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GENDER AND AGE ASPECTS OF BIOENERGETICS PROCESSES IN
EXPERIMENTAL PASSIVE TOBACCO SMOKING AND MONOSODIUM
GLUTAMATE ADMINISTRATION

A. V. Rutska, I. Ya. Krynytska
I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Active smoking and exposure to passive smoke are responsible for more than 5 million deaths
each year. At the same time, a characteristic feature of present food technologies is the use of food additives that
are not always safe for human health, such as monosodium glutamate (MSG).

Objective. The aim of the research was to determine the changes in mitochondrial enzymes activity in rats
in case of passive tobacco smoke combined with prolonged administration of MSG in the sex and age aspects.

Methods. The evaluation of bioenergetics processes in the mitochondria of circulating neutrophils was
carried out using succinate dehydrogenase (SDG) and cytochrome oxidase (CO) activity.

Results. Passive tobacco smoke combined with the MSG administration in mature male-rats is accompanied
by a significant inhibition of bioenergetics processes, as evidenced by a decrease in succinate dehydrogenase
activity by 47.1% (p<0.001) compared to the intact animals, which is by 27.9% (p<0.001) below this index in case
of the isolated effect of tobacco smoke and reduction of cytochrome oxidase activity by 27.5% (p<0.001) compared
to the control group.

Conclusions. Thus, the findings suggest that low dose intake of monosodium glutamate enhances the ability
of tobacco smoke to disrupt the cell's bioenergetics processes by affecting the respiratory chain function and
generation of ATP. Therefore, it is advisable to investigate the established toxic doses of E621, as well as to study

the molecular mechanisms of the ‘safe’ (allowed) doses of MSG effect on a living organism.
KEY WORDS: passive tobacco smoking; monosodium glutamate; cytochrome oxidase; succinate

dehydrogenase.

Introduction

The WHO estimates that in 2015 there was
about 1.1 billion adult smokers worldwide,
representing nearly a quarter (22%) of the
global adult population. Number of women of
reproductive age, who smoke, is also increasing.
Itis expected that by 2025 more than 500 million
women will be smokers, accounting for about
20% of the global female population [1-2].
According to Solomenchuk T. M., in Ukraine the
prevalence of smoking among women has
tripled over the past 30 years [3].

Over 6 million people die from tobacco
each year. More than 5 million of those deaths
are the result of direct tobacco use while more
than 600,000 are the result of nonsmokers
being exposed to secondhand smoke.
Secondhand smoke is a major health hazard,
especially forinfants and children. In the United
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States, it has been estimated that 43% of
children aged from 2 months to 11 years live
in a home with at least one person that
smokes. The prevalence of passive infant smo-
king was reported to be around 40% in Europe
as well [4].

At the same time, the characteristic feature
of present food technologies is the use of food
additives. One of the most common food
additives in Ukraine as well as in Europe is
monosodium glutamate (MSG). Encoded E621,
it is a food additive from a group of flavor
enhancers, used in a wide range of foods, such
as soups, sauces, mixed condiments, chips,
meat products, and puddings. Despite its taste
stimulation and improved appetite enhan-
cement, reports indicate that MSG is toxic to
human and experimental animals [5].

An importantrole in the implementation of
toxic action of xenobiotics is the violation of the
energy supply in a cell. The most toxic meta-
bolites, as well as products of their initiated
lipoperoxidation disturb oxidation of substrates
with dehydrogenases, transport electrons
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along the respiratory chain, causing the un-
coupling of mitochondrial oxidative phospho-
rylation. Irreversible disorders in the structure
and functioning of mitochondria, caused by the
action of excessive amounts of reactive oxygen
species (ROS), cause displacement of energy
metabolism towards increasing the intensity of
glycolysis and inhibition of oxidative phospho-
rylation [6].

The aim of this investigation was to deter-
mine the changes of mitochondrial enzymes
activity in rats in case of secondhand tobacco
smoke combined with prolonged administration
of monosodium glutamate in the sex and age
aspects.

Methods

Experimental studies were conducted on 32
inbred mature white male rats weighing 180-
200 g, 32 mature nonlinear white female rats
weighing 180-200 g and 32 nonlinear immature
white male rats weighing 60-80 g.

Each group of animals was divided into four
subgroups: the 1t - the intact rats (n=8); the
2™ - the rats with modeled passive tobacco
smoking (n=8); the 3 - the rats, which were
injected with monosodium glutamate (n=8); the
4% - the rats with modeled passive tobacco
smoking combined with monosodium gluta-
mate injection (n=8).

Theinvestigations were conducted following
the general rules and regulations of the Euro-
pean Convention for the Protection of Vertebrate
Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986), the
General Ethics on Animal Experimentation
(Kyiv, 2001).

The rats of the second experimental group
were exposed to tobacco smoke for 30 days.
The model of the passive tobacco smoking was
created by means of airtight chamber volume
of 30 liters that allows fumigating animals,
which could move freely [7]. Tobacco smoke,
formed by smoking of 2 cigarettes Prima sribna
(chervona) (containing 0.8 mg of nicotine and
10 mg of tar), was delivered into it through
openings in the chamber. Four animals were
simultaneously in the chamber for 30 minutes.
The third group was administered MSG diluted
in a distilled water at a dose of 30 mg/kg body
weight (corresponds dose 2 g per day in
humans) for 30 days via intragastrical tube [8].
MSG was produced by Sigma-Aldrich (USA).
Rats of the fourth group were exposed to
tobacco smoke and MSG administration in
combination for 30 days.

On the 31-st day the experimental animals
were euthanized under thiopental anesthesia
and the whole blood was used for further
investigation. The population of neutrophils
was obtained by whole blood centrifugation at
double density gradient 1.077 and 1.093 of
Ficoll-Urografin. After 40 minutes of centrifu-
gation at 4 °C and the speed of 1500 rpm, two
interphases were formed. The upper interphase
(on the border of plasma - Ficoll-Urografin
density 1.077) consisted of mononuclear cells:
80% lymphocytes, 15-18% monocytes and 2-3%
granulocytes. Lower interphase (on the border
of solutions gradient density 1.077-1.092) was
the population of neutrophils. The number of
viable cells presented in a cell suspension was
98-99% (Trypan blue exclusion test).

The analysis of cell samples to determine
neutrophils with ROS (hydrogen peroxide)
overproduction was evaluated by the flow laser
cytometry method on flow cytometer Epics XL
(Beckman Coulter, USA), using 2.7-dichloro-
dihydrofluorescein diacetate. The value of the
studied parameter was expressed as a percen-
tage (ratio of cells with ROS overproduction to
general cell countx100 %).

The evaluation of bioenergetics processes
in the mitochondria of neutrophils was carried
out using succinate dehydrogenase activity
(SDG), which was studied by the reaction of the
reduction of potassium ferricyanide, which
solution had a yellow color, to colorless
potassium ferrocyanide by succinate under the
influence of SDG and cytochrome oxidase
activity (CO) by the oxidation reaction of
dimethyl-n-phenylenediamine. All spectro-
photometric measurements were made on
a SF-46 spectrophotometer.

Statistical processing of digital data was
carried out using the software Excel (Microsoft,
USA) and STATISTICA 6.0 (Statsoft, USA). The
distribution of data was analyzed according to
assessment of normality by Kolmogorov-Smir-
nov criterion. The obtained values had a normal
distribution, so the difference between the
groups was analyzed using the Student’s t-crite-
rion. All data were presented as M (mean)+m
(standard error). A probability level (p value) of
less than 0.05 was considered to be statistically
significant. The influence of factors on the
indices was determined using the one-factor
dispersion analysis (ANOVA). The linkage
between the studied indices was established
on the basis of the results of the correlation
analysis using the Pearson correlation coeffi-
cient.
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Results

Our studies have proved that succinate
dehydrogenase activity in leukocytes mito-
chondria in the mature male-rats under passive
tobacco smoking significantly decreases by
26.6% compare to the control group (Table 1).
Passive tobacco smoking combined with the
monosodium glutamate injection is accom-
panied by an even greater decrease in succinate
dehydrogenase activity (by 47.1%, p<0.001) vs.
the control group, which is 27.9% (p<0.001)
below this indicator, providing isolated effect
of tobacco smoke. In this case, the prolonged
administration of glutamate monosodium
resultsin a less significant decrease in succinate
dehydrogenase activity (by 17.2%, p<0.02)
compared to the control rats.

In the mature female rats, passive tobacco
smoking is accompanied with the decrease in

succinate dehydrogenase activity in blood
mitochondria of leukocytes by 39.8% (p<0.001)
compared to the control group. Passive tobacco
smoking combined with the monosodium
glutamate injection is accompanied by an even
greater decrease in succinate dehydrogenase
activity (by 62.1%, p<0.001) compared to the
control group, which is 37.1% (p<0.001) below
this indicator, provided isolated effect of to-
bacco smoke. At the same time, prolonged
administration of monosodium glutamate
resultsinadecreasein succinate dehydrogenase
activity by only 9.6% (p<0.05) compared to the
control rats.

In the gender aspect, the intensity of
changes in succinate dehydrogenase activity
exceeded the rates of the mature male-rats in
case of passive tobacco smoking by 13.2%, in
case of its combination with the monosodium

Table 1. Influence of passive tobacco smoking and monosodium glutamate on the energy
processes in neutrophils mitochondria of rats (Mtm, n=8)

Groups of experimental animals
Indicator Passive tobacco Monosodium Passive tobacco smoking+
Intact . -
smoking glutamate monosodium glutamate
Mature male-rats
SDG, 2.44+0.09 1.79+0.09 2.0240.10 1.29+0.07
nmol/(mgxmin) p,<0.001 p,<0.02 p,<0.001
p,<0.001
p,<0.001
co, 2.00£0.07 1.69+0.09 1.79+0.05 1.45+0.07
nmol/(mgxmin) p,<0.05 p,<0.05 p,<0.001
p,>0.05
p,<0.01
Mature female-rats
SDG, 2.51+0.08 1.51+0.07 2.27+0.06 0.95+0.05
nmol/(mgxmin) p,<0.001 p,<0.05 p,<0.001
p,<0.001
p,<0.001
CoO, 2.07+0.09 1.57+0,06 2.0310.08 1.29+0.04
nmol/(mgxmin) p,<0.001 p,>0.05 p,<0.001
p,<0.05
p,<0.001
Immature male-rats
SDG, 2.91£0.08 1.66+0.11 2.12+0.08 0.85+0.04 w
nmol/(mgxmin) p,<0.001 p,<0.001 p,<0.001 A
&)
p,<0.001 =z
p,<0.001 =
Co, 2.19+0.07 1.49+0.04 1.79+0.04 1.01+0.05 8
nmol/(mgxmin) p,<0.001 p,<0,002 p,<0.001
p,<0.001 =
277 <
p,<0.001 &)
a
Notes: p, - statistical significance of the differences compared to the intact animals; M
p, - statistical significance of the differences compared to the animals with experimental passive tobacco %
smoking; —
p, - statistical significance of the differences compared to the rats affected by monosodium glutamate. as]
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glutamate injection - by 15.0%, in cases of
prolonged administration of monosodium
glutamate - by 7.6%; the intensity of changes
in succinate dehydrogenase activity was lower
with respect to those in the mature male rats.

In the immature male rats, passive tobacco
smoking is accompanied by a decrease suc-
cinate dehydrogenase (SDG) activity in mito-
chondria of blood leukocytes by 42.9% (p<0.001)
compare to the control group. Passive tobacco
smoking combined with the monosodium
glutamate injection is accompanied by a more
significant decrease in succinate dehydrogenase
activity (in 3.4 times, p<0.001) compare to the
control group, which is 48.8% (p<0.001) below
this indicator, subject to the isolated effect of
tobacco smoke. In this case, prolonged ad-
ministration of monosodium glutamate results
in a less significant decrease in succinate de-
hydrogenase activity (by 27.1%, p<0.001)
compared to the control rats.

In the immature male rats, the changes of
succinate dehydrogenase activity exceed the
indicators of the mature male rats of all
experimental groups: in cases of modeled
passive tobacco smoking - by 16.3 %, with the
introduction of monosodium glutamate - by
9.9 %, in cases of modeled passive tobacco
smoking combined with the monosodium
glutamate injection - by 23.7 %.

Unidirectional changes are evidenced
relation to the end-stage enzyme of mito-
chondrial respiratory chain - cytochrome oxi-
dase (CO). In the mature male rats with mode-
led passive tobacco smoking, the activity of CO
in mitochondria of blood leukocytes in the
mature male rats decreased by 15.5% (p<0.05)
compare to the control group. In the animals
with modeled passive tobacco smoking com-
bined with the monosodium glutamateiitis also
accompanied by a decrease in cytochrome
oxidase activity (by 27.5% (p<0.001) compare to
the control group, which does not significantly
differ from this indicator, provided isolated
effect of tobacco smoke. At the same time,
prolonged administration of monosodium
glutamate leads to a decrease in the activity of
this enzyme (by 10.5 % (p<0.05) compared with
the control rats.

In the mature female-rats, passive tobacco
smoking is accompanied by a decrease in CO
activity in mitochondria of blood leukocytes by
24.1 % (p <0.001) compare to the control group.
In the animals with modeled passive tobacco
smoking combined with the monosodium
glutamate it is accompanied by an even greater

decrease in CO activity (by 37.7%, p<0.001)
compare to the control group, which is 17.8%
(p<0.05) below this indicator, provided isolated
effect of tobacco smoke. In this case, prolonged
administration of monosodium glutamate do
not lead to a significant reduction in CO activity
compared with the control rats.

In the sex aspect, in the mature male rats
with modeled passive tobacco smoking, the
changes of cytochrome oxidase activity exceed
by 8.6%, in cases of passive tobacco smoking
combined with the monosodium glutamate - by
10.2%.

In the immature male rats, passive tobacco
smoking is accompanied by a decrease in the
activity of CO in mitochondria of blood leuko-
cytes by 32.0% (p<0.001) compare to the control
group. In the animals with modeled passive
tobacco smoking combined with the mono-
sodium glutamate itis accompanied by a more
significant decrease in the activity of CO (by
53.9%, p<0.001) compare to the control group,
which is 32.2% (p<0.001) below this indicator,
provided isolated effect of tobacco smoke. In
this case, prolonged administration of mono-
sodium glutamate results in a significant de-
crease in CO activity (by 18.3% (p<0.002) com-
pared with the control rats.

In the age aspect, in immature male-rats,
the intensity of changes in CO activity was
higher than those of the mature male-rats of
all experimental groups: with passive tobacco
smoking - by 16.5%, with monosodium gluta-
mate administration - by 7.8%, in group passive
tobacco smoking combined with the mono-
sodium glutamate - by 26.4%.

Our studies have showed that the percen-
tage of neutrophils with ROS overproduction
in the mature male-rats under passive tobacco
smoking significantly increases by 2.2 times
(p<0.001) vs the control group (Table 2). Passive
tobacco smoking combined with the mono-
sodium glutamate administration is accom-
panied by an even greater increase in the
percentage of neutrophils with ROS overpro-
duction (by 3.1 times, p<0.001) vs. the control
group. The prolonged administration of mono-
sodium glutamate results in a less significant
decrease in the percentage of neutrophils with
ROS overproduction (by 40.3%, p<0.001)
compared to the control rats.

In the mature female rats, passive tobacco
smoking is accompanied with the increase in
the percentage of neutrophils with ROS over-
production by 3.0 times (p<0.001) compared to
the control group. Passive tobacco smoking

N
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Table 2. Influence of passive tobacco smoking and monosodium glutamate on the percentage
of neutrophils with ROS overproduction of rats (Mtm, n=8)

Indicator Groups of experimental animals
Intact Passive tobacco | Monosodium | Passive tobacco smoking+
smoking glutamate monosodium glutamate
Mature male-rats
ROS*-cells, % | 17.98+0.86 39.44+2.56 25.23+1.19 56.39+2.82
p,<0.001 p,<0.001 p,<0.001
p,<0.01
p,<0.001
Mature female-rats
ROS*-cells, % 45.21+1.70 18.71+0.78 60.95+3.07
14.95+0.98 p,<0.001 p,<0.02 p,<0.001
p,<0.02
p,<0.001
Immature male-rats
ROS*-cells, % | 12.90+0.77 36.89+1.62 21.85+0.87 51.39+2.60
p,<0.001 p,<0.001 p,<0.001
p,<0.002
p,<0.001

Notes: p, - statistical significance of the differences compared to the intact animals;
p, - statistical significance of the differences compared to the animals with experimental passive tobacco

smoking;

p, - statistical significance of the differences compared to the animals affected by monosodium

glutamate.

combined with the MSG administration is
accompanied by an greater increase in the
percentage of neutrophils with ROS overpro-
duction (by 3.7 times, p<0.001) compared to the
control group. At the same time, prolonged
administration of MSG results in an increase in
the percentage of neutrophils with ROS over-
production by only 25.1% (p<0.02) compared to
the control rats.

The percentage of neutrophils with ROS
overproduction in the immature male-rats
under passive tobacco smoking significantly
increases by 2.8 times (p<0.001) vs the control
group. Passive tobacco smoking combined with
the MSG administration is accompanied by the
greaterincreaseinthe percentage of neutrophils
with ROS overproduction (by 4.0 times, p<0.001)
vs. the control group. The prolonged adminis-
tration of MSG results in a less significant
increase in the percentage of neutrophils with
ROS overproduction (by 69.4%, p<0.001) com-
pared to the control rats.

Discussion

The most important functions of mito-
chondria are oxidation of intermediate car-
bohydrate, lipid and protein metabolites such

as pyruvate, fatty acids, acetate, and use of
energy released upon decomposition of these
compounds for the biosynthesis of ATP. Mito-
chondrial dysfunctions, associated with oxi-
dative phosphorylation processes, structural
integrity of mitochondria and information
identity of their genetic apparatus, intensify in
cases of oxidative stress, in diseases caused
by metabolic disorders, and carcinogene-
sis [9].

Mitochondrial respiratory chain is the main
intracellular source for generation of reactive
oxygen species (ROS), and the activity of
succinate dehydrogenase as a component of
the 2" complex of the respiratory chain largely
determines the rate of use of oxygen and
synthesis of ATP in mitochondria [10]. Both
succinate dehydrogenase and cytochrome
oxidase determine the functioning of the chain
of transformations of energy substrates [11].

Consequently, the intensity of energy pro-
cesses in cases of passive tobacco smoking
combined with the monosodium glutamate is
significantly reduced in the animals of all
experimental groups, which ultimately leads to
‘energy starvation’. Decrease in cellular res-
piration and cellular energy abnormalities may
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be caused by endogenic intoxication and
oxidative stress.

Mechanisms of tobacco-induced oxidative
stress are primarily due to the fact that tobacco
smoke is a substance that is directly a source
of ROS as superoxide anion radical, hydrogen
peroxide, and hydroxyl radical. In general,
according to Yanbaeva D.G. and coauthors,
tobacco smoke contains 10" molecules of
oxidants per one breath [12]. In addition,
activation of inflammatory cells induced by
tobacco smoke promotes the production of
oxidants in tissues.

Many components of tobacco smoke can
accumulate in mitochondria and affect the
function of the respiratory chain, thereby
affecting the cellular generation of adenosine
triphosphate (ATP). In particular, carbon
monoxide can interact with the components of
the mitochondrial respiratory chain and
suppress cytochrome oxidase [13].

Lykhatskyi P. H. et al. in the experiment on
rats of different ages exposed with tobacco
smoke for 45 days had established the in-
hibition of mitochondrial enzymes activity,
indicating violations of bioenergetics processes
in the body [14]. The most pronounced
changes they had observed were in immature
and senile rats.

In cases of administration of MSG, the
mitochondrial respiratory chain is the main
source of ROS. In addition, the increase in
extracellular level of glutamate increases
production of hydroxyl radicals. Studies by
Sharma A. proved increased activity of a-Keto-
glutarate dehydrogenase (a-KGDH) in cases of
the use of MSG, which could activate the oxygen
and form anion superoxide and hydrogen
peroxide [15].

Most researches interweave oxidative
stress and tissue damage through glutamate
receptors. Glutamate receptors include three
families of ionotropic receptors (NMDA -
N-methyl-D-aspartate, AMPA - a-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid
and kainate) and three groups of metabotropic
receptors (mGIuR) [5]. Activation of mGIuR
produces oscillatory increases in intracellular
Ca?. Increased Ca? influx leads to excessive
uptake of Ca%* into mitochondria, which can
increase generation of ROS. Generation of ROS
by Ca?*-loaded polarized mitochondria depletes
the antioxidant potential of a cell, which causes
final disruption of cytoplasmic homeostasis of
calcium that can trigger numerous cellular
reactions, including activation of nitric oxide

synthase, protein kinase C and inhibition of
mitochondria enzymes activity [16].

Studies by S. Wu have proved that oxidative
stress can even lead to fragmentation of mito-
chondria [17]. A study by S. Kumari et al. [18]
showed that the glutamate induced cytotoxicity
was associated with mitochondrial hyper-
polarization, increased ROS production and
enhanced oxygen consumption, glutamate-
caused mitochondrial dynamic imbalance and
reduced the number of cells with fragmented
mitochondria, up to the splitting and activated
autophagy.

Analyzing the correlation interactions
between generation of ROS by blood neutrophils
and their bioenergetics processes, without
taking sex and age features into account, in the
experimental groups of rats a negative mo-
derate correlation (r =-0.60; p<0.05) between
the generation of ROS and SDG activity and a
similar interaction (r =-0.57; p<0.001) between
the generation of ROS and CO activity, provided
isolated effect of tobacco smoke, has been
established.

Considering the division of rats by age and
sex, in the mature male rats a significant ne-
gative correlation (r =-0.85; p<0.05) between
the ROS generation and succinate dehyd-
rogenase activity and a similar interaction
(r=-0.85; p<0.05) between the generation of ROS
and cytochrome oxidase activity, provided
isolated effect of tobacco smoke. In case of
passive tobacco smoking combined with the
monosodium glutamate, installed an significant
negative correlation (r=-0.88; p<0.05) between
the generation of ROS and cytochrome oxidase
activity has been evidenced.

In the mature female rats with modeled
passive tobacco smoking, a significant negative
correlation (r=-0.72; p<0.05) between the ROS
generation and activity of cytochrome oxidase
has been established.

In the immature male rats, a significant
negative correlation between the generation
of ROS and cytochrome oxidase activity has
been established, provided isolated effect of
tobacco smoke (r=-0.78; p<0.05) as well as in
cases of passive tobacco smoking combined
with the monosodium glutamate (r=-0.72;
p<0.05).

Using ANOVA test, the influence of sex and
age on succinate dehydrogenase and cyto-
chrome oxidase activity of neutrophils mito-
chondria in the rats of the experimental groups
has been determined. In cases of passive to-
bacco smoking combined with the monosodium

~
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glutamate, an age differences in the activity of
mitochondrial enzymes (p<0.05) have been
proved.

Conclusions

Passive tobacco smoking is accompanied
by an significant inhibition of bioenergetics
processes in the mitochondria of circulating
neutrophils in rats. The combination of passive
tobacco smoking with the monosodium
glutamate administration is accompanied by
more pronounced changes.

In the sex aspect, the bioenergetics
processes under the condition of passive
tobacco smoking combined with the mono-
sodium glutamate administration are more

declining in mature female-rats, and with the
age-old comparison of the changes in the
activity of succinate dehydrogenase and cyto-
chrome oxidase, was established their more
intense reduction in immature male-rats.
Thus, the findings suggest that low dose
intake of monosodium glutamate enhances the
ability of tobacco smoke to disrupt the cell's
bioenergetics processes by affecting the
respiratory chain function and generation of
ATP. Therefore, itis advisable to investigate the
established toxic doses of monosodium glu-
tamate, as well as to study the molecular
mechanisms of ‘safe’ (allowed) doses of mo-
nosodium glutamate effect on a living organism.

CTATEBI TA BIKOBI ACIIEKTH BIOEHEPTETHYHHX ITPOIIECIB IIPH
ITACUBHOMY TIOTIOHOIIAJITHHI TA SACTOCYBAHHI I'ZIVTAMATY

HATPIIO B EKCIIEPUMEHTI

A. B. Pyuka, I. . KpyHuubKa

TEPHOIMIL/IbCbKM AEPXXABHUA MEANYHUIA YHIBEPCUTET IMEHI 1. A. TOPEAYEBCHKOIO,

TEPHOIL/1b, YKPAIHA

BcTtyn. AkmueHe ma nacusHe nNaniHHsA WOPOKY € NPUYUHO NOHAO 5 minslioHie cmepmeli. BooHo4ac
mexHiYHuli npozpec y xap4o8ili ma nepepobHili 061acMsAX CNPUAE BUKOPUCMAHHIO Xap4yo8ux 006a80K, Ki He
3aex0u 6e3neyHi 019 30008’ NOOUHU, HANPUKAAO, 2AymMmamMamy Hampiro.

MeTa Aocnifgp>KeHHA - 8U3HAYUMU 3MIHU GKMUBHOCMI MimOXOHOpiansHUX pepmeHmis y wypie npu
NacueHoMy NONiHHI Yy NOEOHAHHI 3 MPUBAAUM 88e0eHHAIM 21ymamMamy HAMPpIio 8 CMamesoMy ma 8ikogomy

acnekmakx.

MeToaun pocnigxeHHs. OyiHKy 6ioeHepzemu4HUX npoyecie Npoeoouau 30 00NOMO20H0 BU3HAYEHHS

aKMU8HOCMI CYKyUHamoez2iopo2eHa3u ma YumoxpoMOKCUOa3u 8 MimOXOHOPIsIX YUPKYArrYUX Helimpodinie.

Pe3synbTaTu. llacueHe naniHHA Y NOEOHAHHI 3 88e0eHHAM 21ymamamy Hampito y 3pinux wypie-camyie
CYNnpo8oOXCYEMbCA 3HAYHUM 20/16My8AHHAM bioeHep2emuYHUX nNpoyecie, NPo Wo C8i0YUMb 3HUNEHHS
aKmueHocmi cykyuHamaoeziopozeHasu Ha 47,1 % (p<0,001) nopieHAHO 3 iIHMAKMHUMU MEAPUHAMU, WO HA
27,9 % (p<0,001) Hux4e Yb020 NOKA3HUKA NPU i301608AHOMY epekmi mHMmH0H08020 OUMY; i 3HUMXEHHI
aKmueHocmi yumoxpomokcuoasu Ha 27,5 % (p<0,001) nopieHSHO 3 KOHMPOLHO 2PYNOKO.

BUCHOBKW. TakUM YUHOM, OMPUMQaHi OaHI C8idYaMb NPo me, W0 21ymamam Hampiro niosuujye 30amHicme
M0MI0HOB020 OUMY NOPyWy8amu npoyecu bioeHepzemuKku KAIMUHU, 8NAUBAIYU HA @YHKYit0 OUXAAbHO20
AaHYto2a i 2eHepayiro AT®. Tomy 0oyinbHO d0CNiOHy8aMU epekmu 8CMAHOBAEHUX MOKCUYHUX 003 E621, a
MaKkoXc eUBYAMU MOEKYASPHI MexaHi3mMu enausy (io2o “6e3neyHux” (00380a1eHUX) pieHig Ha OP2aHiI3M.

K/THOYOBI C/TOBA: nacvMBHe TIOTIOHOMNAIHHA; rAyTamMaT HaTpilo; LLUTOXPOMOKCMAA3a; CYKLIMHAT-
perigporeHasa.
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