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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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.

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 
№ 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; 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 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 №2-5 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 g), 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" 

Group Intact MAFLD “Heptral” “Metrop GP” “Thioctacid”
Month 6 8 6 8 6 8 6 8 6 8
Glucose 
(mmol/L) 4,56±0,14 4,14±0,15 5,47±0,08 5,9±0,31 5,52±0,12 5,01±0,09 5,61±0,10 5,80±0,21 5,54±0,15 5,12±0,08

ALAT (IU/L) 71,4±0,87 72,3±0,93 75,0±0,86 82,3±0,95 75,2±0,75 71,0±0,84 75,2±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 73,0±1,54 79,6±0,82 72,96±1,24 71,2±1,14 73,4±1,47 79,8±0,9 73,2±1,6 71,4±1,25
Alkaline 
phosphatase 
(IU/L) (МЕ/л)

326,2±4,87 324,1±5,03 338,9±3,87 366,8±3,94 340,1±3,65 321,4±4,47 340,1±3,24 368,4±4,02 339,4±3,9 328,5±3,97

TAG 
(mmol/L) 1,05 ±0,1 1,1 ±0,15 2,15 ±0,12 2,26 ±0,31 2,1 6±0,07 1,74 ±0,12 2,16 ±0,09 2,24 ±0,27 2,18 ±0,14 1,85 ±0,14

Table 1. Indicators of biochemical blood analysis of the studied groups.
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Figure 1. Dynamics of changes in body weight of rats throughout the experiment.

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 (µME/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", "Thioсtacid" groups (p<0,05).

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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