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Hepatoprotective activity of exogenous RNA
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Hepatoprotective activity of Nuclex, a pharmaceutical composed of low-molecular yeast RNA, was 
investigated during acute and chronic thioacetamide-induced hepatotoxicity. It is demonstrated, that Nuclex 
administration at a dose of 200 mg/kg during acute and chronic liver injury produces hepatoprotective effect, 
which is associated with decrease in liver parenchyma lesions and in its inflammatory infiltration. Nuclex 
application attenuates thioacetamide-induced free radical damage of hepatic biopolymers, expressed in the 
reduction of TBA-reactive products, carbonyl derivatives, and recovery of protein thiol groups and reduced 
glutathione levels. 

K e y  w o r d s: Nuclex, thioacetamide, hepatotoxicity, hepatoprotective effect of exogenous RNA, C57BL6/J 
mice.

T herapeutic application of oligonucleotides 
is a leading trend in correction of metabolic 
disorders and related pathologies and is per-

ceived as a unique foundation of innovative biomedi-
cine [1]. Exogenous oligonucleotides and products of 
their partial hydrolysis, synthetic poly- and oligonu-
cleotides display a vast spectrum of biological ef-
fects, including cellular metabolism stimulation with 
activation of endogenous synthesis of nucleic acids, 
regulatory proteins and enzymes, increase in cellular 
mitotic activity, stimulation of reparation processes 
and ATP synthesis [2]. It has been demonstrated 
[3‑5] that these biological effects are based on ability 
of the compounds belonging to this class to modu-
late messenger RNA activity at post-transcriptional 
and translational levels [4], as well as to affect Ca2+ 

binding proteins, protein kinases, interferons and 
cytokines [5-9].

Nuclex and Nucleinate, which are pharmaceuti-
cals based on yeast RNA oligoribonucleotides, have 
been demonstrated to be efficient therapeutics for 
correction of such liver pathologies as chronic viral 
hepatitis, nonalcoholic steatohepatitis, and metabolic 
syndrome and related obesity and insulin resistance 
[10]. Nevertheless, there are no data as to hepato-
protective qualities of exogenous RNA under acute 
and chronic hepatotoxic lesions. The aim of the pre-

sent work was to evaluate hepatoprotective effects 
of yeast RNA-based Nuclex pharmaceutical under 
thioacetamide liver toxicity in mice.

Materials and Methods

The experiments were conducted on C57BL6/J 
mice with body mass of 18-25 g and aged 2.5-3 
month at the beginning of the experiment. Ani-
mal keeping, handling and manipulating were in 
accordance with the article 26 of the Law of Ukraine 
No 3447-IV 21.02.2006 “On the protection of ani-
mals from cruelty”, “European Convention for the 
Protection of Vertebrate Animals used for Experi-
mental and Other Scientific Purposes” (Strasbourg, 
1986) and with regard to NIH Guide for the Care and 
Use of Laboratory Animals [11].

Thioacetamide-induced hepatotoxicity was 
used to model toxic lesions of the liver in mice [12]. 
The acute toxic lesions of the liver were induced by 
intraperitoneal injections of thioacetamide (TAA) in 
a dose of 500 mg/kg. The animals were divided into 
the following groups: I (negative control) – the ani-
mals were administered normal saline (0.9% NaCl) 
every 12 h; II (positive control I) – the animals were 
administered a 500 mg/kg dose of TAA solution in-
traperitoneally; III (experimental group) – the ani-
mals were administered a 500 mg/kg dose of TAA 
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solution intraperitoneally, and then 200 mg/kg doses 
of Nuclex (exogenous ribonucleotides) solution oral-
ly every 12 h for the period of 48 h; IV (positive con-
trol II) – the animals were administered a 500 mg/
kg dose of TAA solution intraperitoneally, and then 
50 mg/kg doses of Glutargin (arginine glutamate, the 
reference substance) solution orally every 12 h for 
the period of 48 h.

The animals (5 for each group) were slightly 
anesthetized by ether and euthanized after 48 h of 
TAA administration.

The chronic toxic lesions of the liver were in-
duced by intraperitoneal injections of TAA in doses 
of 150 mg/kg twice a week for 9 weeks. The ani-
mals were divided into the following groups: I (nega-
tive control) – the animals were administered nor-
mal saline (0.9% NaCl) 5 times a week; II (positive 
control I) – the animals were administered 150 mg/
kg doses of TAA solution intraperitoneally twice a 
week; III (experimental group) – the animals were 
administered 150 mg/kg doses of TAA solution in-
traperitoneally twice a week, and 200 mg/kg doses 
of Nuclex solution orally 5 times a week; IV (posi-
tive control II) – the animals were administered a 
500 mg/kg dose of TAA solution intraperitoneally, 
and then 50 mg/kg doses of Glutargine (arginine glu-
tamate) solution orally 5 times a week.

The animals (5 for each group) were slightly 
anesthetized by ether and euthanized after 9 weeks 
of TAA administration. The liver was excised and 
blood sampled from inferior vena cava. The blood 
samples were sedimented at 3000 g for 10 min in 
order to obtain serum.

The degree of the liver damage was evaluated 
via the blood serum enzymatic activity of γ-glutamyl 
transpeptidase (GGT, EC 2.3.2.2), a membrane-as-
sociated enzyme in hepatocytes, with a standard kit 
(Felicit-Diagnostika, Ukraine) in accordance with 
instructions and was expressed as µkat/l. Myeloper
oxidase activity (MPO, EC 1.11.2.2) was assayed 
after [13] as an indicator of parenchyma infiltration 
by neutrophils. Briefly, 50 mg of liver tissue was ho-
mogenized in 500 ml of potassium-phosphate buffer 
(pH 7.4) followed by centrifugation at 15 000 g for 
5 min, then resuspended in 10 volumes of 50 mM 
potassium-phosphate buffer (pH 6.0) with 0.5% of 
hexadecyltrimethylammonium bromide and incuba
ted for 2 h at 60 °C. After ultrasound processing the 
samples were put through a triple freezing-thawing 
cycle and processed with ultrasound further for 
10 min, followed by centrifugation at 15 000 g and 

4 °C for 15 min. The supernatant (300 μl) was mixed 
with 300 μl of dianisidine dihydrochloride (10 mg/
ml in potassium-phosphate buffer), 300 μl of 0.3% 
of hydrogen peroxide (H2O2), and absorbance at 
λ = 405 nm was measured for 1 min. Myeloperoxi-
dase activity was expressed as ΔD×min-1×mg-1 of 
protein.

Oxidative damage of biomolecules was evalua
ted based on reduced glutathione levels, TBA-
reactive substances content (aldehydic substances 
reacting with thiobarbituric acid (TBA)), protein 
carbonyl derivatives, and protein thiol derivatives 
in liver tissue. TBA-reactive substances content was 
measured after [14] and expressed as nmol/mg of 
protein. Protein carbonyl derivatives content was 
measured after [15] and expressed as nmol/mg of 
protein. Protein -SH group content was measured 
after [16] and expressed as nmol/mg of protein. Re-
duced glutathione content in liver was assayed after 
Butler. The level of reduced glutathione was deter-
mined with calibration against standard solutions of 
reduced glutathione (0.1 mmol/l through 5 mmol/l) 
and expressed as nmol/mg of protein [17]. Protein 
concentration was assayed after Lowry et al. [18].

Statistical data processing was done with Mic
rosoft Excel software using one-way analysis of 
variance followed by Tukey’s honest significant dif-
ference test. The differences were considered signifi-
cant if P ≤ 0.05. In graphic representation, the values 
are indicated by Latin letters (a, b, c) if differing sig-
nificantly from each other, e.g. values indicated by 
a differ significantly from those indicated by b and 
c. Values indicated by the same letter do not differ 
significantly between themselves.

Results and Discussion

The results of our studies demonstrate that 
Nuclex (low molecular weight exogenous RNA) ad-
ministration to mice in doses of 200 mg/kg at 12  h 
intervals attenuates the hepatotoxicity caused by a 
single dose of thioacetamide (500 mg/kg) at 48 h of 
the experiment (Fig. 1 and 2). The hepatoprotective 
effect is manifested as 40% decreased blood serum 
γ-glutamyl transpeptidase activity in comparison to 
that of animals of group II, in which this parameter 
was nearly double that of the control group (group I) 
(Fig. 1, A). On the other hand, myeloperoxidase ac-
tivity (which is an indicator of inflammatory infil-
tration of liver parenchyma by neutrophils) did not 
differ significantly under Nuclex administration and 
in control conditions (Fig. 1, B). Animal group re-
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ceiving clinically tested and approved hepatoprotec-
tive Glutargine pharmaceutical was used as positive 
control (group IV). The results demonstrated that 
Nuclex administration had hepatoprotective effect 
that did not differ by tested parameters from that of 
Glutargine (Fig. 1).

Just as no signs of toxic liver parenchyma le-
sions and its inflammatory infiltration were observed 
under Nuclex administration, so no indications of 
oxidative damage to liver biopolymers were detected 
either (Fig. 2). It has been shown that hepatotoxic 
potential of thioacetamide is realized through free 
radical prooxidative mechanism [19], which was evi-
denced by oxidative damage to liver biopolymers in 
our experiment (Fig. 2). In contrast to this, Nuclex 
administration was followed by attenuation of oxida-
tive damage to protein and non-protein thiol groups 
(Fig. 2, A, C), decreased levels of protein carbonyls 
and secondary products of lipid peroxidation (Fig. 2, 
B, D). The levels of protein and non-protein thiol 
groups content in animals receiving Nuclex adminis
tration did actually reach that of negative control 
group (Fig. 2, A, C). On the other hand, while TBA-
reactive substances and protein carbonyl derivatives 
content was significantly lower in comparison to 
that of positive control group (group II), they did not 
reach those of the negative control group (group I).

The hepatoprotective effect of Nuclex that 
we observed in acute hepatotoxicity model was 

also confirmed in the experiments in conditions of 
chronic toxic liver damage (Fig. 3, 4). The results 
demonstrate the profound hepatoprotective effect of 
200 mg/kg doses of Nuclex in 9 week long oral ad-
ministration course and attenuation of free-radical 
liver biopolymers oxidation induced by prolonged 
chronic hepatotoxin administration. For instance, 
reduced glutathione’s, protein thiol groups’, and 
carbonyl protein derivatives’ levels in animals that 
received both thioacetamide and Nuclex adminis-
trations were within margins of those of the control 
group indices (Fig. 4). The absence of indications 
for thioacetamide-iduced oxidative damage to liver 
biopolymers under conditions of hepatoprotectors’ 
administration, as well as their profound hepatopro-
tective effect, were strengthened by lower levels of 
γ-glutamyl transpeptidase activity in blood serum 
and myeloperoxidase activity in liver parenchyma 
of animals of these experimental groups (Fig. 3).

Although we have not investigated the possi-
ble molecular mechanisms involved in the described 
phenomena, we did clearly demonstrate the profound 
hepatoprotective qualities of oligoribonucleotides 
composing the Nuclex pharmaceutical.

The results obtained by us do not contradict the 
literature data as to improvement of clinical markers 
in patients with toxic hepatitis of unclear etiology 
with possible complications by comorbidities under 
administration of similar pharmaceutical (Nuclein-

Fig. 1. Biochemical markers of liver lesions under acute thioacetamide-induced hepatotoxicity. Blood serum 
γ-glutamyl transpeptidase (A) and liver parenchyma myeloperoxidase (B) activities were determined at 48 h 
post intraperitoneal injection of normal saline and thioacetamide, and oral administration of Nuclex and Glu-
targine; the values indicated by letters (a, b) differ significantly from each other. Here and below  in Fig. 2–4 
P ≤ 0.05; all the values are presented as means + standard deviation, n = 5 for each group
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Fig. 2. Levels of products of oxidative damage to hepatic cellular biomolecules in mice under acute thioaceta-
mide-induced hepatotoxicity. Reduced glutathione (A), TBA-reactive substances (B), protein thiol groups (C), 
and carbonyl derivatives (D) levels were determined in liver tissue at 48 h post intraperitoneal injection of 
normal saline and thioacetamide, and oral administration of Nuclex and Glutargine; the values indicated by 
letters (a, b, c) differ significantly from each other
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ate) in addition to primary detoxication therapy [20]. 
On the other hand, our studies prove the exclusive 
hepatoprotective qualities of Nuclex when admin-
istered in monotherapy to mice under experimental 
hepatotoxicity model conditions.

These results demonstrate the decrease of le-
sions in the liver parenchyma and inflammatory 
infiltration of liver by neutrophils under Nuclex ad-
ministration and correlate well with data concerning 
anti-inflammatory effect of yeast RNA investigated 
on local inflammation model [21]. Moreover, the 
decreased levels of TBA-reactive substances do not 
contradict membrane-stabilizing properties of oli-

goribonucleotides as had been described on in vitro 
model systems [22]. In contrast to this, in the in vivo 
model system, which was used in our experiment, 
not just the hepatocytes take part in hepatotoxic pro-
cesses in the role of the primary effector cells, but 
various populations of non-parenchymal cells are 
also involved [22, 23]. It is sensible to assume that 
Nuclex’ properties as a modulator of signal trans-
duction are underlying its apparent hepatoprotective 
effect, which in the case of hepatotoxicity affects ex-
pression and signaling of proinflammatory cytokines 
and profibrotic growth factors that are produced and 
secreted by non-parenchymal liver cells. The most 
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Fig. 3. Biochemical markers of liver lesions under chronic thioacetamide-induced hepatotoxicity. Blood se-
rum γ-glutamyl transpeptidase (A) and liver parenchyma myeloperoxidase (B) activities were determined post 
9 week long course of intraperitoneal injection of normal saline and thioacetamide, and oral administration of 
Nuclex and Glutargine; the values indicated by letters (a, b) differ significantly from each other
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involved in these pathways are Kupffer cells (resi-
dent liver macrophages) as the main producers of 
pro-inflammatory interleukin 6 (IL-6) and tumor 
necrosis factor (TNFα), as well as hepatic stellate 
cells, which produce large quantities of hepatocyte 
growth factor (HGF) and profibrotic transforming 
growth factor (TGFα, TGFβ) upon activation [22]. 
The proof of interdependence between the effect we 
have shown and the abovementioned signal mole
cules is the obvious subject for our further studies.

Thus, the results of this work demonstrate that 
Nuclex administration to mice (200 mg/kg) under 
acute and chronic liver lesions models is followed by 

profound hepatoprotective effect, decreased levels of 
markers of damage to liver parenchyma and its in-
flammatory infiltration. The hepatoprotective effect 
of Nuclex (exogenous RNA) pharmaceutical attenu-
ates thioacetamide-induced free-radical damage to 
liver biopolymers, decreases the levels of TBA-reac
tive substances and carbonyl derivatives, and re-
stores the levels of protein thiol groups and reduced 
glutathione. The effect of Nuclex on the acute and 
chronic hepatotoxicity models did not differ signifi-
cantly by the investigated parameters from that of 
hepatoprotector Glutargine, which was used as a 
reference substance.
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Fig. 4. Levels of products of oxidative damage to hepatic cellular biomolecules in mice under chronic thio-
acetamide-induced hepatotoxicity. Reduced glutathione (A), TBA-reactive substances (B), protein thiol groups 
(C), and carbonyl derivatives (D) levels were determined in liver tissue post 9 week long course of intraperi-
toneal injection of normal saline and thioacetamide, and oral administration of Nuclex and Glutargine; the 
values indicated by letters (a, b, c) differ significantly from each other
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Гепатопротекторна 
активність екзогенної РНК

І. О. Шмараков1, Т. В. Марчишак1, 
В. Л. Борщовецька1, М. М. Марченко1, 
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Досліджували гепатопротекторну актив
ність фармацевтичної композиції нуклекс, 
створеної на основі низькомолекулярної 
дріжджової РНК, у мишей за гострої та хронічної 
тіоацетамід-індукованої гепатотоксичності. По-
казано, що за гострого та хронічного уражен-
ня печінки за введення нуклексу у дозі 200 мг/
кг спостерігається виражений гепатопротек-
торний ефект, який супроводжується знижен-
ням показників ураження паренхіми печінки 
та її запальної інфільтрації. Застосування ну-
клексу призводить до атенуації тіоацетамід-
індукованого вільнорадикального пошкодження 
біополімерів печінки, вираженого у зниженні 
рівня ТБК-активних продуктів, карбонільних 
похідних, а також до відновлення рівня 
протеїнових тіолових груп та відновленого 
глутатіону. 

К л ю ч о в і  с л о в а: нуклекс, тіоацетамід, 
гепатотоксичність, гепатопротекторна актив
ність екзогенної РНК, миші лінії C57BL6/J.

Гепатопротекторная 
активность экзогенной РНК

И. А. Шмараков1, Т. В. Марчишак1, 
В. Л. Борщовецкая1, М. М. Марченко1, 
З. Ю. Ткачук2

1Черновицкий национальный университет 
имени Юрия Федьковича, Украина; 
е-mail: igor.shmarakov@gmail.com;

2Институт молекулярной биологии 
и генетики НАН Украины, Киев;

е-mail: ztkachuk@yahoo.com

Исследовали гепатопротекторную актив-
ность фармацевтической композиции нуклекс, 
созданной на основе низкомолекулярной дрож-
жевой РНК, у мышей при острой и хронической 

тиоацетамидиндуцированной гепатотоксич-
ности. Показано, что введение нуклекса в дозе 
200 мг/кг при остром и хроническом поражении 
печени обладает выраженным гепатопротек-
торным эффектом и проявляется в снижении 
показателей поражения паренхимы печени и 
ее воспалительной инфильтрации. Применение 
нуклекса приводит к атенуации тиоацетами-
диндуцированного свободнорадикального по-
вреждения биополимеров печени, выраженного 
в снижении уровня ТБК-активных продуктов, 
карбонильных производных, восстановлении 
уровня протеиновых тиоловых групп и восста-
новленного глутатиона. 

К л ю ч е в ы е  с л о в а: нуклекс, тиоацет
амид, гепатотоксичность, гепатопротектор-
ная активность экзогенной РНК, мыши линии 
C57BL6/J.
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