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Alcohol-related liver disease is the most common cause of liver disease worldwide. The purpose of 
this work is the establishment of the influence of the transcription factor κB on the development of oxidative-
nitrosative stress in the liver of rats under conditions of chronic alcohol intoxication. The experiments were 
performed on 24 male Wistar rats weighing 180-220 g. The animals were divided into 4 groups of 6 animals: 
control; animals, which were administered NF-κB inhibitor, namely ammonium pyrrolidinedithiocarbamate 
(PDTC) at a dose of 76 mg/kg 3 times a week; animals, on which we simulated alcoholic hepatitis and group of 
combination of alcoholic hepatitis and NF-κB inhibitor. We determined in rat liver homogenate the following 
biochemical parameters: the activity of NO synthase isoforms, superoxide dismutase and catalase activity, the 
concentration of malonic dialdehyde, the concentration of peroxynitrite, nitrites and nitrosothiols, concentra-
tion of sulfide anion and superoxide anion radical production. Chronic alcohol intoxication led to increased 
production of reactive oxygen and nitrogen species on the background of decreased antioxidant activity, thus 
intensifying lipid peroxidation in the liver. Blockade of the transcription factor κB during chronic alcohol 
intoxication despite an increase in antioxidant activity and decrease of reactive oxygen and nitrogen species 
production did not ameliorate oxidative damage to the liver. Blockade of activation of nuclear transcription 
factor κB in rat liver by PDTC reduced the risk of oxidative damage to hepatocytes, but did not reduce the risk 
of developing nitrosative damage to hepatocytes. 
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Alcohol-related liver disease is the most com-
mon cause of liver disease worldwide. Ac-
cording to the latest WHO estimates, alco-

hol consumption worldwide led to 3 million deaths 
from alcohol (5.3% of all deaths worldwide in 2016) 
and to 5.1% of total diseases in 2016. Cirrhosis of the 
liver caused by alcohol abuse caused 607,000 deaths 
and about 22.2 million people became disabled [1]. 
Chronic alcohol abuse leads to alcoholic fatty liver 
disease. About a third of people who continue to 
drink alcohol develop alcoholic steatohepatitis, and 
20% suffer from alcoholic cirrhosis. Approximately 
2% of patients with cirrhosis develop primary hepa-
tocellular carcinoma [1]. 

Oxidative-nitrosative damage to hepatocytes 
occupies a prominent place in the development of 
alcohol-dependent liver lesions. Metabolism of al-

cohol through the hepatocyte microsomal oxidation 
system leads to excessive formation of reactive oxy-
gen species such as superoxide anion radical and hy-
drogen peroxide. At the same time, chronic alcohol 
consumption leads to depletion of the liver’s antioxi-
dant systems [2]. However, in the scientific literature 
there is evidence that enhancing the antioxidant po-
tential of the liver through the introduction of res-
veratrol improves the course of alcoholic hepatitis 
and reduces the intensity of oxidative stress [3]. 

Transcription factor κB (NF-κB) is one of the 
nuclear transcription factors that are actively in-
volved in the regulation of pro-/antioxidant balan
ce in the cell. Nuclear transcription factor κB con-
trols the transcription of a number of prooxidant 
cytokines (interleukin 1-β, tumor necrosis factor-α, 
interleukin-6, etc.) and antioxidant enzymes (super-
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oxide dismutase, enzymes of glutathione cycle, cata-
lase, etc.), which allows this transcription factor to 
both increase and decrease the intensity of oxidative-
nitrosative stress [4].

However, the role of activation of the transcrip-
tion factor κB in the development of oxidative-nitro-
sative stress in the liver under conditions of chronic 
excess ethanol intake is controversial and not fully 
established.

The purpose of this work is the establishment 
of the influence of the transcription factor κB on the 
development of oxidative-nitrosative stress in the 
liver of rats under conditions of chronic alcohol in-
toxication.

Materials and Methods

The experiments were performed on 24 white 
adult male Wistar rats weighing 180-220 g. The ani-
mals were divided into 4 groups: І group – control 
(n = 6); II group – animals (n = 6), which were ad-
ministered NF-κB inhibitor, namely ammonium pyr-
rolidinedithiocarbamate (PDTC) at a dose of 76 mg/
kg 3 times a week throughout the experiment [5]; 
ІІI group – animals, on which we simulated alcoholic 
hepatitis (n = 6) by forced intermittent alcoholiza-
tion for 5 days by intraperitoneal administration of 
16.5% ethanol solution in 5% glucose solution, at the 
rate of 4 ml/kg body weight once a day. Afterward, 
there was a break for two days. Then animals again 
received intraperitoneal administration of 16.5% 
ethanol solution in 5% glucose solution, at the rate 
of 4 ml/kg body weight a day for 5 days. Then they 
were converted to 10% ethanol as the only source of 
drink for 51 days, the total experimental procedure 
lasted 63 days [6]. ІV group – animals (n = 6), on 
which we simulated chronic alcohol intoxication as 
in group III and administered PDTC according to 
the scheme of group II. 

The control group included animals that were 
subjected to similar manipulations throughout 
the study, but injected with saline. Conditions for 
keeping animals in the vivarium were standard. Ave
rage temperature was 20-22°C (68-72 0F). Relative 
humidity was 40-45%. Air change ratio was 12-14 
fresh-air changes per hour. Animals received nutri-
tion according to the following standards [7]. 

The experiments followed the recommenda-
tions of the European Convention for the Protection 
of Vertebrate Animals used for Experimental and 
Other Scientific Purposes (Strasbourg, 1986) in ac-
cordance with the General Principles of Animal Ex-

periments approved by the First National Congress 
of Bioethics, and the requirements of the Procedure 
for scientific research, animal experiments (2012). 
All manipulations with laboratory animals were 
approved by bioethical committee of Poltava State 
Medical University (Record № 197 from 23.09.2021). 

Removal of animals from the experiment oc-
curred on day 63 by taking blood from the right ven-
tricle of the heart under thiopental anesthesia. Serum 
and liver were studied. 

In the serum of rats, the activity of aspartate 
aminotransferase (AST), alanine aminotransferase 
(ALT) and γ-glutaminyltranspeptidase (γ-GTP) was 
determined using diagnostic kits, produced by NPP 
“Filisit-Diahnostyka”. We also calculated the de Ri-
tis coefficient (AST/ALT).   

In rat liver homogenate following biochemical 
parameters were determined: the activity of induc-
ible NO synthase (iNOS) and constitutive isoforms 
of NO synthase (cNOS) [8], superoxide dismutase 
(SOD) activity [9] and catalase [10], concentration 
of malonic dialdehyde (MDA) [11], concentration 
of peroxynitrite of alkali and alkaline earth metals 
(ONOO-) [12], concentration of nitrites, concentra-
tion of low molecular weight nitrosothiols (S-NO) 
[13], concentration of sulfide anion [14] and super-
oxide anion radical production [15].

Total NO-synthase activity was evaluated by 
the increase of nitrites after incubation of 10% liver 
homogenate (0.2 ml) for 30 min in the incubation so-
lution (2.5 ml of 0.1 M Tris buffer, 0.3 ml of 320 mM 
aqueous solution of L-arginine and 0.1 ml of 1 mM 
NADPH+H+ solution). To determine the activity 
of constitutive NOS (cNOS) 1% solution of amino-
guanidine hydrochloride was used and the incuba-
tion time was extended to 60 min [8]. The activity 
of inducible NOS (iNOS) was calculated by the for-
mula: іNOS = gNOS-сNOS.

Adrenaline auto-oxidation reaction in an alka-
line environment with the generation of superoxide 
was used to determine SOD activity. SOD activity 
was calculated in conventional units (c.u., 1 unit 
indicates a 50% inhibition of the reaction rate) by 
comparison of speed of adrenaline auto-oxidation in 
presence of tissue homogenate and without it [9].

The method of catalase activity estimation 
was based on the determination of colored products 
formed by the reaction of hydrogen peroxide with 
ammonium molybdate. The amount of hydrogen 
peroxide decomposed in the presence of a sample 
containing catalase can help us to make a conclusion 
about the activity of catalase [10].
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Free malonic dialdehyde specifically reacts 
with 1-methyl-2-phenyl-indole in a mixture of 
methanol and acetonitrile to form chromogen (car-
bocyanine dye) with maximum light absorption at a 
wavelength of 586 nm [11].

Peroxynitrite concentration was measured 
by using its reaction with potassium iodide under 
pH 7.0 in 0.2 M phosphate buffer with the same pH, 
which yields I3 with maximum absorbance at 355 nm 
wavelength [12]. 

The method for the determination of nitrosothi-
ols was based on the determination of the difference 
in the concentration of nitrites (NO2

-) using Griess 
reagent (modified by Ilosvay) before and after oxida-
tion of nitrosothiol complexes (SNO) to nitrites with 
a solution of mercuric chloride (HgCl2) [13].

Sulfides specifically react with N-N-dimethyl-
para-phenylenediamine in the presence of Fe3+ ions 
and excess of hydrochloric acid to form a red-pink 
chromogen with maximum light absorption at a 
wavelength of 667 nm [14].

The method for estimation of superoxide anion 
radical production was based on Nitroblue tetrazo-
lium (NBT) reduction by superoxide with the forma-
tion of diformazan, a dark blue insoluble precipitate 
[15].

Statistical processing of biochemical research 
results was performed using Kruskal–Wallis one-
way analysis of variance with following pairwise 
comparison using the Mann-Whitney U-test. In 
order to avoid multiple comparison errors we used 
correction by Bonferroni method. All statistical cal-
culations were performed in Microsoft Office Excel 
and its extension Real Statistics 2019. The difference 
was considered statistically significant at P < 0.05.

Results 

Biochemical markers of cytolytic liver syn-
drome in blood serum under the conditions of inhibi-
tion of the transcription factor κB against the back-
ground of chronic alcohol intoxication. Biochemical 
analysis of blood serum of animals under the condi-
tions of inhibition of the transcription factor κB in 
rats with alcohol intoxication revealed the following 
changes: the activity of AST in blood serum under 
the conditions of the introduction of the inhibitor 
of transcription factor κB increased by 1.87 times, 
under the conditions of alcohol intoxication by 2.32 
times and under the conditions of their combined 
action it increased by 1.64 times in relation to the 
control group of rats (Table 1). Inhibition of the tran-

scription factor κB against the background of alco-
hol intoxication reduces the activity of AST by 1.41 
times in relation to the group of alcohol intoxication.

ALT activity in blood serum increased by 1.73 
times under the conditions of the κB transcription 
factor inhibitor, by 3.01 times under the conditions 
of alcohol intoxication, and by 1.24 times under the 
conditions of their combined effect in relation to the 
control group of rats. Inhibition of the transcription 
factor κB against the background of alcohol intoxi-
cation reduces the activity of ALT by 2.43 times in 
relation to the group of rats with alcohol intoxication.

The De Ritis coefficient under conditions of 
alcohol intoxication decreased by 1.31 times and 
it increased by 1.31 times under the conditions of 
administration of an inhibitor of the transcription 
factor κB against the background of alcohol intoxi-
cation in relation to the control group of rats. Inhibi-
tion of the transcription factor κB against the back-
ground of alcohol intoxication increased the De Ritis 
coefficient by 1.71 times in relation to the group of 
rats with alcohol intoxication.

The activity of γ-GTP in blood serum under the 
conditions of the introduction of the transcription 
factor κB inhibitor increased by 1.33 times, under 
the conditions of alcohol intoxication, it decreased 
by 5.58 times, and under the conditions of combined 
action, it increased by 1.7 times in relation to the 
control group of rats. Inhibition of the transcription 
factor κB against the background of alcohol intoxi-
cation increases the activity of γ-GTP by 9.5 times in 
relation to the group of rats that were simulated only 
alcohol intoxication.

Influence of transcription factor κB on bio-
chemical parameters of rat liver. We found that un-
der the conditions of administration of the NF-κB 
inhibitor, the activity of cNOS in the liver of rats 
increased by 1.44 compared with the control group 
(P = 0.00477) (Table 2). Under these conditions, the 
concentration of ONOO- in the liver of rats increased 
4.18 times (P = 0.00477), and the concentration of ni-
trites and S-NO decreased by 3.2 times (P = 0.00413) 
and 2.4 times (P = 0.00485), respectively, under con-
ditions of inhibition of NF-κB compared with the 
control group (Table 2). 

Analyzing the antiradical protection and pro-
duction of reactive oxygen species under condi-
tions of NF-κB inhibition, we found that the activi
ty of superoxide dismutase decreased by 1.25 times 
(P  =  0.00455), the activity of catalase decreased 
by 1.36 times (P = 0.00462). The production of 
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*P < 0.05 compared to the control group; ^P < 0.05 compared to the NF-κB inhibition group; #P < 0.05 compared to 
alcohol intoxication group

superoxide-anion radical decreased by 1.56 times 
(P = 0.0047), and the concentration of malonic dial-
dehyde increased by 2.35 times (P = 0.00492) in the 
liver of rats compared with these indicators in the 
control group.  The concentration of sulfide anion 
in the liver of rats under conditions of inhibition of 
NF-κB increased 1.43 times (P = 0.00485) compared 
with the control group (Table 2). 

The effect of prolonged alcohol intoxication on 
the biochemical parameters of the liver of rats.

We described the effect of long-term alcohol in-
toxication on the biochemical parameters of the liver 
of rats in detail in our previous publications. The 
received experimental data indicated that the devel-
opment of oxidative-nitrosative stress played a lead-
ing role in liver damage under conditions of chronic 
alcohol intoxication. H2S-mediated mechanism con-
tributed to the preservation of hepatocyte integrity 
under ethanol-induced hepatocyte injury [16].

The effect of inhibition of the transcription fac-
tor κB under conditions of prolonged alcohol intoxi-
cation on the biochemical parameters of the liver of 
rats.

Under the conditions of NF-κB inhibition 
against the background of prolonged alcohol in-
toxication, we found that the activity of iNOS in 
the liver of rats increased by 3.63 times (P = 0.005) 
compared with the control group and by 4.14 times 
(P = 0.00477) compared with the NF-κB inhibitor 
group. The activity of cNOS in the liver of rats in-
creased 4.04 times (P = 0.00492) under conditions of 
inhibition of NF-κB on the background of prolonged 
alcohol intoxication compared with the control group 

T a b l e  1. Biochemical indicators of blood serum of rats under the conditions of inhibition of the transcrip-
tion factor κB and alcohol intoxication, М ± m

Biochemical 
parameters

Group

Control NF-κB inhibition Alcohol 
intoxication

NF-κB inhibition on 
the background of 

alcohol intoxication
AST activity, 
mmol/h per l 1.71 ± 0.07 3.19 ± 0.02* 3.96 ± 0.13*^ 2.80 ± 0.02*^#

ALT activity, 
mmol/h per l 1.22 ± 0.06 2.11 ± 0.02* 3.67 ± 0.06*^ 1.51 ± 0.04*^#

De Ritis coefficient 1.41 ± 0.06 1.51 ± 0.02 1.08 ± 0.04*^ 1.85 ± 0.04*^#

γ-GTP activity, 
μcat/l 0.67 ± 0.04 0.89 ± 0.01* 0.12 ± 0.02*^ 1.14 ± 0.01*^#

and by 2.79 times (P = 0.00477) compared with the 
group of animals which were administered the NF-
κB inhibitor and by 2.48 times (P = 0.005) compared 
with the group of rats with prolonged alcohol intoxi-
cation (Table 2). 

We found that the concentration of ONOO- in 
the liver of rats increased by 4.78 times (P = 0.0047) 
under conditions of inhibition of NF-κB on the back-
ground of prolonged alcohol intoxication compared 
with the control group and by 1.14 times (P = 0.0047) 
compared with the group of animals injected with 
NF-κB inhibitor, but it decreased by 1.98 times 
(P = 0.00485) compared with the group of rats, on 
which we simulated prolonged alcohol intoxication 
(Table 1). The concentration of nitrites in the liver 
of rats decreased by 2.07 times (P = 0.0047) under 
conditions of inhibition of NF-κB on the background 
of prolonged alcohol intoxication compared with the 
control group and by 1.64 times (P = 0.00477) com-
pared to alcohol intoxication group and increased by 
1.55 times (P = 0.00406) compared with the group 
of animals treated with NF-κB inhibitor. The con-
centration of S-NO, which acts as a buffer of nitric 
oxide, decreased by 2.4 times (P = 0.00508) under 
conditions of inhibition of NF-κB on the background 
of prolonged alcohol intoxication compared with the 
control group (Table 2). 

Analyzing the development of oxidative stress 
in the liver of animals injected with NF-κB inhibi-
tor on the background of prolonged alcohol intoxica-
tion, we found that the activity of superoxide dis-
mutase in the liver of rats increased by 1.21 times 
(P = 0.0109) compared to controls and by 1.51 times 
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T a b l e  2. Biochemical changes in rat liver under conditions of NF-κB inhibition and alcohol intoxication 
(M ± m)

*P < 0.05 compared to the control group; ^P < 0.05 compared to the NF-κB inhibition group; #P < 0.05 compared to 
alcohol intoxication group

Biochemical 
parameters

Group

Control NF-κB inhibition Alcohol 
intoxication

NF-κB inhibition on 
the background of 

alcohol intoxication
Inducible NO 
synthase, μmol/min 
per g of protein 0.16 ± 0.02 0.14 ± 0.02 0.72 ± 0.07*^ 0.58 ± 0.18*^
Constitutive NO 
synthases, μmol/
min per g of protein 0.027 ± 0.0003 0.039 ± 0.0007* 0.044 ± 0.0009*^ 0.109 ± 0.0005*^#

Superoxide 
dismutase, c.u. 12.34 ± 0.55 9.87 ± 0.08* 12.23 ± 1.03 14.87 ± 0.31*^
Catalase, μkat/g 0.38 ± 0.008 0.28 ± 0.022* 0.23 ± 0.01* 0.32 ± 0.002*#

Malonic dialdehyde, 
μmol/g 12.32 ± 0.11 29.01 ± 1.26* 15.91 ± 0.32*^ 17.1 ± 0.2*^#

Superoxide anion 
radical, nmol s per g 1.84 ± 0.004 1.18 ± 0.008* 2.71 ± 0.03*^ 1.78 ± 0.01*^#

ONOO-, μmol/g 0.45 ± 0.01 1.88 ± 0.03* 4.26 ± 0.03*^ 2.15 ± 0.02*^#

S-NO, μmol/g 0.36 ± 0.019 0.15 ± 0.008* 0.18 ± 0.034* 0.12 ± 0.026*
NO2 concentration, 
nmol/g 7.14 ± 0.17 2.23 ± 0.06* 5.67 ± 0.34*^ 3.45 ± 0.17*^#

Sulfide anion, μmol/g 7.23 ± 0.17 10.32 ± 0.24* 15.01 ± 0.32*^ 2.25 ± 0.35*^#

(P = 0.00455) compared to animals injected with 
NF-κB inhibitor. The activity of catalase in the liver 
of rats in the group of animals injected with NF-κB 
inhibitor on the background of prolonged alcohol 
intoxication decreased by 1.19 times (P = 0.00462) 
compared with the control group and increased 1.39 
times (P = 0.00462) compared to prolonged alcohol 
intoxication group. The production of superoxide 
anion radical in the liver of rats in the group ad-
ministered the NF-κB inhibitor on the background 
of prolonged alcohol intoxication decreased by 1.03 
times (P = 0.00462) compared to the control and by 
1.52 (P = 0.0047) times compared with prolonged 
alcohol intoxication group and increased by 1.51 
times (P= 0.0047) compared to animals injected 
only with NF-κB inhibitor. The concentration of 
malonic dialdehyde in the liver of rats in the group 
administered the NF-κB inhibitor on the background 
of prolonged alcohol intoxication increased by 1.39 
times (P = 0.00477) compared to the control and by 
1.07 times (P = 0.0298) compared with prolonged 

alcohol intoxication group and decreased 1.7 times 
(P =  0.00477) compared to the group of animals 
injected with NF-κB inhibitor. The concentration of 
sulfide anion in the liver of rats injected with NF-
κB inhibitor on the background of prolonged alcohol 
intoxication decreased by 3.21 times (P = 0.0047) 
compared with controls, by 4.59 times (P = 0.00477) 
compared to the group of animals injected with NF-
κB inhibitor and by 6.67 times (P = 0.00477) com-
pared to prolonged alcohol intoxication group.

Discussion

The decrease in the activity of superoxide dis-
mutase and catalase during the blockade of NF-κB 
activation is due to the fact, that superoxide dis-
mutase and catalase are under the direct transcrip-
tional control of NF-κB [17]. Decrease in produc-
tion of superoxide anion radical is connected with 
its “interception” by nitric oxide. The reaction rate 
between nitric oxide and superoxide anion radical 
with peroxynitrite formation is higher than the reac-
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tion rate of superoxide anion radical with superoxide 
dismutase, however, under physiological conditions, 
low concentrations of nitric oxide contribute to the 
predominance of superoxide dismutase-dependent 
pathway superoxide anion radical metabolism [18]. 
Under conditions of NF-κB activation blockade, 
superoxide dismutase activity decreases, which di-
rects the superoxide anion radical to react with nitric 
oxide, the production of which increases from the 
constitutive isoforms of NOS, with the formation 
of an excess of ONOO-. The predominance of this 
pathway of superoxide anion radical metabolism is 
also evidenced by the decrease in the concentration 
of nitrites and S-NO.

The growth of free MDA concentration in-
dicates the development of oxidative damage of 
hepatocytes under conditions of NF-κB activation 
blockade. During the development of oxidative 
stress, NF-κB and activator protein-1 (AP-1) are ac-
tivated as an adaptive response to oxidative stress 
[19, 20]. AP-1 can, independently of NF-κB, activate 
iNOS gene expression, but the intensity of AP-1-de-
pendent iNOS gene expression will be significantly 
lower than NF-κB-controlled expression [21]. This 
explains the lack of statistically significant changes 
in iNOS activity in the group of animals with inhibi
ted NF-κB activation. 

Therefore, inhibition of NF-κB in control ani-
mals may lead to the development of oxidative-ni-
trosative damage to hepatocytes. Increasing the con-
centration of sulfide anion can be considered as an 
adaptive response to the development of oxidative-
nitrosative damage to hepatocytes, because H2S has 
pronounced antioxidant properties and can serve as 
a “scavenger” of reactive oxygen and nitrogen spe-
cies [22].

Alcohol (C2H5OH) has several possible path-
ways of degradation in organism. First and foremost 
one is its transformation by alcohol dehydrogenase 
(EC 1.1.1.1) to acetaldehyde with subsequent con-
version to acetate via acetaldehyde-dehydrogenase 
(EC 1.2.1.10). Acetaldehyde can stimulate mitophagy 
due to impairment of mitochondrial functions and 
increased reactive oxygen species (ROS) produc-
tion [23]. This may be the result of decreased ac-
tivation of AMPK and sirtuin-3 expression in mi-
tochondria [24]. Acetaldehyde-induced mitophagy 
may be omitted if mitochondrial acetaldehyde-de-
hydrogenase 2 (ALDH-2) function is not impaired. 
ALDH-2 protects mitochondria by decreasing ROS 
generation and regulating Beclin-1 pathway, thus 

decreasing autophagy processes in cell [25]. In case 
of increased expression of ALDH-2 during alcohol 
intoxication, it can be translocated to the endoplas-
mic reticulum. Such translocation promotes the for-
mation of GP78/Insig1/ HMG-CoA reductase com-
plex, which leads to increased HMG-CoA reductase 
degradation through ubiquitination. This results in 
decreased cholesterol formation [26]. However, in-
creased ALDH-2 activity may cause elevation of ac-
etate concentration in mitochondria. Acetate accu-
mulation in the liver may force substrate induction of 
acetyl-CoA synthetase, which will transform exces-
sive acetate to acetyl-CoA. Increase of acetyl-CoA 
will lead to excessive free fatty acid formation [27]. 
Together with alcohol-induced stimulation of diacyl-
glycerol acyltransferase 2, these events will provide 
necessary conditions for neutral fat accumulation in 
liver during chronic alcohol intoxication and alco-
holic steatohepatitis development [28].

Another pathway of ethanol degradation in or-
ganism involves microsomal ethanol oxidation sys-
tem (MEOS) [29]. MEOS involves a cruder approach 
to alcohol destruction, which summarizes to ethanol 
destruction by oxidation with usage of reactive oxy-
gen species generated by cytochromes of P450 fami
ly [29]. The most prominent cytochromes from P450 
family involved in alcohol destruction are CYP2E1 
and CYP2A6 (CYP2A3 for rats). CYP2E1 uses mo-
lecular oxygen (O2) and consumes NADPH provided 
by the NADPH-cytochrome P450 reductase, which 
results in the production of superoxide anion radi-
cal used for alcohol degradation [30]. The general 
assumption states that CYP2E1 only accounts for a 
small amount (about 10%) of total ethanol metabo-
lism during one-time excessive alcohol intake, but 
it becomes more important during chronic alcohol 
consumption [30]. This statement can be explained 
by the transfer of electrons from NADH, formed in 
the reaction of  alcohol dehydrogenase-dependent 
alcohol degradation, to NADPH via nicotinamide 
nucleotide transhydrogenase [31]. Increased NADPH 
concentration during chronic ethanol consumption 
may cause substrate induction of CYP2E1 with sub-
sequent increase in ROS production and oxidative 
stress development. Increased activity of CYP2E1 
may cause activation of nuclear factor erythroid 
2-related factor 2 (Nrf-2), which in turn stimulates 
transcription of CYP2A5. CYP2A5, in turn, further 
aggravates oxidative stress by increase in ROS pro-
duction [32]. Bacterial lipopolysaccharide transloca-
tion from gut to bloodstream during chronic alco-
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hol intake can also increase CYP2E1 activity [30]. 
Therefore, activation of MEOS system may be the 
main contributor to increased superoxide anion pro-
duction observed in our study.

Increased MDA concentration in the chronic al-
cohol intoxication group indicates the development 
of oxidative damage to the liver tissues. In response 
to this and to alcohol-dependent lipopolysaccharide 
translocation from gut to bloodstream, NF-κB may 
be activated [33]. NF-κB cascade activation explains 
increased iNOS activity in this group of animals. In-
creased iNOS activity and superoxide anion produc-
tion create conditions for peroxynitrite formation, 
which is greatly increased in this group. Decreased 
catalase activity may result from increased workload 
on the enzyme. Since it has to both metabolize etha-
nol and hydrogen peroxide produced by superoxide 
dismutase during chronic alcohol intoxication [29].

Decreased S-NO concentration in the chronic 
alcohol intoxication group may be the result of alco-
hol-induced increase in glutaredoxin-1 activity [34]. 
Glutaredoxins can destroy low molecular weight ni-
trosothyols and may be viewed as a protective re-
sponse to nitrosative stress caused by excessive al-
cohol intake [35]. 

The increase in the concentration of sulfide 
anion during chronic alcohol intoxication can be 
explained by the compensatory antioxidant effect 
associated with the ability of H2S to interact with 
the superoxide anion radical to form thiosulfate and 
sulfate, which results in the hepatoprotective effect 
of H2S [36, 37].

Increased iNOS activity in combination with 
chronic alcohol intoxication and NF-κB blockade 
may be associated with activation of the transcrip-
tion factor AP-1 in response to alcoholic hepato-
cyte damage [19]. Under conditions of blockade of 
NF-κB activation, excessive activation of STAT-3 is 
possible due to alcohol-induced oxidative damage to 
liver cells [38]. Activated STAT-3 has the ability to 
reduce the production of superoxide anion radicals 
and increase the expression of antioxidant enzymes 
(superoxide dismutase and catalase) by activating 
nrf-2 [39]. Elevated concentrations of MDA may 
be associated with increased, relative to the control 
group, concentration of ONOO- and decreased con-
centrations of H2S.

Limitations of the study. The limitation of our 
study is that the exact amount of expression of NF-
κB-related proteins was not measured. 

Conclusions. Blockade of activation of nuclear 
transcription factor κB in rat liver by PDTC reduces 
the risk of oxidative damage to hepatocytes, as evi-
denced by a decrease in the production of superoxi
de anion radical and a high activity of antioxidant 
enzymes. However, this does not reduce the risk of 
developing nitrosative damage to hepatocytes, as 
evidenced by the absence of changes in NO-synthase 
activity and a high concentration of peroxynitrites 
relative to control. Thus, blockade of the activation 
of nuclear transcription factor κB in the liver cannot 
be considered a full-fledged means of pathogenetic 
therapy for alcohol-induced liver damage. 
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Вживання алкоголю є найпоширенішою 
причиною захворювань печінки у всьому 
світі. Метою даної роботи є встановлення 
впливу транскрипційного фактора κB на роз-
виток оксидативно-нітрозативного стресу в 
печінці щурів за умов хронічної алкогольної 
інтоксикації. Досліди проводили на 24 щурах-
самцях лінії Wistar, вагою 180-220 г. Щурів 
розділили на 4 групи по 6 тварин: контрольна; 
тварини, яким вводили інгібітор NF-κB – амоній 
піролідиндитіокарбамат (PDTC) у дозі 76 мг/кг 3 
рази на тиждень; тварини з алкогольним гепати-
том та група тварин, яким вводили інгібітор NF-
κB на фоні алкогольного гепатиту. У гомогенаті 
печінки щурів визначали такі біохімічні показ-
ники: активність ізоформ NO-синтаз, суперок-
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сиддисмутази та каталази, концентрацію мало-
нового діальдегіду, пероксинітриту, нітритів 
та нітрозотіолів, концентрацію сульфід-аніону 
та продукцію супероксид-аніону. Встанов-
лено, що хронічна алкогольна інтоксикація 
призводила до збільшення продукції актив-
них форм кисню та азоту на фоні зниження 
антиоксидантної активності і посилення пер
оксидного окислення ліпідів у печінці. Бло-
када транскрипційного фактора κB під час 
хронічної алкогольної інтоксикації, незважаю-
чи на підвищення антиоксидантної активності 
та зниження продукції активних форм кисню 
та азоту, не запобігала оксидативному пошко
дженню печінки. Зроблено висновок, що блокада 
активації ядерного транскрипційного фактора 
κB у печінці щурів за допомогою PDTC знижує 
ризик окисного, але не зменшує ризик розвитку 
нітрозативного пошкодження гепатоцитів. 

К л ю ч о в і  с л о в а: оксидативно-
нітрозативний стрес, хронічна алкогольна 
інтоксикація, NF-κB, PDTC, печінка щурів.
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