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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
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11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Metabolic associated fatty liver disease (MAFLD) is one of the
most common chronic diseases characterized by increased fat
accumulation in the liver and metabolic dysfunction. MAFLD is
now taking on the character of a pandemic. In addition to dietary
therapy and physical activity, hepatoprotectors are included in
the pharmacotherapy of MAFLD. This study was to perform a
comparative analysis of the efficacy of some hepatoprotectors in
experimentally induced MAFLD in adult Wistar rats.

Key words. Hepatoprotectors, MAFLD, metabolic associated
fatty liver disease, ademethionine, honey, thioctic acid, Wistar.

Introduction.

Metabolic associated fatty liver disease (MAFLD) is one of
the most common chronic diseases characterized by increased
fat accumulation in the liver and metabolic dysfunction [1,2,3].
Due to the increasing number of patients suffering from diabetes
mellitus and obesity. MAFLD is now taking on the character of
a pandemic [1,3,4]. MAFLD affects a quarter of the population,
and has no approved drug therapy [2,3]. It is of concern that
MAFLD is increasingly being diagnosed in children and
adolescents, and this, when paired with the intimately associated
hepatic as well as cardiovascular and oncological sequlae,
places an enormous burden on individuals, families, and health
care systems [3-8]. MAFLD can progress from simple steatosis
to steatohepatitis, and eventually end-stage liver diseases [3-8].
The MAFLD diagnosis, as published in guidelines, requires
hepatic steatosis of >5% without concurrent liver disease,
including "significant" alcohol use with factors of metabolic
dysregulation as a prerequisite for diagnosis [5-8]. In addition
to dietary therapy and physical activity, hepatoprotectors are
included in the pharmacotherapy of MAFLD in order to reduce
the degree of liver damage and regress the immunoinflammatory
process [4,5,7]. This group of drugs is very heterogeneous and
includes substances of different chemical groups, the effect of
which is aimed at maintaining the endogenous detoxification
system, suppressing lipid peroxidation (LPO) and enhancing
the activity of antioxidant systems [9,10]. Today there is a wide
and diverse choice of drugs on the market, differing in their
pharmacological effect [10]. According to the latest clinical
recommendations of the Russian Society for Liver Research
and the Russian Gastroenterological Association (2016),
ursodeoxycholic acid is an effective hepatoprotector in the
treatment of MAFLD [1]. However, studies on the comparative
efficacy of other groups of drugs are scarce [9,10]. Therefore, it
is relevant and necessary to evaluate the effect of each of them
and determine their therapeutic efficacy.
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The aim of the study was to perform a comparative analysis
of the efficacy of hepatotropic drugs: ademethionine (Heptral®),
honey (Metrop® GP) and thioctic acid (Thioctacid®), in
experimental-induced MAFLD.

Materials and Methods.

All studies were conducted according to the requirements of
the decision of the Council of the Eurasian Economic Union
in the Sphere of Circulation of Medicines from 03.11.2016
Ne 81. The study was conducted on Wistar rats (n=40), white
color, bred in vivarium conditions, with an initial body weight
of 256.15+9.77 g. The animals underwent a 14-day quarantine
before the start of the study. The studies were conducted for a
period of 8 months.

Stages of the studies:

Stage 1 - development of MAFLD  model
Stage 2 - evaluation of hepatotropic drugs efficacy in conditions
of experimentally induced MAFLD.

Development of the MAFLD model:

A large number of studies have revealed that the predictor of
MAFLD development is lifestyle: dietary disorders (high-calorie
diet, excessive intake of saturated fats, refined carbohydrates)
and sedentary lifestyle [11]. To develop the MAFLD model, we
took both of these conditions into account.

Feed selection:

1) free access to water.

2) hypercaloric diet created by adding 20% melted beef fat to
the standard feed (animal fats are more effective than vegetable
fats in forming metabolic disorders, with beef fat being
steatosis), 5% d-fructose (its consumption rather quickly causes
liver obesity with the development of resistance to leptin in both
animals and humans), 5% isolated soy protein, 2% choline, 0.5%
cholesterol, sodium glutamate (to enhance nutritional appeal).

Hypodynamic conditions were created by restricting the motor
activity of the animals by placing them in narrow individual
cages.

Animal selection. Male rodents are the most optimal test system
for modeling MAFLD and are more susceptible to alimentary
disturbances, due to which they develop this pathology more
quickly and easily by analogy with humans.

Evaluation of the efficacy of hepatotropic drugs in
experimental-induced MAFLD:

Animals were divided into 5 groups (n=8 in each group):
Group 1 - "Intact" - intact animals, standard diet, no restriction
in motor activity.
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Group 2 - "MAFLD" - high-calorie diet, hypodynamia.

Group 3 - "Heptral" - high-calorie diet, hypodynamia followed
by administration of the drug Heptral®.

Group 4 - "Metrop GP" - high-calorie diet, hypodynamia
followed by administration of the drug Metrop® GP.

Group 5 - "Thioctacid" - high-calorie diet, hypodynamia
followed by administration of the drug Thioctacid®.

The light day was 12/12. Throughout the study (8 months),
rats of groups Ne2-5 received a high-calorie diet, were put away
in individual cages, however, starting from the 6th month, the
third group additionally received Heptral®; (214 mg/kg), the
fourth group received Metrop® GP (12 mg/kg), and the fifth
group received Thioctacid®. (42 mg/kg). During the study, all
animals had their body weight measured monthly. At the 6th and
8th month of the study, all animals underwent blood sampling
from tail veins (with preliminary 8-hour fasting) for further
biochemical analysis for ALAT, ASAT, alkaline phosphatase,
triacylglycerides (TAG), and glucose. The material was
examined on a Sapphire 400 biochemical analyzer using
Randox system reagents (RANDOX Laboratories Ltd., United
Kingdom). HOMA-IR index was also calculated at month 8 of
the study. Statistical processing of the data was performed using
the t-criterion of Student's t-test. The criterion of statistical
reliability of the obtained conclusions was considered to be the
value of p <0.05, which is generally accepted in medicine.

Results.

In the course of analyzing the dynamics of changes in body
weight of rats, a statistically significant increase in body weight
was revealed in groups 2-5 (Figure 1).

Body weight in animals of "MAFLD" group at the end of 5
months of the study increased 1,5 times compared to the initial
body weight (1 month - 255,5+9,35 g, at the end of 5 months
- 394,5+12,44 ¢), by the end of the experiment - 1,76 times
compared to the initial body weight, 1,37 times compared to the
group of intact animals (p<0,05).

Body weight in animals of "Heptral" group at the end of 5
months of the study increased in 1,48 times in comparison with
the initial body weight (1 month - 254,38+9,13 g, at the end of 5
months - 376,88+13,35 g), but by the end of the experiment the
body weight gain in animals was lower than in "MAFLD" group
- in 1,5 times in comparison with the initial body weight, in 1,2
times in comparison with the group of intact animals (p<0,05).

Dynamics of body weight changes in animals in the "Metrop
GP" group was completely comparable with that in the "MAFLD"

Table 1. Indicators of biochemical blood analysis of the studied groups.

group; statistically significant changes were not revealed.

Body weight in animals of "Thioctacid" group at the end of
5 months of the study increased by 1.46 times compared to the
initial body weight (1 month — 256,88+11,44 g, at the end of 5
months - 376,13£5,99), but by the end of the experiment the
body weight gain was also lower than in "MAFLD" group - 1.6
times compared to the initial body weight, 1.26 times compared
to the group of intact animals (p<0,05).

Body weight gain in the study was noted gradually - by the end
of the experiment the difference between the groups "MAFLD",
"Heptral", "Metrop GP", "Thioctacid" averaged 27%, 17.9%,
27%, 20% respectively compared to the body weight of animals
of the group "Intact" at the end of the experiment.

Analysis of selected biochemical indices of blood serum of
the studied groups revealed different disorders of carbohydrate,
lipid metabolism. In the group of intact animals no significant
fluctuations of indicators were observed (Table 1). In the groups
"Heptral" and "Thioctacid" the changes were less pronounced
in comparison with the groups "MAFLD" and "Metrop GP",
which may indicate an effective therapeutic effect on liver
function of the first two drugs.

The average level of triacylglycerides (TAG) of rats in animals
on a high-calorie diet under hypodynamic conditions (groups
2-5) was found to be increased at the 6th month of the study
compared to intact animals (p<0,05).

However, there was a significant decrease in the level of
TAG in rats after using the drugs "Heptral" and "Thioctacid",
and in the group "Heptral" the decrease was more pronounced
(p<0,05).

The study of transaminases revealed a tendency to increase
serum ASAT and ALAT, but the differences between the groups
were not statistically significant.

The development of hyperglycemia against the background of
concomitant obesity and lipid metabolism disorders was noted
in all studied groups at the 6th month of the experiment, but the
glucose level at the 8th month decreased in the groups "Heptral"
and "Thioctacid" in comparison with its level at the 6th month
(p<0,05). The obtained data on the correlation between MAFLD
and fluctuations in glucose level are in full compliance with the
literature data.

We also calculated the HOMA-IR insulin resistance index
(Figure 2).

Insulin resistance (IR) is a condition in which the body's cells
stop responding to insulin and become resistant to it. In this
case, insulin cannot transport glucose inside the cells, and it

Group Intact MAFLD “Heptral” “Metrop GP” “Thioctacid”

Month 6 8 6 8 6 8 6 8 6 8
(CI’III‘I‘E(‘)’ISfL) 4,56+0,14 4,14+0,15 5,4740,08 59+031  5,52+0,12 5,01+0,09 5,61+0,10 5,80£021 5,54+0,15 5,12+0,08
ALAT (IU/L) 71,4+0,87 72,3£0,93 75,040,86 82,3£0,95 752+0,75 71,040,84 752+0,78 83,6£1,08 74,98+1,12 72,0+0,76
ASAT (IU/L) 68,2+0,96 70,1+1,08 73,041,54 79,6+0,82 72,96+1,24 712+1,14 7344147 79,8409 73,2%¢1,6  71,4+125
Alkaline

phosphatase  326,2+4,87 324,1+5,03 338,943,87 366,843,94 340,143,65 321,4+4,47 340,1+3,24 368,4+4,02 3394439  328,5+3,97
(IU/L) (ME/n)

(Tr:rfol/L) 1,0540,1 1,140,15 2,15+0,12 2264031 2,1 60,07 1,74+0,12 2,16+0,09 2.24+027 2,18+0,14 1,85+0,14
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Dynamics of changes in body weight of rats throughout
the experiment
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Figure 1. Dynamics of changes in body weight of rats throughout the experiment.
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Figure 2. HOMA-IR index value in the study groups at the end of the study.

accumulates in the blood. Insulin resistance is associated with
the development of type II diabetes.

The HOMA-IR index (Homeostasis model assessment of
insulin resistance) is a formula that takes into account glucose
and insulin levels. It is calculated using the formula: HOMA IR
= fasting insulin (WME/mL) * fasting glucose (mmol/L) / 22.5.
When glucose or insulin levels increase, the HOMA-IR index
increases.

A statistically significant increase in HOMA-IR index was
found in "MAFLD" and "Metrop GP" groups compared to
"Heptral", "Thioctacid" groups (p<0,05).
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Conclusion.

In the course of our study, we created a model of metabolic
associated fatty liver disease (MAFLD) and evaluated the
effectiveness of the therapeutic effect of three hepatotropic
drugs: ademethionine (Heptral®), honey (Metrop® GP) and
thioctic acid (Thioctacid®). Administration of preparations
with ademethionine and thioctic acid contributed to the
reduction of metabolic indices in experimental animals. The
honey-based preparation did not show any significant changes.
Thus, considering the obtained data, it is possible to assume the
effectiveness of ademetionine and thioctic acid in the therapy of
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MAFLD. However, it is necessary to repeat additional studies
with mandatory inclusion in their plan of liver biopsy with
subsequent histologic examination.
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