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Modulation of the AMP-activated protein kinase (AMPK) pathway activity is considered to be a
promising option in the development of approaches to chronic alcoholic hepatitis treatment. Phenformin,
which is a biguanide, has been reported to increase AMPK activity. The aim of this work was to estimate the
effect of phenformin as AMPK activator on the development of oxidative-nitrosative stress in the liver of rats
under conditions of long-term ethanol administration. The experiments were performed on 24 male Wistar
rats, divided into 4 groups: control; animals, which received phenformin hydrochloride orally at a dose of
10 mg/kg daily for 63 days; animals with a forced intermittent alcoholization for 5 days by intraperitoneal
administration of 16.5% ethanol solution in 5% glucose at the rate of 4 ml/kg b.w. and subsequent transfer
to 10% ethanol as the only source of drinking; animals with chronic alcohol hepatitis simulation and phen-
formin administration. Superoxide dismutase, catalase, NO synthase isoforms activity, superoxide anion radi-
cal production, concentration of malonic dialdehyde, peroxynitrite, nitrites, nitrosothiols concentration and
oxidative modification of proteins (OMP) were estimated in liver homogenates. The increased production of
oxygen and nitrogen active forms and OMP intensification in the liver of rats under long-term administration
of ethanol was detected. Phenformin introduction under long-term ethanol administration was shown to limit
the excess peroxynitrite formation and to prevent oxidative damage to rat liver proteins.

Keywords: liver, chronic alcoholic hepatitis, phenformin, oxidative and nitrosative stress, AMP-activated

protein kinase.

C hronic alcohol consumption can lead to stea-
tosis, hepatitis, fibrosis and cirrhosis of the
liver and even hepatocellular carcinoma [1].
The main biochemical mechanisms of the develop-
ment of alcoholic fatty liver disease largely depend
on the ability of ethanol to inhibit the oxidation of
fatty acids and change the redox potential in the liver
[2]. During its biotransformation, ethanol changes
the metabolism of hepatocytes and their energy
balance: 1) Alcohol dehydrogenase of the ADHIB
class, cytochrome P450 2E1 (CYP2E1) and peroxiso-
mal catalase oxidize ethanol to acetaldehyde, which
is classified as a category 2 carcinogen, which, un-
der the action of aldehyde dehydrogenase isoform
ALDH2, is converted to acetic acid, which with
the help of ATP-dependent acetyl-CoA synthetase
forms a universal metabolite acetyl-CoA, a substrate

22

of the tricarboxylic acid cycle [3]. 2) The formation
of a large amount of reactive oxygen species (ROS)
during ethanol metabolism activates lipid peroxida-
tion, oxidative modification of proteins and reduces
the antioxidant capacity of hepatocytes [4]. 3) Alco-
hol-activated casein kinase phosphorylates methio-
nine acyltransferase al (MATal), promoting the in-
teraction of MATal with prolyl cis-trans isomerase 1
(PIN1) and reducing the concentration of MATal in
mitochondria. As a result, MATal is not involved in
the mitochondrial cycle of tricarboxylic acids, oxida-
tive phosphorylation and B-oxidation of fatty acids,
which leads to lipid accumulation and the develop-
ment of mitochondrial dysfunction in hepatocytes
[5]. In addition, because CYP2EI has high NADPH
oxidase activity, it can stimulate the transport of
NADPH to mitochondria, increase ROS generation,
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increase mitochondrial DNA damage, and further
inhibit B-oxidation of fatty acids [6]. 4) Induced
nitric oxide synthesis, which is regulated by signal
transducer and activator of transcription 3 (STAT3),
accelerates the development of hepatitis and liver fi-
brosis through excessive synthesis of NO, which, un-
der conditions of high ROS generation, can turn into
peroxynitrite and increase hepatocyte damage [7].

In both in vivo and in vitro alcohol-induced
hepatocyte experiments, AMP-activated protein ki-
nase (AMPK) activity was reduced as an adaptive
response to alcohol-mediated fatty liver disease. At
the same time, the sensitivity of the liver to changes
in the AMP/ATP ratio decreases [8]. AMPK activity
can be increased by phosphorylation of the Thr172
site of the AMPK a-subunit by Liver kinase Bl
(LKBI1) or Ca?*/calmodulin-dependent protein kinase
kinase-p (CaMKKJp) or by pharmacological activa-
tors (metformin, 5-aminoimidazole-4-carboxamide
ribonucleotide (AICAR)) [9]. In addition, AMPK
activity is significantly affected by the intracellular
AMP/ATP ratio: an increase in AMP/ATP contribu-
tes to the activation of AMRK, inhibiting lipid
synthesis and promoting fatty acid oxidation [10].
AMPK by phosphorylation at Ser871 inhibits the ac-
tivity of 3-hydroxy-3-methylglutaryl-CoA reductase
(HMGR), which plays a key role in the regulation of
cholesterol synthesis [11]. In addition, the following
major pathways are known by which AMPK reduces
lipid accumulation in the liver: 1) Activated AMPK
inhibits acetyl-CoA carboxylase by phosphoryla-
tion, which prevents its dimerization and, as a re-
sult, reduces fatty acid synthesis [10]; 2) Malonyl-
CoA is not only a precursor of fatty acid synthesis,
but also a powerful inhibitor of carnitine acyltrans-
ferasel (CPT1). AMPK phosphorylates acetyl-CoA
carboxylase to inactivate it, reducing malonyl-CoA
synthesis, which promotes CPT1 expression and thus
increases fatty acid oxidation [8]. Thus, AMPK can
reduce lipid accumulation, promote fatty acid oxida-
tion, and inhibit cholesterol and fatty acid synthesis.
Therefore, pharmacological modulation of the activi-
ty of the AMPK pathway may be a promising op-
tion in the development of drugs for the treatment of
chronic alcoholic hepatitis.

The purpose of this work is to establish the ef-
fect of activation of AMP-activated protein kinase
on the development of oxidative-nitrosative stress in
the liver of rats under the conditions of long-term
ethanol administration.

Materials and methods

Animals. The experiments were performed on
24 male Wistar rats weighing 180-220 g. The ani-
mals were divided into 4 groups (6 animals in each):
I - control group; I1 — group animals, which received
phenformin hydrochloride (phenformin, Sigma-
Aldrich), as an activator of AMP-activated protein
kinase, orally at a dose of 10 mg/kg [12] daily for 63
days (AMPK activation group); III group — animals,
on which we simulated alcoholic hepatitis (n = 6) by
forced intermittent alcoholization for 5 days, with
repetition after two days by intraperitoneal adminis-
tration of 16.5% ethanol solution in 5% glucose solu-
tion, at the rate of 4 ml/kg body weight. Then, they
were converted to 10% ethanol as the only source of
drinking water, first proposed by Yu. M. Stepanov
[13, 14] (Alcoholic hepatitis group). IV group — ani-
mals, on which we simulated chronic alcohol hepa-
titis as in group III and administered phenformin
according to the scheme of group II (Alcoholic hepa-
titis with AMPK activation group).

The control group included animals that were
subjected to similar manipulations throughout the
study period, but were injected with a physiological
solution (0.9% sodium chloride). The conditions for
keeping animals in the vivarium were standard.

Bioethics. The experiments followed the rec-
ommendations of the European Convention for the
Protection of Vertebrate Animals used for Experi-
mental and Other Scientific Purposes (Strasbourg,
1986) in accordance with the “General Principles of
Animal Experiments” approved by the First National
Congress of Bioethics of Ukraine (September 2001),
and the requirements of the “Procedure for scientific
research, animal experiments” (2012). The animals
were kept in a vivarium accredited in accordance
with the “Standard rules of order, equipment and
maintenance of experimental biological clinics (vi-
varium)”. Devices used for research were subject to
metrological control.

All manipulations with laboratory animals
were approved by bioethical committee of Poltava
State Medical University (Record No 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 immediately studied.

Biochemical studies. General NO-synthase
activity (gNOS) was evaluated by the increase of
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nitrites after incubation of 10% liver homogenate
(0.2 ml) for 30 min in the incubation solution (2.5 ml
of 0.1 M Tris buffer, 0.3 ml of 320 mM aqueous solu-
tion of L-arginine and 0.1 ml of | mM NADPH+H*
solution). To determine the activity of constitutive
NOS (cNOS), 1% solution of aminoguanidine hy-
drochloride was used, and the incubation time was
extended to 60 min [15]. The activity of inducib-
le NOS (iNOS) was calculated by the formula:
iNOS= gNOS-cNOS.

Adrenaline auto-oxidation reaction in an alka-
line environment with the generation of superoxi-
de was used to determine SOD activity [16]. The
method of catalase activity estimation was based on
the determination of colored products formed by the
reaction of hydrogen peroxide with ammonium mo-
lybdate [17].

Free malonic dialdehyde specifically reacts with
I-methyl-2-phenyl-indole in a mixture of methanol
and acetonitrile to form chromogen (carbocyanine
dye) with a maximum light absorption at a wave-
length of 586 nm [18]. 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 absorb-
ance at 355 nm wavelength [15].

The method for the determination of nitrosothi-
ols was based on the determination of the difference
in the concentration of nitrites (NO,’) using Griess
reagent (modified by Ilosvay) before and after oxi-
dation of nitrosothiol complexes (SNO) to nitrites
with a solution of mercuric chloride (HgCl,) [19].
Sulfides specifically react with N-N-dimethyl-para-
phenylenediamine in the presence of Fe** and excess
of hydrochloric acid to form a red-pink chromogen
with a maximum light absorption at a wavelength of
667 nm [20].

The concentration of oxidized proteins was de-
termined spectrophotometrically (Ulab 101, China).
The principle of the method is that 2,4-dinitrophe-
nylhydrazine reacts with the carbonyl groups of
oxidized proteins to form dinitrophenylhydrazones
which are then detected [21].

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
[22].

In the serum of rats we determined the activity
of y-glutamyltranspeptidase (y-GGT) using a diag-
nostic kit, manufacturer NPP “Philisit-Diagnostics”.
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Statistics. Statistical processing of biochemical
research results was performed using Kruskal-Wal-
lis one-way analysis of variance with the following
pairwise comparison using the Mann-Whitney U-
test. In order to avoid multiple comparison errors,
we used correction by the Bonferroni method. All
statistical calculations were performed in Microsoft
Office Excel and its extension Real Statistics 2019.
The difference was considered statistically signifi-
cant at P < 0.05.

Results

Analyzing the marker enzyme of liver cell
damage in blood serum, we found that the activity
of y-GGT in rats under the conditions of phenformin
administration decreased by 2.2 times (P = 0.0022),
in animals under conditions of chronic alcoholic
hepatitis it decreased by 5.58 times (P = 0.0022), and
under the conditions of AMPK activation by against
the background of chronic alcoholic hepatitis it de-
creased by 2.31 (P = 0.0022) times compared to the
control group of rats (Fig.).

Effect of phenformin as activator of AMP-ac-
tivated protein kinase on biochemical parameters
of rat liver. The analysis of the data obtained as a
result of experimental studies allowed us to estab-
lish the following changes in the liver of rats under
the conditions of the introduction of phenformin as
an activator of AMP-activated protein kinase: cNOS
activity increased by 2.11 times (P = 0.0022), SOD
activity increased by 1.12 times (P = 0.026), MDA
concentration increased by 1.53 times (P = 0.0022),
OMP increased by 2.68 times (P = 0,0022), peroxy-
nitrite elevated by 6.09 times (P = 0.0022), sulfide
anion increased by 3.8 times (P = 0.0022) compared
to the control group of rats. The production of the
superoxide anion radical in the liver of rats under the
conditions of phenformin administration decreased
by 1.15 times (P = 0.0022), the concentration of ni-
trosothiols decreased by 3.83 times (P = 0.0022) and
nitrites by 2.61 (P = 0.0022) times in relation to the
control group of rats (Table).

Changes in the biochemical indicators of the
liver of rats under the conditions of phenformin ad-
ministration as activator of AMP-activated protein
kinase against the background of chronic alcoholic
hepatitis modeling. In the group of animals in-
jected with phenformin to activate AMPK against
the background of chronic alcoholic hepatitis, the
iNOS activity in the liver increased by 5.06 times
(P =0.0022), cNOS activity increased by 1.63 times
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Fig. Activity of y-glutamyltranspeptidase (y-GGT) in blood serum of rats under conditions of phenformin ad-
ministration and simulation of chronic alcoholic hepatitis, ucat /l. *P < 0.01 compared to the control group;
P < 0.01 compared to AMPK activation group, *P < 0.01 compared to alcoholic hepatitis group

Table. Biochemical indicators in the liver of rats under conditions of phenformin as an activator of AMP-
activated protein kinase and chronic alcoholic hepatitis (M £ m, n = 6)

Groups
Biochemical parameters Control AM PK AICOh_O!iC AIC\S}?&' I;{\l:g;i{tltls
activation hepatitis L
activation
Inducible NO synthase
activity, pmol/min
per g of protein 0.16 + 0.02 0.170 + 0.007 0.72 £ 0.07*" 0.81 = 0.09*"
Constitutive NO
synthases activity, umol/
min per g of protein 0.027 +£0.0003  0.057 £ 0.002* 0.044 +0.0009**  0.044 + 0.002*"
Superoxide dismutase
activity, c.u. 12.34 £ 0.55 13.83 + 0.30* 12.23 +1.03 7.75 + 0.32*"#
Catalase activity, pkat/g 0.376 £ 0.008 0.365 + 0.011 0.23+0.01*" 0.41 + 0.001*#
Malonic dialdehyde
concentration, pmol/g 12.32+£0.11 18.90 + 0.28* 1591 + 0.32*" 33.04 + 0.19*#
Superoxide anion radical
production, nmol/s per g 1.84 £ 0.004 1.60 = 0.06* 2.71 £0.03* 3.02 + 0.08*"#
ONOO" concentration, pumol/g 0.45+0.01 274 £0.13* 4.26+0.03*" 3.60 + 0.03*M#
S-NO concentration, umol/g 0.36 £ 0.019 0.094 £0.003*  0.18 £ 0.034*" 0.101 + 0.004*#
NO, concentration, nmol/g 714 +0.17 274 £ 0.11* 5.67 + 0.34*" 6.18 £ 0.56"
Sulfide anion, pumol/g 7.23+£0.17 2747 +0.89* 15.01 £ 0.32*" 38.38 £ 1L.15*"#
OMP concentration, c.u. 0.04 £ 0.002 0.107 £0.001*  0.34 £ 0.007*" 0.131 £ 0.001*M#

Note. *P < 0.05 compared to the control group; P < 0.05 compared to the AMPK activation group; #P < 0.05 compared

to alcoholic hepatitis group
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(P = 0.0022) compared to the control group of rats
(Table), and in relation to the group of animals in
which AMPK was activated, the activity of iNOS
increased by 4.76 times (P = 0.0022), the activity
of ctNOS decreased by 1.3 times (P = 0.0022). The
activity of SOD in the liver of a group of rats with
AMPK activation under the conditions of chronic
alcoholic hepatitis modeling decreased by 1.59 times
(P = 0.0022) compared to the control, by 1.78 times
(P = 0.0022) compared to the group of animals ac-
tivated by AMPK, and by 1.58 times (P = 0.0022)
compared to the group animals with chronic
alcoholic hepatitis. In contrast, the catalase activity
increased 1.09 times (P = 0.0022) in relation to the
control and 1.78 times (P = 0.0022) in relation to the
group of rats with chronic alcoholic hepatitis. Under
these conditions, the concentration of MDA in the
liver increased by 2.68 times (P = 0.0022) in relation
to the control, by 1.75 times (P = 0.022) in relation
to the group of AMPK activation and by 2.08 times
(P = 0.0022) in relation to the group of rats with
chronic alcoholic hepatitis. The production of super-
oxide anion in the liver of rats of the group of ani-
mals with AMPK activation against the background
of chronic alcoholic hepatitis modeling increased by
1.64 times (P = 0.0022) in relation to the control,
by 1.89 times (P = 0.0022) in relation to the AMPK
activation group and by 1.11 times (P = 0.0022) in
relation to the group rats with chronic alcoholic
hepatitis. The concentration of peroxynitrite in the
liver of rats increased by 8 times (P = 0.0022) in the
group of animals with AMPK activation under the
conditions of chronic alcoholic hepatitis modeling
compared to the control, by 1.31 times (P = 0.0022)
in relation to the group of AMPK activation and de-
creased by 1.18 times (P = 0.0022) in relation to the
group of rats with chronic alcoholic hepatitis. The
concentration of nitrosothiols in the liver of rats
decreased by 3.56 times (P = 0.0022) in relation to
the control and by 1.78 times (P = 0.015) in relation
to the group of rats with chronic alcoholic hepati-
tis. The concentration of NO, in the liver of rats in-
creased by 2.26 times (P = 0.0022) in the group of
animals with AMPK activation under the conditions
of chronic alcoholic hepatitis simulation compared
to the group of AMPK activation. The concentration
of HS- in the liver of rats increased by 5.31 times
(P = 0.0022) in the group of animals with AMPK
activation under the conditions of chronic alcoholic
hepatitis modeling compared to control, by 1.4 times
(P = 0.0022) compared to the group of AMPK ac-
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tivation and by 2.56 times (P = 0.0022) in relation
to the group of rats with chronic alcoholic hepati-
tis. The concentration of OMP in the liver of rats
increased by 3.28 times (P = 0.0022) in the group of
animals with AMPK activation under the conditions
of chronic alcoholic hepatitis modeling compared to
the control, by 1.22 times (P = 0.0022) in relation to
the group of AMPK activation and decreased by 2.6
times (P = 0.0022) in relation to the group of rats
with chronic alcoholic hepatitis.

Discussion

Most studies related to the study of the effect
of chronic alcohol consumption on the activity of
v-GGT in the blood plasma indicate an increase in
the activity of this enzyme [23, 24]. However, there
are also data in the scientific literature indicating
that the activity of y-GGT in the blood plasma under
conditions of chronic alcohol abuse reaches its peak
at the stage of alcoholic fatty liver dystrophy and be-
gins to decrease with the increase of fibrotic changes
in the liver [25]. Also, research by Baros A.M. et al.
showed that on the 6" week of alcohol abuse, a de-
crease in the activity of y-GGT in the blood plasma
was noted, which continued until the 12" week [26].
Therefore, the decrease in the activity of y-GGT in
the blood plasma observed in our study may be a
consequence of exhaustion of the body’s adaptive
systems, which is accompanied by a decrease in the
synthesis of y-GGT in the liver, or an increase in
fibrotic changes in the liver tissues.

The development of oxidative damage to li-
pids and proteins of the liver under the conditions of
AMPK activation by phenformin indicates the toxic-
ity of the drug, which is due to its biotransformation
in the liver. Phenformin (1-(diaminomethylidene)-
2-(2-phenylethyl)guanidine) is a guanidine deriva-
tive that was first obtained from Galega officinalis
[27]. The toxicity of guanidine derivatives is associa-
ted with the development of vitamin B,, deficiency,
which develops with long-term use of drugs of this
series [27]. Other negative phenomena that develop
under the conditions of long-term excess intake of
guanidines to the body are the development of meta-
bolic acidosis due to the accumulation of lactic acid
[27]. Also, under conditions of renal insufficiency,
the accumulation of guanidine drugs is possible,
even under the conditions of their use in non-toxic
(therapeutic) doses [27].

The main mechanism of the effect of guani-
dine derivatives (biguanides), such as phenformin
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and metformin, on the activity of the AMPK cas-
cade is the inhibition of mitochondrial complex I,
which leads to an increase in the AMP/ATP ratio
and substrate-induced activation of AMPK [28]. An-
other mechanism of action of biguanides on AMPK
is the inhibition of the signaling cascade mediated
by mammalian target of rapamycin (mTOR), which,
according to scientific literature, makes biguanides
potential drugs for combination with cytostatics in
antitumor therapy [28]. Studies by Huang L. and
others have shown that the use of phenformin in
combination with sorafenib makes liver tumor cells
particularly sensitive to the action of sorafenib [29].

It is worth noting that the mTOR cascade in
hepatocytes performs several functions: activation
of mTORCI promotes the development of insulin
resistance and lipid formation, while activation of
mTORC?2 leads to a reduction in insulin resistance
[30]. The non-selectivity of biguanides in relation
to the blockade of the mTOR cascade in the liver
may explain the development of oxidative damage
to biological polymers, which is observed in the
phenformin group, since the activation of mTORC2
is accompanied by the activation of the Akt cascade,
which, in turn, activates the antioxidant transcription
factor Nrf2 [28, 31].

The lack of effect of phenformin adminis-
tration on the activity of the inducible isoform of
NO-synthase in the liver of rats may indicate that
phenformin has no effect on the activity of transcrip-
tional cascades that control this enzyme, such as ac-
tivating protein-1 (AP-1) or NF-kB. In the group of
phenformin administration, there is a decrease in the
content of deposited forms of nitric oxide (nitroso-
thiols and nitrites), which is possibly associated with
the development of acidosis in the liver under the
influence of phenformin, which creates conditions
for the non-enzymatic recovery of deposited forms
of nitric oxide [27]. It is worth noting that the ex-
cess of nitric oxide, which is formed by the reductase
pathway, probably goes to the formation of peroxyni-
trite, which causes an increase in peroxynitrite in the
phenformin administration group.

The lack of effect of phenformin on the tran-
scriptional cascades that control the activity of the
inducible isoform of NO-synthase in the liver per-
sists even under the conditions of a combination
of the action of phenformin and chronic ethanol
intake. The tendency to increase the reductive for-
mation of nitric oxide also persists when combining
alcohol with phenformin, which explains the low
level of nitrosothiols in this group. An increase in

the concentration of nitrites in a group of animals
with a combination of long-term excessive intake of
alcohol and the administration of phenformin may
be due to increased production of nitric oxide from
the inducible isoform of NO-synthase as a result of
alcohol-induced activation of pro-inflammatory tran-
scription factors [32].

The increase in the intensity of lipid peroxi-
dation in the group of combined exposure to phen-
formin and alcoholization of animals to levels higher
than alcohol intoxication and those observed in the
phenformin administration group may be related
to increased toxicity of phenformin due to alcohol-
induced impairment of kidney function [33]. Less
damage to the protein structures of the liver in the
group of rats with a combination of chronic ethanol
intake with the introduction of phenformin can be
explained by the reduced intensity of protein synthe-
sis due to the activation of AMPK and the inhibition
of mTORCI under the influence of phenformin [34].
A possible decrease in protein synthesis in the liver
and a decrease in oxidative damage to protein mole-
cules under the influence of phenformin is a positive
phenomenon, as it will reduce the risk of fibrosis by
slowing down collagenogenesis and other extracel-
lular proteins. The ability of AMPK to limit fibro-
sis may be related to inhibition of oxidative stress,
inflammation, aerobic glycolysis, and promotion of
mitophagy and mitochondrial biogenesis; in addition
to its antifibrotic role, AMPK improves liver func-
tion and attenuates hepatocyte apoptosis, indicating
that it has hepatoprotective and antifibrotic proper-
ties [35].

Conclusions. Activation of AMP-activated pro-
tein kinase by phenformin leads to increased pro-
duction of nitric oxide from constitutive isoforms of
NO synthase and enhances the formation of peroxy-
nitrite in the liver of rats. The introduction of phen-
formin for the activation of AMP-activated protein
kinase is accompanied by the development of oxida-
tive stress due to the increase in the formation of
reactive oxygen species against the background of a
compensatory increase in the activity of superoxide
dismutase in the liver of rats.

Long-term administration of ethanol leads to
an increase in the production of active forms of oxy-
gen and nitrogen in the liver of rats, which leads to
increased damage to biological membranes and pro-
tein structures due to the development of oxidative-
nitrosative stress in hepatocytes.
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Activation of AMP-activated protein kinase by
phenformin under the conditions of long-term ad-
ministration of ethanol limits excess peroxynitrite
formation and prevents oxidative damage to rat liver
proteins.
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Mopnynsuist aktuBHOCTI AM®-akTHBOBaHOTO
nporeinkinazHoro nuisixy (AM®K) BBakaeThcs
MEPCIEKTUBHUM BapiaHTOM y PO3pOOII ITiIXO/iB
JI0 JIIKyBaHHSI XPOHIYHOT'O aJKOTOJBHOTO TelaTH-
Ty. Bimomo, mo ¢endopmin, skuii € OGiryaHigom,
nigBuilye aktuBHicTh AM®DK. Merowo poboTu
OyJl0 OIIHUTH BILUTUB (DEHPOPMIiHY SIK aKTHBATOpa
AM®K Ha po3BHTOK OKCHJIATHBHO-HITPO3aTHUBHOT'O
cTpecy B MEUiHIli LIypiB 32 YMOB TPUBAaJlOTO BBE-
JICHHS eTaHoy. Jlociiau npoBoauin Ha 24 niypax-
camIsix Jinii Wistar, po3ainieHux Ha 4 Tpynu: KOH-
TPOJIbHA; TBApWHH, SIKi OTpUMyBanu (HeHPOpMiH
TAPOXJIOpU] TIepopasibHO B 7031 10 MI/KT miozieH-
HO TPOTATOM 63 JHIB; TBAPUHH, SKi IiJaBaJIUCS
MPUMYCOBIH TEPEepUBHUCTIH alKoromizamii mpo-
TArOM 5 110, 3 TIOBTOPOM uepe3 JABI JOOU HIIIXOM
BHYTPIITHLOOUEPEBUHHOTO BBeZieHHs 16,5% po3-
YUHY €TaHOJly Ha 5% pOo34MHI TJIIOKO3H, 3 po3pa-
XYHKY 4 MII/KT Macd Tija i MOJalbIINM Tepexo-
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noM Ha 10% po34uH €TaHONy K €IUHOTO JIKEpena
OUTTS; TBAPUH 13 CUMYJISLIEI0 XPOHIYHOTO aJKO-
TOJBHOTO TEMATHTY Ta BBEIACHHAM (QeH(OpMiHY.
V romoreHari NEYiHKHA OLIHIOBAJIM AaKTUBHICTH
CYNEepOKCHIIUCMYyTa3H, Karanaszu, izodpopm NO-
CHHTA3M, MPOJYKIiI0 CyNepOKCUI-aHIOH-paAHKAITY,
KOHIICHTPAIIIFO MaJIOHOBOI'O JaJbAeriy,
NEPOKCUHITPUTY, HITPUTIB, HITPO30OTIONIB Ta OKHC-
moBaibHy Moaudikamito mpoteinie (OMII). Bu-
SIBJIGHO MiABUILEHHS MPOAYKLIi aKTHMBHHUX (OpM
KHCHIO Ta a30Ty 1 inTeHcudikanito OMII y neuinmi
HIypiB 32 TPUBAJIOro BBeICHHs eTaHomy. [lokazano,
110 BBeJCHHS (DeHPOPMiHY TiJ Yac TPUBAJIOTO BBE-
JICHHSI eTaHOJy OOMEXye HaJJIMIIKOBE yTBOPECHHS
HNEPOKCUHITPUTY Ta 3amo0irac OKHCHOMY IOLIKOA-
JKCHHIO TIPOTETHIB MEYIHKY LYy PiB.

KnmodyoBi cmoBa: mediHka, XPOHIYHUM
AJIKOTOJbHUM Termatut, (HeH()OpPMiH, OKCHUIATHUB-
HHA Ta HITpO3aTUBHHH cTpec, AM®D-akTHBOBaHA
MpOTEIHKIHA3A.
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