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Aim. The features of the energy supply in hepatocytes of rats under the conditions of different
content of protein and sucrose in a diet were studied in the research. Methods. Experimental
diets, differential centrifugation, spectrophotometry, chromatography on sheets. Results. It
was found that 4-week maintenance of animals on a low-protein diet resulted in a 2.2-fold
decrease in the succinate dehydrogenase activity, a threefold reduction of the cytochrome
oxidase activity, and an increase in the FOF1-ATPase activity in a 1.5-fold in hepatocytes of
rats. Under the experimental conditions, a 40 % decrease in the ATP content was found in the
rat hepatocytes mitochondria against the background of an increase in the ADP content and
maintaining the AMP content at the control level. It should be noted that under the conditions
of the high-sucrose diet no significant changes in the succinate dehydrogenase activity were
found in hepatocytes mitochondria; however, the cytochrome oxidase activity decreased by
half and the FOF1-ATPase activity increased by 1.8 times. The most significant changes in the
energy supply of hepatocytes occurred in the conditions of low-protein/high-sucrose diet.
A sixfold decrease in the succinate dehydrogenase activity and reduction of the cytochrome
oxidase activity to critically low values was found. With that, a twofold increase in the FOF1-
ATPase activity compared to control was accompanied by a depletion of the pool of adenyl
nucleotides. Conclusions. It is concluded that the lack of protein in the diet is a determining
factor for the system of energy supply and the functioning of the respiratory chain, while the
imbalance in the diet in terms of the content of food protein and sucrose is critical for the
formation of an imbalance in energy supply to hepatocytes. The obtained results open up the
prospects for developing a strategy of correcting energy metabolism disorders in conditions
of nutritional imbalance.
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Introduction

Nowadays, the modern diets are characterized
by an imbalance in the nutrient composition:
the products low in protein and rich in sucrose
are widespread, which leads to a high preva-
lence of overweight and obesity [1]. Chronic
consumption of large amounts of sucrose with
simultaneous lack of protein in the diet may
act as a factor of induction and progression of
metabolic disorders. The mentioned diets may
be considered extreme and cause significant
changes in the normal balance between the
products of cell metabolism. In the organs with
intense energy processes, €.g. in the liver, the
altered metabolic conditions could affect the
cellular regulatory mechanisms [2].

Under these conditions, the cells must adapt
fuel oxidation processes (amino acid oxidation,
glycolysis and beta-oxidation) to ensure the
availability of energy substrates. This meta-
bolic flexibility is critical for adapting the
organism to different physiological conditions,
allowing the switch from one fuel to another
in response to the dietary changes [3]. The
discovery of the relationship between the pe-
culiarities of the nutritional composition of the
diet and the intensity of metabolic transforma-
tions in mitochondria can become the basis for
understanding the pathophysiological mecha-
nisms of mitochondrial diseases [3].

Studying the high-sucrose diet we have
found a mild effect on body weight gain and
fasting blood glucose levels, but a significant
increase in triglycerides, insulin resistance and
visceral fat accumulation [4]. Mitochondrial
function was impaired due to multiple defects
affecting the respiratory chain complex I and
IV, pyruvate uptake and several b-oxidation
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enzymes, which led to strongly reduced he-
patic ATP levels in the low protein diet-fed rats
[5]. To date, the features of bioenergetic pro-
cesses and functioning of mitochondria in
conditions of the high-sucrose and low-protein
diet consumption in young adult rats have not
been studied. The state of energy supply to
cells is primarily determined by the efficiency
of the functioning of the respiratory chain of
mitochondria, which converts the energy of
substrate oxidation into a transmembrane dif-
ference in the electrochemical potentials of
hydrogen ions on the membrane [6]. The im-
portant indicators of the energy metabolism
are the activities of succinate dehydrogenase
(1.3.5.1), cytochrome c oxidase (1.9.3.1), F,F,-
ATP synthase (3.6.3.14), and adenyl nucleo-
tides content [7].

The research aimed to study the state of the
liver cellular energy supply system under the
conditions of sucrose-enriched and low-protein
diet consumption.

Materials and Methods

In the study, 9-10 week old white nonlinear
rats weighing 110-120 g were used. The ani-
mals were separated into solitary plastic cages
and ad libitum access to water. They were
housed at a controlled temperature of
20 °C £ 2 °C with a 12-hour light-dark cycle.
The animals were monitored daily, weighed
three times/week. All manipulations were con-
ducted according to the general ethical prin-
ciples of experiments on animals adopted by
the Sixth National Congress of Ukraine on
Bioethics [8], in accordance with internation-
al bioethical norms [9] and approved by bio-
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ethics commission of the Institute of the biol-
ogy, chemistry and biological resources of
Yuriy Fedkovych Chernivtsi National
University.

The animals were divided into the following
experimental groups: I — animals receiving
full-value semi-synthetic ration (C); II — an-
imals receiving low-protein ration (LP); III —
animals receiving high-sucrose diet (HS);
IV — animals receiving low-protein high-su-
crose diet (LP/HS).

The control diet (C) was the AIN-93 diet
[10], all ingredients are presented in Table 1.

The animals of the group II received isoen-
ergetic ration containing 4.7 % of protein. The
animals of the group III received high-sucrose
diet containing 40 % of sucrose and balanced
by all other essential nutrients [11]. The ani-
mals of the group IV received isoenergetic
ration containing 4.7 % of protein, 40 % of
sucrose and balanced by all other essential
nutrients. The animals were maintained on the
corresponding diet during four weeks. Cervical

Table 1. Ingredient composition of the diets (g/kg diet)

Ingredient Diet

C Lp HS LP/HS
Cornstarch, g/kg 620.7 | 714.1 | 320.7 | 414,1
Casein, g/kg 140 | 46,6 | 140 | 46,6
Sugar, g/kg 100 | 100 | 400 | 400
Fiber (cellulose 50 50 50 50
microfiber), g/kg
Mineral mix, g/kg! 35 35 35 35
Vitamin Mix, g/kg! 10 10 10 10
L-Cystine, g/kg 1.8 1.8 1.8 1.8
Choline bitartrate, g/kg 25 |1 25 | 25 2.5
Soy Oil, g/kg 40 40 40 40

I Mineral and Vitamin Mix - Based on the AIN-93G vitamin
and mineral mixes

dislocation was performed under the light ether
anesthesia on day 29 of the experiment.

Hepatic tissue samples were weighed and
homogenized in homogenizing buffer (1:4)
(250 mM sucrose, 1 mM EDTA, 10 mM Tris-
HCI; pH 7.4). Mitochondrial fraction of the
liver homogenate was separated by differential
centrifugation (Heraeus Biofuge, Germany) at
0-3 °C [12]. The protein content of the tissue
homogenates was measured using the Bradford
method [13].

The succinate dehydrogenase activity was
measured based on restoration of potassium
ferricyanide (K;[Fe(CN)4]) to potassium fer-
rocyanide (K4[Fe(CN)¢]) by the action of suc-
cinate dehydrogenase [14]. The mitochondria
(0.1 mg of protein) were suspended in 50 mM
(K) phosphate buffer (pH 7.4) containing 3
mM potassium ferricyanide (III) acting as an
exogenous electron acceptor. A decrease in the
absorption (420 nm) upon the addition of 50
mM succinate was followed to measure the
rate of potassium ferrocyanide (II) formation
at 30 °C for 2 min. The reaction rate was cal-
culated as nmol ferrocyanide formed per min-
ute per mg protein (g4, for potassium ferri-
cyanide = 1040 M-! cm'!). Pure mitochondria
pretreated with 500 mM malonate, a competi-
tive inhibitor of SDH, were used as a negative
control.

Cytochrome oxidase activity was deter-
mined by the method based on the ability of
cytochrome oxidase to oxidize dimethylpara-
phenylenediamine and a-naphthol (NADI re-
agent) to form a colored product [15]. Its con-
centration is proportional to [the] cytochrome
oxidase activity. The samples were measured
spectrophotometrically at A 550 nm.
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FF-ATPase activity was evaluated accord-
ing to the accumulation of Pi [16]. The activi-
ty was determined in the incubation solution
containing 400 pumol of tris-HCI (pH 7.4),
5 umol of ATP disodium salt, 7.5 pmol of
MgSO,, 1:10-2 pmol of 2,4-dinitrophenol,
7.5 umol of CaCl,, 120 umol of NaCl, 20 pmol
of KCI. The reaction was initiated by the ad-
dition of 50 pl of a mitochondria suspension
containing 1 mg of protein, incubated for
15 min at 37 °C. The contents of Pi were de-
termined colorimetrically.

Quantitative evaluation of the ATP, ADP,
and AMP content was performed by thin-lay-
er chromatography on Silufol sheets [17]. Free
nucleotides were extracted from the mitochon-
drial fraction with 0.8 M HC1O, for 30 min at
0—4 °C. Protein-free perchlorate extracts were
obtained by centrifugation for 15 min at
1500 g. Supernatants were neutralized with
K,COj; to pH 7.0 and centrifuged again under
the same conditions, upon which the superna-
tant aliquots were loaded onto chromatograph-
ic sheets. After adenyl nucleotides were sepa-
rated in the mobile phase composed of diox-

&
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ane, isopropanol, water, and ammonia
(4:2:4:1), they were quantitatively determined
by direct spectrometry. Nucleotide spots were
detected in UV light and eluted from the sheets
with 0.1 M HCI for 20 min. The eluate absorp-
tion was measured at 260 nm.

Data analysis and statistics. The data were
compared and analyzed by using unpaired
T-test. Characteristics of the study group were
expressed as Mean+Standart Deviation for
normal distribution. For all statistical calcula-
tions, significance was considered to be a
value of P <0.05.

Results and Discussion

The study of indicators of the state of the en-
ergy biotransformation system in the liver of
rats kept on the low-protein diet showed a
2.2-fold decrease in the activity of succinate
dehydrogenase (Fig. 1). Simultaneously, the
activity of cytochrome oxidase (Fig. 2) de-
creased threefold. Additionally, a decrease in
the activity of the studied respiratory chain
enzymes was accompanied by a significant
increase in the FOF1-ATPase activity in mito-

Fig. 1. Activity of succinate dehy-
drogenase in the rat liver mitochon-
drial fraction under the conditions of
different nutrients content in a diet

(Note (here and forwards): C — ani-
mals receiving complete semi-synthetic
ration; LP — animals receiving low-
protein ration; HS — animals receiving
high-sucrose diet; LP/HS — animals
receiving low-protein high-sucrose.
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chondria (Fig. 3). Under the experimental con-
ditions, a 40 % decrease in the ATP content
was found in the rat liver mitochondria (Fig. 4)
against the background of an increase in the
ADP content (Fig. 5) and maintaining the AMP
content at the control level (Fig. 6).

A decrease in the activity of succinate de-
hydrogenase — the key enzyme of the II com-
plex of the respiratory chain, acting as an in-
termediary between FAD-dependent substrates
and electron transport chains [18], and cyto-
chrome oxidase — the key enzyme of the

Fig. 2. Activity of cytochrome oxi-
dase in the rat liver mitochondrial
fraction under the conditions of dif-
ferent nutrients content in a diet
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Fig. 3. Activity of F(F,-ATPase in
the rat liver mitochondrial fraction
under the conditions of different nu-
trients content in a diet

Py
2

-
©
—
I
w

terminal region of the respiratory chain, cata-
lyzing the oxygen reduction reaction, indicates
a decline in the efficiency of the oxidative
phosphorylation under the conditions of a low-
protein diet. The reduction of O, is a highly
exergonic process, and it accompanies vecto-
rial transport of protons across the inner mito-
chondrial membrane to contribute to the gen-
eration of proton motive force required for ATP
synthesis. CcO acts as a control point (rate-
limiting enzyme) in OxPhos [19]. It can be
assumed that under the current experimental
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Fig. 4. The ATP content in the rat
liver mitochondrial fraction under
the conditions of different nutrients
content in a diet

Fig. 5. The ADP content in the rat
liver mitochondrial fraction under
the conditions of different nutrients
content in a diet

Fig. 6. The AMP content in the rat
liver mitochondrial fraction under
the conditions of different nutrients
content in a diet
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conditions, a drop of the membrane potential
and uncoupling of oxidative phosphorylation
will be observed. The established changes can
be associated with disturbances of the synthe-
sis of the studied enzymes subunits under the
conditions of a lack of protein in the diet.
Additionally, an established significant in-
crease in the FOF1-ATPase activity in mito-
chondria also indicates the uncoupling of oxi-
dative phosphorylation under the chosen ex-
perimental conditions. FOF1-ATPase/ATP-
synthase is localized in the inner mitochon-
drial membrane and plays a key role in
maintaining energy supply to cells. This en-
zyme can also work in the reverse direction,
hydrolyzing ATP and pumping protons under
certain conditions, which is necessary to main-
tain the electrochemical potential [20]. At the
same time, it is known that an increase in
FOF1-ATPase activity is the reason for a de-
crease in the ATP concentration under certain
pathological conditions [21]. Indeed, the es-
tablished changes in the ATP and ADP content
will likely lead to the disturbances of biosyn-
thetic processes and intensification of cata-
bolic processes in hepatocytes. Besides, the
established depletion of the ATP pool in liver
cells may result in the induction of hepatocytes
death. It is known that cellular ATP is an im-
portant factor of cell death by apoptosis or
necrosis [22].

On the other hand, the results of the studies
showed no significant changes in the succinate
dehydrogenase activity in the liver mitochon-
dria of rats maintained on a high-sucrose diet
(Fig. 1). Instead, under the conditions of exces-
sive sucrose intake, a twofold decrease in the
cytochrome oxidase activity in the liver mito-
chondria was found (Fig. 2). The absence of

changes in the activity of succinate dehydro-
genase and a simultaneous decrease in the
cytochrome oxidase activity in the liver mito-
chondria under the conditions of excessive
sucrose intake indicate that maintenance on
the high-sucrose diet causes changes in the
inner mitochondrial membrane permeability,
which can be considered as an adaptive de-
fence mechanism under the conditions of oxi-
dative stress. It is known that a mild uncou-
pling of oxidative phosphorylation reduces the
superoxide generation by decreasing the po-
tential of the mitochondrial membrane [23].
Since excessive dietary consumption of su-
crose induces the synthesis of free fatty acids
(FFA) in the liver, which, according to the
theory of lipotoxicity, can promote the forma-
tion of FFA metabolites that can trigger inflam-
mation and generation of reactive oxygen spe-
cies (ROS) [24], the uncoupling of oxidative
phosphorylation under these conditions can
have a great adaptive significance.

The obtained results showed a 1.8-fold in-
crease in the FOF1-ATPase activity in the
liver mitochondrial fraction of rats kept on the
high-sucrose diet compared to the control
(Fig. 3). Probably, an increase in [the] FOF1-
ATPase activity under the current conditions
is due to a decrease in the membrane potential
on the inner mitochondrial membrane, which
may be the reason for the activation of oxida-
tive processes in liver cells of rats maintained
on the high-sucrose diet [25]. We have also
found that under the studied conditions the
amount of ATP (Fig. 4) and ADP (Fig. 5) in
the mitochondrial fraction of the rat liver re-
mained at the control level. At the same time,
the AMP content in the mitochondrial fraction
of rat liver almost doubles (Fig. 6). Probably,
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the revealed fact of the preservation of ATP
and ADP levels is associated with the increased
supply of the organism with energy substrates
in the form of sucrose. At the same time, an
increase in the AMP content in the mitochon-
drial fraction of rat liver can be considered as
a compensatory reaction aimed at stabilizing
the cellular energy status under the conditions
of excessive sucrose intake. It is known that
AMP is an activator of AMP-activated protein
kinase (AMPK). AMPK plays a key role in
maintaining the balance between anabolic and
catabolic processes of cellular homeostasis in
response to [the] metabolic stress [26]. AMPK
1s a metabolic switch sensitive to high AMP/
ATP ratios and functions to protect the energy
state by inhibiting ATP-consuming processes
while stimulating ATP-producing proces-
ses [27].

Noteworthy, the most significant changes
in the energy supply of hepatocytes were ob-
served under the conditions of a low-protein/
high-sucrose diet. It was found that under the
conditions of different supply of protein and
sucrose, a more than sixfold decrease in the
succinate dehydrogenase activity was observed
in the liver mitochondria (Fig. 1), while the
cytochrome oxidase activity dropped to criti-
cally minimal values (Fig. 2). Besides, in the
liver of rats kept on a protein-deficient diet
with high sucrose content, a twofold increase
in the hydrolytic activity of FOF1-ATPase com-
pared to the control was found (Fig. 3). In
conditions of a sharp decline of the succinate
dehydrogenase activity and the cytochrome
oxidase activity to critically minimal values,
an activation of FOF1-ATPase can be aimed at
maintaining the electrochemical potential due
to the hydrolysis of ATP. When the transmem-
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brane electrochemical gradient of protons (pro-
ton motive force) is weak, the enzymes be-
come an ATP-driven proton pump that rotates
in the opposite direction, driven by the energy
released by [the] ATP hydrolysis [28].
Moreover, under the conditions of a low-pro-
tein/high-sucrose diet, a decrease in the content
of all adenyl nucleotides (Fig. 4-6) indicates
that an unbalanced diet deepened the imbal-
ance of the energy supply system. According
to literature, a decrease in the adenyl nucleo-
tides content by 15-20 % leads to a depression
of all energy-dependent processes in the cell
by 75-80 % [29], and primarily to the failure
of synthetic processes in the liver. Additionally,
whereas a decrease in the ATP content is prob-
ably caused by a slowdown in its resynthesis
due to disruption of the structural and func-
tional organization of the respiratory chain, the
depletion of the AMP pool may be due to a
decrease in its synthesis de novo under the
conditions of protein deficiency. In the cell,
the adenine nucleotides ATP, ADP, and AMP
are tied directly or indirectly to all energetic
pathways and allosterically control numerous
regulatory enzymes [27]. Therefore, the re-
vealed depletion of the pool of adenyl nucleo-
tides in the liver mitochondria of rats kept on
a low-protein/high-sugar diet will likely result
in a disruption of numerous metabolic and
energy-dependent processes in hepatocytes.

Conclusions

In hepatocytes, the maximum decrease in the
activity of respiratory chain enzymes and an
increase in the FOF1-ATPase activity followed
by a decrease in the content of adenyl nucleo-
tides to critically low values were found under
the conditions of the low-protein/high-sucrose
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diet. It was concluded that the lack of protein
in the diet is a determining factor for the sys-
tem of energy supply and the functioning of
the respiratory chain, whereas the imbalance
in the diet in terms of the content of food pro-
tein and sucrose is critical for the formation of
an imbalance in energy supply to hepatocytes.
The obtained results open up the prospects for
developing a strategy for correcting energy
metabolism disorders in the conditions of nu-
tritional imbalance.
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IToka3HukM cucTeMH eHepro3ade3neyeHHs
y neviHui mypiB 3a yMoB pi3HOi 3a0e3me4eHOCTi
Xap4oBOro pamioHy HyTpi€eHTaMu

O. M. Bonouyk, I'. I1. Konuisuyk

Merta. Y po0oTi qocimKeHi 0COOIUBOCTI eHepro3ades-
TeYeHHsI TeNaTolMTIB LIypiB 3a YMOB pi3HOI 3a0e3reye-
HOCTI pamlioHy NpoTeiHOM Ta caxapo3orw. Mertoam.
ExcniepumenTainpHi aiety, audepeHiiiine nueHTpudyry-
BaHHSI, CIIEKTPO(OTOMETPUYHI, Xpomarorpadis Ha riac-
tuHax Silufol. Pe3yabsraTn. BeranosieHo, o 3a yMOB
YOTHUPHUTIKHEBOTO YTPUMYBAHHSI LI{ypiB Ha HU3BKOIIPOTe-
THOBOMY palliOHi Y Fe[aToLKTax CloCTePIiracThesl 3HHKEH-
HSy 2.2 pa3dl aKTUBHOCTI CyKIIMHATACTiIAPOreHa3n Ta
BTPHUYi aKTUBHOCTI IIMTOXPOMOKCHIA3H [P CYILyTHOMY
mijBuieHHi aktuBHOCTI FoF -AT®a3u y 1,5 pasu. 3a no-
CIIDKYBaHUX YMOB Y MITOXOHJIPiSIX TEHATOIHTIB IIypiB
criocrepiraerses 3HmKeHHS BMicTy ATP Ha 40 % Ha i
ninBuieHHs BMicty ADP Ta 30epesxeHHi Ha piBHI KOHTp-
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omo BMicty AMP. BonHo9ac 3a yMOB yTpUMaHHS ITypiB
Ha BUCOKOCAaXapo3HOMY PallioHi Y MITOXOHIIPifX IernarTo-
[UTIB HE CIIOCTEPIraeThCs TOCTOBIPHUX 3MiH aKTUBHOCTI
CYKIMHATICTIPOreHa3H, TIPOTE 3HIKYETHCS BIBIYl aKTHB-
HICTh ITUTOXPOMOKCHJIA3X Ta 3pocTae B 1.8 pa3u akTus-
Hicth F(F,-AT®a3n. HaliBupakeHirn 3MiHU €HEpreTuy-
HOTO 3a0€3MeYeHHs TeNaToIUTIB CIIOCTEPIraloThCs 38 YMOB
CIOXXHBAHHS HU3bKOMPOTETHOBOTO/BUCOKOCAXaPO3HOTO
pairiony. BcraHOBIEHO 3HMKEHHS aKTUBHOCTI CyKITHHAT-
JIerigporeHasy y oHax 6 pasiB Ta aKTUBHOCTI ITUTOXPO-
MOKCH/Ia3H1 JI0 KpUTHYHO MiHIMaJIbHUX 3Ha49eHb. BogHo9ac
IiIBUIICHHS TIAPOITHYHOT akTUBHOCTI FoF-AT®azu
BJIBii MOPIBHSIHO 3 KOHTPOJIEM CYIPOBOKY€ETHCSI BUCHA-
JKEHHSIM ITyJly aJeHIJIOBUX HYKJICOTHIIB. BHCHOBKH.
3po0ieHo BUCHOBOK, 1110 caMe HecTada IIPoTeiHy y paili-
OHI € BU3HAYAILHUM (haKTOPOM JIJIsl CHCTEMH €HEeprosa-
Oes3reyeHHsT KITHH Ta (PYHKIIIOHYBaHHS TUXAIBHOTO
JIQHITIOTA, TIPH I[bOMY MTOPYIIICHHS 30aJTAHCOBAHOCTI parli-
OHY 32 BMICTOM Xap4yOBOI'0 MPOTEIHY Ta Caxapo3u € Kpu-
TUYHIM JUTs (popMyBaHHA TucOaancy eHepro3alesrnedeH-
Hsl renaroruTiB. OTpUMaHi pe3yJITaTH BiIKPUBAIOTH
MEPCIIEKTUBH JUTsl PO3POOKH CTpATErii KOPEKIIii MopyIiieH-
HS €HepreTHYHOro OOMiHy 3a yMOB HYTPi€HTHOTO JIHC-
OarnaHcy.

Knaw4yoBi cJao0Ba: CykKuuHATIETiIpOTeHasa, IIUToXpo-
Mokcunasa, FoF,-AT®a3a, neuinka, HyTpieHTH

IToka3zaTenn cucTeMbl JHeproodecneydeHust
B MeYeHH KPbIC B YCIOBUAX PA3THIHOMN
o0ecre4eHOCTH NMUIEBOI0 PAIIMOHA HYyTPUEHTAMH

O. H. Bonomyk, I'. I1. Konsutbayx

Heab. B pabote uccnenoBaHbl 0COOCHHOCTH 3HEProo-
OecrieueH s TeNaTOMTOB KPBIC B YCIOBHSX Pa3IMYHOM
00EeCIIeYeHHOCTH paIioHa OEeJIKOM M caxapo3Ou.
Metoapl. DKCIIepUMEHTAIbHBIC AUETHI, auddepeHiu-
AIBHOE LICHTPU(YTUPOBAHKE, CIEKTPOPOTOMETPUYECKHE,
xpomarorpadus Ha rractuakax Silufol. Pe3yabTarhl.

YCTaHOBJIEHO, YTO B YCIOBUSIX 4-HENENBHOTO COAEpIKa-
HUS KPBIC HA HU3KOIIPOTEHMHOBOM PAIMOHE B I€MaTOLUTAX
HaOIIOaeTCsl CHU)KEHHE B 2,2 pa3a akTHBHOCTH CYKIIU-
HaTAErUAPOTreHasbl U BTPOe aKTHBHOCTH IIUTOXPOMOKCH-
J1a3bl TP OJHOBPEMEHHOM TMOBBIIICHUN aKTHUBHOCTH
FoF-ATPa3sl B 1,5 pa3a. B uccnenyeMbIx ycloBUsIX B
MHUTOXOHJIPHSIX T'€IIaTOLUTOB KPbIC HAOIIONAETCS CHIXKE-
Hue conepxaanst AT® Ha 40 % Ha doHE yBenHUCHUS
conepxxanust AJI® n coxpaHeHUs] Ha YPOBHE KOHTPOJIS
conepxanusgs AM®. B To xe Bpems IpU ConepxaHUU
KPBIC Ha BBICOKOCAXapO3HOM PallOHE B MUTOXOHIPUSX
TenarolUToB He HaOII0IaeTcsl JOCTOBEPHBIX N3MEHEHHUH
AaKTMBHOCTH CyKIMHATAETUAPOTeHa3bl, HO BIIBOE CHI)Ka-
€TCsl aKTUBHOCTD IIUTOXPOMOKCH/1a3bl M MOBBIMIACTCS B
1,8 paza akruBHOCTH F(F|-AT®a3e. Haubonee Bbipa-
>KeHHbIE M3MEHEHHSI SHEprooOeceueHHsl TeraToUTOB
HaOJIONAOTCS B YCIOBUAX yIOTPEOIeHUsT HU3KOOEIKO-
BOI'0/BBICOKOCAXapO3HOTO paloHa. YCTaHOBIICHO CHU-
’KEHHE aKTHBHOCTH CYyKIMHATAECTHUAPOreHas3bl B Oosee
4yeM 6 pa3 U aKTUBHOCTHU ITUTOXPOMOKCHA3bl 10 MHHU-
MaJIbHBIX 3HaYeHUH. B To e Bpemsl MOBBIIIEHHE THIPO-
sutnyeckor aktTuBHOCTH FF | -AT®a3b1 BABOE B cpaBHE-
HUM C KOHTPOJIEM COIPOBOXKIACTCS HCTOILICHUEM ITysa
aZICHWIOBBIX HYKJICOTHIIOB. BeIiBOABI. CrenaH BBIBOJ,
YTO UMEHHO JIe(UINT OeNKa B paIlliOHe SBJISIETCS OIpe-
JETSIOMNUM (DAKTOPOM TSI CHCTEMBI SHETO00ECIICUCHUS
KJIETOK ¥ (DYyHKIIHOHMPOBAHHS JIIXaTEIbHOM LIEITH, ITPH
3TOM HapylIeHHe cOalaHCHPOBAHHOCTH pallOHa IO
CoZIepKaHMIO OeJIKa U Caxapo3bl SIBISIETCA KPUTHUECKIM
st popMupoBaHus qucOanaHca YHEProoOeCICUCHUS
renaroruToB. [lorydeHHbIe pe3ylbTaThl OTKPBIBAOT IIep-
CHEKTHBBI JJIs1 pa3paboKu CTPATETUH KOPPEKIMH Hapy-
LICHUS] DHEPTeTUIECKOTO OOMEHA B YCJIOBUX HYTPHUEHT-
HOTO AncOanaHca.

Knw4yeBble CJI0Ba: CyKIMHATACTHIPOreHasa, Lu-
ToxpoMokcupasa, FoF-AT®as3a, nedyeHb, HyTpUEHTHI
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