~ 28 ~ B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka ISSN 1728-3817

UDK 57.084.1:615.357:616-091. 814:616-056.527
DOI 10.17721/1728.2748.2021.86.28-33
0. Kalmukova, PhD,
Y. Leonova, Student,
0. Savchuk, Dr Hab.,
N. Skrypnyk, PhD,
M. Dzerzhynsky, Dr Hab.
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

INFLAMMATION FEATURES OF BROWN ADIPOSE TISSUE OF RATS
WITH DIET-INDUCED OBESITY DEVELOPMENT
AFTER DIFFERENT REGIMES OF MELATONIN ADMINISTRATION

One of the prominent obesity-related changes is the development of systemic low-grade proinflammatory state. Brown
adipose tissue (BAT) may serve as a potential target for activation by melatonin to facilitate heat production and
simultaneouslystimulate lipolysis during obesity development.At the same time, melatonin is known to have immunomodulatory
properties, which are performed via endocrine and paracrine signal pathways in variety cell types (including brown
adipocytes)and change significantly during the day. Therefore, it can be used in a wide range of doses and at different times of
the day (chronotherapeutic approach). Thus, the main goal of our research was to analyze the inflammation state of brown
adipose tissue of rats during high-calorie diet induced-obesity development after different daily melatonin application in different
regimes. Melatonin was administered by gavage for 7 weeks in dose 30 mg/kg 1 h before lights-off (HCD ZT11, M ZT11, evening),
or 1 h after lights-on (HCD ZT01, M ZT01, morning). Tissue collagen contain and leukocyte infiltration levels in BAT, detected by
Van Gieson trichrome staining, were used as markers for assessment of BAT inflammation state BAT.Propagation of obesity
resulted in the increase of BATfibrosis level (the relative area occupied by collagen fibers) and tissue leukocyte infiltration in
comparison to control rats. BAT fibrosis level after melatonin administrations to obese rats of HCD ZT01 and HCD ZT11 groups
decreased to control values.Similar effectswere observedinBAT tissue leukocyte infiltrationafter both regimes (HCD ZT01 and
HCD ZT11 groups) of melatonin intake: this parameter decreased significantly, comparing to obese rats, but was still elevated,
comparing to controls. At the same time, melatonin treatmentin morning or evening regimes did not have any impact on BAT
fibrosis propagation and leukocyte infiltration in animals that consumed standard diet (M ZT01 and M ZT11 groups). To sum up,
we suggestcorrectivepropertiesof melatonin in context of chronic low-grade inflammation in obese rats BAT and suppose its
wide potential for the therapeutic usecombined withvirtually absent side effects on BAThistophysiology of non-obese rats.
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Introduction. Obesity is associated with an increase in
size (hypertrophy) and de novo formation of white
adipocytes (hyperplasia) [1]. Obesity-related changes
occur not only in white adipose tissue, but also in brown
adipose tissue (BAT). These changes are manifested in
several processes, which are collectively named
"whitening" of BAT [2]. During "whitening" brown
adipocytes dramatically change their morphology to a white
adipocytes-resembling phenotype [3]. The increase in
adipocytes' volume and tissue mass causes inflammation,
further deregulation of adipose tissue and, ultimately,
adipose tissue fibrosis [4], which is manifested in obesity
and diabetes. The main inflammatory cytokines, whose
mMRNAs are detected in BAT of obese animals, are TNFa
[6], F4/80 antigen — a major murine macrophage marker
[6], monocyte chemoattractant protein 1 [7]. High levels of
inflammatory molecules can lead to inhibition of insulin-
induced glucose uptake and to the development of insulin
resistance in BAT [8]. Alternatively, pro-inflammatory
cytokines decrease UCP 1 (uncoupling protein 1)
expression in brown adipocytes, which results in decline of
heat production capacity through different signal
transduction pathways, possibly including SIRT1 (Sirtuin 1
— NAD-dependent protein deacetylase) and its negative
regulator DBC1 (deleted in breast cancer 1) [9]. In addition,
TNFa may serve as a potential candidate for
thermogenesis inhibition in brown adipocytes [10]. Another,
indirect, mechanism was proposed — pro-inflammatory
cytokines recruit inflammation-driven macrophages to BAT,
which affects norepinephrine sensitivity of brown
adipocytes (the main activation mechanism of UCP 1
production) by inflammasome-mediated pathway. These
changes may involve regulation of monoamine oxidase A
(a catecholamine degrading enzyme) and norepinephrine
transporter, that influence on norepinephrine bioavailability

[11, 12]. The long-term consumption of high-fat diet also
results in attraction of lymphocytes and granulocytes to
BAT (besides macrophages and monocytes), which
promotes pro-inflammatory state in tissue [13, 14].

Like other fibrotic diseases, adipose tissue fibrosis is
the accumulation and increased production of extracellular
matrix proteins [15]. Several factors, like leukocytosis,
enlargement of adipocytes, and overproduction of HIF
(Hypoxia-inducible factor) promote deposition of collagen
fibers via upregulation of pro-fibrotic genes such as lysyl
oxidase, collagens | and Il [16, 17]. Fibrosis also
decreases flexibility of extracellular matrix and remodeling
abilities of adipose tissue, which are associated with
comorbidity of metabolic diseases [18].

Melatonin is a multifunctional signal molecule with
pronounced immunomodulatory function [19]. In particular,
melatonin possesses anti-inflammatory properties in
obesity treatment [20]. Melatonin receptors are found in
brown adipocytes [21] and in many leukocytes [22]. Main
effects of melatonin on BAT are caused by modulation of
UCP 1 production and mitochondrial functionality [23].
However, effects of melatonin usage on brown adipose
tissue remodeling during obesity and corresponding
fibrosis development remain largely unknown.

Therefore, the main aim of our research was to analyze
the inflammation state of brown adipose tissue of rats
(fibrosis level and tissue leukocytes infiltration) after
different melatonin regiments against the background of
high-calorie-diet-induced obesity.

Materials and methods. White nonlinear male rats
(110£10 g bodyweight) were used in this study. The light
cycle was set as 12-h light and 12-h darkness, with lights-
off at 19:00 (ZT12). All experiments on animals were
carried out in compliance with the international principles of
the European Convention for the Protection of Vertebrate
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Animals used for experimental and other scientific
purposes (European Convention, Strasburg, 1986), Article
26 of the Law of Ukraine "On the Protection of Animals
from Cruelty" (No.3447-1V, February 21, 2006) as well as
all norms of bioethics and biological safety.

During the first week, all animals received standard
rodent chow (15,3 kJ*g™"). Food and water were available
ad libitum. Animals were kept under standard housing
conditions with constant temperature and humidity. On the
8th day, rats were divided into two groups: control animals
received standard chow for 13 weeks and experimental
rats received high-calorie diet (HCD, 22,4 kJsg™),
consisting of standard chow (60 %), lard (10 %), eggs
(10 %), sugar (9 %), peanut (5 %), dry milk (5 %) and
vegetable oil (1 %) [24]. To confirm the development of
obesity, animals were weighted once a week until the
average body weight gain reached a significant difference
of at least 30 %. Then animals were classified as having
the normal body mass (Control) and those with developed
of obesity (HCD). Rats of control and HCD groups were
further divided into three subgroups each:

1. Control group — no administration of melatonin,
standard diet (15,3 kJ-g™");

2. Group M ZT01 — melatonin in the morning (1 hour
after light-on), standard diet (15,3 kJ-g™");

3. Group M ZT11 — melatonin in the evening (1 hour
before light-off), standard diet (15,3 kJ-g™");

4. Group HCD - no administration of melatonin, high-
calorie diet (22,4 kJ-g™");

5. Group HCD ZT01 — melatonin in the morning
(1 hour after light-on), high-calorie diet (22,4 kJ-g™");

6. Group HCD ZT11 — melatonin in the evening
(1 hour before light-off), high-calorie diet (22,4 kJ-g™").

Melatonin (Alcon Biosciences, USA) was diluted in
drinking water and administered daily by single oral 2 mL
gavage in the dose of 30 mg/kg bodyweight. The
administrations lasted for 7 weeks. Melatonin treatment
began at the 6th week after the propagation of obesity.

Different doses, methods and times of melatonin
administration werepreviously shown to be effective in
many experimental diseases models [25] and alsoclinical
trials [26]. We chose the lowest dose of melatonin
whichcauses both a decrease in obese rats' weight gain
and the appearance of beige adipocytes, as we were
interested in obesity therapy through beige and brown
adipocytes' activation.

On the last day of the experiment, animalswere
sacrificed by carbon dioxide asphyxiation and decapitated,
and then brown adipose tissue samples were isolated from
the interscapular region.

Histopathological examination was performed to
characterize the morphology and inflammation status of
BAT. Fragments of BAT in the size of 5 x 5 mm were fixed
in 4 % paraformaldehyde in 0,1 M phosphate buffer for
72 h, dehydrated, embedded into paraffin and cut into 7 ym
sections according to standard procedures.

Tissue fibrosis (estimated as relative area occupied by
collagen fibers) and tissue leukocyte infiltration were used
as criteria for the assessment of inflammation status of
BAT. Collagen fibers were stained by Van Gieson
trichrome with hematoxylin as a counterstain [27].
Quantitative determination of tissue collagen content was
performed on digital microphotographs. All captures were
obtained using a light microscope BX41 (Olympus, Japan)
with 4xobjective lens. Microphotographs were takenwith
DP20 digital camera (Olympus, Japan) and QuickPHOTO

MICRO software (Promicra, Czech Republic).The field of
view of each subsequent microphotograph was moved to
the right, retaining 20 % of the previous field until the entire
specimen was taken. To create one large composite
panoramic image, the cross-linking software Adobe
Photoshop CS6 (Adobe Systems, USA) was used. Area of
the red-stained region, which corresponds to collagen
fibers was calculated and expressed as a percentage of
the total area [28].

Histological evaluation of the inflammation level in the
BAT was performed according to the generally accepted
semi-quantitative score scale of leukocyte infiltration:
absence — 0, insignificant — 1, medium — 2, noticeable — 3
[29]. We investigated at least 5 similar areas on each
section. All parameters were measured with Imaged
software (National Institutes of Health, USA).

Statistical data analysis was performed using the
Statistica 6.0 (StatSoft, USA) and Microsoft Excel 2010
software (Microsoft, USA). The obtained data was
presented as mean * standard error of mean (SEM).The
distribution of data was assessed with Shapiro-Wilk
normality W-test. Since the analyzed distributions were
considered normal, we used one way ANOVA followed by
Dunnet's multiple range post-hoc test to evaluate the
differences between means. The differences with
probability of the null hypothesis p<0,05 were
considered significant.

Results and discussion. Brown adipocytes in control
group showed typical morphology: polygonal shape,
rounded nuclei that occupy a central position in cell and
many tiny-sized lipid inclusions in cytoplasm (Fig. 1). Large
collagen deposits were localized in parts of capsule and
trabeculae of BAT. Collagen fibers were mostly present
around blood vessels. We did not find any significant
collagens accumulations between brown adipocytes.
Similarly, substantial collagen deposits were absent near
white adipocytes, which surround BAT and continuously
underlie its peripheral part. Development of obesity was
accompanied by the change of brown adipocytes'
morphology: round shape of the cells, flat nucleus in
eccentric position and unilocular massive lipid droplet, which
corresponds to a white adipose tissue appearance [30].
Collagen deposits in HCD group expanded markedly in
interlobular zone and near blood vessels (Fig. 1, red arrow).
We detected collagen as zones of red staining, while yellow
coloring indicated little to no collagen content. Intriguing,
BAT collagen fibers of obese rats were closely located to
some brown adipocytes, to the majority of "whitening" brown
adipocytes and to many peripherally located white
adipocytes. In addition to enlarged collagen fibers, in HCD
group we detected presence of leukocytes (macrophages
and lymphocytes) in BAT (Fig. 1, arrowheads).

Melatonin administration (M ZT01 and M ZT11 group)
did not affect BAT collagen content in both trabecular and
intercellular spaces of rats which received standard diet
(Fig. 2). Also, we did not detect visible tissue leukocyte
infiltration. We have previouslydescribed the most
noticeable effects of melatonin application on morpho-
functional state of brown adipocytes in rats, consumed
standard diet [31]. It was mainly manifested in increased
number of lipid droplets per adipocyte, cross-section area
of the nucleus of brown adipocytes (and, respectively,
nuclear-cytoplasmic ratio of brown adipocytes was also
elevated), optical density of BAT, whereas cross-
sectional area of lipid droplets in brown adipocytes
decreasedsignificantly.
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Fig. 1. Microphotographs of rats' brown adipose tissue sections: Van Gieson trichrome staining; Control and HCD groups;
scale bar: 100 pm

Notes. Red arrow — collagen deposits (red color), arrowheads — leukocyte infiltration.

Fig. 2. Microphotographs of rats’' brown adipose tissue sections: Van Gieson trichrome staining;
Control and M ZT01, M ZT11 groups; scale bar: 100 ym

Distribution of collagen fibers in groups HCD ZT01 and However, we did not observe massive collagen fibers that
HCD ZT11 (Fig. 3) was different from control group (red surround each individual adipocyte as in central and in
arrows) — it was elevated in interlobular zone and near peripheral zones of BAT. In addition, rare clusters
blood vessels, but still remarkably smaller than in HCD. spreading of leukocytes infiltration in BAT were detected.

= 575

HCD ZT01

Fig. 3. Microphotographs of rats’' brown adipose tissue sections: Van Gieson trichrome staining;
Control, HCD, HCD ZT01 and HCD ZT11 groups; scale bar: 100 pm

Notes. Red arrow — collagen deposits (red color).
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Morphometric analysis of obtained data demonstrated
significant 2-fold increase in BAT fibrosis level of obese rats
after consuming high-calorie diet comparing to control
(Fig. 4). Melatonin administration during HCD-induced
obesity prevented the increase of BAT collagen content after
both morning and evening interventions: fibrosis level in
HCD ZT01 group decreased by 56 % and by 44 % in HCD
ZT11 group in comparison to HCD group. The fibrosis levels
in HCD ZT01 and HCD ZT11 groups did not differ from control
value. There was no significant difference between morning
and evening regimes of melatonin administration in HCD
ZT11 and HCD ZT01 groups in tissue collagen
content.Alsovariations in melatonin regimes did not influence
on BAT fibrosis development in rats consuming standard diet.

HCD-induced development of obesity resulted in
significant 5-fold tissue leukocyte infiltration, comparing to
control group (Fig. 4). As obesity is usually accompanied
by low-grade chronic pro-inflammation state, the increased

tissue leukocyte infiltration was also detected in HCD ZT01
and HCD ZT11 groups after melatonin administration
(3,4-fold in HCD ZT01 and 2,2-fold in HCD ZT11 groups).
However, this parameter was significantly lower than in
HCD group (HCD ZT01 — 1,5 times, HCD ZT11 - 2,3
times). Additionally, we detected significant difference
between morning and evening regimes of melatonin
administration in tissue leukocyte infiltration levels: it was
lower by 55% in HCD ZT11, compairing to HCD
ZT01.Melatonin treatment in morning or evening regimes
did not influence on BAT tissue leukocyte infiltration in
groups consuming standard diet.

Taking into account the results of morphological
observations and morphometric analysis, melatonin was
shown to have the corrective effect of on the BAT
inflammation state during obesity development without
any destructive influence on BAT of rats, consuming
standard diet.

BAT fibrosis level
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Fig. 4. Brown adipose tissue fibrosis level and tissue leukocyte infiltration

Notes. * — difference between the control and experimental groups are significant at p < 0,05; # — difference between the HCD group
and HCD ZT01, HCD ZT11 is significant at p < 0,05; & — difference between the HCD ZT01 and HCD ZT11 groups is significant at p < 0,05.

Our data generally correspond to previously
demonstrated increase in brown adipose tissue mass and
functional activity in Zlcker diabetic fatty rats. These animals
were treated for 6 weeks with melatonin in drinking water in
the dose of 10 mg/kg body weight. The consumption of
melatonin took place mainly at night as rats are nocturnal
animals [32]. Unfortunately, there is no similar study with
investigation of melatonin effects on BAT fibrosis under
HCD-induced obesity. ltmay be related to a work that
showed lower BAT fibrosis levels comparing to white
adipose tissue, which was demonstrated on high-fat diet-
induced obesity in C57BL6/J mice model [33]. A huge
research limitation associated with the use of C57BL6/J mice
is that this strain is notoriously known for being deficient in
the biosynthesis of melatonin [34] and short-term lasting
obesity model. Another study on diet-induced obesity
showed significant alterations of BAT molecular networks
associated with immune cell trafficking, lipid metabolism and
connective tissue development after 24 weeks of diet
consumption [35]. High fat diet-induced obesity resulted in
reduction of UCP1 levels and overexpression of pro-
inflammatory genes; while aerobic exercise led to the growth
of BAT and the upregulation of anti-inflammatory genes in
obese mice via cyclooxygenase 2 in the VEGF pathway [36].
Another model of diet-induced obesity in rats established
development of BAT fibrosis and modulation of this
parameter by intermittent food restriction [37].

Conclusions. Daily administration of exogenous
melatonin (30 mg/kg, 7 weeks) in different regimes

demonstrated the corrective effect on the BAT
inflammation status during high-calorie diet-induced
obesity, without any pathological influence on BAT of rats
that consumed standard diet. The fibrosis levels following
melatonin usage in rats with obesity generally
corresponded to control values, while the tissue leukocyte
infiltration occupied intermediate position: infiltration was
lower in comparison to obese rats, but also higher than in
control. Therefore, different modes of 30 mg\kg exogenous
melatonin applications to obese rats for 7 weeks led to
decreased manifestation of low-grade brown adipose
tissue inflammation through reduced fibrosis and tissue
leukocyte infiltration.
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KuviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LUeBuyeHka, KuiB, YkpaiHa

OCOBNUBOCTI 3ANANEHHA BYPOI XKMPOBOI TKAHUHU Y LLYPIB
3 PO3BUTKOM IHOYKOBAHOI'O AIETOIO OXUPIHHA NICNA PIBHUX PEXXMMIB YBEOEHHA MENATOHIHY

OO0Hielo i3 xapaKmepHUX PUC OXXUPIHHSI € PO38UMOK CUCIMEMHO20 XPOHi4YHO20 npo3ananbHo20 cmaHy. bypa xupoea mkaHuHa (BXKT) moxe
6ymu nomeHyiliHo0 MiweHHIo Ons1 akmueyeaHHs1 MeslamoHiHOM eupo6HuUYymea menna i, so0Ho4ac, cmumynsayii ninonisy nid yac po3sumky oxu-
PpiHHS. Takox MenlamoHiH Mmae imyHoModynroeanbHi ennacmueocmi, Wo peasnizytomscsi 3a y4acmi eHOOKPUHHUX i NapakpUHHUX cU2HallbHUX wWirsixie
y pi3HUX munax knimuH (3okpema i @ 6ypux adunoyumax) i 3Ha4HO eapiroromb ynpodoex Ao6u. Lje ymoxnuentoe (io2o 3acmocyeaHHsI 8 WUPOKOMY
Odiana3oHi 003 i pexumie yeedeHb (xpoHomepaneamuyHull nidxid). Omxe, ocCHoeHa Mema Hawo20 O0C/iOXeHHS1 — NPoeedeHHs1 aHani3y cmaHy
3ananenHss BXXT y wypie 3a po3sumky oXupiHHs, iHAyKoeaHO20 8UCOKOKasiopiliHoto diemoro, nicnsi uy00eHHo20 eeedeHHsI MesITamoHiHy 6 pi3Hull
qac (ypaHui U yeeyepi). MenamoHiH yeoounu iHmpaz2acmpanbHo Yyepe3 30HO npomsizoM 7 muxHie e do3i 30 me/ke 3a 1 200 do euMuKkaHHs1 ceimna
(BKO ZT11, M ZT11, eeyip) abo yepe3 1 200 nicnsA yeimkHeHHs1 ceimna (BKO ZT01, M ZT01, paHok). [ina oyiHroeaHHsI cmaHy 3anasieHHs1 (ymicmy
KonazeHy y mkaHUHax ma pieHsi iHgpinbmpauii netikoyumise) y BXKT sukopucmoeyeanu 2icmoximidyHe ¢hapbyeaHHs1 mpuxpomom 3a eaH izoHom. 3a
PO38UMKY OXUPIHHS pieeHb ¢hi6po3y, sikuli oyiHIo8anu 3a 8iOHOCHO MNyowero, Wo 3aliMalomb Kosla2ceHo8i 80J10KHa, U iHghbinbmpayisi nelikoyumie
y BXT 36inbwyeanucsi nopieHsIHO 3i wypamu KoHmMponbHoi epynu. licns 3acmocyeaHHsi MelamoHiHy pieeHb i6po3y y wypie 3 OXUPIHHAM y
epyn BK[] ZT01 i BK] ZT11 He 8idpi3HsAi8cs 8i0 KOHMPOJIbLHUX 3HaYyeHb. Kpim mozo, nodibHuli eghekm 6Gyno eusienieHo y npoueci aHanisy iHginbm-
payii nelikoyumamu BXT wypie 3 oxupiHHsIM 3a 060X pexumie yeedeHHs1 MennamoHiHy (epynu BK ZT01 i BK] ZT11): yel napamemp 6ye docmo-
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8iPHO HWXYUM, HiK y ulypie 3 iHOyKO8aHUM OXUPIHHSAM, ane, e00Ho4Yac, 6inbWUM MOPieHSAHO 3i Wypamu, siki He cmpaxdanu Ha oXupiHHs. Takox
yeeOeHHs MeslamoHiHy e paHKO8oMy abo eevipHbOMY pexumax He ensiueasio Ha cmaH crnosly4Hol mkaHuHu BXKT wypie, ujo exueanu cmaHOapmHy
diemy (epynu M ZT01 i M ZT11). 3a2aniom docnidxeHHs1 Moka3ye KopuaysalsibHi ef1acmueocmi MesiamoHiHy 8 yMogax XpOHi4Ho20 3ananeHHs y BXXT
wypie 3 oxupiHHsAM i nepedb6avae wWupokuli momeHyias euKopuCMaHHs Me/lamoHiHy 3a eidcymHocmi no6i4Ho20 eghekmy Ha 2icmodgbizionoziro
BXXT y wypie 6e3 oxupiHHS.

Knroyoei crnoea: xpoHobionoezisi, czicmoximisi, 6ypi adunoyumu, ¢pi6bpos, nelikoyumapHa iHpinbmpayisi, iHdykoeaHe sucokokasnopiliHoto Oie-
MO0 OXUPIHHSA.

0. KanmbikoBa, kaHA. 6uon. Hayk,

10. INleoHoBa, cTyA.,

A. CaBuykK, o-p 6uon. Hayk,

H. CkpunHuK, kaHA. 6uon. Hayk,

H. A3epxuHckuin, a-p 6uon. Hayk

KneBckuit HaumoHanbHbIW yHMBepcuteT uMeHu Tapaca LLleBuyeHko, Kues, YkpauHa

OCOBEHHOCTU BOCNANEHUS BYPOM )KMPOBQVI TKAHU KPbIC
C PA3BUTUMEM MHOYLUUPOBAHHOIO AMETOU OXXUPEHUA
NOCNE PA3HbIX PEXXMMOB BBEOEHNA MEINTATOHUHA

OdHoll u3 xapaKkmepHbIX Yepm OXUPEHUSI s18JIsiemcsl pa3gumue CUCMeMHO20 XPOHUYECKO20 Mpoe8ocaumesibHo20 coCmosiHusi. Bypasi xupo-
8ast mkaHb (BXKT) Moxxem 6bimb NoMeHyuanbHOU MUWeHbIo G711 akmueayuu MeslamoHUHOM fpou3eodcmea mernsa u, 8 mo xe 8pPeMsi, Cmumyrisi-
yuu nunonusa o epeMsi pa3eumusi oxxupeHusi. Takxe MennamoHuH obnadaem umMMyHOMOOynupyrWUMU ceolicmeaMu, KOmopble ocyu,ecmerisi-
romcsi 3HOOKPUHHbLIM U NapaKPUHHbIM CU2HaIbHbIMU MyMSsIMU 8 pa3/IuYHbIX Murnax K/1emok (ekntoyasi 6ypbie adunoyumsl) U 3Ha4umesibHO U3me-
HSIIOMCS1 8 MeYeHUU Cymok, Io3momy e2o0 NPuMeHeHUe 803MOXKHO 8 WUPOKOM duana3oHe 003 U 8 pa3Hoe 8peMsi CymokK (XpoHomepanesmu4yeckul
nodxod). Takum o6pa3om, OCHOBHOII yesnbio Hauwe2o uccriedosaHusi 6b1/10 npoeedeHue aHanu3a cocmosiHusi eocnaneHusi B)XXT y kpbic npu pa3eu-
muu o)xupeHusi, UHAYYupPo8aHHO20 8bICOKOKanopuliHoli duemoli, nocse exe0He8HO20 eeedeHUsI Me/laMmOHUHa 8 pa3Hoe epeMsi (ympoM u eeye-
pom). MenamoHuH eeodusiu UHmMpazacmpasabHO 4Yepe3 30HO 8 meyeHue 7 Hedesnib @ Ao3e 30 m2/k2 3a 1 yac Ao ebiknoyeHus ceema (BKO ZT11,
M ZT11, eeyep) unu 4epe3 1 yac nocne eknoyeHusi ceema (BKL ZT01, M ZT01, ympo). [ns oyeHKku cocmosiHusi eocrnasneHusi (codepxaHusi Kosna-
2eHa 8 mKaHsiX U cmerneHu uHgunbmpayuu netikoyumos) 8 BXT ucrnonb3oeanu sucmoxumuyecKoe okpawusaHue mpuxpomMom o eaH [u3oHy.
IMpu pazeumuu oxupeHusi ypoeeHb ¢hubpo3a, Komopbili oyeHuUsanu No omHocumesnbHol naowadu, 3aHuMaeMol KoJslsla2eHO8bIMU 80JIOKHaMu, U
uHpunbmpayusi mkaHesbix snelikoyumos e BXT yeenu4yueanuce No cpagHeHUIo € KpbiCaMu KOHMPOJIbHOU 2pynnkl. [Tocne npumeHeHus1 Mmesamo-
HUHa ypoeeHb ¢hubpo3a y Kpbic ¢ oxupeHuem 2pynn BK ZT01 u BK[] ZT11 e omnu4ancss om koHmposnsi. Kpome mozo, no0o6HbIi 3ghghekm Ha-
6nrodancs npu aHanuse uHgpunbmpayuu netikoyumamu BXXT Kpbic ¢ oxxupeHuem 3a o6oux pexumos egedeHuUsi MeslamoHuHa (2pynnsi BK ZT01 u
BK[ ZT11): amom napamemp 6b111 3Ha4UMesIbHO HUXe, YeM Y KPbIC C OXXUPEHUEeM, HO 8ce )Xe yeesIu4UJsICsl 10 CPa8HEeHUK C KpbicaMu, He cmparo-
wumu Ha oxupeHue. Takxe egedeHue MeslamoOHUHAa 8 YmpeHHeM U/lU 8eYepHeM pexxumax He e/Uusi/io Ha padeumue ¢hubpo3a u UHguIbMpayuro
neiikoyumamu e BXXT kpbic, ynompe6nsirouyux cmaHdapmHyio duemy (2pynnsi M ZT01 u M ZT11). B yenom, uccredoeaHue noka3snieaem KOPpPeK-
mupyrouyue ceolicmea Me/lamoHUHa 8 yC/I08USsIX XPOHUYeCKo20 eocnaneHusi 8 BXXT Kpbic ¢ oxupeHuem u npedycmampueaem WUPOKUU NMomeH-
yuan ucnosib308aHuUsi MeslamoHuUHa Npu omcymcmeuu no6o4Ho20 aghghekma Ha 2ucmogpusuosnozuto BXXT y kpbic 6e3 oxupeHus.

Knroyeenie crnoea: xpoHobuonozusi, 2ucmoxumusi, 6ypbie adunoyumsl, ¢pubpos, nelikoyumapHasi UHhunbmMpayusi, UHOyyupoeaHHoOe 8bICOKO-
KasopuliHol duemoli oxupeHue.



