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PE3IOME

AkTyanbHicTb. AyToiMyHHMI renatut (AIlN) € TsKKMM nporpecyounM Ta peuuavsyio-
YMM iIMyHOOMOCEPEAKOBaHMM 3ananbHUM 3aXBOPHOBAHHAM MEYiHKM 3 AUHaAMIYHUMU
Ta JOCUTb HEOAHOPIOHUMK NPOsiBAMU, sIKE MOXE MPU3BECTM A0 UMPO3y Ta NeYiHKOBOI
HepocTaTHocTi. LLlopidyHa cBiTOBa 3axBOplOBaHICTb Ta nowupeHicte Al cTaHOBNATb
1,4 ta 17,4 Ha 100 Tuc. oci6 BignoBigHO. Xo4ya BUKOPWUCTaHHS KOPTUKOCTEPOIdiB
€ 3aranbHOBU3HaHMM MiAXOA4OM A0 NikyBaHHSA xBopux Ha All, okpemi nauieHTn noraHo
pearyloTb Ha Take MiKyBaHHsl, @ AesiKi XBOPi MOXYTb 3iTKHYTUCS 3 CEPO3HUMMK NOGiY-
HUMKU edekTamyn abo peunaMBoM MiCRs MPUNWHEHHST BUKOPUCTAHHS CTepoigiB.
3 UMX NPUYUH € akTyanbHUM MOLLYK HOBUX MiAXOAIB A0 NikyBaHHSA xBopux Ha All.

MeTta po60oTn — oxapakTepuayBaTy renaTtoTponHy akTUBHICTb BE3KMNITUHHUX KPIOKOH-
cepBoBaHux GionoriyHnx 3acobis (BKB3) — koHAuLUioHOBaHOrO cepefoBuLla Me3eH-
ximanbHux ctoBbypoBux knituH (KC-MCK), kpioekctpakty nnaueHTn (KEM) Ta kpio-
ekcTpakTy cenesiHku (KEC)) 3a noka3Hukamu nNirMeHTHoro obMiHy Ta aHTUOKCMAAHTHO-
NPOOKCUAAHTHOrO roMeocTasy Ha Mofeni ayToiMyHHOro renaTuTy y LypiB.

Marepiann Ta Metogu. [ocnimkeHHs edpektmBHocTi BKB3 npu Al nposeneHi
Ha 42 wypax-camusx macoto 200-220 r. All" y wypis moaentoBanu LWNSXOM BBEOEHHS
renaTtoTponHoi aHTUreHHOI CyMilli, sika cknaganacb 3 NoBHOro ag’'toBaHTy ®PpenHga
Ta aHTUreHy, OTPMMaHOro 3 [rOMOreHaTy arnoreHHoi mneviHku. BMmicT peakTaHTiB
3 2-TiobapbiTypoBoto kucnoToto (TBK-PI1) BU3Ha4anu cnekTpooToOMETPUYHO 3a METo-
nom Asakawa T. et al. AKTMBHICTb KaTanasy Bu3Ha4Yanu CnekTpoOTOMETPUYHO
3a meTogom Kopontok M.A. Ta cniBaBT. AKTUBHICTb cynepokcugancmytasu (CO[l) BusHa-
Yanu cnekTpodoToMeTpuyHo 3a metogoM Yesapu C. Ta cniBaBT. KoHueHTpauitio
GinipybiHY BuM3Havanu CnekTPOOTOMETPUYHO 3a peakuietld AiasodeHincynbgpoHo-
BOI KMCMOTK 3 NpsiMUM GinipyGiHOM.

Pesynbratn Ta ix obroBopeHHs. OuiHka CTaHy nirMeHTHoro obMmiHy nokasana, Lo
3pocTaHHsA 3aranbHoro 6inipybiHy y TBapUH rpyny KOHTPOSO BigbyBanock nepeBaxHo
3a paxyHok nyny npsimoro 6inipy6iHy — MOro KOHUEHTpauis CTaTUCTUYHO BipOrigHO
(p<0,001) 3pocna Ha 240,0% Ta ctaHoBwna 17,0 MMonb/f, B TOW Yac sik BMiCT HEMPSIMOTO
6inipy6iHy 3pic (p < 0,001) nuwe Ha 98,3% BIAHOCHO MOKa3HWKIB IHTAKTHUX LLYpPIB.
Cepen pocnigxyBaHux BKB3 BeegeHHs KEC cynpoBogKyBanoch 3iCcTaBntoBaHOH
3 cunibopomM 3aaTHICTIO HopManidyBaTu piBeHb 3ararnbHoro 6inipy6iHy y wypis 3 All.
PiBeHb BkasaHOro mokasHuka CTaTucTuyHO BiporigHo (p < 0,001) 3Hu3uBca Ha 40,2%
Ta ctaHoBuB 20,0 MMornb/n. AKTUBALLiSt NPOLIECIB NEePEKUCHOro OKUCHeHHs ninigis (MOI)
Ta BUCHaXEHHS1 aHTuokcuaaHTHoi cuctemn (AOC) npussenu [0 CTaTUCTUYHO Biporia-
Horo 3HuxeHHs (p = 0,002) iHTerpanbHoro nokasHuka MOJI-AOC — aHTMOKCUAAHTHO-
npookcupaHTHoro iHaekcy (AMl) Ha 71,0% BiOHOCHO MOKa3HWKIB IHTAKTHUX LUYpIB.
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AAS LUTYBAHHS:

3a 3gaTHICTIO BiOHOBMIOBATU aKTUBHICTb KaTanasuw y TKaHuHax nediHku Ha Tni All
y wypis Bci gocnigxyeaHi BKB3 noctynanuce pedepeHc-npenapaty cunidopy.
BucHoBku. Ha tni possutky All y wypiB Bigmivanocb 3poctaHHsi (p < 0,001) piBHs
3aranbHoro 6inipybiHy Ha 148,9%, 3pocTaHHs BMicTy TBK-PIM (p < 0,001) Ha 172,5%,
3HMKeHHs (p = 0,004) aktmBHocTi COMl Ha 40,0% Ta 3HmxeHHA Ha 20,0% (p = 0,4)
aKTUBHOCTI kaTanasu. 3a 3pgaTHIiCTioO HopmaniyBaTu NirMeHTHWA obmiH Ha Tni All
pocnigxysani BKB3 moxHa postawysati y Takin nocnigosHocTi: KC-MCK (52,6%;
p < 0,001) > KEN (49,6%; p < 0,001) > KEC (40,2%; p < 0,001). 3a 3patHicTio
BigHoBMoBatTn GanaHc B cuctemi MOJ-AOC pocnigxysaHi BKBE3 moxHa posTaluy-
BaTu y Takin nocnigosHocTi: KC-MCK (201,4%; p = 0,005) > KE (85,3%; p = 0,002) >
KEC (57,5%; p = 0,1).

Mmapknx @.B., llagosa T.l. XapakTepucTika renatoTponHoOi akTUBHOCTI BE3KMITMHHMX KPIOKOHCEPBOBaHMX BionoriyHmx
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ABSTRACT

Background. Autoimmune hepatitis (AIH) is a severe acute or chronic progressive
and relapsing immune-mediated inflammatory liver disease with dynamic and hetero-
geneous manifestations, potentially leading to cirrhosis and liver failure. The annual
global incidence and prevalence of AIH are 1.4 and 17.4 per 100,000 individuals,
respectively. Although corticosteroids are a common treatment for AIH, some patients
poorly respond to this therapy, and others may experience serious side effects or
relapse after discontinuing steroids. Therefore, new treatment methods are needed.
Purpose - to characterize the hepatotropic activity of cell-free cryopreserved biological
agents — ACBAs (MSC conditioned medium (MSC-MSC), placenta cryoextract (CEP)
and spleen cryoextract (CES)) according to indicators of pigment metabolism and
antioxidant-prooxidant homeostasis in the model of autoimmune hepatitis in rats.
Materials and Methods. The effectiveness of acellular cryopreserved biological
agents (ACBAs) in AlH was investigated in 42 male rats weighing 200-220 g. AIH was
modeled by administering a hepatotropic antigenic mixture consisting of Freund’s
complete adjuvant and an antigen solution derived from allogeneic liver homogenate.
The content of reactants with thiobarbituric acid (TBA-RP) was determined spectro-
photometrically using the method by Asakawa T. et al. Catalase activity was measured
spectrophotometrically according to the method by Korolyuk M.A. et al. Superoxide
dismutase (SOD) activity was assessed spectrophotometrically using the method
by Chevari S. et al. Bilirubin concentrations (total, direct, and indirect) were deter-
mined spectrophotometrically through the diazophenylsulfonic acid reaction with
direct bilirubin.

Results. Assessment of pigment metabolism indicated that the increase in total bili-
rubin in the control group animals was primarily due to the direct bilirubin pool, with its
concentration increasing statistically significantly (p <0.001) by 240.0% to 17.0 mmol/L,
while indirect bilirubin levels increased (p < 0.001) by only 98.3% compared to intact
rats. Among the studied ACBAs, the administration of CES demonstrated a comparable
ability to normalize total bilirubin levels in rats with AlH, showing a statistically signifi-
cant decrease (p < 0.001) of 40.2% to 20.0 mmol/L. Activation of the processes of
lipid peroxidation (LPO) and depletion of the antioxidant system (AOS) led to a statis-
tically significant decrease (p = 0.002) of the integral indicator of LPO-AOS - the anti-
oxidant-prooxidant index (API) by 71.0% compared to the indicators of intact rats.
In terms of the ability to restore catalase activity in liver tissues against the background
of AlH in rats, all studied BKBZ were inferior to the reference drug sylibor.
Conclusions. During the development of AlH in rats, there was an increase (p < 0.001)
in total bilirubin levels by 148.9%, an increase in TBA-RP content (p <0.001) by 172.5%,
a decrease (p = 0.004) in SOD activity by 40.0%, and a decrease of 20.0% (p = 0.4)
in catalase activity. Based on the ability to normalize pigment metabolism in AlH, the
studied ACBAs can be arranged in the following order: MSC-CM (52.6%; p < 0.001) >
CEP (49.6%; p < 0.001) > CES (40.2%; p < 0.001). In terms of restoring balance
in the LPO-AQOS system, the studied ACBAs can be arranged as follows: MSC-CM
(201.4%; p = 0.005) > CEP (85.3%; p = 0.002) > CES (57.5%; p = 0.1).

Hladkykh FV, Liadova TI. Characteristics of the hepatotropic activity of cell-free cryopreserved biological agents
in the model of autoimmune hepatitis. The Journal of V.N. Karazin Kharkiv National University. Series Medicine.
2024;32(3(50)):275-289. DOI: https://doi.org/10.26565/2313-6693-2024-50-01
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BCTYN

AyToiMyHHUI renatuT (AIlN) € TSHKKMM nepeBaxHOo
XPOHIYHUM MPOrpecyroynM Ta PEUMAUBYHOUYUM  iIMYHO-
onocepeakoBaHMM 3ananbHUM 3aXBOPIOBAHHAM MEYiHKW
3 AMHaMiYHMMK Ta OOCUTb HEOZHOPIAHMMMW NPOSBaMW,
SIke MOXe NPM3BeCTV A0 LMpOo3y Ta NeYiHKoBOi HepgocTaT-
HocTi [1, 2]. LopiyHa cBiTOBa 3axBOPOBaAHICTb Ta MOLLUK-
peHicTb All ctaHoBnATh 1,4 Ta 17,4 Ha 100 Trc. ocib Biano-
BigHo [3]. KniHiuHo AIl" xapakTepusyetbcsi: BioxiMiuHO —
BMCOKUM piBHEM TpaHcaMiHa3 y cupoBaTLi KpoBi, cepo-
NoriyHo — nigBuLweHnM piBHeM imyHornobyniHy G (IgG)
Ta HasIBHICTIO LIPKYITHOKYMX ayTOAHTUTIN, @ FCTOMNOriYHO —
cTyniH4acTum Hekposom [4]. OiarHo3 Al BcTaHoBnto-
€TbCS KMiHIYHO i3 3aCTOCYBaHHSIM AiarHOCTUYHMX Ganis,
OAHAaK reTepoTonHWN (heHOTUN 3axBOPKOBAHHA 4YacTo
YCKMaAHIE LUBMAKE BU3HAYEHHHA 3axBOPHOBaHHsA [6].
Livpkyntotodi  ayToaHTUTina BBaXalTbCA O3Hakow Al
i BMKOpPUCTOBYIOTbCS Ang knacudikauii Al ak tvn 1,
abo knacuyHuMi ayToiMyHHUIA renatuT, i Tun 2. All Tuny 1
BM3HAYaETbCS HAsABHICTIO aHTUHYKNeapHux aHTuTin (ANA)
Ta/abo aHTUTIN nNpotu rnagkmx M'a3ie (ASMA). Tutpu
aHTuTIN NnoHag 1:40 BBaxaloTbCs 3HAYYLLUMMK Y JOPOCINX.
Tun 2 All" MeHLU NoLIMPEeHUit | ypaxye nepeBakHo aiten [5].

TOYHi MexaHi3MM NOPYLUEHHS iIMYHHOI TONepPaHTHOCTI
npu All’ Wwe He OO0 KiHUS 3’AcoBaHi, ane 3’ABMSETLCHA BCE
GinbLue JoKasiB TOro, L0 reHeTUYHA CXWUIbHICTb, MOEeKy-
nspHa Mimikpist Ta gucbanaHc Mk edeKkTopHUM i pery-
NATOPHUM IMYHITETOM € KIOYOBUMM NaTOMNON4YHNMMN KOM-
MOHEHTaMu PO3BUTKY 3axBOploBaHHA [6]. Ak Kro4oBi
MexaHiamu Oyno 3anponoHOBaHO Sk B-kMiTUHHMIA, Tak
i T-KNITUHHWI ayTOIMYHITET Ta iIMYHHY Aucperynsuito [7].
[MeviHka € BaXXNMBMM iMYHOSOrNYHUM OPraHoM 3 YHikanb-
HOIO 34aTHICTIO CTBOPIOBaTU eDEKTUBHI IMYHHI BignoBiai
NPOTW renaToTPOMHUX MaToreHis, 3 ogHoro Goky, i nia-
TPMMYBaTW MICLEBY Ta CUCTEMHY IMYHHY TONepaHTHICTb
[0 BNacCHUX i YyXKOPiAHWUX aHTUreHIB, 3 iHworo [8].

AyTtoaHTureHHun nentug (Ag) npeseHTyeTbcsa T-kni-
TuHHOMY peuenTopy (TCR) HekoMiToBaHMX T-xennepHmx
(ThO) nimcpoumTis y mexxax monekynu HLAknacy Il (HLAII)
aHTUreHnpeseHTyto4oi KnituHn (APC) abo B perioHapHux
nimcatnyHux By3nax, abo B camivi neviHui (puc. 1) [4, 9].

AkTtnsoBaHi kniTHM ThO andepeHLiloloTbCS B KNITUHW
Th1 abo Th2 y npucyTHocTi iHTepnevikiHy IL-12 abo IL-4
BiANoBiAHO A0 Mpupoaun aHTureHy. Lle sanyckae kackag
iIMYHHUX peakLUii, Lo BU3HAYaloTbCA LMTOKIHAMMN, SIKi BOHW
BupobnsoTb. KnitnHn Th1 cekpetytoTs IL-2 Ta iHTepdepoH
(IFN)-y, UMTOKIHW, SIKi CTUMYNIOIOTb LIMTOTOKCUYHI T-niM-
doumntn (CTL), nocuniooTb ekcnpecito monekyn HLA
knacy | (HLA 1), iHaykytoTb ekcnipecito monekyn HLA kna-
cy Il Ha kniTUHax nedviHku Ta akTuByOTb Makpodarn (MO).
M® BuBinbHstoTh IL-1 i dakTop Hekpody nyxnuHu (TNF).
KnituHn Th2 cekpeTytoTb nepesaxHo IL-4, IL-13 Ta IL-21
i CTMMYMIOKTb BUPOONEHHS ayToaHTuTIn B-nimdoum-
Tamu, AKi JO3PiBaloTb Y NNa3maTtuyHi knituHu. Perynatop-
Hi T-knitnHn (T-reg) noxogdaTts Big ThO y npucyTHOCTI
TpaHcdopMmytodoro daktopa pocty (TGF)-B. Akwo T-reg
€ AedEeKTHUMUN 3a KiNbKiCTO Ta/abo pyHKUiAMKU, pyrAHY-
BaHHSA renaTouuTiB € pe3ynsTaTtoM 3anyyvyeHHs MOLLKOA-
XKytounx edeKTOpHUX MexaHiamis, Bkntoyatoum CTL,
LMTOKIHK, WO BMBINbHAOTECA Th1 Ta akTnBoBaHum MO,
aKTuBaLis KOMMneMeHTy abo agresis NPMPOOHNX KNiTWUH-
kinepie (NK) o BKpuUTMX ayToaHTUTINamu renartouuTiB
yepes ix Fc-peuentopun. KnituHm Th17 npogykyoTb
3ananbHi unTokiHm 1L-17, IL-22 i TNF i noxogaTtb Big Kni-

INTRODUCTION

Autoimmune hepatitis (AIH) is a severe, predominantly
chronic, progressive, and relapsing immune-mediated
inflammatory liver disease characterized by dynamic
and quite heterogeneous manifestations, which can lead
to cirrhosis and liver failure [1, 2]. The annual global
incidence and prevalence of AIH are 1.4 and 17.4 per
100,000 individuals, respectively [3]. Clinically, AlH is
characterized by: biochemically — elevated transaminase
levels in serum, serologically — increased immuno-
globulin G (IgG) levels and the presence of circulating
autoantibodies, and histologically — stepwise necrosis [4].
The diagnosis of AIH is established clinically using
diagnostic scores; however, the heterotopic phenotype
of the disease often complicates rapid diagnosis [6].
Circulating autoantibodies are considered a hallmark of
AIH and are used to classify AIH as type 1, or classical
autoimmune hepatitis, and type 2. Type 1 AlH is charac-
terized by the presence of antinuclear antibodies (ANA)
and/or antibodies against smooth muscle (ASMA).
Antibody titers greater than 1:40 are considered signi-
ficant in adults. Type 2 AIH is less common and pre-
dominantly affects children [5].

The precise mechanisms of immune tolerance
disruption in AlH are not yet fully understood, but there
is increasing evidence that genetic predisposition,
molecular mimicry, and an imbalance between effector
and regulatory immunity are key pathological com-
ponents in the development of the disease [6]. Both B-cell
and T-cell autoimmunity, as well as immune dysregu-
lation, have been proposed as key mechanisms [7].
The liver is an important immunological organ with
a unique ability to generate effective immune responses
against hepatotropic pathogens while maintaining local
and systemic immune tolerance to self and foreign
antigens [8]. Autoantigenic peptides (Ag) are presented
to the T-cell receptor (TCR) of naive T-helper (ThO)
lymphocytes within the class Il HLA molecule (HLA II)
of antigen-presenting cells (APC) either in regional
lymph nodes or in the liver itself (Fig. 1) [4, 9].

Activated ThO cells differentiate into Th1 or Th2 cells
in the presence of interleukin (IL)-12 or IL-4, res-
pectively, depending on the nature of the antigen.
This initiates a cascade of immune reactions charac-
terized by the cytokines they produce. Th1 cells se-
crete IL-2 and interferon (IFN)-y, cytokines that stimu-
late cytotoxic T lymphocytes (CTLs), enhance the
expression of class | HLA molecules (HLA I), induce
the expression of class Il HLA molecules on liver cells,
and activate macrophages (MF). M® releases IL-1
and tumor necrosis factor (TNF). Th2 cells primarily
secrete IL-4, IL-13, and IL-21, stimulating B lympho-
cytes to produce autoantibodies that mature into
plasma cells. Regulatory T cells (T-reg) arise from ThO
in the presence of transforming growth factor (TGF)-p.
If T-reg are defective in number and/or function, the
destruction of hepatocytes results from the recruit-
ment of damaging effector mechanisms, inclu-
ding CTLs, cytokines released by Th1 and activated M®,
complement activation, or the adhesion of natural
killer (NK) cells to autoantibody-coated hepatocytes
via their Fc receptors. Th17 cells produce inflamma-
tory cytokines IL-17, IL-22, and TNF and arise from
ThO cells in the presence of TGF-$ and IL-6. Hepato-
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TMH ThO y npwucytHocti TGF-p T1a IL-6. Tenatouwut
BMBINbHsE IL-6, aknii gogaTtkoBo ctumynioe Th17 [4].

AHTHIEH-
Npe3eHTY 4
®niTHHA

cytes release IL-6, which further stimulates Th17. Positive
signal: negative signal [4].
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Puc. 1. Cxema natoreHesy All" (agantoBaHo 3a [4])
Fig. 1. Pathogenesis of AIH (adapted from [4])

CraHpapTHe nikyBaHHA XxBopux Ha Al Bknoyae
npegHi3onoH i asartionpuH Ta € edektnHum y 80—90%
naudienTie [10]. 3rigHo 3 pekomeHpauismm EASL ana
Jopocnux novaTtkoBa [o03a NpPefHi3onoHy mae OyTu
B pianasoHi Big 0,5 po 1 wmr/kr/noby. PekomeHnpauii
AASLD nponoHytoTb po3noyMHaTV NiKyBaHHSI NMPeAHi3o-
HOM i3 60 Mr/aeHb Yy TrocTpuX TSXKKMX BuNagkax Ta
3 20—40 mr/geHb y Beix iHWMX BUNagkax [9]. Xoya BuKo-
pUCTaHHS KOPTUKOCTEPOIdiB € 3aranbHOBM3HAHUM METO-
OoM nikyBaHHA All, okpemi nauieHTM MoraHo pearyloTb
Ha Take nNiKyBaHHHA, a OesiKi XBOPi MOXyTb 3iTKHYTUCHA
3 Cepilo3HMMM nobiyHMMmK edpektammn abo peunameom
nicna MNPUMNMHEHHS  BUKOpPUCTaHHA  cTepoigis  [11].
3 uux NpMYMH € akTyanbHMM MOLIYK HOBMX MiOXOAiB
00 nikyBaHHs xBopux Ha All" [12].

Tepanisa Me3eHXxiManbHUMKU CTOBOYPOBMMU KMiTUHA-

n (MCK) Mae uucneHHi nepeBarv, Taki ik MynbTUMO-
TeHuian ansa auvdepeHuitoBaHHsA, aHTUdiIOpo3Hi BnacTu-
BOCTi Ta imyHomogyntotodi edektn [12, 13]. MCK Takox
30aTHIi B3AEMOAIATU 3 IMYHHMMW KMiTUHAMKW, TakuMu
sk makpodparm, NK-kniTuHW, 4eHAPUTHI KNITUHWN, HENTPO-
dinn Ta iH. Yci pasom Ui B3aemopii MOXYTb CNpUSTU
TONEPOreHHi akTUBHOCTI iIMyHHOI CUCTEMM, TAKUM YNHOM
CNpuYsYN CNPUSTAMBOMY eekTy MpU Pi3HMX ayTOIMyH-
HUX posnagax [12, 14, 15].

HesBaxatoun Ha BaraToobiusodi pesynsratv, nuTaH-
Hs 6e3nekn Tepanii Ha ocHoBi MCK Bce e € npegMeToM
Ouckycini, ocobnmeo B JOBrOCTPOKOBOMY nepiodi cnocre-
pexeHHsl. OCHOBHe 3aHEMNOKOEHHS! BUKIUKAE HebaxaHa
oundbepeHuiauis TpaHcnnaHToBaHux MCK Ta ix noten-

Standard treatment for patients with autoimmune
hepatitis (AIH) includes prednisone and azathioprine
and is effective in 80-90% of patients [10]. According
to EASL recommendations for adults, the initial dose of
prednisone should be in the range of 0.5 to 1 mg/kg/day.
AASLD recommendations suggest starting treatment
with prednisone at 60 mg/day in acute severe cases and
20—-40 mg/day in all other cases [9]. Although the use of
corticosteroids is a widely recognized treatment method
for AIH, some patients respond poorly to this treatment,
and others may experience serious side effects or
relapse after stopping steroid use [11]. For these reasons,
there is an urgent need to explore new approaches
to treating patients with AlH [12].

Mesenchymal stem cell (MSC) therapy has numerous
advantages, such as multipotential for differentiation,
anti-fibrotic properties, and immunomodulatory effects
[12, 13]. MSCs are also capable of interacting with
immune cells, such as macrophages, NK cells, dendritic
cells, neutrophils, and others. Together, these interac-
tions can promote tolerogenic activity in the immune
system, thereby contributing to favorable effects in
various autoimmune disorders [12, 14, 15].

Despite promising results, the safety of MSC-based
therapies remains a subject of discussion, particularly
in the long-term follow-up. The main concern is the
unwanted differentiation of transplanted MSCs and their
potential to suppress anti-tumor immune responses
and create new blood vessels that may facilitate tumor
growth and metastasis [16].
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uian ans NpUrHiYeHHs NPOTUMNYXITMHHOI IMYHHOI BiaNoBiAj
Ta CTBOPEHHSI HOBMX KPOBOHOCHWX CYAMWH, SIKi MOXYTb
CAPUATK POCTY NYXMMHW Ta MeTacTasyBaHHto [16].

Bigomo, wo MCK BupobGnsiTb pidHOMaHITHI Giono-
rYHO-aKTUBHI PEYOBUHU (CEKPETOM), SiKi BKITHOYAOTb LIMTO-
KiHW, XeMOKiHW, MOMeKynu KniTUHHOI agresii, ninigHi
mMegiaTtopu, iHTeprenkiHu, pakTopu pocTy, FOPMOHM, EK30-
comu, MikpoBe3aukynu Ta iH. [17, 18]. OctaHHi gocnig-
XKEHHsI nokasanu, Wwo cToBOypoOBi KNiTUHN eeKTUBHI B
TKaHMHaxX NepeBaXkHO Yyepes iX napakpuHHuM Bnnme [17].

Came Tomy Hawly yBary B SIKOCTi MOTEHUIAHUX iMyHO-
mMogentotunx 3acobie 3 sictaenioBaHo 3 MCK 6Giono-
rYHOK aKTMBHICTIO MPMBEPHYNM X MNoXigHi, a came —
koHauuioHoBaHe cepeposuwle MCK (KC-MCK), ake mic-
TUTb LUMPOKUIA CMNeKTp BioNoriYyHo-akTUBHMX MOIEKYIT.
Ockinbkn KC-MCK He MIiCTUTb KIiTWMH, BaXknunBOw nepe-
Baroto BmkopuctaHHs KC € 1noro imyHomnoriyHa CyMiCHICTb
Ons peuunieHTiB, Ta Sk Hacnigok, 36ir AoHopa Ta peuu-
nieHTa, Wwo € 060B’I3KOBOID YMOBOHO NiKyBaHHS Ha OCHOBI
KNiTUH, He € HeobxigHMM npu 3actocyBaHHi KC [17].

Okpim KC-MCK npuknagom 6e3kniTuHHuUX 6Gionoriy-
HUX areHTiB BBaXaloTb EKCTPaKTU 3 KNITUH PI3HOrO NOXoa-
XKEHHs1 (CNNeHounTK, renaTtoumT, MiokapgiounTu Ta iH.).
Ha cborogHi icHye uina Hu3ka TEXHOMOrIN OTPUMAaHHSA
eKCTpakTiB 3 KniTnH. Tak, y poborti [19] onncana Taka
TEXHOMNOrisi OTPUMaHHS 6e3KNITMHHUX eKCTPaKTIB: KMiTUHW
npomueanu gocgaTtHo-conbLoBuM Gycpepom Ta Gychepom
ans nisucy knitud (100 mM HEPES, pH 8,2; 50 mM NaCl;
5 mM MgCl,; 1 MM auTioTpeiton Ta iHribiTopu npoTeasw),
ocagunu npu 10 Tuc. 06/XB., NOBTOPHO CycneHayBanu
B ogHOMY ob’emi xonogHoro Oydepa ans nisucy KnituH
Ta iHkybyBanu npotarom 30-45 xB. Ha nboay. KnituHu
06pobnsanu ynsTpa3sykoMm Ha nbogy B 200-Mkn anikeso-
Tax 3a [JOMOMOroK YnbTpasByKy, 06nagHaHOro 30HAOM
diametpoMm 3 MM, OOKM BCi KNiTMHM Ta sigpa He Gynun
ni3oBaHi, Ak 6yno BM3Ha4YeHO 3a AONOMOrOI MiKPOCKOMii.
Jlizat ocagyxyBanu npu 12 Tuc. 06/xB NpoTarom 15 xBUnNuH
npu 4°C ona yTBOpeHHs rpaHyn. CynepHaTaHT ginunu
Ha anikBoTW, 3aMOpPOXyBasnu B pigkoMy a3oTi Ta 36epiranu
npn —80°C. CtaHaapTu3yBanu 3a KoHuUeHTpauieto 6inka B
eKcTpakTax KniTuH, siky Bu3Ha4anu metogom bpeadopaa.

Y pobotax [20—22] 3anponoHOBaHO TEXHOIOri0 OTpK-
MaHHs1 6E3KMITMHHOIO eKCTPaKTy 3a AOMOMOTOH0 Al HU3bKK-
MW TemnepaTtypamu: KnituHu pecycnengysanmu B 0,9% di-
3i0MoriYHOMY Po34mHi 40 KoHueHTpauii 107 kniTuH/100 mMkn.
Motim Byno npoeeneHo 3 umknu 3amopoxxyBaHHs (—80°C)
Ta BigTaBaHHa (+37°C) ang nisucy knituH. MNicnsa ueHTpu-
dyrysaHHs npu 17000 g npotarom 30 xBunuH npu 4°C
cynepHaTaHT (BU3HAYeHUM $K KNITUHHWUMA  EeKCTPaKT)
36epiranv npn —80°C 40 BUKOPUCTAHHS.

Kpim KC-MCK 06’ekTOM Haloro gocnigkeHhst i3 6e3-
KNITUHHWX KPIOKOHCEepBOBaHMX GionoriyHmx 3acobis (BKB3)
Hamu Oyno ob6paHO KpioekCTpakTV GIioNOriYHMX TKaHWH,
OTpUMaHi 3a BITYM3HAHWMU TEXHOMOrAMU, SKi BUYEPMNHO
BMKNaAaeHo B ornsagi [23], ue kpioekcTpakT nnaueHTn (KEM)
Ta kpioekctpakT cenesiHkn (KEC), ki 3a pesynsratamu
nonepeHix AOCMiAXeHb MalTb iMyHOMOAEMooYi Brac-
TMBOCTI NP ayTOIMYHHUX 3aXBOPIOBaHHSX [24, 25].

Meta pob6oTum — oxapakTepusyBaTu renaToTpornHy
aKTUBHICTb 6e3KMiTMHHUX KpiOKOHCEpBOBaHWX 6Gionoriy-
Hux 3acobiB (koHauuUioHoBaHoro cepegosuwa MCK,
KpIOEKCTPaKTy MMaueHTU Ta KPIOEKCTPaKTy CenesiHkm)
3a NnokasHuKamu nNirMeHTHOro 06MmiHy Ta aHTUOKCUAAHTHO-
NPOOKCUOAHTHOIO roMeocTasy Ha Mopeni ayToiMyHHOro
renaTuTy y LypiB.

MSCs are known to produce a variety of biologically
active substances (secretome), including cytokines,
chemokines, cell adhesion molecules, lipid mediators,
interleukins, growth factors, hormones, exosomes,
microvesicles, and others [17, 18]. Recent studies have
shown that stem cells are effective in tissues primarily
through their paracrine effects [17].

For this reason, our attention was drawn to the
derivatives of MSCs as potential immunomodulatory
agents with comparable biological activity, namely
conditioned medium from MSCs (CM-MSC), which
contains a wide range of biologically active molecules.
Since CM-MSC does not contain cells, an important
advantage of using it is its immunological compatibility
for recipients. Consequently, matching between donor
and recipient, which is a mandatory condition for
cell-based treatments, is not necessary [17].

In addition to CM-MSC, examples of acellular biolo-
gical agents include extracts from cells of various
origins (splenocytes, hepatocytes, cardiomyocytes, etc.).
Currently, there are several technologies for obtaining
extracts from cells. For instance, the study [19] des-
cribes the following technology for obtaining acellular
extracts: cells were washed with phosphate-buffered
saline and lysis buffer (100 mM HEPES, pH 8.2;
50 mM NaCl; 5 mM MgCl,; 1 mM dithiothreitol and pro-
tease inhibitors), centrifuged at 10,000 rpm, and resus-
pended in one volume of cold lysis buffer. They were
incubated for 30-45 minutes on ice. Cells were treated
with ultrasound on ice in 200 pL aliquots using a 3 mm
diameter probe until all cells and nuclei were lysed,
as confirmed by microscopy. The lysate was centrifuged
at 12,000 rpm for 15 minutes at 4°C to form pellets.
The supernatant was aliquoted, frozen in liquid nitrogen,
and stored at —80°C. The concentration of protein in the
cell extracts was standardized using the Bradford method.

In studies [20, 21, 22], a technology for obtaining
acellular extracts through low-temperature action was
proposed: cells were resuspended in 0.9% saline to
a concentration of 107 cells/100 pL. Then, three cycles
of freezing (-80°C) and thawing (+37°C) were performed
to lyse the cells. After centrifugation at 17,000 g for
30 minutes at 4°C, the supernatant (defined as the
cell extract) was stored at —80°C until use.

Thus, in addition to CM-MSC, we chose cryoextracts
of biological tissues obtained through domestic techno-
logies as the subject of our study among acellular
cryopreserved biological agents (ACBAs). These include
cryoextracts of placenta (CEP) and spleen (CES), which,
according to previous studies, possess immunomodula-
tory properties in autoimmune diseases [24, 25].

Objective — to characterize the hepatotropic activity
of acellular cryopreserved biological agents (conditioned
medium of mesenchymal stem cells, cryoextract of
placenta, and cryoextract of spleen) based on indicators
of pigment metabolism and antioxidant-prooxidant
homeostasis in a model of autoimmune hepatitis in rats.
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MATEPIAAU TA METOAU AOCAIAXEHHSA

ExkcnepumeHTanbHi JOCRigKEHHA NpoBedeHi Ha na-
6opaTopHMX Lypax y BignoBigHOCTI A0 3akoHy YkpaiHu
«lMpo 3axuct TBapWH BiO >XOPCTOKOMO MOBOAXEHHS»
Ne 3477-1V Big 21.02.2006 p., 3aranbHUX €TUYHUX NPUH-
UMMiB eKCNepuMeHTIB Ha TBapuHax, yxsaneHux lNepwmm
HaLioHanbHUM KOHrpecom Ykpainu 3 Gioetukn (M. Kuis,
2001 p.) Ta iH. YUHHUX BITYM3HSHUX Ta MiKHAPOOHMX
HOPMaTUBHMKX aKTiB [26, 27]

AIl" y wypis MmogentoBany LUNSXOM BBEAEHHS renato-
TPOMHOI aHTUrEHHOI CyMilli, sika cknaganacb 3 NOBHOMO
ap’toBaHTy ®peitnpa (MAP) (Thermo Fisher Scientific,
CLA) Ta po34nHy aHTUreHy, OTPMMaHOro 3 romoreHaTy
anoreHHoi neviHku [28].

[omoreHaT TKaHWHWM MEYiHKWM roTyBanu 3 LOTpUMaH-
HSM NpaBui acenTuKk1 3a CTaHA4apTHO MEeToAMKOK nia-
FOTOBKM TKAHWHHMX aHTUreHiB [29]. ®parmMeHTn MNediHKn
nogpibHBanu HOXUUAMKM Ta BigMWMBaNM BiO KpOBi Y
xonogHomy 0,9% posuunHi NaCl, nicns 4Yoro po3tupanu
y CTynui 3 kBapLueBMM NickoM. [oOMOreHHy macy nepeHo-
cunu y konby, po3YNHANN i30TOHIYHMM PO34YMHOM Y CniB-
BigHOLLEHHI 1:2, nepemMilwlyBany nponyckaHHAM Tpupaso-
BO Yepe3 wnpuy Ta BigctotoBanu npu —4°C 6nunsbko
20 roavH. HagocagHy piavHy LeHTpudyrysanum npoTarom
30 xBunuH npn 3000 06./xB npn —4°C. B HagocagHin pian-
Hi BU3Ha4anu BMICT Ginka Ta 4OBOAMIIM AOTO KOHLUEHTpa-
uito go 80 Mr Ha 1 mn romoreHaTy. CTaHOapTM30BaHuUiA
3a BMicTOM binka romoreHat nediHku amiwysanu 3 MNA® y
cniBBiAHOLWEHHI 1:1 Ta «nNeperaHanuy 3 Wnpuua B LWNpUL,
Yepes nepexigHvK 40 3aryCHeHHs, Wob kpanns oTpumaHoi
eMynbcii He pynHyBanacs y Bogi npotsarom 30 xB. [30].

[enaToTponHy aHTUreHHy CyMmill BBOAMMM Lypam
BHTYpilUHEOM’A30B0 (B/M) Mo 2,0 mn 1 pa3 Ha TWXOEHb
ynpogoBx 6 TwxHiB (Ha 1, 7, 14, 21, 28 T1a 35 pgHi
eKkcrnepvmMeHTy) [28].

HocnigxyBaHi npenapaTty nodvHany BBOAMTU Yepes
7 OHiB Nicnst OCTaHHbOI iH’eKLiT renaToTpPONHOI aHTUTEHHOI
cymiwi [28]. BKBE3 BBogunu B/M, 3 iHTepBanoM 2 aHi
(ycboro 5 iH’ekuiin), BignosigHo Ha 42, 44, 46, 48 Ta 50 gHi
ekcrnepuMeHTy. Ak pedepeHc-npenapart obpaHo renarto-
NPOTEKTOP CUNIGop — POCIMHHWUIA EKCTPaKT 3 HaCiHHA
postoponwi nnamucToi (Silybum marianum) [31, 32].
Cwunibop BBOAUNY BHYTPILLHBOLLITYHKOBO (B/WN) Ha 42, 44,
46, 48 T1a 50 gHi ekcnepumeHTy B f03i 50 mr/kr [33, 34].

HocnigxeHHs edgektmBHocTi BKB3 npu Al npose-
JeHi Ha 42 wypax-camusax macoto 200-220 r, paHgo-
Mi3oBaHuX Ha 6 rpyn:

| (HeraTMBHUI KOHTPONb) — iHTaKTHI wypu (n = 7),
SKMM Ha 42, 44, 46, 48 Ta 50 gHi ekcnepuMeHTy B/M BBO-
avnm 0,9% posumH NaCl B gosi 1,0 mn/kr macu Tina wypa;

Il — wypwu 3i amogensosaHnm All" (n = 7) 6e3 nikyBaHHA
(koHTponbHa rpyna), skum Ha 42, 44, 46, 48 Ta 50 gHi
ekcrnepumeHTy B/M BBogunu 0,9% posunH NaCl B fosi
1,0 mn/kr;

Il — wypn 3i 3amopgenboBanum Al (n = 7), Akum
Ha 42, 44, 46, 48 Ta 50 OHi eKcnepuMEeHTY BHYTPILLHbO-
LWNyHKOBO (B/LLN) BBOAWMNM peddepeHc-npenapar cunidop
B Ao3i 50 mr/kr [33];

IV — wypu 3i 3amogensoBaHum Al (n = 7), Akum
Ha 42, 44, 46, 48 Ta 50 aOHi ekcnepumeHTy B/M BBOOUNU
KEN y posi 2,5 mn/kr [35];

MATERIALS AND METHODS

Experimental studies were conducted on laborato-
ry rats in accordance with the Law of Ukraine «On the
Protection of Animals from Cruel TreatmentNe Ne 3477-1V
dated February 21, 2006, the General Ethical Principles
of Animal Experiments adopted by the First National Con-
gress of Ukraine on Bioethics (Kyiv, 2001), and other cur-
rent domestic and international regulations [26, 27].

Autoimmune hepatitis (AIH) in rats was modeled by
administering a hepatotropic antigenic mixture composed
of Freund’s complete adjuvant (FCA) (Thermo Fisher Sci-
entific, USA) and a solution of antigen obtained from the
homogenate of allogeneic liver [28].

The liver tissue homogenate was prepared following
aseptic rules according to standard methods for prepar-
ing tissue antigens [29]. Fragments of the liver were cut
into small pieces and washed of blood in cold 0.9% NaCl
solution, after which they were ground in a mortar with
quartz sand. The homogenate was transferred to a flask,
dissolved in isotonic solution at a ratio of 1:2, mixed by
passing through a syringe three times, and left to stand at
—4°C for about 20 hours. The supernatant was centrifuged
for 30 minutes at 3000 rpm at —4°C. The protein content
in the supernatant was determined, and its concentration
was adjusted to 80 mg per 1 ml of homogenate. The pro-
tein-standardized liver homogenate was mixed with FCA
in a 1:1 ratio and «shuttled» between syringes using an
adapter until thickened, ensuring that a drop of the result-
ing emulsion did not break in water for 30 minutes [30].

The hepatotropic antigenic mixture was administered
to the rats intramuscularly (i.m.) at a dose of 2.0 ml once
a week for 6 weeks (on days 1, 7, 14, 21, 28, and 35 of
the experiment) [28].

The studied preparations were started to be adminis-
tered 7 days after the last injection of the hepatotropic an-
tigenic mixture [28]. The acellular cryopreserved biolog-
ical agents (ACBAs) were administered intramuscularly,
with an interval of 2 days (a total of 5 injections), on days
42, 44, 46, 48, and 50 of the experiment. The reference
preparation chosen was the hepatoprotector Silybor — a
plant extract from the seeds of milk thistle (Silybum mar-
ianum) [31, 32]. Silybor was administered intragastrically
(i.g.) on days 42, 44, 46, 48, and 50 of the experiment at
a dose of 50 mg/kg [33, 34].

The effectiveness of acellular cryopreserved biologi-
cal agents (ACBAs) in autoimmune hepatitis (AIH) was
studied in 42 male rats weighing 200-220 g, randomized
into 6 groups:

I (negative control) — intact rats (n = 7) that received
0.9% NaCl solution at a dose of 1.0 ml/kg body weight
intramuscularly (IM) on days 42, 44, 46, 48, and 50 of the
experiment;

Il — rats with induced AIH (n = 7) without treatment
(control group), which received 0.9% NaCl solution IM at
a dose of 1.0 ml/kg on days 42, 44, 46, 48, and 50;

Il — rats with induced AIH (n = 7) that were adminis-
tered the reference drug Silybor at a dose of 50 mg/kg
intragastrically (IG) on days 42, 44, 46, 48, and 50;

IV —rats with induced AlH (n = 7) that received cryoex-
tract of placenta (CEP) at a dose of 2.5 ml/kg IM on days
42, 44, 46, 48, and 50;

V — rats with induced AIH (n = 7) that received cryo-

OpuwuriHanbHi 4oCnigpKeHHSs

280

Original research



BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.

Cepis Megmumna. 2024. T. 32. Ne 3(50). C. 275-289
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2024;32(3(50)):275-289

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

V — wypwm 3i amogenboBaHum AllC (n = 7), skum Ha 42,
44, 46, 48 ta 50 gHi ekcnepumeHTy B/M BBOgunu KEC
y posi 5,0 mn/kr [36, 37];

VI — wypu 3i 3mogensoBaHum Al (n = 7), skum
Ha 42, 44, 46, 48 Ta 50 agHi ekcnepumeHTy B/M BBOOUNU
KC-MCK 'y pnosi 0,6 mn/kr [38].

Ha 52 geHb ekcnepuMMeHTy TBapuH BMBOAMIM 3 €KC-
NEpUMEHTY Ta eKCTMpMyBanu MeviHKy Ans nojanbLumx
pocnigxeHb. Matepianom AocnigXeHHs BUCTYNanu KpoB
Ta romoreHatu nediHku [39]. 3pasku 3miwaHoi KpoBi nicns
Aekanitauii TBapuvH Biabypanu y ueHTpudyXHi npobipku.
CupoBatky BIigadinanu UeHTpUdYryBaHHsSM BMPOAOBXK
15 xB npn 3000 06/xB. TKAHWMHWU MNEYiHKM MpoMUBaNM
xonogHum (+4°C) isotoHiyHUM 1,15% posunHom KCI
Ta romoreHizyBanu npu 3000 06/xB (TecnoH-ckno) y ce-
penoBuLLi 6ycdepHoro po3ymHy npu cnieeigHoweHHi 1:10
(maca/o6’em: HaBaxka 250 mr + 2,25 mn 1,15% pos-
ynHy KCl), otpumytoun 10% romoreHart. lNoctagepHuii
cynepHaTaHT OTpMMYBanu LUMSIXOM LIeHTpUdyryBaHHs
romoreHaty Bnpogosx 30 xB npu 600 g 3 noganbmM
Binbopom aniksoT y Mikponpobipku «Eppendorfy.

BmicT peakTtaHTiB 3 2-TioGapbiTypoBOK KUCNOTO
(TBK-PIT) BM3Ha4anu cnekTpodOTOMETPUYHO 3a METO-
nom Asakawa T. et al. 3a peakuieto 3 Tiobap6iTypoBoto
KMCMOTOK Ta po3paxoByBanu 3a MOKa3HMKaMy OMTUYHOT
WiNbHOCTI, BW3HA4YeHOI 3a CBITNOMNOMMMHAHHAM NP
OOBXMWHI xBuUni A = 535 HM, BpaxoByluu KoedilieHT
MOMSAPHOI eKCTUHUIT 3abapBneHoro y 4epBOHMI Komip
KoMnnekcy, akuii gopisHioe 1,56 x 10° monb~'/cm~' [40].

AKTMBHICTb KaTanasu Bu3Ha4danu crnekTpodoToMeT-
pu4yHo 3a metogom Kopontok M.A. Ta cniBaBT. 3a CBIiTMO-
NOrMNHAHHAM NpU JOBXWHWM xBuni A = 410 HM. MeTog
rPYHTYETbCA Ha 30aTHOCTI KaTanasu posknagatun H,O,
Ta YTBOPHOBATM CTilKMIA KOMMMEKC >XOBTOrO KOMNbOpy 3
amoHi moni6aaTtom (4,0% — 1,0 mn), skuiA gogaroTb Ans
3ynuHku peakuii H,O, 3 karanasowo [41, 42]. AHTu-
OKCUOAHTHO-NPOOKCUAAHTHUIA iHaekc (Alll) BusHayanu
3a opMynoto:

ANl = (AkTnBHicTb kaTanasu x 100) / Bmict TBK-PIT.

AkTuBHiCTb cynepokcupaucmytasn (CO[) BusHa-
yanu cnekTpodoTOMETPUYHO 3a MeTogom Yesapu C.
Ta cnieaeT., 3a 3gaTHicTio CO[ iHribyBaTn BigHOBMNEHHSI
HITPOTETPA30Mil0 CUMHLOTO nNpu  HasasHocTi  HALOH2
3a MNoKasHUKaMy OMTUYHOI LWiNbHOCTI, BU3HAYEeHUMU
npw JoBXnHM xBuni A = 540 Hm [43, 44].

KoHueHTpauito  6inipybiHy  (3aranbHoro, npsiMoro
Ta 3B'sI3aHOr0) BM3Ha4YanM CNekTpohOTOMETPUYHO 3a
peakuieto giaszodeHincynbdOoHOBOI KUCMOTN 3 NPSMUM
Ginipy6iHom. TMpu BHeceHHi kodeiHOBOro peakTuBy
Henpsamui BinipybiH nepexoguTb B PO34YMHHWIA CTaH Ta
3 CyMmilo Aia3opeakTuBiB JaE poxeBo-gpioneTose 3a-
GapBrieHHsi. 3a iHTEHCUBHICTIO 3abapBneHHsi BU3Ha-
Yanu KOHLEHTpaLilo npsiMoro i 3aranbHoro 6inipyGiHy.
IHTEHCMBHICTb 3abapBrneHHst BU3Ha4anu 3a CBiT/Ionornu-
HaHHAM Npu SOBXWUHI xBUANi A = 500-560 HM. 3a pisHuueto
MK 3aranbHMM i npsiMmum Ginipy6iHom po3paxoByBanu
KOHUeHTpauito Henpsimoro 6inipy6iHy [44—46].

CratuctnyHa obpobka aaHux. CtatuctnyHy obpobky
OTpUMaHMX pe3yrnbTaTiB NPOBEAEHO 3 BMKOPUCTAHHAM
npuknagHoi nporpamu Ans poboTv 3 eneKTPOHHUMMU
Tabnuusmn  «Microsoft Office Excel». OuiHky xapak-
Tepy po3noginy BEMUYMH B KOXHIN rpyni BMOipkoBOT
CYKYMHOCTI npoBoaunu 3 BukopucTaHHaM W-KpuTepito

extract of spleen (CES) at a dose of 5.0 ml/kg IM on days
42, 44, 46, 48, and 50;

VI — rats with induced AIH (n = 7) that were admin-
istered conditioned medium of mesenchymal stem cells
(MSC-CM) at a dose of 0.6 ml/kg IM on days 42, 44, 46,
48, and 50.

On day 52 of the experiment, the animals were euth-
anized, and their livers were excised for further studies.
The materials for the study included blood and liver ho-
mogenates. Blood samples were collected in centrifuge
tubes after decapitating the animals. Serum was separat-
ed by centrifugation for 15 minutes at 3000 rpm. The liver
tissues were washed with cold (+4°C) isotonic 1.15% KCI
solution and homogenized at 3000 rpm (Teflon-glass) in a
buffer solution at a ratio of 1:10 (weight/volume: 250 mg
sample + 2.25 ml of 1.15% KCI solution), yielding a 10%
homogenate. The post-nuclear supernatant was obtained
by centrifuging the homogenate for 30 minutes at 600 g,
followed by aliquot collection into Eppendorf microtubes.

The content of reactants with 2-thiobarbituric acid
(TBA-RP) was determined spectrophotometrically using
the method of Asakawa T. et al. based on the reaction
with thiobarbituric acid, calculated from the optical den-
sity measured at a wavelength of A = 535 nm, taking into
account the molar extinction coefficient of the red-colored
complex, which is equal to 1.56 x10° mol-'/cm~" [40].

Catalase activity was determined spectrophoto-
metrically using the method of Korolyuk M.A. et al. by
measuring light absorption at a wavelength of
A = 410 nm. This method is based on the ability of
catalase to decompose H,O, and form a stable yellow
complex with ammonium molybdate (4.0% — 1.0 ml),
which is added to stop the reaction between H,O,
and catalase [41, 42]. The antioxidant-prooxidant
index (API) was calculated using the formula:

API = (Catalase Activity x 100) / TBA-RP Content.

The activity of superoxide dismutase (SOD) was
determined spectrophotometrically using the method
of Chevari S. et al.,, based on SOD’s ability to inhibit
the reduction of nitroblue tetrazolium in the presence
of NADH2, with optical density measurements taken
at a wavelength of A = 540 nm [43, 44].

The concentration of bilirubin (total, direct, and
conjugated) was measured spectrophotometrically
through the reaction of diazophenylsulfonic acid with
direct bilirubin. When caffeine reagent is added, indirect
bilirubin becomes soluble and reacts with the diazo
reagents to produce a pink-violet color. The intensity
of the color was used to determine the concentrations
of direct and total bilirubin, measured at wavelengths
of A = 500-560 nm. The concentration of indirect
bilirubin was calculated as the difference between total
and direct bilirubin [44, 45, 46].

Statistical data analysis. Statistical processing of
the obtained results was performed using the «Microsoft
Office Excel» spreadsheet program. The distribution
of values in each group of the sample population was
assessed using the Shapiro-Wilk W-test. Homogeneity
of variances was determined using Levene’s test.
Numeric data with normal distribution are presented
as «M = m» (M + SE), where M is the arithmetic mean,
m (SE) is the standard error of the mean, and includes
95% confidence intervals (CI): 5% — 95%, where 95% CI
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LWanipo—Binka. OpgHopigHicTb aucnepcii BU3Ha4Yanu 3a
KpuTepieMm JleBeHa. Lindposi gaHiy pasi HopmanbHOro pos-
noginy BenuyvH HaesegeHi y Burnagi «M = m» (M + SE),
e M — cepegHe apudMeTUYHE 3HaveHHs, m (SE) —
CTaHOapTHa noxmubka cepefHboro apuMETUYHOIO Ta
Hasogunn 95% [Al: 5% — 95%, ae 95% [Al: — 95% pnosip-
unii iHTepBan (Confidence interval — Cl). Mpu HeHop-
MarneHOMY poO3noAini OTPMMaHWX BENWYUH LaHi nogaHo
y surnsai Me [LQ; UQ], oe Me — megiana, [LQ; UQ] —
BEPXHSA Mexa HkHboro kBapTuns (lower quartile — LQ) Ta
HWKHS Mexa BepXHboro keaptuns (upper quartile — UQ).
[ns rpacivyHoro npeacTaBneHHst 4aHWx obpaHo giarpamu
po3maxy (box-and-whiskers diagram - «wyxnsgosi»
Jiarpamu 3 «Bycamm») [47].

PE3YABTATU TA iX OBTOBOPEHHS

OuiHka cTaHy nirMeHTHoro o6MmiHy nokasana, Lo
Ha Tni po3suTky Alll y WypiB BigMiYanocb CTaTUCTUYHO
BiporigHe (p < 0,001) 3pocTaHHs piBHA 3aranbHoro Gini-
py6iHy y kpoBi Ha 148,9% BiAHOCHO NOKA3HWUKIB iIHTAKTHWX
Lypis, wWo ctaHoBurno 33,4 mmone/n (Tabn. 1). 3poctaHHA
3aranbHoro 6inipy6iHy y TBapvH rpynu KOHTponio Biady-
Banocbk nepeBaxHO 3a paxyHoK nyny npsmoro 6inipybiHy —
MOro KOHUEeHTpauia cratuctuyHo BiporigHo (p < 0,001)
3pocna Ha 240,0% Ta ctaHoBuna 17,0 Mmonk/n, B T Yac
SK BMIiCT Henpsamoro 6inipy6iHy 3pic (p < 0,001) nuwe Ha
98,3% BIAHOCHO NOKa3HUKIB iIHTaKTHUX LWypiB (Tabn. 1).

represents the confidence interval. For non-normally
distributed data, results are presented as Me [LQ; UQ],
where Me is the median, [LQ; UQ] indicates the lower
and upper quartiles. Box-and-whisker diagrams were
chosen for the graphical representation of data [47].

RESULTS AND DISCUSSION

The assessment of pigment metabolism revealed
a statistically significant increase (p < 0.001) in total bili-
rubin levels in the blood of rats with autoimmune hepatitis
(AIH), rising by 148.9% compared to intact rats, with
a value of 33.4 mmol/L (Table 1). The increase in total
bilirubin in the control group was primarily due to the rise
in direct bilirubin, which significantly (p < 0.001) increased
by 240.0%, reaching 17.0 mmol/L, while indirect bilirubin
levels rose (p < 0.001) by only 98.3% compared to those
of intact rats (Table 1).

Ta6nuus 1. Bnnue KEIM, KEC, KC-MCK Ta cunibopy Ha koHueHTpaLito 6inipy6iHy B cupoBaTLi KpoBi wwypis 3 AllC
Ha 52 aeHb ekcnepumeHTy, Mmonb/n (M + m (95% [I) abo Me [LQ; UQ], n = 42)
Table 1. Effect of cryoextract of placenta, cryoextract of spleen, conditioned medium of mesenchymal stem cells,
and silybor on bilirubin concentration in serum of rats with autoimmune hepatitis
on day 52 of the experiment, mmol/L (M £ m (95% CI) or Me [LQ; UQ], n=42)

YmoBu ekcrniepumenTy / Experimental conditions
. o Ipyna | Mpyna Il Mpyna Il Mpyna IV Ipyna V Ipyna VI
nff;ﬂﬂ:(y:::'r:m Group | Group Il Group Il Group IV Group V Group VI
Y (1, n=7) (2, n=7) (3, n=7) (4, n=7) (5, n=7) (6, n=7)
BUMIPIOBaHHS
Studied indicator, . KonTponb (AIl .
units of measurement | HT@KTHi Wwypw | 6€3 nikyBaHHs1) AIl" + cunibop AIl" + KEI All" + KEC AlIl" + KC-MCK
Intact rats Control (AIH AlH + silibor AlH + CEP AlH + CES AlH + CM-MSC
without treatment)
3aranbHuin 6inipy6iH, |13,4+0,69 33,4+1,67 19,7+0,84 16,9+0,86 20,0+1,23 15,9+0,96
MMOnb/n (95% Al/CI:  |(95% Al/Cl: (95% Al/Cl: (95% [l/ClI: (95% Al/Cl: 1 (95% Al/Cl:
Total bilirubin, 12,1-14,8) 30,1-36,7) 18,1-21,4) 15,2-18,5) 7,6-22,4) 14,0-17,7)
mmol/L p,<0,001 [148,9%] |p,<0,001 [41,0%] |p,<0,001 [49,6%] [p,<0,001 [40,2%]|p,<0,001 [52,6%]
p.<0,05 [14,5%] |p.=0,9 [2,7%] p.<0,05 [19,6%]
Mpsamuiz 6inipy6iH, 5,0[4,0;6,0] |17,0[14,5;19,5] [9,0[8,0;9,0] 8,0 [7,5; 9,5] 10,0 [9,0; 11,5] |7,0[5,5; 8,5]
MMOnb/N p,<0,001 [240,0%] |p,<0,001 [47,1%] |p,<0,01 [62,9%] [p,<0,01 [41,2%] |p,<0,001 [58,8%]
Direct bilirubin, p,=0,37 [11,1%] |p,=0,03 [11,1%] |p,<0,05 [22,2%)]
mmol/L
Henpsimuii 6inipy6iH, [8,3+0,57 16,4+1,13 11,1+0,88 8,3+0,97 9,9+1,28 8,9+1,06
MMOnb/N (95% Al/CIl:  |(95% Al/Cl: (95% Al/Cl: (95% Al/ClI: (95% Al/Cl: (95% Al/Cl:
Indirect bilirubin, 7,2-9,4) 14,2-18,6) 9,4-12,9) 6,4-10,2) 7,3-12,4) 6,8-10,9)
mmol/L p,<0,001 [98,3%] |p,<0,01[32,2%] [p,<0,001 [49,6%]|p,<0,01 [40,0%] |p,<0,001 [46,1%]
p,=0,1[25,6%] |p,=0,4[21,9%] |p.,=0,1[20,5%]
lMpumimku:

P, — PiBeHb CTATUCTUYHOI BiPOTiAHOCTI PO3GIXKHOCTI NOKa3HYKIB;

[%] — 3Ha4eHHs1 po36iXXHOCTEN NOKA3HWKIB Y BiACOTKaX;

IHoekcamm 1, 2, 3 BKa3aHO HOMeEp rpynu, 3 NOKa3HMKaMu SIKOT MPOBEAEHO MOPIBHAHHS.

Notes:

p, — level of statistical significance of the difference in indicators;
[%] — values of the differences in indicators as a percentage;
Indices 1, 2, 3 indicate the number of the group with which the comparison was made.
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MigpBuweHHA piBHA  GinipybiHy KknacudikyloTb K
npsMy (koH’toroBaHy) rinepbinipybiHemito Ta Henpsamy
(HekoH’toroBaHy) rinepbinipybiHemito [48, 49]. BuasneHe
Hamun nigBuLLEeHHS piBHA GinipybiHy Ta 1ioro dpakui Ha
i AIl" y wypiB HanexuTe 4o NpamMoi rinepbinipybiHemii,
OCKiNnbKM BigOyBanocb nepeBaXHO 3a paxyHOK MpsMOro
6inipy6iHy. fk BigOMO, remonia € HanyacTilow npuyn-
Hol HenpsMoi rinepbinipybiHemii, 3a sikoto cnigye cuHa-
pom XKunbbepa. 3 iHworo 6oky, npsima rinepbinipybiHemis
BKa3y€e Ha NaTomorilo NeyviHku, BKMOYaKYM XonecTaTuyHy
peakuilo Ha niku, ayToiMyHHE XonecTaTU4He 3axBoplo-
BaHHS Ta OOCTPYKLit0 )OBYHUX LNAXiB [48, 49].

3acTocyBaHHsA pedepeHc-npenapaTy cunibopy Hise-
NoBano MopyLeHHs NIrMEeHTHOro OOMiHyY, iHOYKOBaHOro
po3sutkoM All" y LypiB. BctaHOBNEHO, WO piBEHb 3aranb-
Horo 6inipy6iHy y wypis 3 All, skum BBOAMMM cuni 6op,
cTatucTnyHo BiporigHo (p < 0,001) Ha 41,0% 6yB HMKYUM
3a nokasHukm TBapuH 3 All" 6e3 nikyBaHHs (guB. Tabn. 1).

Cepepn pocnigxysaHux BKB3 BeegeHHs KEC cynpo-
BOKyBaroch 3iCTaBMioBaHOK 3 CUNibopoM 34aTHICTio
HopmanisyBaTu piBeHb 3aranbHoro 6inipybiHy y Lypis
3 AIl. PiBeHb BKasaHOro nokasHuka CTaTUCTUYHO BipoO-
rigHo (p<0,001) 3Hu3mBca Ha 40,2% Ta CcTaHOBUB
20,0 mmonk/n. B Tom e yac BBegeHHst KEC noctynanocbk
3a 34aTHICTIO HOpMani3yBaTh MIrMEHTHUIM OOMIH iHLIUM
BKBE3 (gue. Tabn. 1).

IHwi BKB3 (KEM Tta KC-MCK) nepesuwysanu
3a 3[aTHICTIO HOPMani3yBaTu NirMeHTHW oBMiH Y LypiB
3 AIll' ak KEC, Tak i pedepeHc-npenapart cunibop.
Tak, Ha Tni BBegeHHsi KEI piBeHb 3aransHoro 6inipy6GiHy
y wypis 3 All" ctatucTnyHo BiporigHo 3Hm3necs (p < 0,001)
Ha 49,6%, a Ha Tni BBeaeHHA KC-MCK — cratuctuyHo
BiporigHo 3Husmecs (p < 0,001) Ha 52,6% BigHOCHO nokas-
HVKIB LLYpiB KOHTPOSMbHOI rpPynn Ta CTaHOBMB BigMno-
BigHO 16,9 mmonb/n Ta 15,9 mmone/n (gue. Tabn. 1).

BapTo 3a3HauunTK, Lo Ha TNi 3actocyBaHHa KC-MCK Bia-
MiYEeHO TeHAEeHLi0 OO0 BiQHOBMEHHsSI MPOMOPLINHOrO CniB-
BiAHOLLEHHS NPsIMOro Ta Henpsamoro Ginipy6iHy. Tak, Ha Tni
BBegeHHs KC-MCK cniBBigHOLIEHHS NPSAMUA: HEMPSMWIA
Ginipy6iH ctaHoBuno 1:1,3; Ha Tni BBeAeHHs cunibopy —
1:1,2; B TO 4ac §K Ha Tni BBEAEHHS OOCHiMKYBaHUX
KpPIOEKCTPaKTIB aHanoriyHi CniBBigHOLLEHHS 3anuianucb
HEe3MiHHMMM Ta CTaHoBWUNK 1:1, sK i y TBAPWH KOHTPOSbHOT
rpynu (1:1), B TOW Yac 8K y iHTaKTHUX TBApuH aHanoriyHe
CniBBiAHOLLEHHS AopiBHIoBanock 1:1,7.

Takum YnMHOM, 3a 34aTHICTIO HOpMani3yBaTu MirMeHT-
HUK obmiH Ha Tni AIlT pocnigpxyBaHi BKBE3 moxHa posTa-
LyBaTW y Takiv NOcnifoBHOCTI (3a % 3HWXKEHHs 3aranb-
Horo 6inipy6iHy BIQHOCHO NOKa3HUKIB TBapwuH rpynu
koHTponto): KC-MCK (52,6%; p < 0,001) > KEI (49,6%;
p <0,001) > KEC (40,2%; p < 0,001).

JocniopXeHHs1 cTaHy aHTMOKCMOAHTHO-MPOOKCUAAHT-
HOro romeocTtasy y TKaHWHax MEeYiHKW Ha Thi pPO3BUTKY
AIl" nokasano, Lo Npu po3BUTKY ayTOIMYHHOIO YpaXKEeHHS
MeyviHkM y LWypiB BigMIYEHO CTaTUCTMYHO BipoOrigHe
3poctaHHsa BMicTy TBK-PI1 (p < 0,001) Ha 172,5%, wo
BiabyBanocb Ha Trni CTaTUCTUYHO BIPOTAHOINO 3HWKEHHSA
(p = 0,004) aktmsHocTti COO Ha 40,0% Ta 3HWXKEHHS
Ha 20,0% (p = 0,4) akTMBHOCTI kaTanasm (Tabn. 2).

BkasaHi 03Hakum akTuBauii NpoLeciB NepekUcHoro
okuncHeHHs ninigis (MOJ) Ta BUCHaXXeHHA aHTUOKCUAAHT-
Hoi cuctemmn (AOC) npusBenu [O CTaTUCTUYHO BipoO-
rigHoro 3HmxkeHHs (p = 0,002) iHTerpanbHOro nokasHuka
MON-AOC — All Ha 71,0% BiAHOCHO MOKAa3HWUKIB iHTAKT-
Hux wypiB (puc. 2). MNMokasaHa aktusauia MNOJT ysrogxxy-
€TbCS 3 AAaHVMMK NiTepaTypu Npo PO3BUTOK OKCUAAHTHOIO
cTpecy y xsopux Ha All" [50].

This elevation in bilirubin levels is classified as direct
(conjugated) hyperbilirubinemia and indirect (unconju-
gated) hyperbilirubinemia [48, 49]. The increase in bili-
rubin and its fractions observed in our study of rats
with AlIH corresponds to direct hyperbilirubinemia, as it
primarily involved direct bilirubin. Hemolysis is known
to be the most common cause of indirect hyperbilirubi-
nemia, followed by Gilbert's syndrome. Conversely, direct
hyperbilirubinemia indicates liver pathology, including
cholestatic reactions to drugs, autoimmune cholestatic
diseases, and obstruction of the bile ducts [48, 49].

The use of the reference preparation silibor neutrali-
zed the disturbances in pigment metabolism induced
by the development of autoimmune hepatitis (AIH) in rats.
It was established that the level of total bilirubin in rats
with AlH, which were administered silibor, was statisti-
cally significantly (p < 0.001) 41.0% lower than the
levels in animals with AIH that did not receive treatment
(see Table 1).

Among the studied ACBAs, the administration of CES
was accompanied by a comparable ability to normalize
the total bilirubin level in rats with AIH. The level of this
indicator statistically significantly (p < 0.001) decreased
by 40.2% and amounted to 20.0 mmol/L. At the same
time, the administration of CES was inferior in its ability
to normalize the pigment metabolism compared to
other ACBAs (see Table 1).

Other ACBAs (CEP and MSC-CM) exceeded both
CES and the reference drug Silibor in their ability to
normalize the pigment metabolism in rats with AlH.
Thus, after the administration of CEP, the total bilirubin
level in rats with AIH statistically significantly decreased
(p < 0.001) by 49.6%, while the administration of KS-MSK
led to a statistically significant decrease (p < 0.001)
of 52.6% compared to the control group, resulting in levels
of 16.9 mmol/L and 15.9 mmol/L, respectively (Table 1).

It is worth noting that the use of MSC-CM showed
a trend towards restoring the proportional relationship
between direct and indirect bilirubin. Thus, after the
administration of MSC-CM, the ratio of direct to indirect
bilirubin was 1:1.3; after the administration of Silibor,
it was 1:1.2; while in the case of the investigated cryo-
extracts, similar ratios remained unchanged at 1:1, as in
the control group animals (1:1), whereas in intact animals,
the corresponding ratio was 1:1.7.

Thus, in terms of the ability to normalize pigment
metabolism in the context of AIH, the studied BCKZ
can be ranked in the following order (by % decrease
in total bilirubin compared to the control group):
MSC-CM (52.6%; p < 0.001) > CEP (49.6%; p < 0.001) >
CES (40.2%; p < 0.001).

The study of the antioxidant-prooxidant homeostasis
in the liver tissues during the development of AIH showed
that in the course of autoimmune liver damage in rats,
a statistically significant increase in the content of
TBA-RP (p < 0.001) by 172.5% was noted, occurring
against the background of a statistically significant
decrease (p = 0.004) in SOD activity by 40.0% and
a 20.0% decrease (p = 0.4) in catalase activity (Table 2).

These signs of activation of lipid peroxidation (LPO)
processes and exhaustion of the antioxidant system
(AOS) led to a statistically significant decrease (p = 0.002)
in the integral indicator of LPO-AOS — API — by 71.0%
compared to the indicators of intact rats (see Fig. 2).
The demonstrated activation of LPO aligns with litera-
ture data on the development of oxidative stress in
patients with AlH [50].
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Ta6nuus 2. Bnnue KEN, KEC, KC-MCK Ta cuni6opy Ha 6ioxiMi4Hi nokasHukm
NepeKNCHOro OKUCHEHHS NiNnigiB Ta aHTMOKCUAAHTHOI CUCTEMU B roMOreHaTax nevdiHku wypis 3 Al
Ha 52 geHb ekcnepumeHTy (M = m (95% [il) abo Me [LQ; UQ], n = 42)
Table 2. Effect of cryoextract of placenta, cryoextract of spleen, conditioned medium of mesenchymal stem cells,
and silybor on biochemical indicators of lipid peroxidation and the antioxidant system in liver homogenates of rats
with autoimmune hepatitis on day 52 of the experiment (M £ m (95% CI) or Me [LQ; UQ], n = 42)

YMoBw ekcnepumeHTy / Experimental conditions
HocnimxyBaHun lpyna | Mpyna Il Ipyna Il Mpyna IV lpyna V Ipyna VI
NMOKa3HWUK, OOUHULL Group | Group Il Group llI Group IV Group V Group VI
BMMIiptOBaHHS (1, n=7) (2, n=7) (3, n=7) (4, n=7) (5, n=7) (6, n=7)
Studied indicator, KOHTpOJ‘Ib (A'r
units of IHTaKTHI WwWypun| 6e3 nikyBaHHs) AIl" + cunibop All" + KE All' + KEC AIl’ + KC-MCK
measurement Intact rats Control (AIH AlH + silibor AlH + CEP AlH + CES AlH + CM-MSC
without treatment)
TBK-PI, 5,7+0,57 15,6+1,09 8,9+0,86 11,140,63 11,941,24 6,4+0,53
MKMOMb/KT TKaHuHn  [(95% AI/Cl:  |(95% Al/CI: (95% LOI/Cl: (95% LOI/Cl: (95% LOl/Cl: (95% LOI/Cl:
TBA-RP, 4,6-6,8) 13,4-17,7) 7,2-10,5) 9,9-12,4) 9,4-14,3) 5,4-7,5)
pmol/kg of tissue p,<0,001 [172,5%]|p,<0,001 [43,1%] |p,<0,01 [28,4%] |p,<0,05[23,9%] |p,<0,001 [58,7%]
p.<0,1[25,8%] |p,<0,1[31,3%] |p,<0,05 [27,4%]
Katanasa, 2,140,46 1,7+0,29 2,310,42 2,140,34 1,9+0,34 2,040,31
MKaT/KI TKaHVHU (95% AlCl:  |(95% Al/Cl: (95% Al/Cl: (95% Al/Cl: (95% Al/Cl: (95% Al/Cl:
Catalase, 1,2-3,0) 1,2-2,3) 1,5-3,1) 1,5-2,8) 1,2-2,5) 1,4-2,6)
pkat/kg of tissue p,=0,4 [20,0%] p,=0,3[33,3%] |p,=0,4 [25,0%] |p,=0,8 [8,3%] p,=0,5[16,7%]
p.=0,8 [6,3%] p,=0,4[18,8%] |p.=0,6[12,5%)]
COQA, ym. oa. / kr 5,0[3,5; 7,5] |3,0[2,0; 3,0] 5,0 [4,5; 7,5] 4,0 [2,5; 5,5] 4,0 [2,5; 6,0] 5,0 [4,5; 9,0]
SOD, p,=0,004 [40,0%] |p,=0,006 [66,7%)] |p,=0,08 [33,3%] [p,=0,3[20,0%] |p,=0,006 [66,7%]
conditional units/kg p.=0,1[20,0%] p,=0,3 [20,0%] p,=0,3 [0%]
lpumimku: Notes:
p, — piBEHb CTATUCTUYHOI BIPOriAHOCTi PO3BIKHOCTI NOKA3HUKIB; p, — level of statistical significance of the difference in indicators;
[%] — 3Ha4yeHHs po3bixxHOCTEN NOKA3HUKIB Y BiACOTKAX; [%] — values of the differences in indicators as a percentage;
IHgekcamn 1, 2, 3 Bka3aHO HOMep rpynu, 3 nokasHukamu fkoi  Indices 1, 2, 3 indicate the number of the group with which the
nNpoBeaeHO MOPIBHSHHS. comparison was made.

ANl = (AKTHBHICTE KaTanasu x 100) f Bmict TEK-PN
APl = (Catalase Activity x 100} / TBA-RP Content

P S ——E—
s 10.8
B

IuTakTHi wypu HKoutpons! AIC + cuniBop/ AIM+KEMJ/  AIM+KEC/ AIM + KC-MCK/
! Intact rats Control AlH + silibor  AIH + CEP AlH+CES AIH + MSC-CM

Puc. 2. Bnnue KEI, KEC, KC-MCK Ta cunibopy Ha 3Ha4€HHsi aHTUOKCUAAHTHO-MPOOKCUAAHTHOTO iHOEKCY
B romoreHatax neviHku ypis 3 All"
Fig. 2. Effect of cryoextract of placenta, cryoextract of spleen, conditioned medium of mesenchymal stem cells,
and silybor on the values of the antioxidant-prooxidant index in liver homogenates of rats with AlH

lMpumimku: Notes:
Po3nogain BenuYmuH KoXHOI rpyni BUBIPKOBOI CyKyNHOCTi HOpMarbHWA. The distribution of values in each group of the sample
Bokcu BkntoyatoTb 3Ha4eHHs1 CTaHAapTHOT NOXMOKN CepenHboro population is normal.

apudMeTM4Horo, BepTukanbHi niHii 3a Mexxamu 6okciB — The boxes include the values of the standard error of the mean,
95% posipunn iHTepBan. and the vertical lines outside the boxes represent
lopu3oHTanbHa niHist BcepeauHi 6okcy — cepegHe the 95% confidence interval.

apudMETUYHE 3HAYEHHS. The horizontal line inside the box indicates the mean value.

e — p < 0,05 BiAHOCHO NOKA3HWUKIB IHTAKTHUX LLYPIB. e — p < 0.05 relative to the indicators of intact rats.
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[ocnigxXyBaHi KpioekCTpakTu nocTtynanvcb 3a 3gat-
HicTio HiBentoBaTu MOJ pedepeHc-npenapaty cunidopy.
Tak, piBeHb TBK-PI1 y wypis 3 Alll Ha Tni BBegeHHs
cunidopy craHoBuB 8,9 MKMOMb/KI TKaHWHW, B TOW 4ac
Ak Ha Tni BBegeHHs KE[ uer nokasHuMK cTaHOBUB
11,1 MKMONb/Kr TKaHMHW, a Ha Tni BBegeHHa KEC -
11,9 MKMOMb/KI TKaHWHW, WO BignoBiaHO Ha 28,4%
(p < 0,01) Ta Ha 23,9% (p < 0,05) Byno Hwx4e 3a Nokas-
HUKW LLypiB KOHTPONbHOI rpynu (Tabn. 2).

HaliBupasHiwe npurHidueHHs npouecis MOJ1 Bigmi-
YyeHo Ha Tni 3actocyBaHHs KC-MCK y wypis 3 All —
piBeHb TBK-PIT cratuctnyHo BiporigHo (p < 0,001)
3HU3MBCA Ha 58,7% BiAHOCHO TBApWH KOHTPOSBLHOI rpynu
Ta CTaHOBWB 6,4 MKMOIb/KI TKaHWHW (OuB. Tabn. 2).

3a 34aTHICTIO BigHOBMIOBATUM aKTUBHICTb KaTanasu
y TKaHuHax nediHkn Ha Tni All" y WwypiB BCi AocnigxyBaHi
BKBE3 noctynanuce pedepeHc-npenaparty cunidopy.
Tak, 3a 3gaTHICTIO BigHOBMIOBATUM aKTUBHICTb KaTanasu
JocnigkysaHi 3acobn MOXHa posTallyBaTtu y Takii no-
CnigoBHOCTI (32 % 3pOCTaHHsA LIoAO0 MOKa3HWKIB LLYypiB
KOHTponbeHOi rpynu): cunibop (33,3%; p = 0,3) >
KEMN (25,0%; p = 0,4) > KC-MCK (16,7%; p = 0,5) >
KEC (8,3%; p = 0,8).

3a 3gaTHicTio BigHoBNOBaTH akTMBHICTL COL y Wwypis
Ha Tni AIll gocnigxyBaHi KpioeKCTpakTu nocTynanucb
3a edeKTUBHICTIO pedpeHc-npenapaTy cunidopy. B Ton
e Yyac, BcTaHoBneHo, wo BBeaeHHA KC-MCK uyuHuno
3icTaBntoBaHuii 3 cunibopom BNnMB Ha akTMBHICTL CO[, —
il akTMBHICTb cTatucTnyHo BiporigHo (p = 0,006) 3pocna
Ha 66,7% BIiQHOCHO MOKa3HMWKIB LLYPIB KOHTPOMNbHOI
rpynu (gue. Tabn. 2).

3a 3pgaTHicTio BigHoOBMOBaTM GanaHc B cUcCTeMi
MON-AOC pocnigkyBaHi BKB3 MoxHa poaTtalwlyBaTu
y Takii nocnigoBHocTi (% 3pocTtanHi Alll BigHOCHO nokas-
HWKIB TBapwH KOHTponbHOi rpynu): KC-MCK (201,4%;
p=0,005) > KEI (85,3%; p=0,002) > KEC (57,5%; p=0,1).

BcTaHoBneHi aHTMokeaaHTHi BnactneocTi y KC-MCK
Y3ro[pKyBanucb 3 faHWMK fitTepatypy Npo HasBHICTb 3a-
3HayeHoi akTuBHOCTI y noxigHux MCK [51]. BctaHoBne-
HuIA Hamu mogyntotounii Bnnme KEM Ha MON-AOC yaroa-
XKYETbCA 3 nonepegHiMn AOCRIAXEHHAMU aHarnoriyHol
aktuHocTi BKB3, y Tomy uncni KEIN ta KC-MCK [52, 53].

BUCHOBKHU

Ha Tni po3sutky All" y wypis BigmMiyanocb 3pocTaHHs
(p < 0,001) piBHA 3aranbHoro 6inipybiHy Ha 148,9%,
3pocTaHHsa BmicTy TBK-PI (p <0,001) Ha 172,5%, 3Hu-
XeHHs1 (p = 0,004) aktuBHocTi CO[ Ha 40,0% Ta 3HWXEH-
Hs1 Ha 20,0% (p = 0,4) aKTMBHOCTI kaTanasu.

3a 3parHicTio HopmanisyBaTu MiIrMEHTHUA OBMiH Ha
i All" gocnigxysaHi BKB3 mMoxHa posTawysaTu y Takin
NocnigoBHOCTI (3a % 3HWXeHHA 3aranbHoro 6inipy6iHy
BiHOCHO MOKA3HWKIB TBapUH rpynu koHTponto): KC-MCK
(52,6%; p < 0,001) > KEN (49,6%; p < 0,001) > KEC
(40,2%; p < 0,001).

3a 3pgaTHicTio BigHoOBMOBaTM GanaHc B cUcTeMi
MON-AOC pocnigxkyBaHi BKB3 MoxHa poaTtawlyBaTu
y Takii nocnigoBHocTi (% 3pocTtanHi Alll BigHOCHO nokas-
HWKIB TBapwH KOHTponbHOi rpynu): KC-MCK (201,4%;
p=0,005) > KEI (85,3%; p=0,002) > KEC (57,5%; p=0,1).

The studied cryo-extracts were inferior in their ability
to mitigate LPO compared to the reference drug Silibor.
Thus, the level of TBA-RP in rats with AIH after Silibor
administration was 8.9 pmol/kg of tissue, while after KEP
administration, this indicator was 11.1 ymol/kg of tissue,
and after KES administration, it was 11.9 pmol/kg of
tissue, which was 28.4% (p < 0.01) and 23.9% (p < 0.05)
lower than the indicators of the control group (Table 2).

The most pronounced suppression of LPO pro-
cesses was noted after the administration of MSC-CM
in rats with AIH — the level of TBA-RP statistically signi-
ficantly (p < 0.001) decreased by 58.7% compared
to the control group animals, amounting to 6.4 umol/kg
of tissue (see Table 2).

In terms of the ability to restore catalase activity
in the liver tissues against the background of AIH in rats,
all studied ACBAs were inferior to the reference drug
Silibor. Thus, the studied agents can be ranked in the
following order (by % increase relative to the indicators
of the control group): silibor (33.3%; p = 0.3) >
CEP (25.0%; p = 0.4) > KS- MSC-CM (16.7%; p = 0.5) >
CES (8.3%; p = 0.8).

In terms of the ability to restore SOD activity in rats
with AlH, the studied cryo-extracts were less effective
than the reference drug Silibor. At the same time, it was
found that the administration of MSC-CM had an effect
on SOD activity comparable to that of silibor — its activity
statistically significantly (p = 0.006) increased by 66.7%
relative to the indicators of the control group (see Table 2).

In terms of restoring balance in the LPO-AOS system,
the studied ACBAs can be ranked in the following
order (by % increase in API relative to the indicators of
the control group animals): MSC-CM (201.4%; p =0.005) >
CEP (85.3%; p = 0.002) > CES (57.5%; p = 0.1).

The established antioxidant properties of MSC-CM
were consistent with literature data regarding the
presence of such activity in derivatives of MSC [51].
The modulatory effect of CEP on LPO-AOS that we
established aligns with previous studies on the similar
activity of ACBAs, including CEP and MSC-CM [52, 53].

CONCLUSIONS

Against the background of AIH development in rats,
there was an increase (p < 0.001) in the total bilirubin
level by 148.9%, an increase in the TBA-RP content
(p < 0.001) by 172.5%, a decrease (p = 0.004) in SOD
activity by 40.0%, and a decrease in catalase activity
by 20.0% (p = 0.4).

In terms of the ability to normalize pigment meta-
bolism against the background of AIH, the studied
ACBAs can be ranked in the following order (by % decre-
ase in total bilirubin relative to the indicators of the
control group animals): MSC-CM (52.6%; p < 0.001) >
CEP (49.6%; p < 0.001) > CES (40.2%; p < 0.001).

In terms of the ability to restore balance in the
LPO-AOS system, the studied ACBAs can be ranked
in the following order (by % increase in API relative
to the indicators of the control group animals): MSC-CM
(201.4%; p = 0.005) > CEP (85.3%; p = 0.002) > CES
(57.5%; p=0.1).
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Prospects for further research

The established antioxidant properties of the studied ACBAs,
alongside their ability to normalize pigment metabolism in
animals with experimental autoimmune liver damage, indicate
the need for further research into the hepatoprotective activity
of these biotechnological agents, including in the context
of autoimmune diseases.
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