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EFFECT OF OLIGORIBONUCLEOTIDES WITH D-MANNITOL COMPLEXES ON
OXIDATIVE STRESS INDICATORS AGAINST THIOACETAMIDE-INDUCED
LIVER FIBROSIS

T. Marchyshak, T. Yakovenko, Z. Tkachuk

The aim of the study. To determine the effect of oligoribonucleotides-D-mannitol complexes (ORN-D-M) on the
indicators of oxidative destruction of biomolecules and the antioxidant system of cells in thioacetamide (TAA)-
induced liver fibrosis.

Materials and methods. Liver fibrosis was induced for 8 weeks by intraperitoneal administration of TAA
(150 mg/kg body weight). ORN-D-M (200 mg/kg per os) was administered orally during intoxication. At the end
of the experiment, the liver was excised and examined for the content of oxidative stress products and the activity
of antioxidant enzymes. Data were analyzed using the ANOVA test followed by Tukey post hoc testing.

Results. It is shown that the monotherapeutic treatment of ORN-D-M in TAA-induced liver fibrosis has a pro-
nounced protective effect, which is manifested in the reduction of oxidative stress. ORN-D-M led to the attenua-
tion of free radical damage of biopolymers, which was manifested in a decrease in the levels of peroxidation
products of lipids and proteins with a simultaneous increase in the level of protein thiol groups and reduced glu-
tathione. In addition, treatment with complexes increased the activity of the antioxidant defence system of cells.
Conclusions. The obtained results indicate that ORN-D-M complexes have a potential hepatoprotective effect
in TAA-induced liver fibrosis. The complexes are able to effectively reduce the indicators of oxidative damage
of biomolecules with a simultaneous increase in the activity of enzymes of the antioxidant system in TAA-
induced fibrosis
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1. Introduction

Liver fibrosis is a complex and dynamic process
of connective tissue accumulation, which can be caused
by various etiological factors [1]. Regardless of the na-
ture of the factor, chronic liver disease is characterized
by parenchymal necrosis, inflammation [2], and qualita-
tive and quantitative changes in the components of the
extracellular matrix [3]. No less important role in the de-
velopment of fibrosis is played by oxidative stress, which
is a reflection of the imbalance between the production of
reactive oxygen species (ROS) and nitrogen and the
work of the antioxidant cell defense [4]. Excessive
amounts of ROS, which are formed as a result of oxida-
tive reactions, interfere with the normal functioning of
liver cells, triggering a cascade of events leading to liver
fibrosis. In this case, Kupffer cells, resident macrophages
of the liver, are the main effectors that generate ROS [5].
The molecular mechanism of pathogenesis is the release
of Kupffer cells of biologically active mediators (cyto-
kines, chemokines, adhesion molecules, ROS) in re-
sponse to the damaging factor [6]. Due to intercellular
communication, the released mediators activate “quiet”
stellate cells and have a damaging effect on neighboring
hepatocytes [7].

It is known that to date there is no approved hepa-
toprotective drug by the Food and Drug Administration
(FDA) [8]. Therefore, the treatment of liver fibrosis is
based on the use of oral agents mainly with antioxidant,

antihypoxic and membrane stabilizing activities. Howev-
er, the use of modern synthetic drugs is often accompa-
nied by the development of side effects with prolonged
use [9]. This fact limits the use of chemicals and prefers
drugs of natural origin.

2. Literaturereview

Potentially promising molecules for the develop-
ment of hepatoprotective agents are ORN-D-M complex-
es. They are compounds consisting of total yeast RNA
with a dominant fraction of 5-8 nucleotides and D-
mannitol [10, 11]. ORN-D-M are formed due to the for-
mation of hydrogen bonds between the parallel hydroxyl
OH groups of D-mannitol and the centers of hydrogen
bond generation in nucleoside heterocycles [12]. The op-
timal ratio at which ORN-D-M have biological activity
is: ORN: D-M — 2.5: 1 [13]. It is known that the com-
plexes have a wide range of biological activity. In partic-
ular, ORN-D-M are effective in the monotherapeutic
treatment of chronic viral hepatitis B and C with a low
level of viral load (<800,000 IU/1) [14]. In addition,
ORN-D-M have found their application in combination
therapy with phospholipids against non-alcoholic steato-
hepatitis [15]. We have previously shown that the com-
plexes are effective in the treatment of acute TAA-
induced hepatotoxicity [16, 17].

Since hepatitis B and C viruses are one of the
main etiological factors leading to chronic hepatitis, fi-
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brosis, cirrhosis and hepatocellular carcinoma, it is prom-
ising to find drugs that have both antiviral and hepatopro-
tective activities.

3. The purpose and objectives of the study

The aim of the study was to determine the effect
of ORN-D-M complexes on the indicators of oxidative
stress and activity of antioxidant enzymes in TAA-
induced liver fibrosis.

To achieve this goal, the following tasks were set:

1. Determine the content of TBA-active com-
pounds, protein carbonyl derivatives and protein thiol
groups in liver samples in TAA-induced fibrosis in mice.

2. To investigate the activities of glutathione pe-
roxidase, glutathione-S-transferase and the level of re-
duced glutathione in liver samples in TAA-induced fi-
brosis in mice.

4. Materials and methods

The study used C57BL/6 mice aged 2—-2.5 months
and weighing 18-20 g, which were raised in the vivarium
of the Institute of Molecular Biology and Genetics of
NASU. Animals were kept on a standard diet under con-
ditions of free access of water and food in rooms with
humidity of 50-70 % and a 12-hour light/dark cycle. The
experiment with chronic liver damage was performed for
8 weeks on the basis of the vivarium of the Institute of
Molecular Biology and Genetics of the National Acade-
my of Sciences of Ukraine. The experimental design was
reviewed and approved by the Bioethics Committee of
the Institute of Molecular Biology and Genetics of
NASU (protocol 16 of December 3, 2018).

Animals were kept and manipulated in accordance
with the provisions of Article 26 of the Law of Ukraine
No. 3447-1V of 21 February 2006 “On the Protection of
Animals against Cruelty”, the European Convention for
the Protection of Vertebrate Animals Used for Research
and Scientific Purposes (Strasbourg, 1986), "General
Ethical Principles of Animal Experiments", approved on
September 20, 2001 by the First Ukrainian National
Congress on Bioethics, and taking into account the provi-
sions set forth in the NIH Guide for the Care and Use of
Laboratory Animals.

The study used a model of TAA-induced chronic
liver damage.

Animals were randomly (n = 6) divided into
5 groups:

NaCl — animals that received intraperitoneally
0.9 % NacCl solution three times a week for 8 weeks;

TAA — animals that received intraperitoneally a
solution of TAA at a dose of 150 mg/kg body weight of
mice three times a week for 8 weeks;

ORN-D-M - animals that received daily ORN-D-
M (per os) at a dose of 200 mg/kg body weight for
8 weeks;

TAA+ORN-D-M 0 — animals that received intra-
peritoneally a solution of TAA at a dose of 150 mg/kg
body weight of mice three times a week for 8 weeks and
daily ORN-D-M (per os) at a dose of 200 mg/kg body
weight body for 8 weeks;

TAA+ORN-D-M 4 — animals treated intraperito-
neally with a solution of TAA at a dose of 150 mg/kg
body weight of mice three times a week for 8 weeks and
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4 weeks after the start of the experiment daily treatment
with ORN-D-M (per os) at a dose of 200 mg/kg body
weight up to end of the experiment.

Euthanasia of animals was performed under the
action of ketamine / xylazine (100/15 mg/kg, respective-
ly) 3 days after the last injection of the toxin. The liver
was perfused, excised and washed with cold 0.9 % NaCl.

Evaluation of oxidative degradation of biomole-
cules was performed based on the determination of the
content of TBA-active compounds, protein carbonyl de-
rivatives and protein thiol groups in liver tissue.

The content of TBA-active products in the liver
parenchyma was determined by the amount of formed
colored raspberry complex, which was formed by the in-
teraction of the products of secondary peroxidation of li-
pids with thiobarbituric acid [18].

The content of protein carbonyl derivatives was
determined by the number of formed aldehyde and ke-
tondinitrophenylhydrazones of neutral and basic na-
ture [19].

The content of protein SH-groups was determined
by the amount of formation of 2-nitro-6-mercaptobenzoic
acid as a result of the interaction of Elman's reagent with
protein SH-groups [20].

The activity of the glutathione link of antioxidant
protection of cells from the action of hepatotoxin was
performed on the basis of determining the level of re-
duced glutathione (GSH), and the activities of glutathi-
one peroxidase (GPy, 1.11.1.9) and glutathione-S-
transferase (GST 2.5.1.18).

The content of reduced glutathione in the liver pa-
renchyma was determined by the level of formation of
thionitrophenyl anion due to the interaction of SH-groups
of glutathione with 5,5'-dithiobis-2-nitrobenzoic acid and
was determined by the calibration curve, which was con-
structed by introducing into the method from 0.0001 M
to 0.005 M and expressed in pumol/mg protein [21].

GPy activity in the cytosolic fraction of the liver
was determined by the rate of oxidation of GSH before
and after incubation with hydrogen peroxide [22]. GST
activity in the cytosolic fraction of the liver was deter-
mined by the reaction of GSH with 1-chloro-2,4-
dinitrobenzene, which occurs with the formation of a
conjugate with a maximum light absorption at
340 nm [23].

Data analysis was performed using Prism 6 soft-
ware (GraphPad, La Jolla, Ca). Study data were ex-
pressed as mean =+ standard deviation and analyzed by
ANOVA test followed by sequential Tukey testing. The
differences were considered significant at P<0.05.

5. Resear ch results

One of the leading places in the structure of
chronic liver disease is liver fibrosis [24]. The pathogen-
esis of liver fibrosis is complex and involves hepatocellu-
lar damage, which is associated with inflammation and
constant remodelling of extracellular matrix components
[25, 26]. Oxidative stress plays an equally important role
in the development of fibrosis — a state of imbalance be-
tween prooxidants and antioxidants, which can cause ox-
idative damage to biomolecular acyl chains of unsaturat-
ed fatty acids of membranes, thiol groups in proteins and
nucleic acid bases.
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The results of the studies showed that monothera-
peutic treatment with complexes led to a decrease in oxi-
dative damage to liver biopolymers. As shown in
Fig. 1, a, b, the use of TAA to model liver fibrosis con-
tributed to a significant (P<0.05) increase in the level of
TBA-active compounds and protein carbonyls (TAA
group), indicating severe damage to the hepatocyte
membrane and oxidative damage to liver proteins. At the
same time, the use of complexes from the beginning of
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the study helped to reduce the level of TBA-active com-
pounds and protein carbonyls by 60 and 34 %, respec-
tively, compared with the group of animals that received
only hepatotoxin. Interestingly, the treatment of ORN-
D-M 4 weeks after the first application of TAA also
showed protective properties, which helped to reduce
the level of markers of oxidative stress. It should be
noted that the complexes themselves did not cause toxic
liver damage with long-term use.
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Fig. 1. The content of products of oxidative degradation of cellular biomolecules in the liver: a — the content of TBA-
active compounds; b — the content of protein carbonyls: values denoted by letter indices (a, b, c, d) are statistically sig-
nificantly different, P<0.05; n=6 for each group

It was found that ORN-D-M have anti-
inflammatory properties, inhibit oxidative processes in
cell membranes and normalize the activity of inducible
NO synthase [15, 27]. Thus, we suggest that the protec-
tive effect of ORNs-D-M may be related to the above-
mentioned properties of the complexes. We also suggest
that the complexes may take on the “first blow” of the
active intermediates TAA and aldehydes formed as a re-
sult of peroxidation. The complexes act as proton donors
for reactive oxygen species with unpaired electrons at the
external electronic level, which leads to a decrease in ox-
idative stress in TAA-induced liver fibrosis.

Because thiol groups are most sensitive to ROS,
long-term use of TAA to induce fibrosis has been shown
to significantly reduce levels of protein thiols and re-
duced glutathione (non-enzymatic cell defense) by 76.4
and 81.4 %, respectively, compared to carrier-only ani-
mals. However, ORN-D-M from the beginning of the
study increased the decrease in the levels of protein thiols
and reduced glutathione in 2.48 and 2.86, respectively,
compared with the group of animals that received only
the toxin (Fig. 2, a, b). It should be noted that a similar

trend was observed in the group TAA + ORN-D-M 4.
Treatment with complexes 4 weeks after the onset of fi-
brosis significantly increased levels of protein thiols and
reduced glutathione by 148.4 % and 167 %, respectively,
and did not differ statistically from the group TAA +
ORN-D-M, who received treatment with complexes from
the beginning of the study.

As shown in Fig. 3, a, b, in chronic liver intoxica-
tion there was a significant decrease in the activity of
marker enzymes, including GST and GP, by 61.3 and
68.2 %, respectively, compared with the control group of
animals. However, the reduced activities of antioxidant
enzymes under the action of TAA were significantly in-
creased with daily use of ORN-D-M for therapeutic pur-
poses. It was shown that the complexes increased the ac-
tivities of GST and GP in 2 and 2.32 compared to ani-
mals that received only the toxin (Fig. 3, a, b). It should
be noted that a similar trend was observed with daily
treatment of ORN-D-M 4 weeks after 1 application of
hepatotoxin. The complexes increased the reduced levels
of GST and GP, marker enzymes by 60 and 86.6 %, re-
spectively.
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Fig. 2. Dynamics of changes in the index of non-enzymatic defense and protein thiols in the liver: a — the level of re-
duced glutathione; b — the level of protein thiols: values denoted by letter indices (a, b, ¢, d) are statistically significantly
different, P<0.05; n=6 for each group.
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Fig. 3. Indicators of activity of enzymes of glutathione system of antioxidant link of protection of cells: a — glutathione
peroxidase activity; b — glutathione-S-transferase activity: values denoted by letter indices (a, b, ¢, d) are statistically
significantly different, P<0.05; n=6 for each group

6. Discussion of research results

Because one of the major mechanisms of liver fi-
brosis is the formation of free radicals in fibrosis [28],
antioxidant activity and inhibition of free radical produc-
tion are important to protect cells from TAA-induced
hepatotoxicity.

Antioxidant enzymes, such as GPx and GST,
play important functions in protecting against the harm-
ful effects of free radicals in the liver. This study showed
that monotherapeutic use of ORN-D-M from the begin-
ning of the study and 4 weeks after the initiation of fibro-
sis, protects the liver from free radical oxidation, enhanc-
ing the activity of glutathione-dependent antioxidant pro-
tection. The action of the complexes is probably due to

38

an increase in the level of reduced glutathione. Depletion
of the reduced glutathione pool under oxidative stress af-
fects the activity of GPx and GST, which use reduced
glutathione as a substrate in xenobiotic biotransformation
reactions. Therefore, we can assume that the complexes
by increasing the level of reduced glutathione thereby in-
crease the activity of antioxidant enzymes. These results
suggest that ORN-D-M may have antioxidant properties
in TAA-induced liver fibrosis.

We hypothesize that the main mechanisms by
which ORN-D-M protect the liver from TAA-induced fi-
brosis are related to their anti-inflammatory, membrane-
stabilizing, and antioxidant activities. On the other hand,
we suggest that the complexes may modulate the signal-
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ling pathways involved in the development of fibrosis, in
particular TGF-f / SMAD3 signalling. TGF-§ also acti-
vates SMAD-independent signalling pathways by in-
creasing the production of reactive oxygen species,
which leads to the activation of other signalling cascades
and increased regulation of prophylactic genes [29].
Therefore, inhibition of TGF-Bfl-induced SMAD-
dependent and SMAD-independent (P38 and MEK)
pathways [30, 31] may be a key mechanism by which
ORN-D-M exert their protective effects, which will be
the subject of our future research.

Study limitations. This study examined the ef-
fect of ORN-D-M complexes on the activity of en-
zymes of phase I detoxification of xenobiotics, in par-
ticular the activity of cytochromes P450 and flavin-
containing monooxygenases, but there was a limit to
the availability of the necessary reagents. In addition,
the study of inflammatory processes, which are an in-
tegral part of chronic toxic liver damage, in knockout
mice by the IL-6 gene was envisaged, but at this stage
this is not possible due to the lack of this line of mice
in Ukraine.

Prospects for further research. In further stud-
ies, it is advisable to establish the relationship between

the effects obtained and the effect of ORN-D-M com-
plexes on the signalling pathways involved in the induc-
tion of oxidative stress. This will help establish the mo-
lecular mechanism of action of complexes in chronic
hepatotoxicity.

6. Conclusions

1. Monotherapeutic use of ORN-D-M complexes
in TAA-induced liver fibrosis in mice leads to a decrease
in oxidative damage to hepatocyte biomolecules, which
was manifested in a decrease in levels of TBA-active
compounds and protein carbonyl derivatives with a sim-
ultaneous increase in protein thiolo levels.

2. The introduction of ORN-D-M complexes
against the background of hepatotoxin increases the ac-
tivity of enzymes of the antioxidant defense system,
namely, glutathione peroxidase and glutathione-S-
transferase, which protect cells from hepatotoxin. In ad-
dition, the use of complexes increases the content of re-
duced glutathione in the liver parenchyma.

Conflict of interest
The authors declare that they have no conflicts of
interest.

References
1. Aydin, M. M., Akcali, K. C. (2018). Liver fibrosis. The Turkish Journal of Gastroenterology, 29 (1), 14-21. doi:

http://doi.org/10.5152/jg.2018.17330

2. Parola, M., Pinzani, M. (2019). Liver fibrosis: Pathophysiology, pathogenetic targets and clinical issues. Molecular
Aspects of Medicine, 65, 37-55. doi: http://doi.org/10.1016/j.mam.2018.09.002

3. Higashi, T., Friedman, S. L., Hoshida, Y. (2017). Hepatic stellate cells as key target in liver fibrosis. Advanced Drug
Delivery Reviews, 121, 27-42. doi: http://doi.org/10.1016/j.addr.2017.05.007

4. Luangmonkong, T., Suriguga, S., Mutsaers, H. A. M., Groothuis, G. M. M., Olinga, P., Boersema, M. (2018). Targeting
Oxidative Stress for the Treatment of Liver Fibrosis. Reviews of Physiology, Biochemistry and Pharmacology, 175, 71-102. doi:

http://doi.org/10.1007/112_2018 10

5. Tacke, F. (2017). Targeting hepatic macrophages to treat liver diseases. Journal of Hepatology, 66 (6), 1300-1312. doi:

http://doi.org/10.1016/j.jhep.2017.02.026

6. Koyama, Y., Brenner, D. A. (2017). Liver inflammation and fibrosis. Journal of Clinical Investigation, 127 (1), 55-64. doi:

http://doi.org/10.1172/jci88881

7. Heymann, F., Tacke, F. (2016). Immunology in the liver — from homeostasis to disease. Nature Reviews Gastroenterology
& Hepatology, 13 (2), 88-110. doi: http://doi.org/10.1038/nrgastro.2015.200
8. Weiskirchen, R. (2016). Hepatoprotective and anti-fibrotic agents: It’s time to take the next step. Frontiers in

Pharmacology, 6, 303. doi: http://doi.org/10.3389/fphar.2015.00303

9. Feng, R., Yuan, X., Shao, C., Ding, H., Liebe, R., Weng, H.-L. (2018). Are we any closer to treating liver fibrosis (and if
no, why not)? Journal of Digestive Diseases, 19 (3), 118—-126. doi: http://doi.org/10.1111/1751-2980.12584
10. Melnichuk, N., Semernikova, L., Tkachuk, Z. (2017). Complexes of Oligoribonucleotides with D-Mannitol Inhibit

Hemagglutinin-Glycan Interaction and Suppress Influenza A Virus HIN1 (A/FM/1/47) Infectivity In Vitro. Pharmaceuticals (Basel,
Switzerland), 10 (3), 71. doi: http://doi.org/10.3390/ph10030071

11. Vivcharyk, M. M., Ilchenko, O. O., Levchenko, S. M., Tkachuk, Z. Y. (2016). Complexation of RNA with mannitol, its
spectral characteristics and biological activity. Reports of the National Academy of Sciences of Ukraine, 10, 78-83. doi:
http://doi.org/10.15407/dopovidi2016.10.078

12. Shchodryi, V. B., Kachkovskyi, O. D., Slominskyi, Y. L., Shaudyk, Y. O., Tkachuk, Z. Y. (2017). Study of the
interaction between mannitol and nucleosides using fluorescent probe. Reports of the National Academy of Sciences of Ukraine, 7,
85-90. doi: http://doi.org/10.15407/dopovidi2017.07.085

13. Shchodryi, V. B., Kozlov, O. V., Rybenchuk, A. O., Boyko, V. V., Bortnitskiy, V. I. (2017). Study of products of the
interaction of RNA with mannitol, by using the pyrolytic mass spectrometry method. Reports of the National Academy of Sciences
of Ukraine, 2, 79-87. doi: http://doi.org/10.15407/dopovidi2017.02.079

14. Frolov, V., Sotska, Ya., Oksana, K., Tkachuk, Z. (2012). Otsinka efektyvnosti nukleksu v likuvanni khvorykh na
khronichnyi virusnyi hepatyt S. Ukrainskyi medychnyi almanakh, 10, 16-18.

15. Toropchyn, V. (2011). Vplyv kombinatsii enerlivu ta nukleksa na pokaznyky systemy hlutationu u khvorykh na
nealkoholnyi steatohepatyt na tli syndromu khronichnoi vtomy. Ukrainskyi morfolohichnyi almanakh, 9, 124—128.

16. Marchyshak, T., Yakovenko, T., Shmarakov, I., Tkachuk, Z. (2018). The Potential Protective Effect of
Oligoribonucleotides-d-Mannitol Complexes against Thioacetamide-Induced Hepatotoxicity in Mice. Pharmaceuticals, 11 (3), 77.
doi: http://doi.org/10.3390/ph11030077

17. Shmarakov, 1. O., Marchyshak, T. V., Borschovetska, V. L., Marchenko, M. M., Tkachuk, Z. Y. (2015). Hepatoprotective
activity of exogenous RNA. The Ukrainian Biochemical Journal, 87 (4), 37-44. doi: http://doi.org/10.15407/ubj87.04.037

39




Scientific Journal «ScienceRise:Biological Science» Ne3(24)2020

18. Ohkawa, H., Ohishi, N., Yagi, K. (1979). Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction.
Analytical Biochemistry, 95 (2), 351-358. doi: http://doi.org/10.1016/0003-2697(79)90738-3

19. Levine, R. L., Garland, D., Oliver, C. N., Stadtman, E. R. (1990). Determination of Carbonyl Content in Oxidatively
Modified Proteins. Methods in Enzymology, 186, 464-478. doi: http://doi.org/10.1016/0076-6879(90)86141-h

20. Murphy, M. E., Kehrer, J. P. (1989). Oxidation state of tissue thiol groups and content of protein carbonyl groups in
chickens with inherited muscular dystrophy. Biochemical Journal, 260 (2), 359-364. doi: http://doi.org/10.1042/bj2600359

21. Ellman, G. L. (1959). Tissue sulfhydryl groups. Archives of Biochemistry and Biophysics, 82 (1), 70-77. doi:
http://doi.org/10.1016/0003-9861(59)90090-6

22. Razygraev, A. V. (2004). Metod opredeleniia glutationperoksidaznoi aktivnosti s ispolzovaniem peroksida vodoroda i
5,5’-ditiobis (2-nitrobenzoinoi kisloty). Kliniko-laboratornii konsilium, 4, 19-22.

23. Borvinskaia, E., Smirnov, L. (2010). Nekotorye metodicheskie aspekty opredeleniia aktivnosti glutation-S-transferazy v
tkaniakh ryb. Uchenye zapiski petrozavodskogo gosudarstvennogo universiteta, 6, 19-21.

24. Lai, M., Afdhal, N. H. (2019). Liver Fibrosis Determination. Gastroenterology Clinics of North America, 48 (2), 281—
289. doi: http://doi.org/10.1016/j.gtc.2019.02.002

25.Iredale, J., Campana, L. (2017). Regression of Liver Fibrosis. Seminars in Liver Disease, 37 (1), 1-10. doi:
http://doi.org/10.1055/5-0036-1597816

26. Zhang, C.-Y., Yuan, W.-G., He, P., Lei, J.-H., Wang, C.-X. (2016). Liver fibrosis and hepatic stellate cells: Etiology,
pathological hallmarks and therapeutic targets. World Journal of Gastroenterology, 22 (48), 10512-10522. doi:
http://doi.org/10.3748/wjg.v22.i48.10512

27. Tkachuk, Z. Y., Tkachuk, V. V., Tkachuk, L. V. (2006). The study on membrane-stabilizing and anti-inflammatory
actions of yeast RNA in vivo and in vitro. Biopolymers and Cell, 22 (2), 109-116. doi: http://doi.org/10.7124/bc.000723

28. Torok, N. J. (2016). Dysregulation of redox pathways in liver fibrosis. American Journal of Physiology-Gastrointestinal
and Liver Physiology, 311 (4), 667—-674. doi: http://doi.org/10.1152/ajpgi.00050.2016

29. Xu, F., Liu, C., Zhou, D., Zhang, L. (2016). TGF-$/SMAD Pathway and Its Regulation in Hepatic Fibrosis. Journal of
Histochemistry & Cytochemistry, 64 (3), 157—167. doi: http://doi.org/10.1369/0022155415627681

30.Li, Z. L., Shi, Y., Le, G., Ding, Y., Zhao, Q. (2016). 24-week exposure to oxidized tyrosine induces hepatic fibrosis
involving activation of the MAPK/TGF- B 1 signaling pathway in sprague-dawley rats model. Oxidative Medicine and Cellular
Longevity, 4 (1), 1-12. doi: http://doi.org/10.1155/2016/3123294

31.Kim, J.-Y., An, H.-J., Kim, W.-H., Gwon, M.-G., Gu, H., Park, Y.-Y., Park, K.-K. (2017). Anti-fibrotic Effects of
Synthetic Oligodeoxynucleotide for TGF-B1 and Smad in an Animal Model of Liver Cirrhosis. Molecular Therapy — Nucleic Acids,
8, 250-263. doi: http://doi.org/10.1016/j.0mtn.2017.06.022

Received date 19.05.2020
Accepted date 23.06.2020
Published date 30.06.2020

Tetiana Mar chyshak, Junior Researcher, Department of Enzymology of Protein Synthesis, Institute of Molecu-
lar Biology and Genetics of National Academy of Sciences of Ukraine, Akademika Zabolotnoho str., 150, Kyiv,
Ukraine, 03143

E-mail: biochem.imbg@gmail.com

Tetiana Yakovenko, Leading Engineer, Department of Enzymology of Protein Synthesis, Institute of Molecular
Biology and Genetics of National Academy of Sciences of Ukraine, Akademika Zabolotnoho str., 150, Kyiv,
Ukraine, 03143

E-mail: tetianayakovenko46@gmail.com

Zenoviy Tkachuk, PhD, Senior Researcher, Department of Enzymology of Protein Synthesis, Institute of Mo-
lecular Biology and Genetics of National Academy of Sciences of Ukraine, Akademika Zabolotnoho str., 150,
Kyiv, Ukraine, 03143

E-mail: ztkachuk47@gmail.com

40




