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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.
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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 Ca**
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-
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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 3447-1V 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; 111 (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; 11 (positive
control I) — the animals were administered 150 mg/
kg doses of TAA solution intraperitoneally twice a
week; 11l (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 y-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 pkat/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
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4 °C for 15 min. The supernatant (300 pl) was mixed
with 300 pl of dianisidine dihydrochloride (10 mg/
ml in potassium-phosphate buffer), 300 pl of 0.3%
of hydrogen peroxide (H,0,), and absorbance at
A =405 nm was measured for 1 min. Myeloperoxi-
dase activity was expressed as ADxmin 1xmg? 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, ) if differing sig-
nificantly from each other, e.g. values indicated by
a differ significantly from those indicated by » 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
y-glutamyl transpeptidase activity in comparison to
that of animals of group 11, 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 1V). 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
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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
y-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-
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Fig. 1. Biochemical markers of liver lesions under acute thioacetamide-induced hepatotoxicity. Blood serum
y-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

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-
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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 y-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

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 (TNFa), as well as hepatic stellate
cells, which produce large quantities of hepatocyte
growth factor (HGF) and profibrotic transforming
growth factor (TGFa, TGFB) 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

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 4

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-
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I'EITATOITPOTEKTOPHA
AKTHUBHICTH EK30I' EHHOI PHK

L O. lImapaxos', T. B. Mapuuwax®,
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"YepuiBenpkuil HAIOHATBHUIM YHIBEPCUTET
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2[HCTUTYT MOJIEKYJISIPHOT GioJoTii 1
renetuku HAH VYkpainu, Kuis;
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JocnikyBany TenaTonpoTeKTOPHY aKTHB-
HICTh  (apMareBTUYHOI KOMTIO3MIIi  HYKJIEKC,
CTBOPEHOI ~Ha  OCHOBI  HM3BKOMOJIEKYJISIPHOI
npixmxooi PHK, y mutreit 3a roctpoi Ta XpoHITHOT
TioareTamig-iHIyKOBaHOi TrenmaToTokcnyHocTi. [lo-
Ka3aHo, L0 3a TOCTPOr0 Ta XPOHIYHOI'O YyparkeH-
HsI TIEYiHKH 32 BBEJIEHHS HYKIIeKCy y 1031 200 mr/
KI' CIIOCTEPIraeThCsl BHUPaKEHUI TIenaTonpoTeK-
TOPHUM €QeKT, SIKUH CYNpOBOIKYETbCS 3HMKCH-
HSIM TIOKa3HHKIB ypakK€HHS TapeHXIMU TMeYiHKU
Ta 1i 3amanpHOi iHGiTBTpamii. 3acTocyBaHHSA HY-
KJIEKCY TPU3BOAWTH 1O aTeHyalii Tioameramis-
1HyKOBAHOT'O BUJIBHOPAINKAJIBHOTO TTOIIKOKEHH
OlomomimMepiB TEeUiHKH, BHPAXKEHOTO y 3HWKECHHI
piBEst TBK-akTUBHUX TPOAYKTIB, KapOOHIIBHHUX
MOXITHUX, a TaKoX JO BIJIHOBJICHHS pIiBHSA
MIPOTETHOBUX TIOJOBUX TPyH Ta BiTHOBJICHOIO
[Ty TaTioOHY.

KnmodoBi cioBa: HyKJIEKC, TioalleTaMis,
renaToTOKCHYHICTh, TEMaTONPOTCKTOPHA aKTHUB-
HicTh ek3orenHoi PHK, mummi minii C57BL6/J.

T'EITATOITPOTEKTOPHASA
AKTUBHOCTH 3K30IEHHOM PHK

U A. Ulmapaxoé', T. B. Mapuuwar®,
B. JI. Bopwoseykas®, M. M. Mapuenko',
3. FO. Trauyx?

'YepHOBHUIIKHT HAIIMOHABHBIH YHUBEPCHTET
nmenu Opus denpkoBrua, Ykpanna,
e-mail: igor.shmarakov@gmail.com;
2HCTUTYT MOJIEKYJISIPHON GHOJIOrHI
u reaetukn HAH Ykpaunsi, Kues;
e-mail: ztkachuk@yahoo.com

HccrnenoBanu renaTtonpoTEeKTOPHYIO aKTUB-
HOCTh (papMaleBTUUECKOW KOMIO3ULUU HYKJIEKC,
CO3/1aHHOM Ha OCHOBE HM3KOMOJIEKYJISIPHOH ApPOXK-
xesoid PHK, y mMbIei npu octpoil 1 XxpoHN4YecKoi
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THOANETAMUANHAY I POBAHHON rernaToToKCHY-
HocTH. [Ioka3aHo, 4TO BBEACHHME HYKJIEKCA B 103€
200 MI/KT IPH OCTPOM U XPOHUYECKOM MOPaKEHUH
neyeHn o00JaaeT BBIPAXKCHHBIM TeNaTONpPOTEK-
TOPHBIM 3(PQPEKTOM M TPOSBISAETCS B CHIKCHHH
rokazaresjeil TMopakKeHUs MapeHXHWMBbl TeueHU U
ee BOCMAJUTENbHON MHpuIbTpanuu. [Ipumenenne
HyKJIEKCa TPHUBOJUT K aTeHyallud THOalleTaMu-
JUHAYLHPOBAHHOTO CBOOOIHOPAINKAIBHOTO TI0-
BPEKJCHUS OMOMOIMMEPOB M€UYEHH, BBIPAKEHHOT'O
B CHIDKeHHH YpoBHS TBK-akTHBHBIX NMpOTYKTOB,
KapOOHMIIBHBIX POU3BOJHBIX, BOCCTAHOBICHHUU
YPOBHSI MPOTENHOBBIX THOJIOBBIX TPYII M BOCCTa-
HOBJICHHOI'O [Ny TaTUOHA.

KnrwoueBbie cnoBa: HYKJIEKC, THOAIET-
aMHJ, TelMaTOTOKCUYHOCTh, TeMaTONPOTEKTOp-
Has aKTUBHOCTH dk3oreHHor PHK, Mbimm muHuHR
C57BL6/J.
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