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MORPHO-FUNCTIONAL STATE OF RATS PANCREAS
UNDER MELATONIN ADMINISTRATION DURING OBESITY DEVELOPMENT:
CHRONOTHERAPEUTIC APPROACH

Overweight and obesity often cause some comorbidity like insulin resistance, diabetes type 2, cancer, cardio-vascular
pathology etc. Pancreas is the important organ in carbohydrate metabolism and insulin signaling, that under obesity conditions
undergo pathologic changes. For diminish adverse effects of obesity in the role of therapeutic agent is considered melatonin —
pineal gland pleiotropic multifunctional molecule. In view of development precision medicine, which include processing
personalized data of whole genome sequencing, microbiome, individual day/night regime etc., time selection of drug
administration for maximize efficacy and minimize side effects to each patient in according of private organism circadian rhythm
is the main goal of chronotherapy approach. The aim of our study was to determine morpho-functional state (morphology
characteristic of exocrine and endocrine part; morphometric parameters: areas of pancreatic islets, acini and acinar cell nucleus)
of pancreas in rats with high-calorie (high fat) diet-induced obesity after melatonin administration in determined time of the day
(evening and morning). Melatonin was administered daily by gavage for 7 weeks in dose 30 mg/kg 1 h before lights-off (ZT11,
evening) or 1 h after lights-on (ZT01, morning) rats with high-calorie diet (HCD). Rats with HCD had morbid changes in pancreas
cells morphology of exocrine and endocrine part, which manifested in presence of macrophage and leukocyte infiltration of
islets, vacuolization and lipid droplets in acinocytes cytoplasm, while areas of islets, acini and acinar cell nucleus decreased.
Obese rats with melatonin administration demonstrate amelioration of HCD-associated changes in pancreas. Namely, in rats with
development obesity melatonin administrations increased area of pancreatic islets in comparison to HCD group, moreover
pancreas acini area reach control values. Also were observed difference between time-of-day interventions of melatonin on
acinar cell nucleus area parameters: evening administration showed more strong action in increased to control level direction.
Together, is suggesting about melatonin ameliorative role on morpho-functional state of pancreas exocrine and endocrine part
under HCD-induced obesity conditions, additionally evening administration 1 h before light-off displayed more beneficial

influence compared to morning.
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Introduction. Obesity is one of the major diseases in
the modern world. It is a multifactorial disease associated
with several metabolic disorders, including insulin re-
sistance, hyperglycemia, dyslipidemia and high blood
pressure, which exacerbate each other [1]. They increase
the risk of cardiovascular disease and type 2 diabetes,
and their combination is called metabolic syndrome. Fac-
tors of metabolic syndrome include dysglycemia, athero-
genic dyslipidemia, insulin resistance, hypertension and,
in fact, obesity [2].

Worldwide, about 3.4 million people die from obesity
every year, which is more than from underweight at the
same time [3]. For every 5-unit increase in BMI above 25
kg/m2, overall mortality increases by 29 %, vascular pa-
thology mortality by 41 %, and diabetes-related mortality by
210 % [4]. According to the World Health Organization
(WHO), obesity in Europe affects between 20 % and 30 %
of adults, while in Ukraine, obesity are harmed 16 % of
men and 26 % of women, whereas among children and
adolescents, obesity expanded by 11.1 % [5].

One of the organs most affected by obesity is the
pancreas, while disorders in its work affect the whole body
and cause various diseases. Obesity is accompanied by
ectopic fat accumulation, which leads to pancreatic steato-
sis, which in combination with metabolic syndrome is called
non-alcoholic fatty pancreas disease (NAFPD). It is also
possible to replace acinar cells with adipocytes. NAFPD is
accompanied by infiltration of organ tissues by adipocytes
and can develop into nonalcoholic fatty steatopancreatitis
(NASP). Ectopic fat-related oxidative stress and adipocyte-
produced adipocytokines lead to inflammation and organ
dysfunction [6]. All of this is likely to increase the risk of
pancreatitis, pancreatic cancer and B-cell dysfunction.
Studies in Europe and America indicate that obesity, ac-
companied by acute pancreatitis of different etiologies,
promotes severe pancreatitis, increases the risk of compli-
cations and increases mortality [7].

Nowadays the problem of acute pancreatitis is one of
the most complex and unresolved in modern pancreatolo-
gy, which often linked with increased body mass index
(BMI) and mediated through elevated triglycerides [8]. The
incidence of acute pancreatitis according to WHO is 20-80
cases per 100,000 population per year. The severe form
accounts for about 15 % of all cases of acute pancreatitis.
In necrotic pancreatitis, the mortality rate reaches 20-40 %.
High lethality is associated with excessive activation of
proteolysis, severe endotoxicosis, and purulent-necrotic
complications caused by both the lesion of the pancreas
itself and parapancreatic area [9].

Today, one of the remedies for correcting pancreatic
function is melatonin (MT), a hormone that was isolated
from the pineal gland in 1958 by Aaron Lerner, but the
link between the pineal gland and carbohydrate metabo-
lism was established 75 years ago [10]. Since then, many
studies have tested the effects of melatonin on carbohy-
drate metabolism, blood glucose and insulin secretion,
and many conflicting results have been obtained, alt-
hough all animals have elevated blood levels of melatonin
at night and decreased in the afternoon, the physiological
processes may be different depending on the lifestyle and
modes of administration. Although melatonin receptors
have been found in the pancreas, the role of melatonin in
the pancreas has not yet been fully established [11]. In
addition, although many studies have been devoted to the
antioxidant effect of melatonin and its metabolites, there
are doubts about the efficacy of melatonin as an antioxi-
dant at physiological concentrations [12].

Thus, the aim of our study was to evaluated influence
of melatonin different time (morning and evening) admin-
istration on pancreas morpho-functional state in rats with
high-calorie diet-induced obesity.

Materials and methods. White nonlinear male rats
weighing 100-120 g were used in this study. The light cycle
was 12-h light and 12-h darkness, with lights-off at 19:00 h
(ZT12). All experiments on animals were carried out in

© Kalmukova O., Chumak K., Voronina O., Dzerzhynsky M., 2020



ISSN 1728-2748

BIONOrIA. 1(80)/2020

~ 51 ~

compliance with the international principles of the Europe-
an Convention for the Protection of Vertebrate Animals
used for experimental and other scientific purposes (Euro-
pean 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. On the 8" day, the animals were random-
ized into 2 groups: control animals received standard
chow (15,27 kJ=g™") for 10 weeks and experimental rats
received high-calorie diet (HCD) (28,71 kJg™") consisting
of standard chow (60 %), lard (10 %), eggs (10 %), sugar
(9 %), peanut (5 %), dry milk (5 %) and vegetable oil
(1 %) [13]. Food and water were available ad libitum. To
confirm the development of obesity the animals were
weighed one times a week until the average body gain
reached a significant difference of at least 30 % between
the two groups and the respective animals were classified
as having the normal body mass (Control) and those with
development of obesity (HCD). Rats of HCD group were
divided into two subgroups: one subgroup received MT
(group HCDzto1) in the morning 1 hour after light-on; ani-
mals of the second subgroups obtained MT administra-
tions 1 h before light-off (group HCDzr11). Thus, the ex-
perimental four subgroups are indicated below as: normal
body mass (control), HCD, HCDzto1, HCDzT11.

Melatonin (Alcon Biosciences, USA) was administered
daily by single peroral by gavage introductions for 7 wk
(30 mg/kg). Melatonin treatment was begun at 6th week of
study after obesity is developed.

On the last day of the experiment, the animals were
decapitated, and then the pancreas was isolated.

Histological examination was performed to characterize
the morphology and functional status of pancreas. Frag-
ments of pancreas in the size of 1x1 cm were fixed in 4 %
of paraformaldehyde in 0.1 M phosphate buffer for
72 hours, after which they were dehydrated and embedded
into paraffin according to a standard procedure. From the
paraffin blocks, 5 um sections were performed and stained
with Bemer's hematoxylin and eosin. Further examination
of sections was performed using a light microscope BX41
(Olympus, Japan). Microphotographs were taken using the
DP20 (Olympus, Japan) digital camera and the Quick-
PHOTO MICRO software (Promicra, Czech Republic).

The cross-sectional area of the acinar cell nucleus and
the pancreatic acini were used as criteria for assessing the
morphology and functional status of the pancreas exocrine
part; and the cross-sectional area of the pancreatic islets
was used to evaluation the state of the pancreas endocrine
part. All parameters were measured using the Image
J software (National Institutes of Health, USA).

Statistical data analysis was performed using the Sta-
tistica 6.0 (Stat- Soft, USA) and Microsoft Excel 2010 soft-
ware (Microsoft, USA). The distribution of values was esti-
mated using Shapiro-Wilk W-test. Since the deviation of
these values distribution of from the normality was minor,
to evaluate the differences between the values we used
Student's t-test with a posteriori Bonferroni test. The differ-
ences with probability of the null hypothesis p < 0.05 were
considered significant. The obtained results are presented
as the mean + standard error of mean.

Results and discussion. During the experiment, mor-
phological changes in the histological structure of the pan-

creas in a group which receive a high-calorie diet were
recorded (Fig. 1 A, B). In the exocrine part of the pancre-
as, along with normal tightly packed acini containing acino-
cytes in which there is pronounced acidophilia on the apical
part and basophilia on the basal part of the cell, containing
a rounded or oval nucleus (Fig. 1 C); was appeared baso-
philic cells (Fig. 1 A, asterisk), that can be may be acino-
cytes with impaired mechanism of synthesis and excretion
of enzymes (that characterize reduced to absent zymogen
granules and interstitial fibrosis [14]), or possibly macro-
phages, the accumulation of which is often accompanied
by inflammation [15]. Macrophage infiltration may accom-
pany interleukin-13 secretion and decreases insulin secre-
tion [16]. In the cytoplasm of some acinar cells were indi-
cated vacuolization (Fig.1 A, arrow) with structures that
resembles lamellar bodies and which appear during activa-
tion of autophagy process [17]. In some acinar cells were
explored lipid microvesicular droplets in apical side
(Fig. 1 B, arrowheads) that is evidenced about fatty dystro-
phy in exocrine part of pancreas [18]. Pancreas of groups
that received melatonin (both HCDzro1 and HCDzr11) mostly
did not demonstrate acute pathologic changes (Fig- 1 D) in
exocrine part of pancreas and resemble to morphology pan-
creas of control group. Distinguish features between
HCDzro1 and HCDzr11 did not observe.

Besides was marked changes in endocrine part of pan-
creas under conditions of HCD (Fig. 2 A): in pancreatic
islets were destroyed (that can be caused by apoptosis of
B-islets cells with followed fibrosis [19]), in some cases
were observed leukocytes infiltrate in peripheral part of
islets (Fig. 2 A arrow), that may also include macrophage
with stimulation of inflame [20]. While in control group
(Fig. 2 C) nucleus in cells of pancreas islets were light with
good visible nucleolus and heterochromatin, in HCD group
nucleus were dark with low synthetic activity, that resulting
in falling acidophilic features of cytoplasm (Fig. 2 B aster-
isk). Groups that received melatonin (both HCDzrto1 and
HCDzr11) mostly did not demonstrate acute pathologic
changes (Fig. 2 D) in endocrine part of pancreas and re-
semble to morphology control group. Distinguish features
in morphology of pancreatic islets between HCDzro1 and
HCDzr11 did not observe.

The changes we described in HCD group accord with
data of other HCD obesity model within 3 and 6 months,
namely: lesions of the endocrine part in which some pan-
creatic islets were fibrotic and disorganized, in the tissues
of the pancreas were signs of inflammation, contained
macrophages and lymphocytes [21].

The morphometric assay denote on negative influence
of HCD on the pancreas. The average area of the pancre-
atic islets for the HCD group decreased significantly by
55 % in compared to control (Fig. 3). Reduction of islets
was shown also in high fat diet [22] and that can impact on
insulin signaling destructions. In the HCDzto1 group with
morning melatonin administration, the average area of
pancreatic islets decreased by 35 % in compared to control
group and increased by 45 % in compared to HCD group.
In the HCDzr11 group with evening melatonin administra-
tion, the average area of the islets decreased by 24 % in
compared to control group and increased by 69 % in com-
pared to HCD group. However, no significant difference
between HCDzro1 and HCDzr11 groups in the areas of the
pancreatic islets is observed.
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Fig. 1. Microphotographs of rats' pancreas exocrine part sections: A, B — HCD group; C — control group;
D — HCDzr14 group; hematoxylin-eosin staining; scale bar 30 um. Notes:
arrow — cytoplasmic vacuolization of acinar cells, asterisk — basophilia of apical cytoplasmic part in acinar cells,
arrowheads — microvesicular lipid droplet inclusions in the cytoplasm of acinar cells

Fig. 2. Microphotographs of rats' pancreas endocrine part sections: A, B— HCD group; C — control group;
D — HCDzr14 group; hematoxylin-eosin staining; scale bar 30 pum. Notes: arrow — leukocyte infiltration,
asterisk — low acidophilic color of cytoplasm
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Fig. 3. The morphometric analysis data of the rats' pancreatic islets area.
C - control, HCD - obesity, HCDzr¢1 — morning melatonin administration to rats with HCD,
HCD_z111 — evening melatonin administration to rats with HCD

Notes: * — a significant difference between the control and experimental groups, p < 0.05; # — a significant difference between the HCD

and experimental groups, p < 0.05

In exocrine part of pancreas were analyzed cross-
section areas of acini and acinar cell nucleus (Fig. 4). In
the HCD group the acini area decreased by 30 % com-
pared to control. At the same time, in the HCDzro1 group
with morning introduction of melatonin the acini area in-
creased by 33 %, in HCDzr11 increased by 47 % compared
to HCD. Pancreatic acini area of melatonin treatment
groups had reached control level and did not significant
differ between each other group.

During obesity development area cross-section of aci-
nar nucleus (Fig.4) in HCD group decreased by 22 %
compared to control. Decreasing acini areas as well as
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acinocyte nucleus areas may indicate about diminish in
protein synthesis in these cells. In the HCDzto1 group, the
nucleus area increased by 9 % compared to the HCD
group, while compared to the control its level decreased by
21 %. In the HCDzr11 group area of acinar nucleus
increased by 21 % compared to the HCD group, but still by
11 % less than the corresponding parameter in the control
group. In this case, a significant difference was found
between the results obtained in the morning and evening
administration: the average nucleus area at the HCDzr11
group increased by 10 % than in the HCDzro1.
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Fig. 4. The morphometric analysis data of the rats' pancreatic exocrine part. C — control, HCD - obesity,
HCDzr¢1 — morning melatonin administration to rats with HCD, HCDzr11 — evening melatonin administration to rats with HCD.
Notes: * — a significant difference between the control and experimental groups, p < 0.05;
# — a significant difference between the HCD and experimental groups, p < 0.05;
& - a significant difference between the HCDzry1 and HCDzr14, p < 0.05

Thus, in the high-calorie diet group abnormal changes
in the exocrine and endocrine parts of pancreas due to
obesity development were detected. Our sections con-
tained signs that obesity leads to ectopic accumulation of
fat in cells, which is accompanied by inflammation. Obesity
inflammation is observed in the liver, muscles, adipose
tissue and pancreas. Obesity leads to organ infiltration by
macrophages that produce proinflammatory cytokines [23].
Such macrophages were found in the morphological analy-
sis of pancreas sections. A particular role in the onset of

inflammation is put on IL-1B, which stimulates the produc-
tion of a number of proinflammatory factors. IL-13 itself is
probably produced in response to the prolonged action of
high concentrations of free fatty acids and glucose, which
lead to cell damage and apoptosis. In addition, adipocytes
also have the ability to synthesize cytokines and chemo-
kines. Prolonged inflammation leads to a decrease in the
pancreatic parenchyma mass and the fibrosis appearance
[24], which we also observed on drugs.
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Other animal studies have also shown that a high-fat
diet leads to fibrosis. Obesity-induced insulin resistance,
inflammation and lipotoxicity lead to pancreatic endocrine
dysfunction and can cause decreasing 3-cell number and
thus diminished islet area [25]. Studies in mice have shown
that a high-calorie diet with fat and carbohydrates leads to
an increase in B-cell apoptosis, while a high-carbohydrate
diet over the same period (12 weeks) moderate to an in-
crease in B-cell mass and insulin secretion [26].

In humans, clinical studies suggest that there is a
link between obesity and impaired endocrine pancreatic
function, but most clinical studies do not find apparent
abnormalities of exocrine pancreatic function in over-
weight individuals [27].

The melatonin usage in obesity development conditions
partially retained the morpho-functional state of the pan-
creas. This is due to its nonspecific effects (antioxidant,
anti-inflammatory) and specific effects on carbohydrate
metabolism (MT1 and MT2 receptors have been detected
in B-cells and a-cells). Also, with intraluminal administra-
tion, melatonin strongly stimulates the secretion of pancre-
atic enzymes, which is probably related to its effect on the
digestive tract receptors [28].

Studies in mice using pinealectomy have shown that it
leads to insulin resistance and leptin resistance. Exoge-
nous administration of melatonin returned glucose metabo-
lism back to normal level. In addition, a study in mice fed a
high-fat diet showed that administration of melatonin cor-
rected the reduced insulin sensitivity. In a mouse experi-
ment with a genetic model of obesity, melatonin was shown
to reduce inflammation and obesity-induced alteration of
adipokine levels. Experiments indicate the lipolytic action of
melatonin, which is achieved by stimulating the sympathet-
ic nervous system [29]. Melatonin is known as an insulin
synthesis inhibitor that can protect -cells from damage by
over-insulin synthesis during obesity.

A study in pigs with acute pancreatitis showed that the
group receiving melatonin had less pronounced acinar and
fat necrosis [30]. There are experiments that suggest the
possibility of mitigating induced hyperglycemia obesity
through the use of melatonin. This study showed the detri-
mental effect of smoking on the pancreas, which manifest-
ed in the reduction of pancreatic islets. Melatonin in this
study reduced inflammation and apoptosis levels f-cells,
improved the status and function of B-cells, and also in-
crease insulin secretion [31].

Thus, the results of this experiment do not contradict
the results of such experiments except those where a high
carbohydrate diet was used.

Also in this experiment, a significant difference in the
cross-sectional area of acinocyte nuclei was detected, de-
pending on the time of melatonin administration. In the
study of other parameters with the evening administration
of melatonin, the results obtained were also closer to those
in the control group. This difference may be related to the
circadian rhythm of the body. Circadian rhythm is controlled
at the level of the body — the pacemaker and the molecular
clock at the cellular level. The central mammalian pace-
maker is the suprachiasmatic nucleus (SCN) of the hypo-
thalamus, and there are also peripheral pacemakers. The
pacemaker is guided by an auto-transcriptional / transla-
tional feedback loop provided by clock genes. Interestingly,
the pancreas has its own pacemaker rhythm. Thus, alt-
hough insulin and glucagon secretion are dependent on
food intake, experiments have shown the existence of cir-
cadian rhythm in their levels [32]. The main regulators of

circadian rhythm are CLOCK and BMALA1, they form a het-
erodimer and bind to an enhancer that regulates the ex-
pression of rhythm-related PER and CRY genes. The het-
erodimer formed by PER and CRY is directed to the nucle-
us, where it inhibits the expression of CLOCK and BMALA1.
In B-cells of rats with knockout BMAL1, insulin levels are
lower, suggesting that these genes are linked to carbohy-
drate metabolism [33].

SCN affect the synthesis of melatonin, and melatonin,
in turn, regulates the functions of SCN, especially at dawn
and at dusk. This is done at the expense of MT1 and MT2.
There is evidence that the density of these receptors has a
circadian rhythm: there are studies showing an increase in
the density of MT1 receptors in SCN during dusk [34].

Melatonin exerts its specific effect on cells via MT1 and
MT2 receptors. Thought MT2 receptors melatonin medi-
ates the effect on insulin secretion with the activation of
phospholipase C. MT2 inhibition experiments have shown
a decrease in the effect of melatonin on insulin secretion.
MT1 inhibition showed no such effect. There is evidence
that MT2 receptors are more represented in B-cells and
MT1 in a-cells [34].

Conclusions. Thus, it has been established that obesity
induced high-calorie diet leads to significant changes in the
morphological structure of pancreas exocrine and endocrine
part. It has been shown that daily administration of melatonin
in a dose of 30 mg / kg for 7 weeks to obese rats leads to
improvement of the pancreas morpho-functional state. Ob-
served a tendency of greater efficiency during evening mela-
tonin administration more (1 hour before light-off) than morn-
ing (shown significant difference in area of acinar cell nucle-
us, and other parameters save this direction).
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O. BopoHiHa, kaHa. 6ion. Hayk,

M. [3epXxuHCbKUI, A-p 6ion. Hayk

KuviBcbkui HalioHansHUI yHiBepcuTeT imeHi Tapaca LLleBueHka, Kui, YkpaiHa

MOP®O®YHKLIOHANbHUA CTAH NIALLNYHKOBOI 3ANO3U LWYPIB MPU BBEJEHHI MENIATOHIHY
nia YAC PO3BUTKY OXWUPIHHA: XPOHOTEPAMNMEBTUYHUW NIAXIAQ

3aliea eaza ma oXupiHHS Yacmo eukluUKaromb maki cynymHi xeopobu, sik iHcyniHopesucmeHmHicms, diabem Apy2o2o0 muny, pak, cepyeso-
cyOuHHi namonoeii mowo. lMidwnyHkoea 3ano3a 2pae saxsugy posb O0nsi 8y2reeo00H020 06MiHYy ma cuaHanbHUX wisxie iHCyniHy, wo e ymosax
OXUPIHHS 3a3HalOMb MamoJsIo2iYHuUX 3MiH. [nsi 3MeHWeHHs1 Hecrnpusimiueux Hacidkie oXuUpiHHsSI @ posli mepaneemMuYyHO20 aceHma po3ansidacmeb-
cs1 MeslamoHiH — 6aezamogbyHKYioHanbHuUll 20PMOH enighiza. 3 02110y Ha PO38UMOK MOYHOI MeOUYUHU, sIKa 8K/Ito4ae o6pobKy nepcoHanbHuUx da-
HUX Mpo nocridoeHicmb 2eHOMy opaaHi3My, Mikpobiomy, iHOugidyanbHull pexxum OHsi/HOYi mowo, nNid6ip Yyacy npuliomy nikie 0nsi MaKkcumasnbHOI
egekmueHocmi ma MiHimizauii no6idyHuUx egpekmie Onsi KOXXHO20 nayieHma eidnoeidHo Ao yupkadHo2o pummy iHOueidyanbHO20 op2aHi3aMy cma-
HO8UMb OCHOBHY Memy y XpoHomeparnesmu4yHoMy nidxodi. Tomy memoro Hawoao AocidXeHHs1 6yno eu3Ha4eHHs MOpghopyHKYiOHaNIbLHO20 cma-
Hy (3MiHU cmpyKmypu K/limuH ek30- ma eHOOKPUHHOI YacmuH; MopghoMempuy4Hi napamMempu: naowi nonepeyHo20 nepepizy ocmpieyie JlaHzepza-
Hca, ayuHycie ma si0ep ayuHapHUX KimuH) nidwsyHKoe8ol 3a/103u y ujypie 3 OXUpPiHHSM, iHOYKO8aHUM 8UCOKOKasIopiliHO (3 8UCOKUM 8Micmom
JXupy) diemoto, nicnsi eeedeHHs1 MeslamoHiHy y eu3Ha4yeHuli Yyac 0obu (yeeyepi abo epaHyi). MenamoHiH eeodunu w,00eHHO NPomsi2oM 7 MuXKHie
do3oro 30 me/ke 3a 1200 Ao eumkHeHHs1 ceimna (ZT11, yeeyepi) abo 1 200 nicnsi eknroYeHHs1 ceimna (ZT01, ypaHyi) wypam, siki nepebysanu Ha
esucokokanopiliniii diemi (BKL). LWypu i3 BK[] manu namonoziyxi 3miHu e 6ydoei knimuH nidwyHKoeol 3a5103u eK30- ma eHOOKPUHHOI YacmuH, wo
eusiensANuUChL y HasisHocmi Makpogbazie, nelikoyumapHoi iHghinbmpauii ocmpieuyie, eakyonizayii ma ninioHux kpanens y yumonna3smi ayuHoyumis;
y moli e yac po3mipu nnouwji nonepe4yHo20 nepepizy ocmpieyie, ayuHycie ma s10ep ayuHapHuUx KiimuH 3meHwyeanucs. LLypu 3 OXupiHHAM, SKUM
eeodusiu MeslamoHiH, 0eMoHCcmpyeasiu 3MeHWeHHs1 eusigy rnamoJsio2iYyHux 3MmiH, noe'szaHux i3 ennueom BK[] Ha nidwnyHkoey 3ano3sy. A came,
36inbwunacb niowa ocmpieuyie niownyHkoeol 3as103u nopieHsHo 3 epynoto BK[; kpim mozo, nnowa ayuHycie nidwiyHkoeoi 3ano3u docsiena
KOHMPOJsIbHUX 3Ha4YeHb. Busisunu pi3HUYt0 Mix paHkoeuM i eeqipHiM eeedeHHsIM MenlamoHiHy 3a napamempamu riowi ss0ep ayuHoyumis: eevipHe
8sedeHHs1 ausiensno 6inbw eghekmusHy dito 8 AocsicHeHHi KOHMPOJILHO20 Pi8HS. Y CyKynHOCMi MenamoHiH YuHUmMb amesiiopamueHy Oito Ha Mop-
¢ogpyHKYyioHanbHUli cmaH ek30- ma eHOOKPUHHOI YacmuH MiOwI1yHKO8OI 3a/103U 8 yMo8ax PO38UMKY OXUPIHHS, cnpu4yuHeHo2o BK/. lMpu4domy
nicns eevipHbo20 88e0eHHs1 MeslamoHiHy (3a 1 200 Ao 8UMKHEHHs1 ceimiia) cnocmepizaembcsl Kpawya meHOeHyiss 00 8iOHOBIIEHHS1 3MiHEHUX napa-
mempie nidwnyHkoeor 3a5103u 30 KOHMPOJIbLHO20 PieHs1 MOPI@HSIHO 3 PaHKOBUM.

Knro4oei crnoea: menamoHiH, oxupiHHsi, XxpoHobionozisi, ocmpisyi JlaHzepaaHca, sucokokasnopiliHa diema, ayuHapHi KnimuHu niownyHkoeoi
3ano3u.

0. KanmblkoBa, acn.,

K. Yymak, cTya.,

E. BopoHuHa, kaHA. 61on. Hayk,

H. A3epxuHckuin, A-p 6uon. Hayk

KneBckui HaumoHanbHbIV yHuBepcuteT umeHu Tapaca LlleBuyeHko, Kues, YkpanHa

MOP®O®YHKLIMOHANIbHOE COCTOAHUE NOMXENYAOYHOW XENE3bI KPbIC
NP BBEOEHUU MENATOHUHA NPU PA3SBUTUN OXKUPEHUA: XPOHOTEPANMEBTUYECKUM NOOXOA

JluwHuli 8ec u oxupeHue 4acmo ebi3biearom makue conymcmeyrowue 60s1e3HU, KaK UHCYJIUHOPe3UCMeHmMHocmb, duabem emopoao muna,
pak, cepde4Ho-cocyducmsbie namosnoauu u m. n. [TodxenydoyHas xene3a uzpaem 8axHyIo posib Onsl y251e800HO20 06MeHa U cu2HaslbHbIX nymel
UHCYNUHa, KOmopbIe 8 yCJI08USAX OXUPEHUs1 ucnbimbiéalom namosio2uyeckue usMeHeHusi. [ns ymeHbweHusi HebnazonpusimHbix nociedcmeull
O)XXUPEHUs1 8 PoJlu meparneemuy4yecKko20 azeHma paccMampueaemcsi MeslamoHUH — MHO20QhYHKYUOHalIbHbIU 20PMOH 3nugu3a. Yyumsbieasi pa3eu-
mue moyYyHoU MeOUYyuHbIl, Komopasi eK/to4aem ob6pabomky nepcoHasnbHbIX GaHHbIX O NocsedoeamesibHOCMU 2eHOMa op2aHu3Ma, MUukpobuoma,
uHOueuUdyanbHbIl PeXxum OHs/HOYU u m. n., Nod6op epeMeHU npuema siekapcme 0N MaKkcumanbHoU 3ghghekmueHoCMU U MUHUMU3aYUU No6oy-
HbIX aghghekmoe Onsi Kaxx0020 nayueHma e coomeemcmeuu ¢ YupkadHbIM PpUMMOM UHOUBUOYanlbHO20 Op2aHU3Ma cocmaesisiem OCHOBHYH Ueslb
npu xpoHomepaneemu4eckom nodxode. [Toamomy uenbio Hawe20 uccnedosaHusi 6bu10 onpedesieHue MOPEHOPYHKUUOHANILHO20 COCMOSIHUS
(usMeHeHuUs1 cmpyKmypbI KIeMOK 3K30- U 3HOOKPUHHOU Yacmeli; MopghoMempuyecKkue napamempsbi: naoujadu nornepeyHo20 cevyeHusi OCMpPOB8KO8
JlaHeepaaHca, ayuHycoe u si0ep ayuHapPHUX KI1€mokK) nooxesiy0o4yHoU xese3bl ¥ KPbIC C OXUPeHUeM, UHOYYupo8aHHbIM 8bICOKOKa/opuliHoU (¢
8bICOKUM codepikaHueM xupa) duemoll, nocsie eaedeHusi MeslamoHuUHa e onpedesieHHOe epeMsi CYmok (eeyepom unu ympom). MenamoHuH eeodu-
nu exe0He8HO 8 meyveHue 7 Hedesb 8 do3e 30 me/ke 3a 14 0o ebiknto4YeHuss ceaema (ZT11, eeyepom) unu 14 nocne eknovYeHusi ceema (ZT01,
ympom) KpbicaM, Komopbie Haxo0unucb Ha ebiCOKoKasopuliHol dueme (BK[). Kpbicbi ¢ BK[] umenu namosnozuyeckue usMeHeHUsi 8 cmpyKkmype
KJ1emok nooesny0o4yHol xesne3bl 3K30- U 3IHOOKPUHHOU Yacmeli, KOmophble NPOsI8ANUCL 8 Halu4Yuu Makpogazoe, nelikoyumapHol uHgunbmpa-
Yuu ocmpoeKos, 8aKyonu3ayuu U NUNUOHbIX Kanesb 8 yumornsa3mMe ayuHoyumos; 8 mo xe epemsi Mopgpomempudeckue daHHble nnowadu none-
Pe4YHO20 Ce4YeHUsi OCMPOBKO8, ayuHycos U s10ep ayUHapHUX K/IemoK yMeHbwanuck. Kpbickl ¢ oxupeHueM, KOMopbIM 8800UIU Me/TamoOHUH, de-
MOHCmpupoeanu yMeHbuleHuUe HacmyrnyieHusi NamoJsio2u4eckux UsMeHeHul, cesi3aHHbIx ¢ enusiHueM BK[] e nodxenydoyHol xenese. B yacmHo-
cmu, yeenu4unachk niaouw,adb ocmpoeKoe nodxesy004yHol xesne3bl Mo cpasHeHuto ¢ epynnol BK[]; kpome mozo, nnowjadb ayuHycoe rnooxesy-
0doy4Holi xene3bl docmuaana KOHMPOJIbHbIX 3HaYyeHul. O6Hapyxunu pasHuyy mMexoy ympeHHUM U ee4YepHUM eeedeHUeM MeslamoHUHa Mo napa-
mMempam nnow,adu sidep ayuHoyumoe: eeyepHee ssedeHue umesio b6osee aghghekmuesHoe Oelicmeue 8 OOCMUXEHUU KOHMPOJIbHO20 YypOeHs. B
COBOKYNHOCMU MeJlamoHUH OKa3bleéaem amesiuopamueHoe delicmeue Ha MOpPghOopyHKYUOHa/IbHOe COCMOsIHUE 3K30- U 3HOOKPUHHOU Yacmel
noodxesyd0o4yHol xese3bl 8 YC/I08USIX pa3eumusi O)XXupeHusl, ebi3eaHHo20 BK[]. Mpuyem nocrie seyepHe2o esedeHusi MesiamoHuHa (3a 1 4 do enbi-
KnoYyeHus1 ceema) Habnrodaemcsi nyquwiasi MmeHOeHUUs1 K 60CCMaHOB/IEHUI0 USMEHEHHbIX napamMempoe 1nodxesiy0oyHol xese3bl 00 KOHMPOIILHO-
20 YPOBHSI 10 CPaBHEHUIO C YMpPeHHUM egedeHueM.

Kntoyeenie cnoea: menamoHuH, oxupeHue, XxpoHobuosoausi, ocmpoeku JlaHzepaaHca, ebICOKOKaiopuliHasi duema, ayuHapHble Kiemku rnoo-
JKes1yOoYHOU Kene3bl.





