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Mop@os1oruaeckoe uccjaegoBaHue IKCIPECCUH ICTPOTeHa

U MPOTrecTEPOHA B MUOMETPHUHU MBINIIEH BO BpeMsl 0€peMEeHHOCTH
U MIO3/THEM IIOCJIEPOIOBOM MIEPUO/IE TP OCTPOM TOKCHUECKOM
rernaros3e v B YCJIOBUSAX KOPPEKIUY TMMOONIN3UPOBAHHOM
THAJTYPOHUIA301

K.A. Kouutuy, A.I1. Hagees, I1.I. Magounos, K.W. Epmios, T.A. Areesa, T.I'. UepHoBa,
3.B. bakymeHko

@OI'BOY BO «Hogocubupckuii 20cydapcmeertbiil meduyuHcekuil ynusepcumem» Muwnzdpasa Poccuu, Hogocubupck, Poccus

AHHOTAIIMA

B BeneHue. BaraHcscTporeHoB U IporecrepoHa obecriedrBaeT rapMOHUYHOE Pa3BUTHe MaTKHU B ITporiecce bepeMeH-
HOCTH: TIPOTECTEPOH CIOCOOCTBYET YBEJTMYEHUIO UMCJIA MUOITUTOB, a 3CTPOTEHbI — MX 00beMa. ['OpMOHAIbHBIH OasaHc,
JTOCTUTHYTBIH 32 CYET KaTaboIn3Ma 3CTPOTEHOB B IIEUEHH, UTPAET BA2KHYIO POJIb B ITOCTIEPOZIOBOM MHBOIIOIIUY MaTKU. B 9TO#
CBsI3H 3a00JI€BaHUSA IIeUeHU TPU 6epeMEHHOCTH MOTYT HAPYIIUTh BhIBEJIEHIE SCTPOTEHOB, YTO BEZET K TUIIEPICTPOTEHUH U
pobJieMaM ¢ HozJiep:KaHreM OepeMeHHOCTH, a TAK)Ke MOXKET BBI3BATh HAPYIIEHUE [T0CIEPO0BOY HHBOIIOIMH MATKH.

IT e 1 b . V3yueHHe SKCIPECCHH PELEIITOPOB ACTPOTEHOB U IIPOrecTEpOHa B MUOMeTpuU Mbliel sunuu C57Bl/6 B ycito-
Busax octporo CCl,-MHAYIMPOBAHHOTO renaro3a Bo BpeMs GepeMeHHOCTH U II03/HEM [I0C/IEPOAOBOM IEPHO/IE U IIPH KOp-
peKIuy UMMOOUIN3UPOBAHHON TramypoHuaasoi (M1T).

MaTepuaabl U METO bl . DKCIEPUMEHT IIPOBE/IEH Ha 100 MbIax-camkax uHuu C57Bl/6. OcTphiii rema-
TO3 WHAYIUPOBAJIN HA 13- CyTKU OepeMeHHOCTH IIyTeM OJIHOKPATHOTO BHYTPUOPIONIMHHOTO BBeJIEHUsA 50% pacTBOpa
TETPaxJIOPMeTaHa Ha OJINBKOBOM MacJie B fi03e 0.3 MJI/Kr. MpIy ObLIN pasziesieHbl Ha YeThIpe TPYIIbL: 1-51 (KOHTPOJIb-
Hasi) TPyIIa — MBIIIH ¢ PU3UOJIOTHIECKOU OEpEMEHHOCTHIO; 2-51 IPYIITa BKII0YAJIa MBIIIEH ¢ OCTPBIM TOKCUYECKUM Tera-
TO30M; 3-f IpyIIa — bepeMeHHble MBI ¢ HHAYIIMPOBAHHBIM OCTPBIM TOKCHUECKHUM IrellaTo30M U ero Koppekuuei 1I' Ha
14-e CyTKU 6ePEeMEHHOCTH; 4-5 TPYIIA — MBIIIHN ¢ PU3HOTOTHUECKOH GEPEMEHHOCTHIO U BBEJIEHHUEM HA 14-€ CYTKHU Oepe-
meHnHoctd UT. Bo Bcex rpymnmnax 3ab60op Marepuasia IpoOBOJUIN HA 18 U 21-H IeHb 6€PeMEHHOCTH U Ha 1, 10 U 15-1 JieHb
ocsie pooB. 110/ CYNTHIBAIN YU CIEHHYIO IVIOTHOCTD (Nai) B TeCTOBOM ILIOIIA U MTOJIOKUTEIBHO OKPALIIEHHBIX PEIENTOD-
HBIX s1/Iep B MUOIINTAX, HE3aBUCUMO OT HHTEHCHBHOCTH OKPAIINBAHUS.

Pesyunbtartsn . Bospems Gepementocry npu octpom CCl,-MHAYIMPOBAHHOM IelaTo3e 3KCIPECCUst PELENTOPOB
IIporecTepoHa M 3CTpOreHa B MHOMETPUH He U3MeHsETCS U COOTBETCTBYET TAKOBOH Y Mblllel ¢ GU3UOJIOTHUECKH Pa3BH-
BAIOIEHCsT OePeMEHHOCTBI0. Y JKMBOTHBIX ¢ oCTpbiM CCl -MHAYIMPOBAaHHBIM TeNaTo30M B MO3AHUN MOCIEPOAOBBIA
nepuoy (10 15 CyT) OTMEYAeTCsI MOBBIIIEHHASI OKCIIPECCHS PEIENTOPOB 3CTPOTEHOB B MUOMETPHH, ITPU OTHOCUTEIHHO CTa-
OMUIBHBIX TIOKA3ATEJIAX HKCIIPECCHH ITPOTecTepOHa. IIpu KOPPEKITHH OCTPOTO CC14-I/IHZIYIII/Ip0BaHHOI‘O remaro3a I noxka-
3aTeJIN KOJIMYECTBA SKCIIPECCHUU PEIENITOPOB K SCTPOTEHY B IIOCIEPOIOBBIH IIEPUO/L CHIKAIOTCS U B II€JIOM COOTBETCTBYIOT
AHAJIOTUYHBIM IOKa3aTeIIM MbIIIEH ¢ (QU3UOJIOTHUECKH Pa3BUBAOIIelcs OepeMeHHOCThIO.

3axumiouenune. Ilpuocrpom CCl -MHAYINPOBAHHOM renarose HapylaeTcs GaaHe 3CTPOTeHOB U IPOTeCTEPOHa B
MHOMETPHH B II0C/1epozoBblii nepuoz. Ilpu xoppekuuu ocrporo CCl -unaynuposantoro renarosa UI' mokasatesnu sKe-
MIPECCUU PEIENITOPOB K 3CTPOTEHY U IPOTeCTEPOHY B MUOMETPHUH HOPMAJIU3YIOTCS, YTO CIIOCOOCTBYET 3aBEPIIIEHUIO ITOCTIe-
POZIOBOY MHBOJIIOIUY MATKH.

Kaouesnvle cao8a: SKCIpeccrs 3CTPOreHa U IPorecTepoHa, MUOMETPUM, OEPEMEHHOCTD, ITOCJIEPOA0BAs WHBOJIIOIUA,
TOKCHYECKUH Irernaros, MbIIIIH.
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Morphological study of estrogen and progesterone expression
in the myometrium of mice during pregnancy

and the late postpartum period in acute toxic hepatosis

and its correction with immobilized hyaluronidase

K.A. Koshlich, A.P. Nadeev, P.G. Madonov, K.I. Ershov, T.A. Ageeva, T.G. Chernova,
Z.V. Bakumenko

Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Thebalance of estrogens and progesterone ensures the harmonious development of the uterus
during pregnancy: progesterone provides an increase in the number of myocytes, and estrogens — their volume. Hormonal
balance achieved through the catabolism of estrogens in the liver plays an important role in postpartum uterine involution.
In this regard, liver diseases during pregnancy can disturb the elimination of estrogens, which leads to hyperestrogenism
and problems with maintenance of pregnancy, and can also cause impaired uterine postpartum involution.

A i m . The study of the expression of estrogen and progesterone receptors in the myometrium of C57Bl/6 mice during
pregnancy and the late postpartum period in acute CCl -induced hepatosis and in its correction with immobilized hyal-
uronidase (IH).

Materials and methods. Theexperimentwas performed on 100 female C57B1/6 mice. Acute hepatosis
was induced on the 13th day of pregnancy by a single intraperitoneal injection of a 50% carbon tetrachloride solution in
olive oil at a dose of 0.3 ml/kg. The mice were divided into four groups: group 1 (control) — intact pregnant mice; group 2 —
mice with acute toxic hepatosis; group 3 — pregnant mice with induced acute toxic hepatosis and its correction with IH on
the 14th day of pregnancy; group 4 — intact pregnant mice receiving IH on the 14th day of pregnancy. In all groups, sam-
pling was carried out on the 18th and 21st days of pregnancy and on the 1st, 10th and 15th days after parturition. The
numerical density (Nai) of positively stained nuclei of the receptors in the test area in myocytes was calculated, regardless
of the staining intensity.

Results. Duringpregnancy in acute CCl -induced hepatosis, the expression of progesterone and estrogen receptors
in the myometrium does not change and corresponds to that of intact pregnant mice. In animals with acute CCl -induced
hepatosis, in the late postpartum period (up to 15 days), an increased expression of estrogen receptors in the myometrium
is noted, with relatively stable expression rates of progesterone. In the correction of acute CCl,-induced hepatosis with IH,
the expression of estrogen receptors in the postpartum period decreases and generally corresponds to similar indicators in
intact pregnant mice.

Conclusion. InacuteCCl -induced hepatosis, the balance of estrogen and progesterone receptors in the myome-
trium in the postpartum period is disturbed. In the correction of acute CCl,-induced hepatosis with IH, the levels of expres-
sion of estrogen and progesterone receptors in the myometrium are normalized which contributes to the completion of
postpartum uterine involution.

Keywords: estrogen and progesterone expression, myometrium, pregnancy, postpartum involution, toxic hepatosis,
mice.
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BBEJAEHHNE

Matka B mporecce OEpEMEHHOCTH, POJIOB U B
IIOCJIEPOJIOBOM IIEPUO/Ie TIO/[BEPraeTcsi 3HAUUTEb-
HBIM MOP)ODYHKINOHAIBHBIM U3MEHEeHUAM, KOTO-
pble 3aTparuBalT KaK SHJIOMETPUH, TaK U MHUOMe-
Tpuii. Ecou mporecchl TpaHchopMany 3HAOME-
Tpus Ipu 6€PEMEHHOCTH U B TIOCTIEPOAOBBIA IEPHO/T
HU3y4YeHbI JIOCTAaTOYHO MHOJPpOOHO [1], TO mporeccsl,

INTRODUCTION

During pregnancy, childbirth and the postpartum
period, the uterus undergoes significant morphofunc-
tional changes wherein both the endometrium and
myometrium are involved. While the processes of
endometrial transformation during pregnancy and
the postpartum period have been studied well [1], the
processes in the myometrium during pregnancy and
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MIPOUCXOAIINE B MEOMETPUU BO BpeMs GepeMeHHO-
CTH U B IIOCJIEPOZOBOM IIEPUOJIE, 0 CHX IIOP OCTa-
IOTCSI HEZIOCTATOYHO M3YUYEHHBIMU U IIPOTUBOPETH-
BbIMH. OCHOBHBIM MEXaHU3MOM YBEJTUUYEHUs MaCChI
MAaTKU B IIePBOI TIOJIOBUHE GepEMEHHOCTH SIBJISIETCS
THIEPIUIA3UsA MHOIHUTOB, BO BTOPOH IIOJIOBUHE —
rurieprpodus MuonurtoB [1, 2]. B mociepomoBom
Iepro/ie OCHOBHBIMHU IIpolieccaMiu, OOecleunBalo-
IIUMH WHBOJIIOIIMIO MATKU, SIBJISIOTCS KJIa3Mallu-
TO3, alloITo3, HEKpo3 U ayrodarus [2]. Bce mexa-
HU3MBI TIPeOOpa30BaHUS MHUOMETPUSA PEryIupy-
IOTCSI ¥ 3aBUCAT OT PsAJIa TAKUX (HAKTOPOB, KaK ypo-
BEHb II0JIOBBIX CTEPOUIHBIX TOPMOHOB, UX COOTHO-
IIIeHUE, COCTOSIHUE PEIeNITOPHOTO allllapaTta MuoMe-
TpHUs, Pa3BUBAIOIIASLCA TUIIOKCUS BO BPEMsS POJIOB
IIPU CAABJIEHUH COCY/IOB U Jip. [3—5].

B wHacrosiiiee Bpems 3aboJieBaHUsS IE€YEHU Y
OepeMeHHBIX BCTPEYAIOTCS JOBOJIBHO YaCTO U MOTYT
MMeTh MHOKECTBO IPUYUH. IIaTOJIOTUS TIeUYeHH
MO3KET He OBITh CBSI3aHHOM ¢ 6epeMeHHOCThIO, a BO3-
HUKHYTb Ha ee (oHe. K umciry XpoOHUYECKUX WIIH
BO3HHUKAIOIUX BHEe OepeMeHHOCTH 3a00J1eBaHUM
MeYeHU OTHOCSTCS BUPYCHBIE TelaTUThI, aTKOTOJIb-
Hast 60s1e3Hb (AJIKOTOJIbHBIH TelaTo3/TEeNaTUT), IUp-
po3 TeYeHd W MeJIUKaMEeHTO3HbIe TemnaTUTHI [6].
OnHako ecTh psza 3a00J€BaHUI, HEMOCPEICTBEHHO
CBA3AHHBIX € OEpeMEHHOCTHIO, SBJIAIONIUXCA €€
ocimoxxkHeHueM, Takux kak HELLP-cunapoMm, BHY-
TPUIIEUEHOUHBIH  XOJIeCTa3, MPEdKJIAMIICHSA U
OCTPBIH *KUPOBOY remaro3 6epeMeHHbIX [7, 8]. Hesa-
BHCHMO OT MPUYHMHBI 3TUX COCTOSTHUH, OHU yBEJIH-
YUBAIOT MMOKA3aTeIM MAaTEPUHCKOU U TEePUHATAIb-
HOU CMEPTHOCTH.

ITporecchl pa3BuUTHUS OGEPEMEHHOCTU, POJOB U
IIOCJIEPO/IOBOTO TIEPHO/IA PETYIUPYIOTCS MOJIOBBIMH
TOPMOHAMH — 3CTPOT€HAMH U IIPOT€CTEPOHOM.

[TpeaiecTBEHHUKOM JIJIsI CHHTE3a ITOJIOBBIX TOP-
MOHOB (3CTpajzinoia, 3CTPOHA, 3CTPUOJIA U IIPOTecTe-
poHa) sABJsAETCS XoJiecTepuH [9, 10]. B xojie mpeob-
pa30BaHUU U3 X0JIeCTEPUHA 00pa3yeTcss aHAPOCTEH-
JTMOH, KOTOPBIM ITOTOM MOXKET MPeoOpa30oBaThCA B
TECTOCTEPOH U JIaJiee B BCTPAJIUOJ WU HATIPSMYIO B
SCTPOH C MOCJIEAYIOIINM IIpeBpaIlleHueM B 3CTpa-
mroJ1. Bosbias gyacTh acTpaziuosia y JKeHIIH BbIpa-
OaTpIBaeTcss B SIMYHUKAX W3 apOMaTHU30BAaHHOTO
aHJIPOCTEHINOHA. DCTPOH CUHTE3UPYETCS B JKUPO-
BOH TKaHU U3 aHAPOTEHOB C MOMOIIbI0 (HEPMEHTOB,
B IIEPBYIO OYEPEIh ApOMATa3bl. ICTPHUOJI — OCHOBHOM
rOPMOH 6epeMeHHOCTH — POU3BOAUTCS B IIAIIEHTE
U3 MPeIIeCTBEHHUKOB, 00Pa3yIOIIUXCs B IIEUeHN U
HAJIMTOYEUHUKAX IIJI0/Ia, TAKUX KaK JEeTUApO3IHaH-
npocrepoHcyiibdar (DHEA-S).

IIporectepoH,  BbIpabaThIBAEMBIN  KEJITHIM
TEeJIOM, MOATOTABINBAET SHOMETPUI K MMILJIAHTA-

the postpartum period still remain insufficiently
investigated and contradictory. The main mechanism
of uterine weight gain in the early pregnancy is myo-
cyte hyperplasia, and in late — myocyte hypertrophy
[1, 2]. In the postpartum period, the main processes
that ensure uterine involution are clasmacytosis,
apoptosis, necrosis and autophagy [2]. All mecha-
nisms of myometrium transformation are regulated
by and depend on a number of factors such as the level
of sex steroid hormones, their ratio, the state of the
myometrial receptor system, intrapartum hypoxia
due to vascular compression, etc. [3—5].

Currently, liver diseases in pregnant women are
most common and can have many causes. Liver
pathology may not be related to pregnancy, but may
develop during pregnancy. Chronic liver diseases or
non-pregnancy-associated liver diseases include
viral hepatitis, alcoholic liver disease (alcoholic hep-
atosis/hepatitis), liver cirrhosis, and drug-induced
hepatitis [6]. However, there are a number of dis-
eases associated with pregnancy in a direct manner,
which are its complications, such as the HELLP syn-
drome, intrahepatic cholestasis, preeclampsia, and
acute fatty hepatosis of pregnancy [7, 8]. Regardless
of the cause of these conditions, they increase mater-
nal and perinatal mortality rates.

The pregnancy progression, process of childbirth
and the postpartum period are regulated by sex hor-
mones — estrogens and progesterone.

The precursor for the synthesis of sex hormones
(estradiol, estrone, estriol and progesterone) is cho-
lesterol [9, 10]. During its transformations, andro-
stenedione is formed, which can then be converted
into testosterone and then into estradiol or directly
into estrone with subsequent conversion into estra-
diol. The most of estradiol in women is produced in
the ovaries from androstenedione aromatization.
Estrone is synthesized in adipose tissue from andro-
gens with enzymes, primarily aromatase. Estriol, the
main hormone in pregnancy, is synthesized in the
placenta from precursors originated in the liver and
adrenal glands of the fetus, such as dehydroepi-
androsterone sulfate (DHEA-S).

Progesterone produced by the corpus luteum pre-
pares the endometrium for implantation of the fertil-
ized ovum [9]. Also, one of the most important func-
tions of progesterone during pregnancy is the devel-
opment of maternal-fetal immune tolerance [11].
Cholesterol is converted to progesterone through a
series of steps including double oxidation and loss of
a side chain, transformation of pregnenolone into
progesterone with the participation of enzymes such
as 3P-hydroxysteroid dehydrogenase and 065-4-
isomerase [12, 13].
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MU OIVIOJIOTBOPEHHOU sinekyneTku [9]. Taxske
o/Ha 13 HanboJiee BAyKHBIX QYHKITUH ITporecTepoHa
BO BpeMs OepeMeHHOCTH — Pa3BUTHE UMMYHOJIOTH-
YEeCKOU TOJIEpAaHTHOCTH MaTepH K 1oay [11]. Xose-
CTEPUH IIpeobpasyeTcsi B MPOTECTEPOH Yepe3 psijl
STAIlOB, BKJIIOYAIONIUX [IBOHHOE OKUCJIEHUE |
oTepIo 60KOBOH IenH, TpaHChOPMAIHUIO ITPETHEHO-
JIOHA B IIPOTECTEPOH C ydacTreM (HepMEHTOB, TAKUX
Kak 3[-TUAPOKCHCTEPOUIZIETUIPOTEHA3A U O5-4-
usomepasa [12, 13].

ACTPOTEHHI B IIEPHO]T OEPEMEHHOCTH CHHTE3UPY-
IOTCS M3 KOMILIEKCA «IUIAIleHTa — IUIO/» U Ipeobpa-
3YIOTCSI B OCTPUOJI, KOTOPBIH TOAAEP>KUBAET
MAaTOYHO-IUIAIEHTAPHBI KPOBOTOK U CEPAEYHO-
COCYAHUCTYIO CHCTEMY JKEHIIUHBI, YCHIUBAasI CEPIed-
HBI BBIOPOC W MPOIYKIIUIO aJIBJIOCTEPOHA [10].
HemnocpeicTBEHHO Tepe] poJlaMH YPOBEHD 3CTPOTe-
HOB TIOJTHUMAETCSI, BHI3bIBAsI COKPAI[EHUS MUOMe-
TpUSA U KOOPAUHAIIUIO POJIOBOH JiesTesibHOCTHU. [Ipo-
TeCTEPOH K€ B TeueHHe OepeMEHHOCTH CHUKAET
MAaTOYHBIH TOHYC U HMMeEeT HUMMYHHYIO (QYHKIIHIO
[13]. B xoHIe GepeMeHHOCTH YPOBEHb 3TOTO TOP-
MOHA MaJaeT, YTO IPUBOJUT K IMPOTHUBOIIOJIOKHBIM
addexram.

CoryracoBaHHOE JIeHICTBHE 3CTPOT€HOB U IIpOTe-
CcTepoHA O0ECIEeYNBAET TapMOHUYHOE pPa3BUTHE
MaTK{ B IPOIlecce poCTa II0/Ia: MPOTeCTEPOH CII0-
COOCTBYeT YBEJIMUEHHIO YHCJIa MUOIIUTOB, a 3CTPO-
reHbl — X oobeMa [12, 13]. [opMoHabHBIN HataHc,
JIOCTUTHYTBIM 3a cueT KaTaboJM3Ma 3CTPOTEHOB B
[eYeH!, WTPaeT BAXKHYIO POJIb. II3BeCTHO, YTO
TIeYeHb SABJISIETCS IEHTPATIbHBIM OPraHOM T'OMEOCTa-
3UpOBaHUs, HapylleHue ee (QYHKIUU BJEUeT 3a
co0O# P M3MEHEHWH, 3aTParuBalONINX B TOM
qricyie MeTaboJIM3M TIOJIOBBIX CTEPOUJIHBIX TOPMO-
HOB, KOTOPBIE, KaK OOIIENPUHSITO, ABJISIOTCSA TJIaB-
HBIMH PETYJISITOPAMH 3KCIPECCUU SIIEPHBIX Peren-
TOpOB [11, 14]. B 3TO# cBsA3u OIeHKA YPOBHS 3KC-
MIPECCUU PEIENTOPOB K 3CTPOTEHY U MPOTECTEPOHY
IIO3BOJIUT HCCJIEIOBATh COCTOSIHHUE PEIENTOPHOTO
ammapata MHOMETPHS B YCJIOBHUSAX IATOJOTHH
MeYeHU U U3YUYUTh €€ POJIb B MEXaHU3MaX IOCIEPO-
JIOBOK HWHBOJIIOIUM MHOMeTpHUs. 3abosieBaHUs
IeYeH! MOTYT HapYIIUTh BBIBEIEHUE 3CTPOTEHOB,
YTO BEJIET K TUIIEPICTPOTEHHNH U ITpobIeMaM ¢ 3aua-
THeM, MOAJePKaHNeM OepeMEeHHOCTH, a TaKXkKe
BBI3BATh IIPEPHIBAHUE OEPEMEHHOCTH HJIH MIPEK/IEB-
peMeHHbBIe PofbI [10, 15, 16].

[TpumeneHme OGOJBIIUHCTBA IIPENAapaTOB-TEIA-
TOIIPOTEKTOPOB Yy OepeMeHHBIX ¢ 3a00JIeBaHUAMU
IeyeHu OTPAHUUYEHO, TI03TOMY B HACTOSAIIEe BPeMs
BeseTcd IOMCK 3(P@EKTUBHBIX JIeKAaPCTBEHHBIX
CPEeACTB JUIsL JiedeHUs1 0e3 pHCKA JJIs 3/I0POBbsS
Marepu M IUIoAa. B obsiacTu pernapaTuBHON Menu-

During pregnancy, estrogens are synthesized
from the fetoplacental unit and converted into
estriol, which maintains the uteroplacental blood
flow and the female cardiovascular system, increas-
ing cardiac output and aldosterone production [10].
Immediately before delivery, the estrogen level ele-
vates, causing contractions of the myometrium and
coordinating the labor. Progesterone during preg-
nancy reduces uterine tone and has an immune func-
tion [13]. At the end of pregnancy, the level of this
hormone falls, which leads to opposite effects.

The coordinated action of estrogens and proges-
terone ensures the harmonious development of the
uterus during fetal growth: progesterone promotes
an increase in the number of myocytes, and estro-
gens — their volume [12, 13]. The hormonal balance
achieved through estrogen catabolism in the liver
plays an important role. It is known that the liver is
the pivotal organ involved in homeostasis, and its
dysfunction entails a number of changes, including
those affecting the metabolism of sex steroid hor-
mones, which are the commonly-accepted basic reg-
ulators of the expression of nuclear receptors [11, 14].
In this regard, assessing the level of expression of
estrogen and progesterone receptors will allow to
investigate the state of the myometrial receptor sys-
tem in liver pathology and to study its role in the
mechanisms of postpartum involution of the myo-
metrium. Liver diseases can disturb the estrogen
elimination, leading to hyperestrogenism and prob-
lems with conception, maintaining pregnancy, and
causing termination of pregnancy or preterm birth
as well [10, 15, 16].

The use of most hepatoprotective drugs in preg-
nant women with liver diseases is limited, so, cur-
rently, there is a search for effective drugs for risk-
free maternal-fetal treatment. In the field of repara-
tive medicine, active study is being conducted of
drugs obtained by pharmacological stimulation of
endogenous stem cells of the body, which include
immobilized hyaluronidase (IH) [17].

AIM OF THE RESEARCH

To study the expression of estrogen and proges-
terone receptors in the myometrium of C57Bl/6 mice
during pregnancy and the late postpartum period in
acute CCl -induced hepatosis and its correction
with IH.

MATERIALS AND METHODS

The experiment was performed on 100 female
Cs57Bl/6 mice, 2 months old and weighing 20—22 g.
The mice were obtained from the vivarium of the
Federal Research Center Institute of Cytology and
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[MHBI IPOBOIUTCSA aKTUBHOE U3YUYEHHeE ITPernapaTos,
[TOJIy4aeMBbIX IIyTeM (hapMaKOJIOTHIECKOH CTUMYJISI-
IIUY DH/IOTEHHBIX CTBOJIOBBIX KJIETOK OpraHW3Ma, K
KOTOPBIM M OTHOCHUTCSI UMMOOWIN3UPOBaHHAS THA-
syporugasa (UT) [17].

ITEJIb NCCJIEJOBAHUA

VI3yquTh SKCIIPECCUIO PELENITOPOB 3CTPOTEHOB 1
mporecTepoHa B MHOMeTpuu Mbitiei inauu C57B1/6
B yesoBusix ocrporo CCl,-MHAyIUPOBAHHOTO rera-
TO3a BO BpeMsA OEpeMEeHHOCTH M MO3HEM II0CJIepO-
JIOBOM Iiepuo/e u npu koppeknuu UI'.

MATEPUAJIBI 1 METO/bI

IKCIEePUMEHT IIPOBeEH Ha 100 MBIIIax-caMKax
suaun  C57Bl/6 2-MecsiyHOrO BO3pacTa Maccoi
20—22 1. MpImu ObUTH TOJIyYeHBI W3 BUBApUA
OTBHY «®enepasbHbIA UCCIIEIOBATEIBCKUN IEHTP
Wuctutyt nuronorun u reHetuku CO PAH» (Hoso-
cubupck). JKUBOTHBIX IIOMEIIAIN B IIACTMACCOBBIE
KJIETKH T10 5 ocobeli (OZI1H caMelr U YeThIPe CAMKHU) K
COZIEPIKAIN B CTAHJIAPTHBIX YCJIOBHUAX C HEOTPAaHU-
YeHHBIM JIOCTYIIOM K IIUIIE U Bojie. BepeMeHHOCTD ¥
caMOK (puKcHpoBaach C MOMeHTa OOHAPYKEHH BO
BJIATAJINIIE KOMYJIATUBHOH ITPOOKHU.

OcTphIli renaTos WHAYIUPOBAIU Ha 13-€ CYTKU
OepeMeHHOCTH ITyTeM OJHOKPATHOTO BHYTPHUOPIO-
IIMHHOTO BBeZEHUA 50% pacTBopa TeTpaxyiopMe-
TaHa Ha OJINBKOBOM MacJie B /103€ 0.3 MJI/KT.

Koppekuio ocTporo remartosa IPOBOAWIHN C
14—15-X CcyTOK OepeMeHHOcTH (Ha CJIeAYIOIIUE
CYTKU IIOCJIe BBEJIEHUS TETPAXJIOPMETaHA) B Teue-
HUe 5 JHeH, OJHOKPATHBIM BHYTPUOPIOIINHHBIM
BBeseHueM npemnapara WI' B gosuposke 1 EJl Ha
Mmblb (Beero 5 E/T). Mcenonb3oBasices npemnapat UL,
MOAU(PUIITPOBAHHON aKTUBUPOBAHHBIM IIOJIUITH-
JIEHOKCUJIOM MOJIEKYJISIDHOU Maccodl 1500 [la c
IIOMOIIBIO 3JIEKTPOHHO-JIYYeBOI'0 CHHTe3a, paspa-
6oranubii OO0 «Caentuduxk ¢rlouep MeHen-
sxkMmeHT» (HoBocubupck) m HUUM dapmakosoruu
CO PAH (Tomck). BbiGop B KauecTBe KOPPEKTHPY-
fomero cpencrsa UT' 06ycimoBiieHo ero ¢papMakoJio-
rudeckuMu 3dderTamMy, 3aKI0Ya0IIMICH B 3HA-
YUTEJBHOU CTUMYJIAIMHN IIPOIECCOB Iposudepa-
nuu 1 1uddepeHITuPOBKU KaK PerHOHAPHBIX CTBO-
JIOBBIX KJIETOK IT€UEHH, TAK U IPOT€HUTOPHBIX KJIe-
TOK KOCTHOTO Mo3ra [17]. IlokazaHo, 4To BBe/ieHUE
UI' kxpoicam ¢ CC14—I/IHZ[yIII/IpOBaHHOM renaTuToM
OKa3bIBAJI0O IMPOTHUBOBOCIAJINTEIBPHOE, AHTUCKIIE-
poTHUyeckoe U aHTUXOJECTaTU4YecKoe JieiicTBUe
[18, 19].

MpImu 66111 pa3/iesieHbl Ha YEThIPEe TPYIIIIHL: 1-5
(uuTakTHaA) rpynmna (25 JKUBOTHBIX) — MBIIIH C
(usnomornyeckoii 6epeMeHHOCThIO; 2-51 (remaros)

Genetics (Novosibirsk). The animals were placed in
plastic cages, 5 individuals per cage (one male and
four females), and kept in standard conditions with
free access to food and water. Pregnancy in females
was recorded when a copulatory plug was seen in the
vagina.

Acute hepatosis was induced on the 13th day of
pregnancy by a single intraperitoneal injection of a
50% carbon tetrachloride solution in olive oil at a
dose of 0.3 ml/kg.

Correction of acute hepatosis was performed
from the 14—15th day of pregnancy (the day follow-
ing the carbon tetrachloride administration) for
5 days, by a single intraperitoneal injection of the IH
preparation at a dose of 1 U per mouse (5 U in total).
TH, modified with activated polyethylene oxide with
a molecular weight of 1500 Da using electron-beam
synthesis (the technology was developed by Scien-
tific Future Management LLC (Novosibirsk) and the
Research Institute of Pharmacology (Tomsk)) was
administered. The choice of IH as a preparation for
correction based on its pharmacological effects, con-
sisting in significant stimulation of proliferation and
differentiation of both regional liver stem cells and
bone marrow progenitor cells [17]. It was shown that
the administration of IH to rats with CCl -induced
hepatitis had anti-inflammatory, anti-sclerotic and
anti-cholestatic effects [18, 19].

The mice were divided into four groups: group 1
(control) included 25 intact pregnant mice; group 2
(hepatosis) included 25 mice with acute toxic hepa-
tosis induced by carbon tetrachloride on the 13th day
of pregnancy; group 3 (hepatosis + IH) included
25 pregnant mice with acute toxic hepatosis induced
on the 13th day and its correction with IH on the 14th
day of pregnancy; group 4 (IH) — 25 intact pregnant
mice that received IH on the 14th day of pregnancy.
In all groups, sampling was carried out on the 18th
and 21st days of pregnancy and on the 1st, 10th and
15th days after birth.

The study was carried out in accordance with the
principles of the European Convention for the Pro-
tection of Vertebrate Animals used for Experimental
and Other Scientific Purposes (ETS 123, Strasbourg,
1986) and the Directive of the European Parliament
and of the Council (2010/63/EU, Strasbourg, 2010).
Animals were removed from the experiment by cer-
vical dislocation under ether anesthesia.

Liver and uterus samples were fixed in 10% neu-
tral formalin, histological processing was performed,
and the samples were embedded in paraffin. A 5 ym
sections were stained with hematoxylin and eosin.

Immunohistochemical reaction was performed
with antibodies to estrogen (clone SP1, rabbit mono-
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rpynna (25 »KUBOTHBIX) BKJIIOUAJIa MBIIIEH C WHIY-
[UPOBAaHUEM TETPAXJIOPMETAHOM OCTPOTO TOKCHYe-
CKOTO TeraTo3a Ha 13-e CyTKU OepeMeHHOCTH; 3-s
(rematos + WUT') rpynna (25 >XKUBOTHBIX) — OepeMeH-
HOCTb MBIIIeN ¢ MHIyIIPOBAHUEM OCTPOTO TOKCHYe-
CKOTO renaTo3a Ha 13-e CYyTKU U ero koppeknueii UI'
Ha 14-e cyTku OepeMmeHHOCTH; 4-s1 rpymma (UID)
(25 KUBOTHBIX) — MBIIIH C (PUBUOJIOTHIECKOH Oepe-
MEHHOCTBIO U BBEJIEHUEM Ha 14-€ CYTKU GepeMeHHO-
ctu UTI'. Bo Bcex rpymmax 3abop MaTepuasia mpoBo-
JIUTH Ha 18 U 21-1 JIeHb OepeMEeHHOCTH U Ha 1, 10 U
15-1 IeHb TOCJIe POJIOB.

UccemoBaHre MPOBOAWIOCH B COOTBETCTBUH C
npuHOuNIaMu EBpONENiCKON KOHBEHIIH O 3aIlUTe
M03BOHOYHBIX JKUBOTHBIX (ETS 123, Crpachypr,
1986) u upextussl EBponapiamenTa u CoBera EC
(2010/63/EU, Crpacbypr, 2010). JKHUBOTHBIX BBIBO-
I U3 DKCIEPUMEHTA IIyTeM JUCIOKAIUU IIek-
HBIX TIO3BOHKOB I10/T 3(UPHBIM HAPKO30M.

OOpas1pl MeYeHd U MaTKu QUKCHPOBATIU B 10%
HEUTpaTIbHOM (pOpMasinHe, TPOBOIUIA TUCTOJIOTH-
YeCcKyIo MMPOBOJIKY, MaTepHUaJl 3aJINBAIU B TapaduH.
[TpuroroBseHHbIE MUKPOIIPENapaThl  TOJIIIUHOU
5 MKM OKPAIIIUBAJIA TeMaTOKCHJITHOM U 303UHOM.

VIMMyHOTHCTOXMMHUYECKYI0O PEAKIHUI0 IPOBO-
IUIN C QHTUTEJIAMU K 5CTPOreHOBBIM (KJI0H SP1,
rabbit monoclonal antibody, Thermo Scientific) u
mporecrepoHoBeIM  (kioH PGR 636, mouse
monoclonal antibody, Dako) penenropam Ha amma-
pare Autostainer Link 48. [l OIleHKH HCIIOJIB30-
BaUIH IIOJIMMEPHYIO IETEKIIMOHHYIO CHCTEMY C ITEPOK-
cugasHoit metkoi (EnVision FLEX, Dako), mpoBo-
JIJIA TOOKPAIIUBAHUE fA/IEP KJIETOK reMaTOKCHJIU-
HOM. [losyuyeHHBIE MUKPOIIPENIapaThl UCCIIEA0BAIH
C UCIIOJIb30BaHUEM CBeTOBOro Mukpockomna Eclipse
E200 (Nikon, fImonwust), n3obpakeHus: MOJIydayn C
momoImpio  1udpoBoii  kamepbl M1400  Plus
(Levenhuk, Kuraii).

[MoxcyuThIBAIM YHCIEHHYIO TIOTHOCTH (Nai) B
TECTOBOH IUIOMIAZU IIOJIOXKUTETHHO OKPAIIEHHBIX
PeLeNTOPHBIX AZIEP B MUOIUTAX B 100 IOJIAX 3pEHUS
JUTsL K&KJIOTO TIEPUO/1a HAOTI0IeH s, HE3aBUCHUMO OT
WHTEHCUBHOCTU OKPAIIUBAHUSA, UHAEKC COOTHOIIIE-
HUS 3CTPOTEHOB K IIPOTECTEPOHY.

Cratucrtuueckyro o6pabOTKy IOJIy4eHHbIX JTaH-
HBIX TMPOBOJIWJIN C HCIOJIb30BAaHUEM JIHUIEH3UOH-
HOTO TaKeTa IIPOTPAaMM IPUKJIAJHON CTAaTHCTHUKU
Microsoft Excel 365, onpezensiiu CpeHIOI BeIU-
yuay (M) u craHZapTHYIO OmHUOKY cpemHero (m).
XapakTepuCTUKH BBIOOPDOK IIPEJICTABJIEHBl KaK
M + m. CraTuctuueckas 3HAUYUMOCTb Pa3JIMUMUI
CpeIHUX 3HAUeHUU ObLIA OIpe/iesieHa C UCIIOIh30-
BaHUeM t-kpurepus CThIOZIEHTA 11 He3aBUCHMBIX
BBIOOPOK IIpH P < 0.05.

clonal antibody, Thermo Scientific) and progester-
one receptors (clone PGR 636, mouse monoclonal
antibody, Dako) using an Autostainer Link 48. For
evaluation, an EnVision FLEX (Dako) visualization
system with a peroxidase mark was used, and cell
nuclei were additionally stained with hematoxylin.
The slides obtained were examined using an Eclipse
E200 light microscope (Nikon, Japan), and images
were made using an M1400 Plus digital camera (Lev-
enhuk, China).

The numerical density (Nai) of positively stained
receptor nuclei in the test area of myocytes in
100 visual fields was calculated for each time point,
regardless of intensity of staining, and the estrogen/
progesterone expression index.

Statistical processing of the data was performed
using a licensed Microsoft Excel 365 statistic pro-
grams, the mean value (M) and standard error of the
mean (m) were determined. Sample characteristics
are presented as M + m. Statistical significance of
differences for mean values was determined using
Student’s t-test for independent samples at p < 0.05.

RESULTS

The microscopic examination of the liver of mice
in group 2 (hepatosis) revealed small, medium and
large vacuolar degeneration of hepatocytes, sites of
hepatocyte necrosis from focal to massive, binuclear
hepatocytes, and vascular congestion (Fig. 1).

When comparing the expression levels of estrogen
and progesterone receptors on the 18th and 21st days
of pregnancy between groups 1 (intact) and 2 (toxic
hepatosis), no differences were revealed: the expres-
sion of sex hormones remained at the same level on
the 18th and 21st days of pregnancy in both groups
(Table 1, Fig. 2). In mice of group 4 (IH), significant
differences were found both on the 18th and 21st days
of pregnancy for both hormone-receptor complexes
compared to animals of group 2 (toxic hepatosis): on
the 18th day of pregnancy, the number of estrogen
receptors in mice of group 2 (toxic hepatosis) was 1.5
times less compared to the same indicator in mice of
group 4 (IH), and progesterone receptors were 1.4
times less. On the 21st day of pregnancy, the number
of estrogen receptors in mice of the 4th (IH) group
was 3.4 times lower, and progesterone receptors were
3.9 times lower compared with the same indicator in
mice of the 2nd (hepatosis) group.

On the 18th day of pregnancy, the number of
myocytes with positive expression of progesterone
was lower in mice of group 4 (IH) compared to the
same indicator in mice of the 2nd (hepatosis) and
3rd (hepatosis + IH) groups by 1.5 times. On the 21st
day of pregnancy, the number of myocytes with posi-
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PE3YJ/IBTATDI

IIpu MUKPOCKOIIMYECKOM HCCJIEIOBAHUY [T€YEHU
MBbIIIeN 2-U (remaTo3) rpynmbsl 0OHAPYKUBAIOTCS
MeJIKO-, CpPeJIHe- U KPYITHOBAKYyOJIbHASA TUCTPODUS
rernaToIUTOB, POKYChl HEKPO3a relaTOIUTOB OT 0Ya-
TOBBIX JI0 MACCHUBHBIX, JBYSZ€PHBbIE TeMaTOI[UTHI,
IIOJTHOKPOBHE COCYZOB (pucC. 1).

Ilpu cpaBHeHUHM IIOKas3aTejeld DKCIPEeCcCUu
PellenTOpOB 3CTPOreHa U MIPOTrecTepOHa Ha 18 U 21-€
CyTKU OepeMEeHHOCTH MeKIy 1-U (MHTaKTHOH) U 2-H
(ToKCcHUeCKU rernaTo3) TpyIinaMu ObLIO BISBIIEHO,
YTO pa3MUMs B TOKA3aTEIAX OTCYTCTBYIOT: DKC-
IIpeccusi MOJIOBBIX TOPMOHOB COXpaHsAeTcsa Ha 18 u
21-e cyTKH O6epeMeHHOCTH Ha OJITUHAKOBOM YPOBHE B
obenx rpymnmax (tabi. 1, puc. 2). Y MbIIleH 4-H
rpyuns! (1T') Habiroganycs 0CTOBEPHbBIE PA3INIUS
Kak Ha 18-e, Tak U Ha 21-€ CYyTKU OepeMEeHHOCTH JIJIst
000UX PpEIEeNTOPHBIX aIlapaToB [0 CPAaBHEHHIO C
JKUBOTHBIMH 2-U (TOKCUYECKUH TeIaTo3) TPYIIIbI:
Ha 18-e cyTKu OGepeMeHHOCTH KOJIMUECTBO PEIeNnTo-
POB BCTPOTeHa Y MBIIIEH BO 2-1 (TOKCUUECKUH rema-
TO3) rpyIe ObLIO B 1.5 pa3a 60JIblile 10 CPABHEHHIO
C aHAJIOTUYHBIM TIOKa3zaTeseM y Mbliield 4-ii (UI)
TPYIIBI, PELENTOPOB IpPOTrecTeEpOHAa — OOJIbIlIE B
1.4 pasa; Ha 21-e CYTKHU OePEMEHHOCTH KOJIMYECTBO
PEILIENTOPOB K 3CTPOreHy y mMbliieii 4-ii (VI') rpymmbl
OBLIO MEHBIIINM B 3.4 Pa3a, a pelelTOPOB IIporecTe-
poHa — B 3.9 pasa, B CPaBHEHUU C AHAJIOTUIHBIM
[MOKa3aTeJieM Y Mblllel 2-1 (remaTos) rpyIibl.

Ha 18-e cyTku GepeMeHHOCTH KOJIMYECTBO MHUOITH-
TOB C TIOJIOJKUTEJIBHON OKCIIPECCHEH IIpOrecTepoHa
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tive progesterone expression in mice of the 4th group
was also decreased compared to the same indicator
in mice of the 1st (intact), 2nd (hepatosis) and 3rd
(hepatosis + IH) groups by 4.0, 4.2 and 3.5 times,
respectively (Table 1, Fig. 3).

An analysis of the estrogen/progesterone expres-
sion index in myocytes have demonstrated its
increase during pregnancy from the 18th to the 21st
day in all groups except the 1st (intact) group, and
more significantly in the 3rd (hepatosis + IH) and
4th (IH) groups, which is due to the predominance of
the estrogen expression in myocytes, with insignifi-
cant changes in the expression of progesterone dur-
ing pregnancy.

In the postpartum period, the results of the mor-
phometric study of the expression of sex hormones
in myocytes showed that in mice of the 2nd (hepato-
sis) group, compared with animals of the 1st (intact)
group, there is a sharp increase in the number of
expressing estrogen receptors in dynamics: on the
1st day after birth, the number of estrogen receptors
was 5.5 times higher; by the 10th day — 2.8 times
higher; by the 15th day after birth — 1.7 times higher
(Table 2). In mice of the 3rd group (hepatosis + IH),
the numerical density of myocytes with positive
estrogen expression was lower in comparison with
the same indicator in mice of the 2nd (hepatosis)
group on the 1st day of the postpartum period by
1.7 times, on the 10th day — by 1.9 times, on the 15th
day — by 4%; compared with the same indicator in
mice of the 1st (intact) group on the 1st day of the

SO e 8
e R

Puc. 1. [Teuens camku Mbiun tuaun C57B1/6 ¢ ocrpbiv CCl -MHAYIIMPOBAHHBIM I€IIATO30M Ha 1-€ CyTKHU IOCIe POZIOB:
TeraToIUThI B COCTOSHUU M'H/IPOIINYECKO AUCTPOdUY, KPYIIHbIE OYard HeKpo3a (II0Ka3aHO CTPEIKAMU).
Okpacka reMaTOKCHJINHOM UM 503WHOM. YBeJIMUYEHHE X100
Fig. 1. The liver of a female C57B1/6 mouse with acute CCl -induced hepatosis on the 1st day after birth:
hydropic degeneration of hepatocytes, large foci of necrosis (shown by the arrows).

Stained with hematoxylin and eosin. Magnification x100
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Ta6smmua 1. CpaBHeHMe 9KCIPECCUH PELIENITOPOB 3CTPOTeHa U MPOTeCTEPOHA B MHOL[MTAX BO BpeMsi 6epeMEHHOCTH Y
mblimed iuaun C57Bl/6 npu CCl,-MHAyIMpPOBaHHOM renaTose U ero KOppeKIuu MMMOGU/IM3UPOBAHHOM rMalypoOHUa301

(MI) (M £ m)

Table 1. Comparison of the estrogen and progesterone receptor expression in myocytes during pregnancy in C57Bl/6 mice
with CCl,-induced hepatosis and its correction with immobilized hyaluronidase (IH) (M + m)

KuBoTHbIe 1-1 KuBoTHbIE 2-i KuBoTHble 3-ii rpynnbl ’KuBoTHBIe 4-i
(uHTaKTHOM) rpynnel rpynnsl (remato3) (remartos + UI) rpynnsl (UI)
I Animals of the 1st Animals of the 2nd Animals of the 3rd Animals of the 4th
OKasaTeJsu . : .
aKcnpeccun (intact) group group (hepatosis) group (hepatosis + [H) group (IH)
Expression indicators  4g o 21-e 18-e 21-e 18-e cyTkn 21-e cyTku 18-e 21-e
CYyTKH CYyTKH CyTKH CYyTKH 18thday 21stday cyTku CYyTKH
18thday 21stday 18thday 21stday 18thday 21stday
Penentopsl Kk actporeny 1.5+ 0.2 578+0.46 149+ 6.76 = 1.21+0.1 6.22+£0.28 097+ 1.96 =
Estrogen receptors 0.22 0.37 0.13° 0.67>¢
Penentopsl k 1.02+0.22 415+£0.34 1.18% 429 1.25+0.1 3.5+0.24> 081+ 1.01+
[POrecTepoHy 0.13 0.26 0.08>¢ 0.092 ¢
Progesterone receptors
WHaeKc cCOOTHOIEHHUS 1.47 1.4 1.26 1.6 0.97 1.7 1.2 292
peLenTopoB M0JIOBBIX
rOPMOHOB

The estrogen/progeste-
rone expression index

2 locToBepHbIe pa3/IM4us CpeJHUX BeJIMYMH B CDABHEHUHU C MbllIaMU 1-# (MHTaKTHOH) IPyNIIbl TOTO XKe epruoja HabogeHus (mpu p < 0.05).
Significant differences in mean values compared to mice of the 1st (intact) group of the same time point (at p < 0.05).

b locToBepHbIe pa3/In4Ks B CPaBHEHUH C MbIIIAMHU 2-1 (renaTos) rpymmnbl TOTo e eproAa HabsoAeHus (mpu p < 0.05).
Significant differences compared to mice of the 2nd (hepatosis) group of the same time point (at p < 0.05).

¢ JlocToBepHbIe pa3JN4Ms B CPAaBHEHUH C MblllaMu 3-H (remnatos + UI') Toro ke nepuoga Ha6aogeHus (npu p < 0.05).
Significant differences compared to mice of the 3rd group (hepatosis + IH) of the same time point (at p < 0.05).

ObLIIO0 MEHBIIUM Y Mbitieii 4-i (V') rpymiisl B cpaBHe-
HUY C aHJIOTUYHBIM [T0Ka3aTesieM y MbIIIEeH 2-1 (rera-
T03) U 3-# (remaro3 + WUI) rpynm B 1.5 pasa; Ha 21-€
CyTKH OEpeMEHHOCTH KOJIMYECTBO MFHOIUTOB C IOJIO-
JKUTEIPHON SKCIIpeccrell MporecTepoHa y MbIIeH 4-¢

postpartum period — 3 times, on the 10th day —
1.5 times, but remained higher on the 15th day by
1.7 times (Table 2).

The expression of progesterone receptors in
myocytes of mice of group 2 (hepatosis) has minor

Puc. 2. Muomerpuii mpiuu uann C57B1/6 ¢ ocrpbiv CCl -MH/yIMPOBAHHBIM I€IIaTO30M, 21-€ CYTKH GepeMEeHHOCTH:
BBIPa’KEHHAs IKCIIPECCHUS sZIEPHBIX PEIEITOPOB K ACTPOreHy B MHOIIUTAX. JJOKPACKA F€eMAaTOKCHIMHOM. YBeInYeHHe X400
Fig. 2. The myometrium of a C57Bl/6 mouse with acute CCl,-induced hepatosis, 21st day of pregnancy: significant
expression of nuclear estrogen receptors in myocytes. Counterstained with hematoxylin. Magnification x400

Journal homepage: http://jsms.ngmu.ru

69



Kownauu K.A. udp. / Journal of Siberian Medical Sciences T. 8, N? 3 (2024)

"gsm

g
\MML—E%‘-)—'J'.

e 2 e%

- "

o - g
Ml EUES

.-

Puc. 3. Marka mpium simanu C57B1/6 ¢ ocrpeim CCl-uHAyIMPOBaHHBIM TeaTo30M, 18-€ CyTKH GepeMeHHOCTH.
Hab6:rofjaercst BBIpaskeHHAasT SKCIPECCHS s/IEPHBIX PEIIENITOPOB K IPOTeCTEPOHY B MUOIIUTAX U AIIUTETHOIIATAX
sHzioMeTpus (ceBa). JIokpacka reMaTOKCHIMHOM. YBeJInueHue X100
Fig. 3.The uterus of a C57Bl/6 mouse with acute CCl,-induced hepatosis, the 18th day of pregnancy.
Significant expression of nuclear receptors to progesterone in myocytes and endometrial epithelial cells (left).
Counterstained with hematoxylin. Magnification x100

TPYIIBI OBLIO TaK)KE YMEHBIIIEHHBIM B CPABHEHHH C
AQHAJIOTUYHBIM ITIOKa3aTeJleM y MblIied 1-i (MHTaKT-
HOM), 2-1 (rematos) u 3-i (remaro3 + WI) rpymi B 4.0,
4.2 ¥ 3.5 pa3a COOTBETCTBEHHO (Tab1. 1, puc. 3).

AHanu3 WH/IEKCa COOTHOIIEHHUSA DKCIPECCHU B
MHOITATAX SCTPOTEHA K IIPOTECTEPOHY ITPOIEMOH-
CTPUPOBAJI B IIepHO]] OEPEMEHHOCTH, YTO HHJIEKC
BO3pacraer ¢ 18-X K 21-M cyTkaM 6epeMeHHOCTH BO
BCeX Tpymmax, Kpome 1-# (MHTaKTHOHM) TpYIIIHI,
OoJiee BoIpaXkeHHO B 3-1 (rematos + UT') u 4-u (1T
rpymmax, 4To OOYCJIOBJIEHO IIpeoOsafaHueM 3KC-
MIPEeCCUU B MUOIIMTAX ACTPOTEHA, IPU HE3HAUUTETh-
HBIX HW3MEHEHUSX OKCIIPECCUHM IIPpOTecTepOHA B
mepuos 6epeMeHHOCTH.

B mocsiepo10Bo# mepuo;] pe3yabTaThl Mopdome-
TPUYECKOTO HWCCIENOBAHUSA DKCIIPECCUM ITOJIOBBIX
TOPMOHOB B MHOITUTAX IOKA3aJId, YTO y MBIIIEN 2-H
(remaTo3) rpymmbl B CPaBHEHUH C *KUBOTHBIMU 1-U
(MHTAKTHOW) IPYNIBI B IUHAMUKE ITPOUCXO/IUT pe3-
KO€ YBeJUYeHHe KOJIMUYECTBA SKCIIPECCUPYIOIIIX
SCTPOTEHOBBIX PEIENITOPOB: B 1-€ CyTKH IOCJIE POJIOB
KOJIMYECTBO PEIENTOPOB K 3CTPOTEHY CTAHOBUTCS B
5.5 pasa 60JIBIINM; K 10-M CyTKaM — B 2.8 pasa 601b-
IIUM; K 15-M CyTKaM IIOCJIE PO/IOB — B 1.7 pasa
oospire (Tabs. 2). Y mbiaeid 3-ii (rematos + HID)
IPYIIIbl YUC/IeHHAas [IOTHOCTh MHOIMTOB C II0JIO-

differences from that in animals of group 1 (intact),
which proves that the main disorders of the postpar-
tum involution of the mice myometrium are associ-
ated with liver pathology, namely, with reduced inac-
tivation of estrogen receptors. In mice of group 3
(hepatosis + IH), the number of myocytes expressing
progesterone on the 1st day of the postpartum period
was 1.2 times lower than the same indicator in mice
of group 2 (hepatosis). In mice of group 4, the num-
ber of myocytes expressing progesterone was lower
compared to the same indicator in mice of groups 1
(intact), 2 (hepatosis), 3 (hepatosis + IH) on the 10th
and 15th days of the postpartum period (Table 2).

When assessing the estrogen/progesterone
expression index in myocytes, it is clearly seen that
the index increases by the 15th day of the postpartum
period in all groups, more pronounced being in the
1st (intact), 2nd (hepatosis) and 4th (IH) groups,
which is due to the estrogen expression predomi-
nance in myocytes.

DISCUSSION

Previously, it was shown that the myometrial
postpartum involution in mice with acute CCI, -
induced hepatosis was not completed by the 10th day
of the postpartum period, and the leading mecha-
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JKUTEJTbHOU SKCIIPECCHEN ACTPOTEHOB ObLIa MEHbIIEe
B CpaBHEHHH C AaHAJOTHYHBIM IIOKa3aTejaeM y
MBIIIEN 2-1 (Ternaro3) TPYIIBI Ha 1-e CYTKU IOCIe-
pozmoBoro mepuoza B 1.7 pasa, HA 10-€ CYTKH — B
1.9 pasa, Ha 15-€ CyTKH — Ha 4 %; B CDaBHEHUU C aHa-
JIOTUYHBIM IIOKa3aTeJIeM Y MbIIIeH 1-i (MHTaKTHOMN)
IPYNIBI HA 1-€ CYTKHU IIOCJIEPOIOBOTO IEPUoZa — B
3 pasa, Ha 10-e CyTKH — B 1.5 pas3a, HO OCTaBaJIOCh
OOJIBIIIM Ha 15-€ CyTKHU B 1.7 pasa (cM. tabi. 2).

JKcIIpeccusl PEIeNTOpoOB IIPOrecTepoHa B MHUO-
IUTAX Y MBIIIIeH 2-1i (rernaTo3) rpyIibl UMeeT He3Ha-
YUTEeJIbHBIE PA3JINYUs C KUBOTHBIMU 1-U (MHTAKT-
HOW) TPYIIIIBI, YTO JOKA3BIBAET, YTO OCHOBHBIE HAPY-
IIEHUs] IIOCJIEPOJIOBOM WHBOJIIONMH MHOMETPHS
MBIIIIeH CBA3aHBI € TAaTOJIOTUEN IeYeHU, a UMEHHO —
CO CHIDKEHHOU WHAKTHBAIlMEH PEIENTOPOB 3CTPO-
resa. Y Meliinen 3-i (rermaros + UI') rpynimsl Kosimde-
CTBO MHOIIUTOB, 3KCIPECCUPYIONIUX IIPOTECTEPOH,
Ha 1-e CYTKU II0CJIEPO/IOBOTO IepHozia ObLI0 MeHb-
IIIAM B 1.2 pa3a B CPAaBHEHHUU C AaHAJIOTUYHBIM ITOKa-
3aTesIeM y MblIIIel 2-# (remaTos) TpymIbl. Y MbIIIei
4-¥ TPYIIIIBI KOJTMYECTBO MUOIINTOB, SKCIIPECCUPYIO-
IUX [IPOTECTePOH, ObLJIO MEHBIIUM B CDAaBHEHUU C
AHAIOTMYHBIM IIOKA3aTesIeM Y MbIIIEeH 1-U (MHTaKT-
HOW), 2-1 (remaTo3s), 3-1 (remaros + UI") rpynn Ha 10
U 15-€ CyTKHU ITOCJIEPOA0BOTO mepuosa (ecm. Tabir. 2).

[Tpu omeHKe MH/IEKCA COOTHOIIEHUS SKCIIPECCUU
B MHOIIMTAX 3CTPOTeHa K IPOTeCTEPOHY OTUETINBO
BUJIHO, UTO UH/IEKC BO3PACTAET K 15-M CyTKaM IOCIe-
pOZIoOBOTO IepHo/a BO BCEX TPyIax, 6ojee BbIpa-
JKeHO B 1-# (uHTakTHas), 2-i (renaros) u 4-u (UI)
rpymmax, 4To OOYCJIOBJIEHO IpeoOsalaHueM 3KC-
MIPECCUU B MUOITUTAX ICTPOTEHA.

OBCYXKJIEHUHNE

PaHee OBUIO NMOKA3aHO, YTO IPOIIECCHI TTIOCJIEPO-
JTOBOM MHBOJTIOIIUY MHUOMETPUSI Y MBIIIEH C OCTPHIM
CC14-I/IH,E[yI_II/IpOBaHHI>IM rernaTo30M He 3aBEPIIAIUCH
K 10-M CyTKaM II0CJIEPO/IOBOTO IIepUO/A, IPU 3TOM
BEIYIIIUM MEXaHH3MOM ITOCJIEPOIOBOM MHBOJIIOIIHH
SBUJIMCH KJIa3MAaIlUTO3 U arronTos [20].

[ToBpexx/ieHNe IeYeH!, BepOSATHO, IPUBOAUT K
HApYIIEHUI0 WHAKTHUBALIMHU IOJIOBBIX CTEPOUIHBIX
TOPMOHOB ¥ TIOBBIIIEHUIO UX YPOBHS B CHIBOPOTKE
KPOBHU, KOTOPBIY, KaK U3BECTHO, SIBJISETCS TJIABHBIM
(pUBHNOSIOTHYECKUM  PETYJISITOPOM  OKCIIPECCHH
PEeLenToOpOB IOJIOBBIX TOPMOHOB [21]. YuuThIBast
[IOJIydeHHBble Pe3yJIbTaThl, 3HAUUTEIbHOE IIOBBIIIIe-
HUe YPOBHS 3KCIPECCUU SIZIEPHBIX PELENnTOPOB K
SCTPOTE€HYy MOXKET OBITh CBA3aHO C THIIEPACTPOTre-
HUeH Beile/ICTBUE MTOBPEXK/IeHNs IIedeHH U Hapylile-
HUS ee (PYHKIIMU U TeM caMbIM OOYCJIOBJIMBATh
3aMeJjJIeHNe IIPOIECCOB WHBOJIIONMH MHOMETPHS
[22]. Kpome Toro, MOKa3aHO yBeSIMUYeHUE JAuaMeTpa

nism of postpartum involution was clasmacytosis
and apoptosis [20].

Liver damage probably leads to the impairment
of sex steroid hormone inactivation and an increase
in their serum levels which are known to be the main
physiological regulator of sex hormone receptor
expression [21]. Taking into account the results
obtained, a significant increase in the expression
level of nuclear estrogen receptors may be associated
with hyperestrogenism due to liver damage and its
dysfunction, and thereby cause a slowdown of myo-
metrial involution [22]. In addition, an increase in
the diameter of myometrium vessels in mice with
acute CCl -induced hepatosis has been shown com-
pared to animals with physiologically developing
pregnancy [23], which may also probably be a conse-
quence of hyperestrogenism since estrogens have a
vasodilatory effect [23, 24].

In turn, progesterone cannot enhance the forma-
tion of its own receptors, moreover, a high level of pro-
gesterone can suppress their synthesis, as well as the
synthesis of estrogen receptors alpha, and, simultane-
ously, increase the expression of estrogen receptors
beta [4]. The results obtained demonstrate that the
expression of nuclear progesterone receptors was
higher in mice of the 2nd (hepatosis) group compared
to mice of the 1st (intact) group on the 1st day, but on
the 10th and 15th days the indicator remained stable.
Thus, it can be assumed that from the 10th to 15th day,
upon reaching a certain level of serum progesterone,
the effect of inhibition of its own receptors was realized.

In acute CCl -induced hepatosis, the index of
nuclear expression of estrogen and progesterone
receptors in uterine myocytes changes: the most pro-
nounced expression of estrogen and progesterone
receptors was on the 10th and 15th days after birth
and led to an impaired postpartum uterine involu-
tion [20]. The impairment of sex hormone metabo-
lism in mice with acute CCl -induced hepatosis in the
form of hyperestrogenism accompanies the predom-
inance of such processes as clasmacytosis and apop-
tosis in the mechanisms of postpartum involution.

In the correction of acute toxic hepatosis with IH,
regeneration processes in the liver parenchyma are
significantly enhanced. In the model of chronic hepa-
titis, it was shown that the administration of IH
3 times at a dose of 50 U/kg every other day led to a
strong stimulation of the cell renewal systems involved
in the regeneration of the damaged liver. The imple-
mentation of these mechanisms was apparently mani-
fested in the activation of proliferative processes of
early bone marrow precursors, their mobilization into
peripheral blood flow and homing to liver tissue with
subsequent formation of tissue-specific parenchyma-
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COCY/IOB MHOMETPHS MBIIIEH, IIEPEHECIITUX OCTPBIA
CCl4—HH/1yquOBaHHHﬁ rernaros, 110 CpaBHEHUIO C
JKUBOTHBIMH C (PU3UOJIOTHYECKU Pa3BUBAIOIIEHCS
OepeMeHHOCThIO [23], UTO TaKkKe, BEPOATHO, MOKET
SIBJISITHCS CJIe/ICTBUEM THIIEP3CTPOTEHEMUH,
IIOCKOJIBKY DCTPOTEHBI 001a1AI0T COCYI0PACIIUPSIIO-
IIUM JercTBheM [23, 24].

B cBOI0 ouepezb, IPOTECTEPOH HE MOKET YCHUJIIU-
BaTh 0Opa3oBaHHe COOCTBEHHBIX PEIENITOPOB, Oosiee
TOTO, BEICOKUH YPOBEHB IIPOTECTEPOHA MOKeT I10/1a-
BJISATH CHUHTE3 COOCTBEHHBIX PEIENTOPOB, a TaKXKe
CUHTE3 PELEeNTOPOB 3CTPOTEHOB aybda U OTHOBpE-
MEHHO YBEJIWYHBATH HKCIIPECCHUIO 3CTPOTEHOB OeTa
[4]. IlosyueHHbBIE PEBYIBTATHI IEMOHCTPUPYIOT, UTO
DKCIIPECCHS SIEPHBIX PEIENTOPOB K IIPOTECTEPOHY
ObL1a OOJIBINEN y MBIIIEH 2-U (remaros) TpPyHIbl B
OTJINYKE OT MbIIIEH 1-H (MHTAKTHOM) TPYIINBI Ha 1-€
CYTKH, HO Ha 10 U 15-€ CYyTKH IIOKa3aTesIb COXpa-
HsJICA cTabmwIbHBIM. TakuM 00pa3oM, MOKHO IIpes-
MIOJIOKUTD, UTO OT 10-X K 15-M CyTKaM IIPH JOCTUIKE-
HUH OIIPEJIEJIEHHOTO YPOBHS IIPOTeCTEPOHA B CHIBO-
pOoTKe KpoBH peanuzoBajica 3P@eKT IMoaBIeHus
COOCTBEHHBIX PEIENITOPOB.

IIpu octpom CC14-I/IHI[y]_II/Ip0BaHHOM rerarose
U3MeHsIeTcsl WHJIEKC COOTHOIIEHUs SZEPHON BKC-
IIPECCUU PELIENITOPOB 3CTPOTEHOB U MPOTecTEPOHA B
MUOITUTAX MAaTKW: Hambosiee BHIPDAKEHHAST DKCIIpPec-
CHUS K UCCJIEZJOBAHHBIM pelentopaM ObLaa oTMedeHa
Ha 10 U 15-€ CYyTKU IIOCJIE POJIOB U IIPUBOJIAIIO K HAPY-
[IEHUI0 TIOCJEPOZOBOM WHBOJIIOIUKA MAaTKuA [20].
Hapymenne wmerabonn3Ma IIOJIOBBIX TOPMOHOB Y
mbieii ¢ ocrpeiM CCl -MHAYIPOBaHHBIM T€IIaTO30M
B CTOPOHY THIIEPICTPOTEHEMIH COIPOBOXKIAET IIpe-
obJiajilanie B MEXaHU3MaxX IT0CJIEPOJIOBON HHBOJIIO-
UM TAKUX IIPOIECCOB, KaK KJIA3MAIIUTO3 U aIlOITO3.

B yciioBUsAX KOPPEKIHH OCTPOTO TOKCHYECKOTO
renarto3a MI' mpormeccel pereHepanuu B apeHxume
IeyeHW 3HAYMUTENIbHO ycwiuBaorcesa. Ha mopenu
XPOHUYECKOTO TelaTUTa IOKa3aHO, YTO BBeZEHUE
UT' 3 pasa o 50 EJI/kr uepes JeHb MPUBOAUIIO K
pPe3KOli CTUMYJIAIIUN CUCTEM KJIETOYHOTO OOHOBJIE-
HUS, YIACTBYIOIIUX B BOCCTAHOBJIEHUU IIOBPEKIEH-
HON medeHH. Peanmzarnus JaHHBIX MeXaHU3MOB
MIPOSIBJISLTIACH, TIO-BUIUMOMY, B aKTUBAI[UU MIPOJIU-
(bepaTHUBHBIX IMPOIECCOB PAHHUX IPEIIIECTBEHHU-
KOB KOCTHOT'O MO3Ta, NX MOOWIN3aIuU B iepudepu-
YeCKyI0 KPOBb M B XOMUHTE B TKAHU MT€YEHU C JTAJTb-
HeAmuM  00pa3oBaHMEM  TKaHECHEIU(MPUIHBIX
[MApEeHXUMAaTO3HbIX KJIETOYHBIX THIIOB [17, 19].
B 2TOIi CBsI3U pereHepaTOPHbBIE MPOIECCHI B ITEUEHU
CIIOCOOCTBOBAJIM BOCCTAHOBJIEHHIO OajlaHca IIOJIO-
BBIX TOPMOHOB U IIPOIIECCOB IIOCIEPOIOBON MHBO-
JIIOIIUA MUOMETPHUS y Mblliel 3-i (remaro3 + UIY)
TPYIIIIBL.

tous cell types [17, 19]. In this regard, regenerative
processes in the liver contributed to the restoration of
the balance of sex hormones and of the processes of
postpartum myometrial involution in mice of the 3rd
(hepatosis + IH) group.

CONCLUSION

The study results allows us to draw the following
conclusions:

1. During pregnancy in acute CCl -induced hepa-
tosis, the expression of progesterone and estrogen
receptors in the myometrium does not change and
corresponds to that in intact pregnant mice.

2. In animals with acute CCl -induced hepatosis
in the late postpartum period (up to 15 days), an
increased expression of estrogen receptors in the
myometrium is observed in relatively stable expres-
sion of progesterone, which probably contributes to
the extension of uterine involution.

3. When the correction of acute CCl4-induced
hepatosis IH, the levels of estrogen and progesterone
receptors’ expression in the postpartum period
decrease and generally correspond to thereof in
intact pregnant mice.
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3AK/IIOYEHUE

IIpoBesieHHOE HCCIIeIOBaHNME TI03BOJIAET C/leIaTh
cJIelyIole BbIBOJIbL:

1. Bo Bpems OGepeMeHHOCTH IIPH OCTPOM CC14—
WH/AYIPOBAaHHOM TellaTo3e 3KCIPEeCcCHs PerenTopoB
IIporecTepoHa 1 3CTPOreHa B MUOMETPUY He U3MeHsA-
eTcsl U COOTBETCTBYET TAaKOBOU y MblIIel ¢ pusmosio-
THYECKH Pa3BUBAIOIIEHCS 6epEMEHHOCTBIO.

2. Y xkuBOTHBIX ¢ ocTpbiM CCl, -NHAYIMPOBaHHBIM
renaTo30M B IO3IHUH MOCIEPOAOBBIA Mepuon (10
15 CyT) OTMEYaeTcsl IOBBIIMIEHHAS SKCIIPECCUS
peLenTOpOB 3CTPOreHOB B MUOMETPUH IIPU OTHOCH-
TEJIbHO CTAaOMJIBHBIX TTOKA3aTEeNAX HKCIIPECCUU TIPO-
recTepoHa, YTO, BEPOSTHO, CIOCOOCTBYET YZJIMHE-
HHUIO IIpoliecca NHBOJIIOLNY MaTKU.

3. Ilpu xKoppeknuu ocTporo CC14—I/IHI[y11HpOBaH—
Horo remnarosa MI' ypoBHH 5KCIIpecCHU PerenTopoB
K DCTPOTeHy MU IIPOTECTEpOHY B IIOCJIEPOJIOBBIH
IIepUO/J CHIKAIOTCA U B I[€JIOM COOTBETCTBYIOT aHa-
JIOTUYHBIM II0KA3aTeJIsIM MBIIIEN ¢ Qu3mosIorunyie-
CKU pa3BUBarolielics 6epeMeHHOCTHIO.

KoH@uaukT mHTEpECOB. ABTOPHI 3a4BJISIOT 00
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