUBHBIM TYOEpKYJI€30M B IEPHO/T C
2009 110 2020 T. TaK)Ke NMeeT OOIIYI0 TEHEHITUIO K
CHIDKeHMIO. MeyIeHHee BCero CHUKeHUe HabIoa-
eTCsl B BO3PACTHOM KAaTeropuu JieTel OT O 710 1 rofa
[1, 2]. TyGepkysie3 y HOBOPOXK/IEHHBIX U JIETEU BCTPE-
YaeTcs 3HAUUTEJIBHO PeXKe, UeM Y B3POCJIBIX, U B OCO-
OEHHOCTHU €ro BHCLEpaIbHBIE (DOPMBI, B TOM YHCJIE
IIopakeHNe IeUYeHN ¢ PA3BUTHEM TSXKEJIbIX OCJIOXK-
HeHUH B BUzie GUOpPO3a U MUPPO3a, a TAKIKE JIETATTb-
HBIX UCXOJIOB.

Takke 07HOM M3 BaXKHBIX ITPO0OJIEM, CBSI3aHHBIX C
TyOEepKyJIe30M, SIBJISIETCS JIEKAPCTBEHHAsl YCTOUYHU-
BOCTh MHKOOAKTEPUH K CTAHAAPTHBIM U PACIPO-
CTPaHEHHBIM IPOTHBOMUKPOOHBIM IIpenapaTaM.
B Hacrosiee BpeMsi OTHUM U3 OCHOBHBIX IIpernapa-
TOB /1151 JIeUeHUs TyOEepKyJie3a sBJIAeTC H30HUA3H/I,
KOTOPBIN 00JIaIaeT BBHIPA’KEHHON IenaTOTOKCUYHO-
CThIO. B BTOM CBA3M MOMCK M pa3paboTKa HOBBIX
9(pdEKTUBHBIX IMPOTHUBOTYOEPKYJIE3HBIX  JIEKap-
CTBEHHBIX IIPENapaToB SfABJSAETCS IPHOPUTETHOH
3a71lauell COBpeMeHHOM MeTUIIMHBI U (PTU3UATPUH.

Panee nokazaHo, YTO KOHBIOTUPOBAHHBIA C OKHC-
neHHbIM nekcrpaHoM (O]) w3oHMaswja sABJIAETCA
3(pdeKTUBHBIM MTPOTUBOTYOEPKYJIE3HBIM CPEJICTBOM,
00eCcIIeunBaloIM a/IPECHYIO IOCTABKY IIpernapara B
daromutel, copepskaniue Bo3Oyaureneid. O/ obsa-
JTaeT CBOMCTBOM JIN30COMOTPOIM3MA U N30UPATETHHO
3axBaThIBaercs kietkamu Kymdepa, aktuBupyer mx
¢aroruTapHy0 aKTUBHOCTH IIyTeM ycKOpeHUs ¢op-
MupoBaHus daromusocoMm [3]. Taxke ObLIO mpose-
MoHcTpupoBaHo, uto O] obanaer ciabo BeIparkeH-
HBIM IIPSMBIM aHTHOKCH/IAHTHBIM CBOHCTBOM, HO IIPH
STOM SIBJISIETCS HWHIYKTOPOM BHYTPHUKJIETOYHOTO
OKUCJIUTEJIHOTO CTPECCa, MPOSBIIIONIETOC YCUTe-
HUEeM IIPOJIYKITNH KUCJIOPOAHBIX PAJIUKAJIOB, UTO YCU-
JIMBAET IUTOTOKCUYUECKUH U GAKTEePUIIU/THBIN TOTEH-
nuaa (GaronuToB [4], TeM camMbIM CIIOCOOCTBYeT H
yCcKopsieT mporiece (arosnM30COMHOTO CIUAHUSA U
SJIUMUHAIIMY BO30YIUTENs, CHIDKAS TPAHyJIEMATO3-
HYI0 BOCITAJIUTEJIPHYIO PEAKITHIO B OpraHax [5].

IOEJIb NCCJIEAOBAHUA

Nzyunts MOpQHOJIOTUUECKUE U3MEHEHUS B
IeYeH! MBIIIeH OT Iepuojia HOBOPOXKAEHHOCTU 10
B3POCJIOr0 BO3pacTa IIpu BBeZleHUU BakUuHBI BI7K
U IPUMEHEeHUM OKUCJIEHHOTO JIEKCTPaHa.

tinues to be recorded in the Siberian, Far Eastern
and Ural federal districts: 57.58, 53.47 and 43.56 per
100 000 population, respectively, although at the
same time they show a decrease in the incidence rate
by 22.25, 19.34 and 22.3%, respectively, compared to
2019 [2].

In the period from 2009 to 2020 the prevalence
of newly diagnosed active tuberculosis among chil-
dren aged from 0 to 17 years also showed a general
downward trend. The slowest decrease is observed in
the age category of children from o to 1 year [1, 2].
Tuberculosis in newborns and children is much less
common than in adults, and especially its visceral
forms, including the liver affection with the develop-
ment of severe complications such as fibrosis and
cirrhosis, as well as fatal outcomes.

Also, one of the urgent problems associated with
tuberculosis is the drug resistance of mycobacteria to
conventional antimicrobial agents. Currently, one of
the main drugs for the treatment of tuberculosis is
isoniazid, which has marked hepatotoxicity. In this
regard, the search and development of new effective
antitubercular agents is a priority task of modern
medicine and phthisiology.

It has been previously shown that isoniazid con-
jugated with oxidized dextran (OD) is an effective
antitubercular drug that ensures the targeted drug
delivery to phagocytes containing pathogens. OD
has the property of lysosomotropism and is selec-
tively captured by Kupffer cells, activates their
phagocyte activity by accelerating the formation of
phagolysosomes [3]. It was also demonstrated that
OD has a weak direct antioxidant property, but at
the same time it is an inducer of intracellular oxida-
tive stress, manifested by increased production of
oxygen radicals, which enhances the cytotoxic and
bactericidal potential of phagocytes [4], thereby pro-
moting and accelerating the process of phagolyso-
somal fusion and elimination of the pathogen,
reducing the granulomatous inflammatory response
in organs [5].

AIM OF THE RESEARCH

To study morphological changes in the liver of mice
from the neonatal period to adulthood with the BCG
vaccine administration and use of oxidized dextran.

MATERIALS AND METHODS

The experiment was carried out on 200 C57Bl/6
mice obtained from the laboratory for breeding
experimental animals — Laboratory of Genetics of
Experimental Animals, Institute of Cytology and
Genetics, Siberian Branch, Russian Academy of Sci-
ences (Novosibirsk).
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MATEPUAJIBI 1 METO/1bI

DKCIIepUMEeHT IIPOBOMIIN Ha 200 MBIIIAX JINHUU
C57Bl/6, mosyueHHBIX U3 J1Ta00PaTOPUH Pa3BeIeHUs
SKCIIEPUMEHTAIBHBIX JKHUBOTHBIX VIHCTUTyTa LIUTO-
siorun u reHerrku CO PAH (r. HoBocubupck).

CozmeprkaHue JKUBOTHBIX OCYIIECTBIISITIOCH B COOT-
BETCTBUU C «EBpOIEHCKON KOHBEHIIMEW O 3aIUTE
[I03BOHOYHBIX KUBOTHBIX, UCIIOJIb3YEMBIX /IJIS HKC-
[IEPUMEHTOB WJIN B UHBIX HAYUHBIX I[EJISX» B ILIACT-
MAaCCOBBIX KJIETKaX I10 5 0COOEH: 1 caMell U 4 CaMKHU
IIPU CBOOOHOM JIOCTYIIE K KOPMY H BOJIE, JIJTUTEb-
HOCTH CBETOBOTO JHA 12 u. ExkeTHEBHO OIIpe/IesTsiin
Hayasio 6epeMeHHOCTH €O THS OOHAPYKEHUsI BO BJIa-
rajtuIe KoIyJIATUBHON IIPOOKH, ITOCJIe Yero MBIIITH-
CaMKH TEpPeMEIIaINCh B OT/eJIbHbIe KJIETKU. Bce
MaHUIYJIAIUAN ¢ THQUIHPOBAHHBIMU JKUBOTHBIMH,
opraHamu, TKaHAMH IIPOBOZWINCH B OOKCE C aKTHB-
HOU BEHTWISAIINEH.

Mpliied pasziesIuiu Ha 4 TPYIIIbL: MbIIIaM U3 1-U
(MHTaKTHOT) TPYIIIIHI HHTPAIIEPUTOHEAIBHO BBOJIUITH
0.02 MJI/KT 0.9% pacTBOpa HaTpHs XJIOPUAA B IEp-
BBIE CYTKH Tociie poxkaeHusA. Mpimam u3 2-i (O/],
KOHTPOJILHOI) TPYIITBI BBOJWJIM Ha 2-€ CYyTKH I10CJIe
POKIIEHUs MHTPAIIEPUTOHEATHFHO PACTBOP OKUCJIEH-
HOTO JIeKCTpaHa MOJIEKYJIAPHOM Maccod 40 k/la
(®enepasnbHBIN UCCIETOBATEIbCKAN TEHTP GyHIa-
MEHTAJIPHOW U TPAHCJISAIMOHHON MeAunuHbl, HoBo-
cubupck). Mermam u3 3-i (BLDK) rpynmst B iepBbie
CYTKU >KU3HU WHTPAIlepUTOHEAJIbHO BBOAWIU pac-
TBOp BakiuHbl BIDK 0.02 wmr/kr. Meimam 4-i
(BI2K + O/I) rpynsl HHTpAIepPUTOHEATHFHO BBOIIIN
pactBop BakuuHbI BIJK 0.02 Mr/Kr, Ha BTOpBIE CyTKH
¢ MOMeHTa poxkieHus — pactBop O/] MosekyisspHOHU
Maccol 40 k/la, Tak:ke HHTPAIIepPUTOHEATIBHO.

dBraHasuio Mbieid guaun C57Bl/6 ocymect-
BJISLTH ITyTEM JUCIOKAIIUY IIEHHBIX TTO3BOHKOB IIOJ
a¢upHbIM Hapko3oM. OOpasnpl meyeHu 3a0uparn
Ha 3-4, 5, 10, 28 u 56-e CyTKU OT Hayaja 3KCIepu-
MeHTa, (GUKCUPOBAIH B 10% pPACTBOpe HEUTpasIb-
HOro (opMasnHa, MOABEPTAIHN CTAHAAPTHOH IIPO-
BO/IKEe Uepe3 CIUPTHI C MOBBIIIEHHEM KOHI[EHTpa-
[I1H, TI0CJIe Yer0 MaTepuasl 3aJIMBAIU TapaduHOM.
CepuiiHble cpe3bl TOJIIIUHON 5 MKM OKPAaIIWBAIN
reMaTOKCUJINHOM U B03UHOM.

I[Ipu wmopdomMeTpuUecKOM WCCIIEZIOBAHUU B
IeYEeHU IOJCYUTHIBAIIN 00BEMHYIO IUIOTHOCTH (VV)
[IapeHXUMBI [leUYeHU, AUCTPOPUUEeCKN U3MeHEHHBIX
renaToIUTOB, OUYaroB HEKPO30B TeMaTOIUTOB, UKC-
JIEHHYIO IUIOTHOCTD (N ) rpaHysieM, MUTO30B B Terna-
TOITUTAX, JIBYs/IEPHBIX TeNIaTOIIUTOB B TECTOBOM ILJIO-
maau (5.6x10° mkm?). Ilpu momomm OKyJsp-
MHUKPOMETPa U3MEPSIIUA IHaMeTPhI TpaHyJieM (MKM).

Mopdomoruueckue u  MopdoMeTpruuecKkue
HUCCIe/IOBaHUA MPOBOAUIN Ha MUKpockome ZEISS

The animals were kept in accordance with the
European Convention for the Protection of Verte-
brate Animals used for Experimental or other Scien-
tific Purposes in plastic cages for 5 animal units:
1 male and 4 females with free access to food and
water, daylight duration of 12 h per day. On a daily
basis, the onset of pregnancy was determined from
the day a copulation plug was found in the vagina,
after which female mice were transferred to individ-
ual cages. All manipulations with infected animals,
organs, tissues were carried out in a box with active
ventilation.

Mice were divided into 4 groups: mice from the
1st (intact) group were intraperitoneally injected
with 0.02 ml/kg of 0.9% sodium chloride solution on
the first day after birth. On the 2nd day after birth,
mice from the 2nd (OD, control) group were intra-
peritoneally injected with a solution of oxidized dex-
tran, with a molecular mass of 40 kDa (Federal
Research Center for Fundamental and Translational
Medicine, Novosibirsk). On the first day of life, mice
from the 3rd (BCG) group were intraperitoneally
injected with a BCG vaccine solution of 0.02 ml/kg.
Mice of the 4th (BCG + OD) group were intraperito-
neally injected with a solution of BCG vaccine of
0.02 ml/kg, on the second day after birth — a solu-
tion of OD with a molecular mass of 40 kDa, also
intraperitoneally.

Euthanasia of C57Bl/6 mice was carried out by
dislocation of the cervical vertebrae under ether anes-
thesia. Liver samples were taken on the 3rd, 5th, 10th,
28th and 56th days from the start of the experiment,
fixed in a 10% neutral formalin solution, then sub-
jected to the conventional tissue processing through
ethanol of increasing concentrations, after which the
material was embedded in paraffin. Serial sections of
5 um were stained with hematoxylin and eosin.

During a morphometric study in the liver, the vol-
ume density (Vv) of the liver parenchyma, degenerated
hepatocytes, foci of hepatocyte necrosis; the numerical
density (N,) of granulomas, hepatocyte mitoses, and
binuclear hepatocytes in the test area (5.6x10° pm?)
were calculated. Using an eyepiece micrometer, the
diameters of granulomas (um) were measured.

Morphological and morphometric studies were
performed using a ZEISS Primo Star microscope
(Germany). The data obtained were processed by
statistical analysis using the STATISTICA software
package. The probability of significance of differ-
ences between the compared mean values was deter-
mined using Student’s t-test in a normal distribution
of the values of the studied parameters. Differences
between the compared mean values were considered
significant at p < 0.05.
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Primo Star (I'epmanus). [Tosryuennsle janabIe 06pa-
6aThIBATIN METOJIaMU CTATUCTUYECKOTO aHAIN3A C
HCIIOJIb30BAHUEM MIPOTPaMMHOTO maKera
STATISTICA. BeposiTHOCTH JIOCTOBEPHOCTH Pa3Jiv-
YW CPABHUBAEMBIX CPEHUX BEJIUIUH OIPEIeIIsIN
mpu oMoy Kpurtepus CThIOZIEHTa TPU YCIOBUH
HOPMAJIbHOTO PACIIpeZieIeHUs BEJTMINH HCCIIeye-
MBIX IapaMeTpOB. Paziuuus MeXJy CpaBHUBae-
MBIMH CPEIHUMU BEJTUYNHAMU CUUTATH JTOCTOBEP-
HBIMH IIPU P < 0.05.

PE3YJIBTATBI 1 OBCYKAEHUE

Ha 10-e cyTKu 5KcnepuMeHTa y MbIIIed u3 3-i
rpyumnbl (BL[2K) mosiBisiivch €JUHUYHBIE MEJTKHE
MakpodaraabHble TPaHYJIEMbl, PACIOJIOKEHHbIE
MIPENMYIIeCTBEHHO IepuBacKy/sipHo. Ha 28-e u
56-€ CyTKHU SKCIIEPUMEHTAa BCe TPaHyJIEMbI B II€YeHHU
OB SMUTETNOUHO-KIeTOUHbIMU (puc. 1). Kosu-
gectBo (N, ) rpaHyJsieM B IIe4€HU IPOTPECCUBHO yBe-
JIMYMBAJIOCh HAUMHAA ¢ 28-X K 56-M CyTKaM 3JKCITe-
pumenTa y meiei 3-i (BIDK) u 4-# (BIDK + OJT)
rpyni B 13.5 pasa. OHako y mbiiei 4-i (BL2K + O/T)
IPYIIIbI KOJIMYECTBO TPaHyJIEM ObLIO MEHBIIUM B
1.4 pa3a B CpaBHEHUU C aHAJIOTMYHBIM [TOKa3aTesIeM
y mbieit 3-# (BIDK) rpynnst (puc. 2). IIpu aTtom
IUaMeTp TpaHyJIeM B TI€UeHH Y MBIIeH 4-U
(BIIXX + O/I) rpyniibl 66T MEHBIITUM Ha 28-€ U 56-€
CYTKU B CPAaBHEHUU C aHAJIOTHYHBIM TIOKa3aTeJIeM Y
mbimred 3-# (BL[?K) rpymms! B 2 U 1.3 pa3a COOTBET-
ctBeHHO (puc. 3). OTCcpoueHHOE MOSIBIEHNE TPaHy-

RESULTS AND DISCUSSION

On the 10th day of the experiment, mice from the
3rd group (BCG) developed single small macro-
phage-derived granulomas, predominantly perivas-
cular. On the 28th and 56th days of the experiment,
all granulomas in the liver were epithelioid cell
(Fig. 1). The number (N_) of liver granulomas pro-
gressively increased from 28th to 56th day of the
experiment in mice of the 3rd (BCG) and 4th
(BCG + OD) groups by 13.5 times. However, in mice
of the 4th (BCG + OD) group, the number of granu-
lomas was 1.4 times less than in mice of the 3rd
(BCG) group (Fig. 2). At the same time, the diameter
of liver granulomas in mice of the 4th (BCG + OD)
group was smaller on 28th and 56th days compared
to the same indicator in mice of the 3rd (BCG) group
by 2 and 1.3 times, respectively (Fig. 3). The delayed
appearance of granulomas (on the 10th day) after the
administration of the BCG vaccine on the first day of
life is probably due to the immaturity of the macro-
phage component of the immune system in newborn
C57B1/6 mice and the persistence of the pathogen in
Kupffer cells. Previously, the ability of pathogens to
persist in the vacuolar apparatus of Kupffer cells for
40 days was demonstrated: fungal cells were detected
in phagosomes of Kupffer cells in 2-month-old
Cs57Bl/6 mice infected with C. albicans in utero [6].

In addition, complete phagocytosis of M. tubercu-
losis by resident and recruited macrophages is diffi-
cult, and it is impossible in newborn underweight

Puc. 1. dnuTeIMONHO-KJIETOYHAS rpaHysieMa B meueru Mpiinu iuauu C57Bl/6 npu BBenennn Bakiuubr BIDK
Ha 56-€ cyTKH 9KcnepuMenTa. OKpacka reMaTOKCIJIMHOM U 303UHOM. YBestiueHue (yB.) X400
Fig. 1. Epithelioid cell granuloma in the liver of a C57B1/6 mouse after BCG vaccine administration
on the 56th day of the experiment. Stained with hematoxylin and eosin. Magnification (magn.) x400
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Puc. 2. [lunamuka yrcaeHHOR wiotHocTd (N,) rpaHysieM B edend Mbimed muann C57Bl/6 npu BBeileHHH BAKIITHBI
BI)K 1 mpiuMeHEeHUH OKHCIEHHOTO0 ieKcTpaHa (* J0CTOBEpHbIE OT/INYHSA CPEHUX BETMUNH
B CDAaBHEHUU C BEJIMIMHON aHAJIOTUIHOTO MoKazares y Mbiel 3-i (BLDK) rpymms! (p < 0.05))
Fig. 2. Dynamics of the numerical density (N,) of granulomas in the liver of C57Bl/6 mice after the BCG vaccine
administration and use of oxidized dextran (* significant differences in the mean values compared with the value
of the same indicator in mice of the 3rd (BCG) group (p < 0.05))

seM (Ha 10-e CyTKH) IIOCJIE BBEJIEHUS Ha IepPBbIE
cyTKu ku3HU BakuuHbl BIDK, BeposTHO, 00ycioB-
JICHO HE3PeJIOCThI0  MakpodarajpHOTO  3BEHA
UMMYHHOH CHUCTEMBI y HOBOPOXKIEHHBIX MBbIIIEH
suauu C57B1/6 u mepcucreHIuell Bo30yauTesis B
kierkax Kymdepa. Panee O6buta mpoieMOHCTPUPO-
BaHA CIIOCOOHOCTh BO30OYAUTENEH COXPAHATHCS B
BaKyOJIAPHOM armapate kietok Kyndepa B TeueHue
40 nHeli: B parocomax kiietok Kymndepa onpenesns-
JINCHh KJIETKU TPUOA Y 2-MECSYHBIX MBIIIEN JIMTHUU

mice [7—9]. In the liver of mice during severe altera-
tion, pro-inflammatory (M1) macrophages persist,
which are responsible for phagocytosis and mainte-
nance of the chronic process, while M2 (anti-inflam-
matory) macrophages are found in the liver in much
smaller numbers [10]. In BCG granulomatosis, the
macrophages are polarized predominantly through
activation of the M2 pathway, which subsequently
leads to their transformation into epithelioid cells [11]
and formation of epithelioid cell granulomas.

C57Bl/6,  uHOGUIUPOBAHHBIX  BHYTPUYTPOOHO Kupffer cells are resident macrophages and gran-
C. albicans [6]. uloma-forming cells. OD contributes to the accelera-
80+
6078 M 3-srpynna (BIIK)
70 - 9-7 3rd group (BCG)
B 4-a rpynna (BIDXK + O/T)
60 4th group (BCG + OD)
50
20 37.14
30+
20
10
0 —
28-e cyTku 56-€ cyTKu
28th day 56th day

Puc. 3. /Iluametp rpanysiem (MKM) B iedueHU Mbitei iuauu C57Bl/6 npu BBenennu Bakiuubl BIDK
¥ OKUCJIEHHOTO JieKcTpaHa (¥ J0CTOBEPHBIE OTJINYUS CPETHUX BEJIMUUH B CDABHEHUU C BEJTHUHMHOMN
AHAJIOTMYHOTO NoKaszaresis y Mbiiei 3-i (BI2K) rpynmsr (p < 0.05))

Fig. 3. Granuloma diameter (um) in the liver of C57B1/6 mice after the BCG vaccine administration

and use of oxidized dextran (* significant differences in the mean values compared to the value of the same indicator

in mice of group 3 (BCG) (p < 0.05))
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Kpowme toro, mosusiii daromurod M. tuberculosis
PE3UIEHTHBIMH W PEKPYTUPOBAHHBIMH MaKpoda-
raM 3aTPyAHEH, a Y HOBOPOXKEHHBIX MBIIIEH ¢
JleUITUTOM Macchl Tejla W HEBO3MOXKeH [7—9].
B meueHn MplIed BO BpeMs BhIPaKEHHOU aJibTepa-
MU TEPCUCTUPYIOT IPOBOCIAIUTEIbHBIE MaKpO-
¢aru 1-ro THUMa, OTBETCTBEHHBIE 32 (HATOIUTO3 U
To7iiep>KaHue XPOHUYECKOTO IIPOIeCca, B TO BpeMs
Kak Makpodaru 2-ro Tumna 00Hapy>KHUBAlOT B II€YEHHU
B 3HAUUTEJILHO MEHbBIIIEM KoJndecTBe [10]. B ycio-
Busax BIXK-rpanysnemaTo3a makpodaru mosaspusy-
FOTCsI IPEUMYIIECTBEHHO 10 M2 Iy TH, UTO IPUBOIUT
B JIAJIbHEUINIEM K TpaHCHOpPMAIMU ATUX KJIETOK B
SIUTENOUIHBIE KJIETKH [11] w 00pa3oBaHUIO
SIUTETUOUHO-KIETOUHBIX TPAHYJIEM.

Kinerkn Kyndepa saBasioTcs pe3usieHTHBIMU
MakpodaraMu ¥ TPaHyJIEMOOOPA3YIOIUMHU KJIET-
kamu. O/] crrocoOGCTByeT yeKOpeHuo mporiecea ¢paro-
JIM30COMHOTO CJIUSHUSA MyTeM ycuieHuss NO-cuHTe-
Ta3HOW AKTUBHOCTH, NMPEOOJIAJIaHUI0 KJIACCUUECKHU
AKTUBHUPOBAHHBIX MAaKpO(aros 1 SIUMUHAIINH BO3-
OyauTesist U TEM CaMbIM IIPUBOJUT K YMEHBIIIEHUIO
rpanysiemorenesa. /[.B. Hemagum wu gap. (2017)
MOKa3a/Id yCUJIeHUE SKCIpeccuu KaTencuHoB B u D
MakpodaraMu in vitro Ipu UCCAET0BAaHUYN BIIUSTHUS
JIUTIOCOMAJIBHOU (OPMBI KOHBIOTHPOBAHHOTO JIEK-
cTpaHa W n3oHHWaszuja (mekcrpasuza) [12]. Kinetku
Kyndepa npu aHTUTEHHOH CTUMYJISIIINHU BBIIEJISIOT
XeMOATTPAKTAHTHI JIJIsI PEKPYTUPOBAHUSA B OUar BOC-
MajJleHus] MOHOIIMTOB W HeUTpodumioB. MeHbITHM
JIMaMeTp rpaHyJIeM B ITI€U€HHU MBIIIIEH TpU TpUMeHe-
Huu O] cBA3aH C TEM, YTO IIPU PAHHEM U 3aBepIIIeH-
HOM (aronuTo3e M, KaK CJIECTBHE, BIUMUHAIUHN
BO30yAUTENISI TPOUCXOMUT CHUKEHUE BBIJIEJIEHUs
XeMOAaTTPaKTaHTOB KyieTkaMu Kyndepa.

Taxxxe OOJIBIIIYIO POJIb B aleKBATHOW 3JITUMHUHA-
MY TIATOT€HHBIX MUKPOOPTaHU3MOB UTPAET THCTO-
apXUTEKTOHHUKA ITIeYeH! Y HOBOPOXK/IEHHBIX MbIIIIEH:
TemaToIUThl PACIIOJIOKEHBI PBIXJI0, U OaroUHOE
CTPOEHUE C YETKOU COCYAUCTOU CHUCTEMOU OTCYT-
cTByeT (pHC. 4), UTO IIPUBOIUT K 33JIEPKKE IIaTOTeHa
B IleUeHH U O0JIee MO3HeH pe3eHTaI[ii aHTUTEHOB
pe3UIeHTHBIMH MakpodaraMu — KJIeTKamu Kyi-
depa [13].

IIpr MEKPOCKOITHYECKOM UCCIEA0BAHUH TI€UEHHN
Ha 28-€ u 56-€ CyTKU HaOJII0jaJi MEJIKO-, CpeTHe- 1
KPYITHOBAKYOJIPHYIO  JIUCTPO(PUIO  TEmaTOIUTOB,
BILIOTH /IO OAJUIOHHOM, OYaru HEKPO30B TemaTou-
TOB, HAJIMYHUE JIBYSIEPHBIX TelIaTOIIUTOB, Cy>KEHHE
CHUHYCOUJIOB (puc. 5).

IIpu MopdoMeTpHUUECKOM UCCIEIOBAHUMN OTMeE-
yau, 9yTo y Mbimred 4-u (BL[2K + O/) rpymmsl 06b-
eMHasi TUIOTHOCTH (VV) ucTpodpruuecKkn U3MeHeH-
HBIX TEMaTOIUTOB C 3-X I10 5-€ CyTKU OblyIa MEHbIIIE

tion of the phagolysosomal fusion process by enhan-
cing NO-synthase activity, to the predominance of
classically activated macrophages and elimination of
the pathogen, and thereby to a decrease in granulo-
mogenesis. D.V. Neshchadim et al. (2017) showed an
enhancement of the expression of cathepsins B and D
by macrophages in vitro when studying the effect of
the liposomal form of conjugated dextran and isonia-
zid (dextrazide) [12]. Upon antigenic stimulation,
the Kupffer cells evolve chemoattractants to recruit
monocytes and neutrophils to the site of inflamma-
tion. The smaller diameter of liver granulomas in
mice upon the use of OD, is due to the fact that in
early and complete phagocytosis and, as a result,
elimination of the pathogen, a decrease in the release
of chemoattractants by Kupffer cells takes place.

The liver histoarchitecture of newborn mice also
plays an important role in the adequate elimination
of pathogenic microorganisms: hepatocytes are
located loosely, and there is no beamed structure
with a clear vascular system (Fig. 4), which entails
the retention of the pathogen in the liver and delayed
presentation of antigens by resident macrophages —
Kupffer cells [13].

Microscopic examination of the liver on the 28th
and 56th days revealed small-, medium-, and large-
vacuolar degeneration of hepatocytes, up to balloon-
ing, foci of liver cell necrosis, presence of hepato-
cytes, and narrowing of the sinusoids (Fig. 5).

During the morphometric study, it was noted that
in mice of the 4th (BCG + OD) group, the volume
density (Vv) of degenerated hepatocytes from 3rd to
5th day was 8 times less compared to the same indi-
cator in mice of the 3rd ( BCG) group (Table 1). On
the 10th and 28th days in the liver of mice of the 4th
(BCG + OD) group, the volume density (Vv) of degen-
erated hepatocytes was lower compared to that in
mice of the 3rd (BCG) group by 1.7 and 1.2 times,
respectively, and by the 56th day of the experiment,
no differences in this indicator between mice of the
3rd (BCG) and 4th (BCG + OD) groups were found.
Volume density (Vv) of foci of necrosis in mice of the
4th (BCG + OD) group did not differ from that in
mice of the 1st (intact) and 2nd (control) groups dur-
ing overall follow-up period, and was lower by the 3rd
and 56th day in comparison with the same indicator
in mice of the 3rd (BCG) group by 3 times. Destruc-
tive changes (degeneration and necrosis of hepato-
cytes) in the liver parenchyma are associated with the
toxic effects of mycobacteria and the slowed process
of granuloma formation [14]. OD, having such a
property as lysosomotropism, can be selectively cap-
tured by cells, thus initiating intracellular regenera-
tion and restoration of the smooth endoplasmic retic-
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Puc. 4. lleuens mprmu uanu C57Bl/6 npu BBepennu Bakiuubl BIDK Ha 3-1 CyTKM SKCIIEpUMEHTA:
BaKyOJIbHAS IUCTPOMUS U OUarv HEKPO30B TelaToUTOB, OUard 9KCTPaMe/y/UIPHOTO KPOBETBOPEHMSI.
OKpacka reMaTOKCHJIMHOM U 903UHOM. YB. X400
Fig. 4. C57Bl/6 mouse liver after the BCG vaccine administration, the 3rd day of the experiment: vacuolar degeneration
and foci of hepatocyte necrosis, foci of extramedullary hematopoiesis. Stained with hematoxylin and eosin. Magn. x400

B 8 pa3 B CpaBHEHUH C aHAJIOTUYHBIM ITOKA3aTesIeM
y mbimed 3-u (BL2K) rpymnmsr (tabs. 1). Ha 10-e u
28-e cyTku B meueHu y mbliiei 4-i (BIDK + O/T)
TPyIIbl 00beMHAs IIOTHOCTH (VV) AucTpodUuecKu
W3MEHEHHBIX TellaTOIUTOB OblIa MEHBIIIEH B CpaB-
HEHHUU C aHAJIOTMYHBIM [TOKa3aTeJIeM yV MBIIIeH 3-i
(BIIK) rpynmsl B 1.7 U 1.2 pa3a COOTBETCTBEHHO, a K

ulum, since vacuolar degeneration of hepatocytes is
caused by damage to the smooth endoplasmic reticu-
lum, increase in its permeability and accumulation of
pathological metabolites, i.e. OD in toxic hepatosis
has a marked hepatoprotective effect [15].

On 28th and 56th days of the experiment in mice
of the 3rd (BCG) and 4th (BCG + OD) groups, an

Puc. 5. [Teuens mpimu auauu C57Bl/6 npu BBeennn Bakuuubl BIDK Ha 56-€ CYyTKH SKCIIepUMEHTA:
BaKyoJIbHAs U GaJJIOHHAS TUCTPO(MUSA TeaToIUTOB, OYark HEKPO30B, /IBYsiZIEPHbIE T€NAaTOIUTHI.
OKpacka reMaTOKCHJIMHOM U 903UHOM. YB. X400
Fig. 5. C57Bl/6 mouse liver after the BCG vaccine administration on the 56th day of the experiment:
vacuolar and ballooning degeneration of hepatocytes, foci of necrosis, binuclear hepatocytes.
Stained with hematoxylin and eosin. Magn. x400
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Ta6uura 1. O6beMHasA WIOTHOCTD (VV) THUCTPOdUUECKN UBMEHEHHBIX TellaTOUTOB U 09aroB HEKPO30B IeNaTOIIUTOB
mbiteit suHuu C57B1/6 npu BBenennn Bakiuubl BIDK u nprMeHeHNH OKUCIIEHHOTO AekcrpaHa (M + m)

Table 1. Volume density (Vv) of degenerated hepatocytes and foci of hepatocytes necrosis of mice of the C57Bl/6 line
with the BCG vaccine administration and use of oxidized dextran (M + m)

ITapameTpsl I'pynmna 3-M CyTKH 5-€ CyTKHA 10-€ CyTKH 28-e cyTkHn 56-e cyTkKH
Indicators Group 3rd day 5th day 10oth day 28th day 56th day
Jucrodpuuecku 1-s1 / 1st 0.46 +£ 0.03 1.01 + 0.27 3.27 + 0.31 1.34 + 0.41 0.38 £ 0.05
U3MEHEHHbIE 2-51 / 2nd 0.48 + 0.05 0.46 + 0.1 0.44 + 0.06 0.51 £ 0.02 0.48 + 0.07
TeIaToIUThI _ « « % % %
Degenerated 3-1/ 3rd 22.20 + 0.58 34.26 £ 0.59 41.24 + 0.93 28.84 £ 0.54 15.76 £ 0.42
hepatocytes 4-51 ] 4th 6.8 £ 0.32%* 3.8 + 0.38%* 24.2 + 0.69**  25.2 + 0.61% 14.16 £ 0.32%
Ouaru HeKpO30B 1-s1 / 1st 0.7 £ 0.27 0.2 + 0.03 0.24 + 0.03 0.84 + 0.16 0.16 £ 0.03
renaTounToB 2-51 / 2nd 0.24 + 0.03 0.16 + 0.03 0.09 + 0.02 0.11 + 0.02 0.16 + 0.03
Foci of hepatocyte d 8 « 8 6 N
necrosis 3-51/ 3r 4.84 + 0.13 0.24 £+ 0.02 0.52 + 0.04 0.28 + 0.0 3.00 + 0.14
4-51 / 4th 0.14 + 0.06 0.4 + 0.05 0.44 + 0.05 1.48 £ 0.18 0.84 + 0.08*

* JlocTOBEpHBIE OTJINYUUS CPEHUX BEJIMUNH B CPABHEHUH C BEJIMYNHOM aHAJIOTMYHOTO TIOKA3aTeJIsl Y MbIIIel 1-i (MHTaKTHOM) TPYIIIB

(p < 0.05).

Significant differences in the mean values compared with the value of the same indicator in mice of the 1st (intact) group (p < 0.05).

* B cpaBHeHnH ¢ Mblmamu 3-1 (BIDK) rpynmsl (p < 0.05).
Compared with mice of the 3rd (BCG) group (p < 0.05).

56-M CyTKaM SKCIEPHUMEHTA Pa3IUUMsA 3TOrO MOKa-
saresnst Mexay wbimavu 3-d (BIDK) u 4-#
(BIIZK + O/[I) rpynm He obHapy:xkuBaimn. ObbeMHaA
mwioTHocTh (VV) o4aroB HeKpo3a y MBIIEH 4-i
(BILIXK + O/1) rpynmsl He OTJIMYaIach OT aHAJIOTUY-
HOTO ITOKAa3aTeJIsl Y MbIIIeH 1-i (MHTaKTHON) U 2-H
(KOHTpPOJIBHOM) TPYII BO Bce IMEPHOABI HAGIIOZE-
HUs 1 ObLyIa MEHbIIIEH Ha 3-U U 56-€ CyTKHU B CPaBHe-
HUU C aHAJIOTMYHBIM IIOKa3aTeJeM y MBIIIeH 3-U
(BIPK) rpynmst B 3 pasa. [leCTpyKTUBHBIE U3MeHe-
HUsA (qucTpoduyeckre U3MEHEHHUs U HEKPO3 Tema-
TOIMTOB) B IAPEHXUME ITEUEHU CBSI3aHbI C TOKCHUYe-
CKUM BO3JIEHCTBEM MHUKOOAKTEPUN U 3aMezjIeH-
HBIM MporieccoM (GOPMHUPOBAHUS TpaHyaeM [14].
O/I, ob6sazast TAKUM CBOKMCTBOM, KaK JIM30COMOTPO-
U3M, MOXKET U30UpaTeIbHO 3aXBAaThIBAThCA KJIET-
KaMH ¥ WHUIIMHUPOBATh BHYTPUKJIETOUHYIO pPereHe-
paIlii0 ¥ BOCCTAHOBJIEHHE TJIAJIKOTO SHJOIIa3Ma-
THYECKOTO PETUKYJIyMa, TaK KaK BaKyOJIbHAs JHC-
Tpo(Hs TenaToIUTOB 00yCIOBIEHA TOBPEKAEHUEM
IJIaJIKOTO 3HJIOIIA3MATHYECKOTO PETUKYJIyMa, yBe-
JIMYEHUEM €ro IPOHUIIAEMOCTH W HAKOIUIEHHEM
MMaTOJIOTUYECKUX MeTabouTOB, T.e. OJ] Ipu TOKCH-
YEeCKOM TernaTo3e 00JIaZiaeT BhIPa’KeHHBIM TellaTo-
MpOTeKTOPHBIM d(pdekrTom [15].

Ha 28-e u 56-e cyTKu 3KCIIepUMEHTa Y MBbIIIeH
3-u (BLXK) u 4-u (BI2K + OJI) rpymnm oTMeuaercs
yBeJIudeHne uncieHHod miorHoctd (N,) nBysazmep-
HBIX TEMaTOIUTOB U TEeNaTOIUTOB C MHUTO3aMU B
CpPaBHEHUH C AaHAJIOTUYHBIM IIOKA3aTeJIEM Y MBIIIIEH
1-ii (MHTaKTHOM) W 2-H (KOHTPOJIPHOW) TPYIII
(tabu. 2). Y mbrei 4-i (BL[XK + O/I) rpyIibl KOJIH-
YeCTBO JIBYSJIEPHBIX TeNAaTOIUTOB, OTpakarolee
penapaTuBHYI0 pereHepanuio TemaTOIUTOB, OBLIO

increase in the numerical density (N ) of binuclear
hepatocytes and hepatocytes with mitoses was noted
in comparison with the same indicator in mice of the
1st (intact) and 2nd (control) groups (Table 2). In
mice of the 4th (BCG + OD) group, the number of
binuclear hepatocytes, reflecting the reparative
regeneration of hepatocytes, was 1.8 times higher
than in mice of the 3rd (BCG) group.

It is known that Kupffer cells are actively involved
in the regulation of the process of liver regeneration.
Thus, the release of TNF-a by Kupffer cells can
increase the expression of IL-6, additionally inducing
the transition of liver cells from the Go to the G1
phase and promoting hepatocyte proliferation [16,
17]. It was also shown that the blockage of Kupffer
cells and damage to hepatocytes significantly slowed
down the processes of hepatocyte regeneration
[18, 19]. It is assumed that multinucleated state of
hepatocytes protects these cells from toxic damage by
increasing the number of copies of functional genes;
this may be especially important for the liver, which
implement a major detoxification function in the
body. Also, this method of proliferation is more
energy efficient [20].

CONCLUSION

The research allows us to draw the following con-
clusions:

1. Granuloma formation (the number and diame-
ter of granulomas) in the liver of mice with the
administration of the BCG vaccine and OD was less
pronounced than in mice without the use of OD,
which indicates the effective elimination of the
pathogen in phagocytes.
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Ta6auma 2. YucnerHas mwioTHocTs (N, ) IByA/IePHBIX TeIIaTOIUTOB ¥ MUTO30B B TeNaTOIUTAX y Mblmei muann C57B1/6
ripu BBesleHnH BakiuHbI BI[XK 1 mpuMeHeHnN OKUC/IeHHOTO AekcTpaHa (M + m)
Table 2. Numerical density (N_) of binuclear hepatocytes and mitoses in hepatocytes in C57B1/6 mice after the BCG

vaccine and oxidized dextran (M + m)

ITapameTpsI I'pynna 3-HU CyTKH 5-€ CyTKH 10-€e CyTKH 28-e cyrTku  56-e CyTKH
Indicators Group 3rd day 5th day 10th day 28th day 56th day
MuTo3sI B 1-s1 / 1st 0] 0.09 £ 0.03 0.09 + 0.03 1.01 + 0.19 0.09 + 0.03
rermaronuTax 2-51 / 2nd 0.11 + 0.03 0.09 + 0.03 0.12 £ 0.05 0.2 + 0.05 0.08 £ 0.03
hM;;Zigz;?es 3-s1/3rd 0] 0.06 £ 0.02 0.06 + 0.02 0.15 + 0.04 0.03 £ 0.01
4-51 / 4th 0] 0.03 + 0.01 0.03 £ 0.01 1.19 £+ 0.05% 0.21 + 0.08
JIBysimepHbIe 1-s1 / 1st 0.15 + 0.06 0.04 + 0.01 0.07 £ 0.03 0.52 + 0.26 1.8 £ 0.18
FelaTONUThI 2-51 / 2nd 0.09 + 0.03 0.06 + 0.02 0.09 + 0.03 0.21 + 0.05 0.8 £ 0.08
Eégiféi?{;es 3-s1/ 3rd 0.1+ 0.03 0.08 + 0.03 0.03 £ 0.02 1.49 + 0.09*  1.53 + 0.06*
4-51 / 4th 0.07 + 0.03 0.16 + 0.05 0.04 + 0.02 2.75 + 0.08%  2.63 + 0.18*

* Z[OCTOBepHI)Ie OT/INYUSA CPEAHUX BEJIMYUH B CPABHEHUU C BEJIMYMHON aHAJIOTUYHOTO [TOKA3aTeJIst y MBIIIEeN 1-i (PIHTaKTHOfI) TpyIIbI

(p < 0.05).

Significant differences in the mean values compared with the value of the same indicator in mice of the 1st (intact) group (p < 0.05).

GospIiM Ha 28-e U 56-e CYTKU B CDaBHEHHUH C aHa-
JIOTUYHBIM TOKaszareseM y wMbimed 3-i (BIDK)
rpynnsl B 1.8 pasa.

WsBectHo, uyto kietku Kymndepa npuHHMAIOT
aKTHUBHOE y4yacTue B peryJIMpOBaHUU IIpoliecca pere-
Hepauu TiedeHu. Tak, BbIcBOOOXKIeHHe TNF-a
kietkamu Kymdepa MOKeT yBETUUUTH SKCIIPECCUIO
IL-6, 1ONIOSTHUTEIPHO UHAYIUPYSA IePeXo/i KJIETOK
neueHy u3 ¢assl GO B pady G1 u crmocobeTBys Mpo-
gudepanuu renatoruToB [16, 17]. Takske ObLIO
II0Ka3aHo, YTO Ipu Osokazme kieTtok Kymdepa u
MIOBPEXK/IEHUN TeNaToI[UTOB IIPOIeCCHl pereHepa-
WU TelaTOUTOB CYIIECTBEHHO 3aMeJIsIICh
[18, 19]. [Ipeamonaraercsi, YTO MHOTOSIEPHOCTD B
renaTonMTax CIIOCOOHA 3allUIATh TelaTOIUTHI OT
TOKCHUYECKOTO TIOBPEXK/JIEHUA IIyTeM YBeJIMYeHUs
Yrcsia KOmui GyHKIMOHAIBHBIX TEHOB; 3TO MOXKET
OBITH 0COOEHHO BAYKHO /IS IIEUeHH, KOTOpasi UrpaeT
OCHOBHYIO JIETOKCUKAIIMOHHYIO (YHKIIUIO B Opra-
HusMe. Takke Takoi crrocob mposudepanuu sSBiIs-
ercs Oosiee sHeproaHeKTUBHBIM [20].

3AK/IOYEHUE

ITpoBeseHHOE HCCIeJOBAHE TT03BOJISIET CIE/IaTh
CJIeIyIOIKe BHIBOMIBI:

1. I'panysieMmoo6paszoBanue (KOJTHUYECTBO U JIHA-
MEeTp TpaHyJieM) B II€UE€HHW MBIIIEH MPHU BBEIEHUHU
BakiuHbl BI[K u O/] 6bI0 BRIpQIKEHO B MEHBIIIEH
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2. Destructive changes (degeneration and necro-
sis of hepatocytes) in the liver parenchyma of mice
with the administration of the BCG vaccine and use
of OD are reduced significantly due to the hepatopro-
tective effect of OD.

3. Owing to the use of OD after the BCG vaccine
administration, the processes of reparative regenera-
tion in the liver parenchyma of mice are activated.
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CKHe M3MeHEHUs M HEKPO3 TenaTOINTOB) B MapeH-
XUMe II€YEHH MBIIIEeNd TPU BBeZleHN U BakITUHbI BIIDK
u npuMeHeHun O]l 3HAUUTEJIPHO CHUKAIOTCS, UTO
00yCJIOBJIEHO TenaTONPOTeKTOPHBIM addextom O/I.

3. B ycsoBusax npumenenus O/l nocsie BBefieHUA
BakiuHbl BI?K akTUBU3UpYIOTCA HpoIlecchl perna-
paTUBHOU pereHepanyyd B IapeHXUMe IIeYeHHU
MBIIIIEH.
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