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KAlo40Bi cAoBa: PE3IOME

MeTaboniYHUA CUHAPOM, OXUPIHHS, MOp-  AKTyanbHicTb. OXUpIHHS Yy TPU3YHIB po3rmsaalnTb sk 30inblueHHs Macu Tima 3a
dororiyHi Ta MOP(OMETPUYHI MEXaHi3-  paxyHOK XUMPOBUX [eno Mpu Npu3HadyeHHi M BUCOKOXWPOBOI [Ai€ETW, SKa cnpusie
MW, NEenTWH, agunouuTW, rinepTpodpiyHi  NIABMLLEHHIO BHYTPIWHLOI Macu opraHismy. [MpoBegeHO MoAentoBaHHs MeTaboriy-
npouecu. Horo cuHapomy (MC) Ha Ginux camkax-Liypax, BikOM 5—6 MicauiB ANnsi BU3HAYEHHS
MOPAONOriYHMX Ta MOP(OMETPUYHMX 3MiIH Y JKUPOBIN TKaHWHI Ta BCTaHOBMEHHS

o B3aEMO3B’A3KYy 3 PO3BMTKOM XPOHIYHOIO 3anarneHHs.

AAs KOpecnoHAEeHLUI: MeTta po60TH — BMBYMTU MOPONOriYHi Ta MOPEOMETPUYHI OCOBNMBOCTI XUPOBOI
TKaHUHU MPU OXUPIHHI Yy LLypiB, BCTAHOBUTU B3aEMO3B’A30K 3 MapKepamu cuctem-
HOro 3ananeHHs, piBHeM NenTuHy i nNposananbHUMU LUTOKIHAMU B CUpOBATLi KPOBI
npu MeTaboniyHoOMy CUHOPOMI.

Matepianu Ta metoau. [locnigxeHHs nposegeHi Ha 30 Ginux camkax-Lypax nonyns-
uii WAG/G Sto, Bikom 5-6 micauis. [ina moaentoBaHHs MC wypu 6ynu posnogineHi
Ha OBi rpynu: ocHoBHY (20 LwypiB) Ta KOHTPOMbHY (10 wypiB). [Ans KiNbKiCHOT OLiHKW
CTaHy >XMpPOBOI TKaHWHW BUKOHyBanu mopdponoriyHe Ta MOpdOMETPUYHE [OChia-

Ky3bmiHa IpuHa FOpiigHa

XapKiBCbkU  HaUiOHaNbHUA  MEeANYHWUIA
yHiBepcuTeT MiHicTepcTBa OXOpPOHM 300-
poB’ss YkpaiHu, kadegpa 3aranbHOi Ta
KniHivHOI naTodizionorii iM. [.0. AnbnepHa;
npocnekt Hayku, 6ya. 4, M. Xapkis,

Ykpaita, 61022; XEeHHs1 agunoumTiB. KOHUEHTpaLito LMTOKIHIB Ta NMenTuHy Yy CMpoBaTLi KpOBi BWU3HA-
e-mail: irina.u.kuzmina@gmail.com Yanun MeToooM iN!)IHOd)epMeHTHOFO aHanisy._ Onsa ninTBepﬂ)&_(eHHﬂ pO3BUTKY MC

y TBapwH OCHOBHOI Fpynu OLiHIOBanu macy Tifna, KOHLEHTPaLilo MoKO3M, iHCYMiHY,
© Kysbmina 1.10., Kyabmina O.0., 2024. Tpurniuepwais, 3aranbHoro xornecTtepuHy B kposi (3XK), ninonpoTeiHoB HW3bKOI

Ta Bucokoi winbHocTi (JINHLL, TNBLL), C-peaktuBHoro 6inka (CPB).

Pesynbratn Ta ix o6roBopeHHs. MopdornoriyHe Ta MoOpoOMETPUYHE AOCHiOKEHHS
XKMPOBOI TKaHWHW NIATBEPAXYIOTb 3MiHY Macy XXMPOBOI TKaHWHW 3a paxyHOK po3mipiB
XMPOBMX KNiTMH — rinepTpodii agunoumTtis. Mapkepom MetaboniyHoro cuHpomy
€ crneundiyHMn aaunokiH — NEnTUH, KOHLEHTpauis SKoro y cupoBaTui Xapaktepu-
3ye CTyNiHb MOro ropMoOHanbHOI aKTMBHOCTI. [loBeAaeHo, WO MiABULLEHHSI PIiBHS
nentuHy npu MC € He TiMbKu CMMNTOMOM, LO XapakTtepusye yHKUiOHANbHUN
CTaH XMVPOBOI TKaHWHW, ane i 3yMOBMIOE CMOHTaHHYy MPOAYKUi npo3ananbHUX
LUMTOKIHIB Yy KpOBi Ta MaToreHeTUYHO B3AEMOMOB’S3aHe i3 PO3BUTKOM HeaudepeH-
LlinoBaHOIO XPOHIYHOro 3ananeHHs.

BucHoBku. MopdornoriyHe Ta MOphOMETPUYHE AOCHIMKEHHS NiABULLEHHS 06’ €MHOI
WiNbHOCTI aguMnoumTiB, po3Mmipy iX AiameTpa Ta KinbKOCTi iH(InbTpaTiB Bignosigae
MONOXEHHIO MPO 3anarneHHsi XXMPOBOT TKaHWHWN B OCHOBHIN rpyni LLypiB.

3MiHa LMTOKIHOBOro npodinio B cCvpoBaTLi KpPOBi LUypiB MOXe OyTu He Tinbku Map-
KepoM pO3BWUTKY AAHOr0o BUAY 3ananeHHs XUpPOBOi TKaHWHKW, @ TaKoX NMPOrHOCTUYHOK
03HaKoK edeKTUBHOCTI NiKyBaHHA MeTaboniyHOro CUHOPOMY.

AAS UMTYBAHHS:

Kysbmia |.}HO., KysbmiHa O.O. MopdornoriyHi Ta MOpdOMETPUYHi OCOGMMBOCTI XMPOBOI TKaHWHW Y LUypiB
npu PO3BUTKY XPOHIYHOrO 3ananeHHs Ha OOoHi MeTaboniyHOro cuHApomy. KapasiHcbKul iMyHOMO2iYHUl XypHarl.
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ABSTRACT

Background. Obesity in rodents is considered as an increase in body weight
due to fat depots when they are given a high-fat diet, which contributes to an increase
in the internal body weight. Modeling of metabolic syndrome (MS) was carried out
on white female rats, aged 5-6 months, to determine morphological and morphometric
changes in adipose tissue and to establish the relationship with the development
of chronic inflammation

Purpose of the work is to study the morphological and morphometric features
of adipose tissue in obesity in rats, to establish a relationship with markers of systemic
inflammation, the level of leptin and pro-inflammatory cytokines in blood serum in
metabolic syndrome.

Materials and Methods. The research was conducted on 30 white female rats
of the WAG / G Sto population, aged 5-6 months. For MC modeling, rats were divided
into 2 groups: main (20 rats) and control (10 rats). Morphological and morphometric
study of adipocytes was performed to quantitatively assess the state of adipose
tissue. The concentration of cytokines and leptin in blood serum was determined
by enzyme immunoassay. To confirm the development of MS in the animals of
the main group, body weight, concentration of glucose, insulin, triglycerides, total
blood cholesterol (TBH), low- and high-density lipoproteins (LDL, HDL), and
C-reactive protein (CRP) were evaluated.

Results. Morphological and morphometric studies of adipose tissue confirm a change
in the mass of adipose tissue due to the size of fat cells — hypertrophy of adipocytes.
Metabolic markers of the metabolic syndrome are a specific adipokine — leptin, the
concentration of which in blood serum characterizes the degree of its hormonal activity.
It has been proven that an increase in leptin level in MS is not only a symptom that
characterizes the functional state of adipose tissue, but also determines the sponta-
neous production of pro-inflammatory cytokines in the blood and is pathogenetically
interconnected with the development of non-differentiated chronic inflammation.
Conclusions. The morphological and morphometric study of the increase in the
volume density of adipocytes, the size of their diameter and the number of infiltrates
corresponds to the statement about inflammation of adipose tissue in the main group
of rats. A change in the cytokine profile in the blood serum of rats can be not only
a marker of the development of this type of adipose tissue inflammation, but also
a prognostic sign of the effectiveness of the treatment of metabolic syndrome
Key words: Metabolic syndrome, obesity, morphological and morphometric
mechanisms, leptin, adipocytes, hypertrophic processes.

Kuzmina IYu, Kuzmina OO. Morphological and morphometric features of adipose tissue in rats with the
development of chronic inflammation against the background of metabolic syndrome. Karazin Journal of Immunology.
2024;7(1(13)):44-53. DOI: https://doi.org/10.26565/

BCTYN

INTRODUCTION

Mertaboniynnn cuHgpom (MC) — wue KkKomnnekc
MeTaboniyHMX, rOpMOHanNbHUX Ta KIiHIYHMX MOPYLUEHb,
AKAN  XapakTepusyeTbCa  OXMPIHHAM, apTepianbHO
rinepTeHsieto, gucninigemieto, rineprrnikemielo Ta pesuc-
TEHTHICTIO A0 iHCYniHY [1]. OXuUpiHHA MOXHa po3rnagatv
AK dakTop, Lo BNAMBae Ha MexaHiam po3suTky MC npu
HaaMmipHin Maci Tina. KinbkicTb BicLepanbHOi XUpoBoi
TKAHWHW  Ma€ BaXNMBE MPOrHOCTUYHE  3HAYEHHS
Yy PO3BUTKY 3axBOPKOBaHb, MOB’SI3aHMX 3 OXMPIHHAM.
’KupoBa TkaHVWHa He TinMbkM 30Cepeaxye OCHOBHUMN
3anac eHepreTMyHuMx cybcTtpaTie opraHiamy, ane n
BMNVBAE Ha €HAOKPUHHY aKTUBHICTb [2].

BuginaioTb OBa OCHOBHI >XMPOBI Aeno: niglkipHe
Ta BicuepanbHe. 3anexHo Big TonorpacpivyHoro
po3TallyBaHHA MpPOBa TKaHWMHA Mae MOpdONOorivHi
Ta digionoriyHi ocobnueocTi. BicuepanbHe OXUpIHHA Ta
iHCYNiHOPE3NCTEHTHICTb € OOHWMM i3 HambinbLl akTyanb-
HUX NpOLECiB, $Ki CNPUSOTb PO3BUTKY XPOHIYHOIO
3ananeHHa [3]. BicuepanbHa kupoBa TKaHWMHA €
OXepernom HU3KN BUCOKOAKTUBHUX PEYOBUH — aAUMNOKIHIB,
SKi He TiNbkW BIAMOBIAAOTbL 3a FOMEOCTa3 TKaHWHM,

Metabolic syndrome (MS) is a complex of metabolic,
hormonal and clinical disorders, which is a condition
characterized by obesity, arterial hypertension, dysli-
pidemia, hyperglycemia, and insulin resistance [1].
Obesity can be considered as a factor influencing the
mechanism of development of MS with excess body
weight. The amount of visceral adipose tissue has
an important prognostic value in the development of
obesity-related diseases. Adipose tissue not only con-
centrates the body’s main supply of energy substrates,
but also affects endocrine activity [2]. There are two main
fat depots: subcutaneous and visceral. Depending on
the topographic location, adipose tissue has morpho-
logical and physiological features. Visceral obesity and
subsequent insulin resistance is one of the most relevant
processes that contributes to the development of chronic
inflammation [3]. Visceral adipose tissue is a source
of a number of highly active substances — adipokines,
which are not only responsible for tissue homeostasis,
but also affect the development of a chronic inflammatory
process in the body [4]. A specific marker of adipose

OpuwuriHanbHi 4oCnigpKeHHSs
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ane 1 BNMMBaKOTb Ha PO3BUTOK XPOHIYHOMO 3ananbHOro
npouecy B opraHiami [4]. CneundiyHnm Mapkepom Xupo-
BOI TKaHMHM npu MC € agmMnokiH — NenTuH, KOHLUEHTpaLis
SIKOrO Yy CUpOBAaTLi KPOBi XapakTepusye CTymiHb WNOro
rOpMOHarnbHOI aKTMBHOCTI Ta CNpsiMOBaHa Ha MPWrHi-
YeHHs aneTUTy Ta BUTpaTK eHeprii B opraHiami [5].
3ananeHHs BUpillanbHUM YMHOM MO3HAYaETbLCS Ha
MeTabonivHi Ta CEKPETOPHIN hyHKLUIT KMPOBOI TKAHWUHK
Ta Bigirpae npoBigHy ponb Yy PO3BUTKY NATOMNOMYHUX
npouecis, WO CynpoBOAXKYIOTb OXMPiHHA. Mopdonoriu-
HOK OCHOBOIO 3amnaneHHs >XUPOBOI TKAHWHWU MPU OXMK-
PiHHI € iH(INbTpaUia OCTaHHBLOI IMYHOKOMMETEHTHUMU
KNiTMHaMmn, WO [J03BOMsE po3rnsgatn ii He nuue sk
€HOOKPUHHWI OpraH, a 1 sIKk opraH iMyHHoOI cuctemu [6].

HanbinbLu akTyanbHUM € NUTaHHS, Wo 06’eqHye 0Xu-
PiHHSA Ta iIHCYNIHOPE3NCTEHTHICTb — Lie XPOHidYHe cyOkni-
HiYHe 3ananeHHs, sike Mo3Ha4YaeTbCs Ha MeTaboniyHii
i CeKpeTopHi yHKLiT >XMPOBOI TKaHWHW | Bigirpae
NpOoBIAHY pPonb Y PO3BUTKY NaTOMNOriYHMX npouecis [7].

XupoBa TkaHMHa Mae ayTo-, napa- Ta €HOOKPUHHI
dyHKUiT | MOXe BNnMBaTM Ha poGOTY iHWMX OpraHiB Ta
cucteM, Ta Gepe yyacTb Yy cekpeLuii BEnuKoi KinbKoCTi
CYNYTHIX OXWPIHHIO PEYOBWH Ta BUKMUKAE XPOHIYHUN
3ananbHuin npouec [8].

AOUNOUMTOKIHM LUe KNiTUHW, B SIKUX Y HOPManbHUX
ymMoBax BiAOyBaeTbCA CUHTE3 ninigiB, HaKOMUYEHHSI
i cekpedist GionoriyHo akTMBHUX peyvoBuH (BAP).

JlenTuH, GiNKOBUI FOPMOH, SIKMIA CEKPETYETLCS BU-
KntoyHo y agunoumTax. MNpu po3sutky MC koHUeHTpauiga
aOQUMOHEKTMHY B KPOBi 3HWXKYETbCSH, a nenTuHy -—
niaBuULLYETbCS, WO € 6e3nepeyHM MapKepoMm pO3BUTKY
OXMPIHHA. ICHYIOTb AaHi, WO NenTUH CTUMYMIOE KMITUHHY
iMyHHY BignoBiab Ta 30inbliye npoaykuito nposananb-
HUX UUTOKIHIB. AOWMOHEKTUH — LEe KorareHonodioHun
Ginok, Wo BMAINSeTbCA i3 aguMnouuTiB Ta Mae NpoTU-
3ananbHi BnactmeocTi [9].

MeTta po6oTu — BMBUNTM MOpPAOMOriYHi Ta Mopdo-
METPUYHI OCOBNMBOCTI KMPOBOI TKAHWHU MPU OXMPIH-
Hi y LWypiB, BCTAHOBMUTN B3aEMO3B’A30K 3 MapKepamu
CMUCTEMHOTO 3arnaneHHs, piBHEM MeNnTUHY i npo3anarb-
HAMW UMTOKIHAMM B cupoBaTui KpoBi npu meTaboniy-
HOMY CMHOPOMI.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

HocnigxeHHsa npoeegeHi Ha 30 GinuMx camkax-Lypax
nonynauii WAG/G Sto, Bikom 5-6 micauis, macot Tina
00 noyaTky ekcrnepumeHTty 240 + 14,7 .

Bci niggocnigHi wypu 6ynn posnogineHi Ha 2 rpynu:
OCHOBHY (20 wwypiB) Ta KOHTponbHY (10 wWypis).

EkcnepumeHTn npoBeaeHi BianosigHo Ao «3aranbHux
NPVHUUMNIB €KCMEPUMEHTIB Ha TBapuHax», CXBaneHuMu
| HauioHaneHuUm koHrpecom 3 Gioetukm (20.09.2001 p.,
KuiB, YkpaiHa) i y3romkeHuMu 3 nonoxeHHAMU «EBpo-
nercbkoi KoHBeHUii Npo 3axmcT XpebeTHMX TBapwH, LUO
BMKOPUCTOBYIOTLCS ANsl €KCNepUMEHTanbHUX Ta iHLIMX
HayKoBUX Linemn».

KoHTpornbHa rpyna TBapuH 3Haxoaunack B CTaHAapT-
HMX ymoOBax BiBapito, iMm He Oyno npoBedeHO MoAento-
BaHHA MC i BOHM Oynu npakTuyHo 3g0poB.i. Lypam
OCHOBHOI Fpynu OAMH pa3 Ha TWXAeHb pobunu NigLWKipHi
iH’ekuii 6etacnaHy (20 wMmkr/kr Macu), PO3YMHEHOro
B 0,2 Mn ouumLleHOI i CTepunisoBaHoi ONMUBKOBOI oOnil

tissue in MS is adipokine — leptin, the concentration
of which in blood serum characterizes the degree of
its hormonal activity and is aimed at suppressing
appetite and energy consumption in the body [5].
Inflammation decisively affects the metabolic and
secretory function of adipose tissue and plays a leading
role in the development of pathological processes
accompanying obesity. The morphological basis of
adipose tissue inflammation in obesity is the infiltration
of the latter by immunocompetent cells, which allows
it to be considered not only as an endocrine organ, but
also as an organ of the immune system [6]. The most
relevant issue is the link between obesity and insulin
resistance — this is a chronic subclinical inflammation
that affects the metabolic and secretory function of
adipose tissue and plays a leading role in the develop-
ment of pathological processes [7]. Adipose tissue has
auto-, para- and endocrine functions and can affect
the work of other organs and systems, which is involved
in the secretion of a large number of substances
associated with obesity and causes a chronic inflamma-
tory process. The morphological basis of adipose tissue
inflammation in obesity is the infiltration of adipose tissue
by immunocompetent cells, which allows it to be con-
sidered not only as an endocrine organ, but also as
an organ of the immune system [8]. Adipocytokines
are cells in which lipid synthesis, accumulation and
secretion of biologically active substances (BAR) occur
under normal conditions. Leptin, a protein hormone
secreted exclusively by adipocytes. During the deve-
lopment of MS, the concentration of adiponectin in the
blood decreases, and leptin increases, which is
an indisputable marker of the development of obesity.
There is evidence that leptin stimulates the cellular
immune response and increases the production of
pro-inflammatory cytokines. Adiponectin is a collagen-like
protein secreted from adipocytes and has anti-inflam-
matory properties [9].

Purpose — of the study is to study the morpho-
logical and morphometric features of adipose tissue in
obese rats, to establish the relationship with markers of
systemic inflammation, the level of leptin and pro-inflam-
matory cytokines in blood serum in metabolic syndrome.

MATERIALS AND METHODS

The research was conducted on 30 white female rats
of the WAG/G Sto population, aged 5-6 months, body
weight before the start of the experiment was 240 £ 14.7 g.

All experimental rats were divided into 2 groups:
main (20 rats) and control (10 rats).

The experiments were conducted in accordance
with the «General principles of animal experimentsy,
approved by the 1st National Congress on Bioethics
(September 20, 2001, Kyiv, Ukraine) and in accordance
with the provisions of the «European Convention on the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes». The control group of
animals was in standard vivarium conditions, they were
not subjected to MS modeling and were practically
healthy. Rats of the main group were given subcuta-
neous injections of Betaspan (20 pg/kg of body weight)
dissolved in 0.2 ml of purified and sterilized olive oil once
a week for 6 weeks. Aurothioglucose was administered
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nNpoTAroMm 6 TWXKHIB. AypOTiOrnioko3a 3acTocoByBanach
iHTpanepuToHeanbHoO,  LUMASXOM  BBEOEHHS  Lypam
10 MKr/Kr OOMH pa3 Ha TWXOEHb MPOTArOM 6 TWMXHIB.
BukopuctoByBanu [Onsi LypiB BUCOKOKarNopinHy AieTy
npsirom ycboro nepioay ekcnepumeHty [10]. Lia ekcnepu-
MeHTanbHa mogenb (NaTeHT Ha BWHaxid) npu3BOAUTbL
[0 po3BUTKY «A0OPOBINbHOI» rinepdarii, ockinbku TBa-
pvHam, nopsig 3i cTaHOapTHUMM pauioHOM, MPOMOHYHTb
BMCOKOKAaNopinHi npogykTn. 3MiwaHuin pauioH npu3so-
OuTb A0 36inblleHHs Macu Tina TBapuH, 30iMblUEHHS
nnowi agunoumuTiB | MNOCTYNOBOro pPO3BUTKY rinep-
rnikemii, iHCyniHOpe3ncTeHTHOCTI Ta po3sutky MC.
Y ubOMy BUMNAAKy MeXaHi3M iHCYMiHOpPEe3WCTEeHTHOCTI —
peuenTopHuii. 3a paxyHOK 30inblUeHHs NnoLi aguno-
unTiB BiOOYBAETLCA 3MEHLUEHHS KiNbKOCTi iHCYNiHOBMX
peuenTopiB Ha oguHuMuto nnowi [11].

Y KOXHOMY BMNagKy Bupizanu no gBa dparMeHTu
KUPOBOI TKaHMHM i3 canbHMKa Ta MigWKIPHO-XMPOBOI
kniTkoBuHM (IMXKK).

TeapuH BuBoamn 3 ekcnepumeHty CO, acdikcieto.
Ona mopdonoriyHoro gocnigxeHHs MaTepian ikcy-
Banmm y 10% posumHi copmaniHy. 3 npUroToBNEHUX
OnokiB pobunn cepinHi 3pian ToBWKUHO 4-5 MM3, ski
3abapBnioBany remMaTokCuniHoM Ta €03MHOM, MiKpo-
dykcuHom 3a Bad [isoHom, Mannopi, cygaHom Il
BurotoBnsanu napadiHOBi 3pi3n TOBLUMHOK 5—7 MKM,
SIKi MOTIM MOHTYyBanu Ha NpegMEeTHe CcKno i 3abap.-
noBanu remMaTokCuniHoM Ta €03MHOM 3a 3ararbHo-
NPUAHATOK METOOUKOIO.

Ona  KinbkicHOT OUIHKW CTaHy >MWPOBOI TKaHUHU
BMKOHyBanuM MopdoMeTpuYHe AOChifKeHHs. BusHa-
Yanu giametp agunouuTiB (MKM), @ Takox OO’€eMHy
WinbHicte  (MM3/MM3)  TakMx CTPYKTYp: aaunouuTiB,
CYAVH, MiXKYaCTOYKOBOI CMOMNYYHOI TKAHWHWU, KMITUH iH-
dinbTpary, KinbkicTb iHinsTpaTie B 1 MM? (32 HasiBHOCTI).

Y TBapuH 060X rpyn OuUiHOBanu Macy Tina, KOH-
LeHTpaLilo rnoKo3n, iHCYniHy, Tpurnilepuais, 3aranbHOro
xonectepuHy B kpoBi (3XK), ninonpoTteiHiB HM3bKOi Ta
Bucokoi wineHocTi (JIMHLW, » JIMNBLW), C-peaktuBHOro
6inka (CPB). bBioximiyHi nokasHWMkM BU3Ha4YanuM 3a
[Ornomoro  aBToMatTuyHoro GioximiyHoro aHanizatopa
ABXPentra 400 (PpaHuis). KoHueHTpauitdo LUTOKIHIB
Ta nenTuHy B cuUpoBaTLi KpPOBi BM3Ha4Yanu MeTOAOM
iMyHO)EPMEHTHOrO aHanisy 3 BUKOPUCTaHHSAM CeHABiY-
metogy (ELISA).

CratuctnyHa obpobka OoTpUMaHuX AaHWX MPOBOAM-
nacs i3 3actocyBaHHsM nakeTta nporpam Statistica 10.0
(StatSoft Inc., CLLUA). BigMiHHOCTI KinbKICHUX MOKa3HWKIB
MK [OOCHiIKYBaHUMWU rpynaMy OLiHIOBanu MeTogamu
CTaTUCTUYHOIO aHani3y 3a [AOMOMOroK HemnapameTpuy-
HOro KpuTepito MaHHa—YiTHi.

PE3YABTATU TA iX OBrOBOPEHHS

OXUPIHHA Yy TPU3YHIB pO3rMsafalTb SK 36inblUeHHSN
Macu Tina 3a paxyHOK >XWPOBMX [A€eno, MOPIBHSAHO
3 KOHTpOnbHOW rpynoto. KpuTepii OUiHKM  OXUPIHHSA
TBapWH BKIOYaKOTb Taki MOKAa3HUKM, SIK MPUPICT macu
Tina, iHOEKC Macu Tina i maca XMpPOBOI TKaHWHW,
npu UboMy GinbLL YYTNMBUM MOKA3HWKOM € BUMipHOBaHHS
3aranbHOi Macu >XMPOBOI TKaHWHW. B pesynbrati npo-
BEEHOr0 EKCMEPVMMEHTY BCTAHOBIIEHO, LLO BWCOKO-
KanopiiHa fjeta y LwypiB npu3BoanTb A0 30inbLUEHHS
mMacu Tina TBapuH Ha 28,8%, Wo cBiguMTbL Npo NigBu-
LEHHS MUTOMOI Macu XXMPOBOI TKaHMHM Mamxe BTpUdi

intraperitoneally by administering 10 pg/kg to rats once
a week for 6 weeks. A high-calorie diet was used for
rats throughout the entire period of the experiment [10].
This experimental model (a patent for the invention)
leads to the development of «voluntary» hyperphagia,
as animals are offered high-calorie foods along with
a standard diet. A mixed diet leads to an increase in the
weight of animals, an increase in the area of adipocytes
and the gradual development of hyperglycemia, insulin
resistance and the development of MS. In this case,
the mechanism of insulin resistance is receptor. Due to
the increase in the area of adipocytes, the number of
insulin receptors per unit area decreases [11].

In each case, two fragments of adipose tissue
were cut from the omentum and subcutaneous adipose
tissue (SAF). Animals were removed from the experi-
ment by CO, asphyxiation. For morphological research,
the material was fixed in a 10% formalin solution.
From the prepared blocks, serial sections with a thick-
ness of 4-5 mm?® were prepared, which were stained
with hematoxylin and eosin, picrofuchsin according to
van Gieson, Mallory, Sudan lll. Paraffin sections with
a thickness of 5-7 ym were made, which were then
mounted on a glass slide and stained with hematoxylin
and eosin according to the generally accepted method.
A morphometric study was performed to quantitatively
assess the state of adipose tissue. The diameter of adipo-
cytes (um), as well as the volume density (mm3/mm?3)
of the following structures were determined: adipocytes,
blood vessels, interlobular connective tissue, infiltrate
cells, the number of infiltrates per mm? (if available).
Body weight, concentration of glucose, insulin, trigly-
cerides, total blood cholesterol (TBH), low and high den-
sity lipoproteins (LDL and HDL), C-reactive protein (CRP)
were evaluated in animals of both groups. Biochemical
indicators were determined using an automatic bio-
chemical analyzer ABX Pentra 400 (France). The concen-
tration of cytokines and leptin in blood serum was
determined by enzyme immunoassay using the sandwich
method (ELISA).

Statistical processing of the obtained data was
carried out using the Statistica 10.0 program package
(StatSoft Inc., USA). Differences in quantitative indi-
cators between the studied groups were evaluated
by methods of statistical analysis using the non-para-
metric Mann—Whitney test.

RESULTS AND DISCUSSION

Obesity in rodents is considered as an increase in
body weight due to fat depots compared to the control
group. Criteria for assessing obesity in animals include
such indicators as body weight gain, body mass index
and adipose tissue mass, while the more sensitive
indicator is the measurement of total adipose tissue
mass. As a result of the experiment, it was established
that a high-calorie diet in rats leads to an increase in
the body weight of animals by 28.8%, which indicates
an increase in the specific mass of adipose tissue
by almost 3 times (p < 0.01) compared to the control
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(p < 0,01), NOPIBHAHO 3 KOHTPOMbHOK IPYMO0 LYpPIB,
AKi OTpUMyBanu ctaHaapTHy giety (puc.1).

group of rats that received standard diet (Fig. 1).

Puc. 1. 36inblueHHst Macu Tina y LwypiB Yepes 6 TWXHIB CNOCTEPEXEHHS NPU CTaHAAPTHIN Ta BUCOKOKamNopIivHii gieTi
Fig. 1. Body weight gain in rats after 6 weeks of observation on a standard and high-calorie diet

Maca XuWpoBOi TKaHWHW 3anexuTb Big KiNbKOCTI
agunouuTiB Ta iX po3Mipy, a 3MiHa Macu >XMPOBOI
TKaHMHKM MoB’A3aHa 3i 3MIHOK PO3MIpIB KUPOBUX KITITUH,
To6TO 3 rinepTpodieto agunounTiB. Pe3dynbtat Halumx
CniBCTaBMNEHb Y3rofXXylTbCA 3 pesynsratamy iHWnX Oo-
cnigpxeHb, i ceig4aTb Npo Te, Wo 36inbLleHi agunoumTn —
ue akTop OXMPIHHA, SKMIA HaWbinbL TiICHO KOPEnE
3 iHCyniHOpe3UCTEeHTHICTIO [12].

MopdonorivHe  AocnigXeHHa  LWypiB  nokasarno,
WO BOHM Manu TunoBy OyaoBy B yCiX OOCNIOKYyBaHWUX
dparMeHTax XWpoBOI TKaHMHW. Y YacTuHi npenaparis
BiA3Ha4anM MpWUCYTHICTb B O4HOMY noni 30py aguno-
UMTIB, SIKi 3HAYHO PI3HATLCH 3a PO3MipaMu (aHi3ouUTO3).

[poBeneHi MopdoMETpUYHI JOCILKEHHA NoKasanu,
WO y AesiKMX LWYypiB KINbKiCTb KNITUHHUX iHINbTpaTiB
B 1 Mm? Byna maiixe BABIYi BULLOK B OCHOBHI/ rpyni,
HDX Y KOHTpOmnbHiA. Hanbinbw 3Havywmm mopdomert-
PUYHMM MOKa3HMKOM NPWU OXWUPIHHI € cepefHi po3mip
(18,3%) Ta ob’eMHa wWinbHicTb agunouuTiB (11,6%),
sKi Oynn 3Ha4YHO 36iMbLUEHi Y MOPIBHAHHI 3 KOHTPOMb-
Hoto rpynot TBapuH. OG’eMHa LWiNbHICTE Cnony4Hol
TKaHWHW KOHTpOnbHOI rpynn (Mm3mm3, %) Byna pewlo
nigsuiLeHoto (0,8%), OCKINbKU OXMUPIHHS, O pO3BMIOCA
y LWypiB 3a paxyHok rinepTpodii, cnpusie po3BUTKY
3anarneHHs XXMpOBOi TKaHWHK (Tabn. 1).

Uepes 6 TWXHIB Nicns noyaTky ekcnepuMmeHTy y TBa-
pWH cnocTepiranocb MOCTYNOBE PO3BUHEHHSA OXWUPIHHSA,
rinepriikemii, rinepiHcyniHemii, >WpoBoro renarosy,
o, B CBOK u4epry, Mpu3BoauTb OO PO3BUTKY pesuc-
TEHTHOCTi TKaHWH [0 iHCYMiHY.

Mpu  exkcnepumeHTanbHOMY  mogentoBaHHi  MC
JoBefeHo, WO y TBapWUH OCHOBHOI rpynn € OOCTOBIpHi
BIOMIHHOCTi MOPIBHAHO 3 KOHTPOSIbHOK IPYMOoK LWypiB
Yy KOHUEeHTpauii rmoko3n Ta IHCYyniHy Maixe YABivi.
3aranbHun xonectepuH (3X) Ao KiHUA eKCnepuMeHTy
nigeuwmeca B8 4,31 pasu, Tpurniuepnan — B 1,9 pasn,
ninonpoTteign HM3bKOi WinbHocTi — B 12,1 pasw,
ninonpoTeian BUCOKOI WinbHocTi — B 1,4 pasu (Tabn. 2).

[NpoBeneHi gocnigKeHHs 3 BU3HAYEHHS KOHLEHTpa-
il MenTuHy Ta UMUTOKIHIB y cMpoBaTLi KpoBi B OOCHiAXY-
BaHMX rpynax MiaATBEPAXYOTb PO3BMTOK Y LUYPIB OXMK-
piHHA Ta MC (Tabn. 3).

BusiBneHO CTaTUCTMYHO 3Hadylle nepeBaXaHHSA
KOHLUEeHTpauii nposananbHux uuTokiHiB: IL-1B, IL-6,
IL-8, IL-10, TNF-a npv nigBuLEHHI KOHUEHTpauii

The mass of adipose tissue depends on the number
of adipocytes and their size, and changes in the mass
of adipose tissue are associated with changes in the
size of adipose cells, that is, with hypertrophy of
adipocytes. The results of our comparisons are
consistent with the results of other studies, which
indicate that increased adipocytes are the obesity factor
most closely correlated with insulin resistance [12].

A morphological study of the rats showed that
they had a typical structure in all studied fragments of
adipose tissue. In some of the preparations, the pre-
sence of adipocytes, which differ significantly in size
(anisocytosis), was noted in one field of view. The con-
ducted morphometric studies showed that in some rats
the number of cellular infiltrates per 1 mm? was almost
2 times higher in the main group than in the control group.
The most significant morphometric indicator in obesity
is the average size (18.3%) and volumetric density
of adipocytes (11.6%), which were significantly increased
compared to the control group of animals. The volume
density of the connective tissue of the control group
(mm®*mm3, %) was slightly increased (0.8%), because
obesity, which developed in rats due to hypertrophy,
contributes to the development of adipose tissue
inflammation (Table 1).

6 weeks after the start of the experiment, the ani-
mals observed a gradual development of obesity,
hyperglycemia, hyperinsulinemia, fatty hepatosis, which,
in turn, will lead to the development of tissue resis-
tance to insulin.

In the experimental modeling of MS, it was proved
that the animals of the main group have significant
differences with the control group of rats in the concen-
tration of glucose and insulin by almost 2 times.
By the end of the experiment, total cholesterol increased
by 4.31 times, triglycerides by 1.9 times, low-density
lipoproteins by 12.1 times, and high-density lipoproteins
by 1.4 times (Table 2).

Conducted studies to determine the concentration
of leptin and cytokines in blood serum in the studied
groups confirm the development of obesity and MS
in rats (Table 3).

A statistically significant predominance of the con-
centration of pro-inflammatory cytokines: IL-1B, IL-6,
IL-8, IL-10, TNF-o. was revealed when the concentration
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of leptin increased, which is consistent with the point
of view about the ability of leptin to stimulate cellular
immunity and influence the production of pro-inflam-
matory cytokines [13].

NENTUHY, WO Y3rofXyeTbCA 3 TOYKOK 30py Npo 34at-
HiICTb NenTUHY CTUMyNoBaTW  KMITUHHUIA  iIMYHITET
i BNNMBaTy Ha NpoayKLito Npo3ananbHuX LUMTOKIHIB [13].

Ta6nuus 1. MopdonoriyHa Ta MOpdOMeTpUYHa XapaKTePUCTUKA LLypPiB KOHTPOIBbHOI Ta OCHOBHOI rpynu
yepes 6 TWKHIB CNOCTePEeXeHHs NPU CTaHAapPTHIN Ta BUCOKOKANOPIVHIN gieTi
Table 1. Morphological and morphometric characteristics of rats in the control and main groups
after 6 days of control on a standard and high-calorie diet

KoHTponbHa rpyna (ctaHgapTHa aieta) (Bmcig?(:ﬁgairvm;naiem)
JLlocnigyBaHWii MOKa3HUK Control group (stand) Mai f] h f'q 3
n=10 ain group, (high fat diet)
Researched Indexes n=20
Yac cnoctepexeHHsi (6 TwxkHiB) / Observation time (6 weeks)
hBAc?g; VTJQ.ZhI g 245+ 14,2 480 + 16.4*
HMToMa Maca X1pOBOT TKAHMHM, T 32,8456 87.3 + 13,8*
Specific mass of adipose tissue, g
CepepHii po3mip agunouunTie, MkM (%) .
The average size of adipocytes, um (%) 81,1£53 99,7162
0O6’eMHa WinbHiCTb agunouunTis, (MM3/MMSE, %) .
Volume density of adipocytes, (mm3/mm?3, %) 92,8+ 4.1 1044272
O6’emHa WinbHICTb cyauH, (MM3/MMm3, %) *
Volume density of blood vessels, (mm®/mm?3, %) 1.7+03 1.2£0/1
O6’eMHa LWiNbHICTb CNOMNYYHOI TKAHWUHKW, (MM3/MM®, %) N
Volume density of connective tissue, (mm3/mm3, %) 23+04 15403
O6’eMHa LWiNbHICTb iH@INLTpaTiB B 1 MM .
Volume density of infiltrates in 1 mm 06+0,1 12403

lMpumimka:
p < 0,05 — 3HayvywlicTb BiAMIHHOCTEN MOPIBHAHO 3 iHWWMMK rpynamy npoBoAunacs 3a AOMOMOroK HenapameTpUyHOro
KpuTepito MaHHa—YiTHi.

Note:
p < 0.05 - the significance of differences compared to other groups was carried out using the non-parametric
Mann-Whitney test.

Tabnuus 2. bioximMiuHi NOKa3HWKK Y LLYPIB Yy 3aneXHOCTI Big TpuBanocti po3sutky MC npu cTaHOapTHIN Ta BUCOKOKANOPInHii OieTi
Table 2. Biochemical indicators in rats depending on the duration of MS development with a standard and high-calorie diet

OcHoBHa rpyna / Main group,
. o KoHTponbHa rpyna =20
,U,OCJ'II,D,)KyBaHVIVI MOKa3HUK o . .
Control group, yac crnocTepexeHHs (TwkHi) / observation time (weeks)
Researched Indexes n=10
a 3-11 TXKOEHDb 4-n TMXKOEHb 5-1 TXKAEHDb 6-11 TXXOEHDb
3 week 4 week 5 week 6 week
niokosa, MMorb/n 45402 72411* 83+15" 92+1,6" 10,1 + 0,5*
Glucose, mmol/l
IHCymiH Hr/wn 0,61+ 0,1 0,72+ 0,1 0,76 £ 0,2 0,791 0,2 1,1+0,2*
Insulin ng/ml
CPb, wr/n 4211012 4,58 £ 0,15 4,62 £0,12 5,23 £ 0,22* 6,10 £ 0,34*
CRP, mg/l
3XK mmonb/n * * * *
0,82+0,14 1,41 +£0,31 2,15+0,42 3,05+0,24 3,54 £0,22
ZHC mmol/l
Tpurniuepnam, mmons/n 0,70 £ 0,05 0,91+ 0,03 1,21 £ 0,04 1,29 £ 0,03* 1,42 + 0,09%
Triglycerides, mmol/l
JIMHLL, mmons/n 0,24 £ 0,05 0,82 +0,03 172 +0,03* 2,11+ 0,05* 2,9+ 0,25*
LDL, mmol/l
JINBLL, mmone/n 0,28 + 0,03 0,30 0,03 0,35 £ 0,02 0,38 £ 0,06* 0,39 £ 0,04*
HDL, mmol/l
lMpumimka:

3HaYyLWiCTb BIAMIHHOCTE B MOPIBHAHHI 3 KOHTPOMbHOKW rpynolo (p < 0,05) 3a pgonomorol HenapameTpuyHOro
KpuTepito MaHHa—YiTHi.

Note:

significance of differences in comparison with the control group (p<0.05) using the non-parametric Mann—Whitney test.

OpuwuriHanbHi 4oCnigpKeHHSs

49

Original research




KapasiHcbkui imyHonoriyHui xxypHan. 2024. T. 7. Ne 1(13). C. 44-53

Karazin Journal of Immunology. 2024;7(1(13)):44-53

ISSN XXXX-XXXX (Online)

Ta6nuus 3. MNopiBHANbHWUIA aHani3 BMICTy NenTUHY Ta LMTOKIHIB B AOCNIAXKYBaHUX rpynax
npv CTaH4APTHIN Ta BUCOKOKANOPINHIN aieTi
Table 3. Comparative analysis of the content of leptin and cytokines in the studied groups
with a standard and high-calorie diet. standard and high-calorie diet

OcHoBHa rpyna / Main group
KoHTponbHa rpyna n=ct
Moka3Huk X - -
Control group Yyac crnocTepeXeHHs (TwkHi) / observation time (weeks)
Researched Indexes n=10
a 3-1 TXXAEHDb 4-n TMXOEHb 5-11 TXKOEHDb 6-1 TXAEHDb
3 week 4 week 5 week 6 week
TNenuk, Hrimn 42£12 6,2+ 0,9 8,5+0,5 11,3£1,5 14,912
Leptin, ng/ml
IL-1B, nr/mn 53,3+7,7 65,3+6,5 73,2 + 4,4* 81,3 +6,2% 109,7 +9,2*
IL-1B, nr/mn
IL-4, nr/mn 1,43 + 0,06 1,36 +0,01* 1,32 + 0,06* 1,23 +0,04* 1,11 + 0,03*
IL-4, nr/mn
IL-6, nr/wn 108,5 + 12,6 159,5 + 11,4* 195,2 + 17,4* 266,1 % 22,6* 311,0 £ 29,9
IL-6, nr/mn
IL-8, nr/mn 213,2+ 11,1 226,6 +5,7 237,1+6,3* 2442 + 10,5* 259,9 + 14,3*
IL-8, nr/mn
IL-10, nr/mn 357+26 31,6%1,2 28,5+ 1,3* 24,9 +2.4* 22,7+1,8*
IL-10, nr/mn
TNF-a, nrfmn 243+3,9 31,5462 43,6 + 4,5* 59,2 + 6,2* 72,3+7,5
TNF-o, nr/mn
lNpumimka:

3HaYyLiCTb BIAMIHHOCTE B MOPIBHSAHHI 3 KOHTpOMbHOKW rpyrmow (p < 0,05) 3a pomomorol HenapameTpUYHOro

kputepito MaHHa—YiTHi.
Note:

significance of differences compared to the control group (p < 0.05) using the non-parametric Mann-Whitney test.

MopiBHANBHWI aHani3 BMICTY NenTUHY Ta LMTOKIHIB
B [AOCNIMKYBaHWX rpynax BWSBMB TWUMOBI O3HAKW
XPOHIYHOrO 3anarnbHOro CUHAPOMY 3 HAsIBHICTIO Y LUYypIB
3 oxupiHHam Ta MC. Le Takox nigTBepaxye 36inb-
WeHHa y wypiB ocHoBHOi rpynn CPB (3 4,21 £ 0,12
no 6,10 £ 0,34) Ta 3XK (3 0,82 + 0,14 po 3,54 + 0,22),
NOPIBHAHO 3 KOHTPOMbLHOIO FPYMOIO.

BuasneHi 3miHM iMyHHOrO cTaTycy BiAnNoOBigaloTb
HasBHOCTI imyHocynpecii (IL-4, IL-10, nr/mn), WO Takox
€ pesynbTaToM akTUBHOCTI 3ananbHoro npouecy. TNF-a,
npu nporpecysaHHi MC nigsuweHnin Ta NponopLinHun
iHOEKCY Macu Tina i KOHUEHTpauieto NenTuHy B KpOBi.
MoxnuBo, wo ekcnpecia  TNF-a  36inbLyeTbes
3 PO3BUTKOM OXMPIHHA 3@ paxyHOK 34aTHOCTI NenTuHy
NpurHidyBaTM  ekcrnpecito  depmeHTiB, ski  BepyTb
yyacTb B NinoreHesi.

Mporpecytounii po3BUTOK OXUPIHHA | DOpMYyBaHHSA
MeTaboniyHuX ycKnagHeHb € pe3ynbTaToM XPOHIYHOro
3ananeHHs XWpoBoi TKaHWHW i TI ANCAYHKLIT 9K eHao-
KPMHHOTO  Ta  iMyHOKOMNEeTeHTHOro opraHa [14].
MaToreHe3 3ananeHHs npu OxupiHHi i MC cknagHui
i y noro dopmyBaHHi GepyTb yyacTb aaWMNOLMTOKIHW,
cepeq SKMX BenuKa yeara nNPUAINSETbCS  NEnTUHY.
MpoBigHUMK eTioNOoriYHNMK YMHHMKaMK 3ananeHHs KT
€ aniMeHTapHuMin HaanWLWOoK XupiB i ByrnmesodiB, 3MiHa
cekpeLii aaMnoumToKiHiB i LUUTOKIHIB. Bigomo, wo nen-
TMH CTUMYIIOE aKTUBALi CcMMMaToagpeHanoBoi cucTe-
MU, fIKa NEeXUTb B OCHOBI iHCYNiHOPE3UCTEHTHOCTI Ta
aptepianbHoi rineptoHii [15]. CtaH iHCyniHOpe3ncTeHT-
HOCTi CMPWUSIE 3HWKEHHIO KOHLEHTpauii NenTUHOBUX
peuenTopiB i MiABULWEHHIO PiBHA MNEnTUHY B KPOBI.
B TakMx ymoBax po3BMBAETbCA  TpaHchopmalisa
edekTiB NenTuHy: BiH aKTUBYE 3ananeHHs, CTUMYMIoE
KanbumMikaLuilo CyAuH, iHILilOE OKMCHIOBaNbHUN CTpec,
nigBuLLye TOHYC CUMMMNATUYHOI HEpBOBOI  CUCTEMM,

Comparative analysis of the content of leptin and
cytokines in the studied groups revealed typical signs
of chronic inflammatory syndrome with the presence
of rats with obesity and MS. A statistically significant
predominance of the concentration of pro-inflammatory
cytokines: IL-1B, IL-6, IL-8, IL-10, TNF-a was revealed
when the concentration of leptin increased, which is
consistent with the point of view about the ability of
leptin to stimulate cellular immunity and influence the
production of pro-inflammatory cytokines [13]. Compa-
rative analysis of the content of leptin and cytokines
in the studied groups revealed typical signs of chronic
inflammatory syndrome with the presence of rats with
obesity and MS. This also confirms the increase in
rats of the main group of CRP (from 4.21 + 0.12
t0 6.10 £ 0.34) and ZHC (from 0.82 £ 0.14 to 3.54 + 0.22)
compared to the control group group The detected
changes in the immune status correspond to the pre-
sence of immunosuppression (IL-4, IL-10, pg/ml), which
is also a result of the activity of the inflammatory
process. TNF-a, during the progression of MS, is
increased and is proportional to the body mass index
and the concentration of leptin in the blood. It is possible
that the expression of TNF-a increases with the deve-
lopment of obesity due to the ability of leptin to suppress
the expression of enzymes involved in lipogenesis.
The progressive development of obesity and the
formation of metabolic complications are the result
of chronic inflammation of adipose tissue and its
dysfunction as an endocrine and immunocompetent
organ [14]. The pathogenesis of inflammation in obesity
and MS is complex and adipocytokines take part in its
formation, among which leptin is the focus of attention.
The leading etiological factors of VT inflammation are
a dietary excess of fats and carbohydrates, a change
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3MiHIOE LMTOKIHOBY perynsuilo, LWo Bigirpae Baxnuey
ponb B naTtoreHesi 3ananbHuUX ypaxeHb [16].

AOUNOLMTN CUHTE3YIOTb LUMPOKUIA CNEKTP aguMOKiHIB,
OGepyTb yyacTb B aKkTMBaLii KOMMIEMEHTY, 3amnyckaiuu
NaHutor 3anarnbHUX MNPOLECIB, NPU LbOMY 3anarieHHsi
NPUAMAE CTIMKUA, CUCTEMHUA XapakTep HEBWUCOKOI
iHTEHCMBHOCTIi, SIK€ BMW3Ha4yalTb, SK HegudepeHuino-
BaHe XPOHiYHe 3ananeHHs.

CTpyKTYpHi 0CcOBNMBOCTI NenTuHy [O03BOMSIOTb Bif-
HEeCTM MOro Ao ciMencTBa npo3ananbHUX LMTOKIHIB —
GinkiB, WO NiATPMMYIOTb 3ananeHHs. Ha rymopanbHomy
piBHI NENTUH CTUMYMIOE NPOAYKLUil0 Aeskux npo3anarnb-
HUX LUTOKIHIB, siKi CMpUsitOTb CUMHTE3y B NediHui Ginkis
roctpoi asun. [aHi iMyHOMoriyHi MnopyLleHHs, 3yMOB-
neHi NigBuLWEHMM piBHEM NenTvHY Ta AesiKMX iHLWKnX
LUUTOKIHIB Y KpOBi LlypiB, [03BONATb po3rnsgatu
OXMPIHHA SIK XpPOHiYHe 3ananbHe 3axBoptoBaHHs [17].

BUCHOBKMU

MopdonoriuHe Ta MopdoMeTpudHe [OCNIMKEHHS
XMPOBOI TKaHWHW NiATBEPOXYIOTb 3MiHY Macu XMPOBOI
TKaHWHW 3a paxyHoK rinepTpodii agvnoumnTiB Ta CTy-
NeHs IHPINLTPATUBHUX 3MiH 3aNexXHO BiA KOHUEHTpauil
nenTuHy B cupoBaTtui kpoBi. Hanbinbw iHopmaTuBHUM
MOKa3HUKOM Npu MeTabomniyHoOMy cuHOpPOMI € giameTp
agunouuTiB, OCKINbKA OXMPIHHS, WO PO3BUOCS Y LLYpIB
3a paxyHOK rinepTpodii XMpOBOi TKaHWHK, Bignosifae
NPUYMHI PO3BUTKY 3ananeHHs >XMPOBOT TKAHWUHW.

[ocnigkeHHs niaBuULLIEHHS 06’ €MHOT WinbHICTI aguno-
uuTiB, PO3Mipy iX AiameTpa Ta KiNbKOCTi iHdinsTpaTis,
BiAMOBIAAE MOMOXEHHIO NPO 3anarneHHs XWPOoBOi TKa-
HVHW B OCHOBHIN rpyni LLypiB.

3MiHa UMTOKIHOBOrO npodpinio B cupoBaTLi KpOBi
wypie Moxe OyTM He TiNbkM MapKepoMm pO3BUTKY
[aHOro BMAY 3ananeHHs XWPOBOi TKAHUHW, a TaKoxX
NMPOrHOCTUYHOIO  O3HaKOK  edEKTUBHOCTI  NiKyBaHHA
MeTaboniyHOro CMHAPOMY.

CMUCOK BUKOPUCTAHOI AITEPATYPU

1. Nutkin O.B., bpioxaHoBa T.O., €Emeub M.O., 3aranko A.Jl. Bnnue
neTpo3ony Ha MOpdOsOriYHNIA CTaH BicLepanbHOI XUPOBOI TKAHUHN
Ha  OHi  ekcnepMMeHTanbHOro  MeTaboniyHoro  CUHZPOMY.
AKmyarnbHi numaHHs po3pobKu HOBUX JiKapCbKux 3acobie: Tesu
dorosideti XXVI MixHapoOHOI HayKOo80-rpaKmu4HOi KOHgepeHuii
Morodux g4yeHux i cmydeHnmis, Xapkis. 2019. 211 p.

2. Shutova N.A. Rat peripheral blood leucocyte reaction in the age
aspect on the background of metabolic syndrome experimental
modeling. Journal of Education. Health and Sport. 2020. Ne 10(9).
P. 952-964. DOI: http://dx.doi.org/10.12775/JEHS.2020.10.09.115

3. Binnunupka €.B., Cangnep tO.I., BopaiH O.C. HoBa napagurma
HeankoroflbHoOi ~ XXMPOBOi  XBOpPOOM  MeviHkn:  heHOoTUNIYHE
Pi3HOMaHITTA MeTaboniYHO acoLinoBaHOI XXMPOBOi XBOPOOM NeYiHKK.
EgpekmusHa cpbapmakomepanisi. 2020. Ne 16(24). C. 54-63.

4. Longo M., Zatterale F., Naderi J., Parrillo L., Formisano P., Raciti G. A. et. al.
Adipose Tissue Dysfunction as Determinant of Obesity-Associated
Metabolic Complications. International Journal of Molecular Sciences.
2019. Ne 20(9). 2358 p. DOI: http://dx.doi.org/10.3390/ijms20092358

in the secretion of adipocytokines and cytokines.
It is known that leptin stimulates the activation of the
sympathoadrenal system, which is the basis of insulin
resistance and arterial hypertension [15]. The state
of insulin resistance contributes to a decrease in the
concentration of leptin receptors and an increase in the
level of leptin in the blood. In such conditions, the trans-
formation of the effects of leptin develops: it activates
inflammation, stimulates vascular calcification, initiates
oxidative stress, increases the tone of the sympathetic
nervous system, changes cytokine regulation, which
plays an important role in the pathogenesis of inflamma-
tory lesions [16]. Adipocytes synthesize a wide range of
adipokines, participate in the activation of complement,
starting a chain of inflammatory processes, while the
inflammation assumes a persistent, systemic nature
of low intensity, which is defined as undifferentiated
chronic inflammation. The structural features of leptin
make it possible to attribute it to the family of pro-inflam-
matory cytokines — proteins that support inflammation.
At the humoral level, leptin stimulates the production
of a number of pro-inflammatory cytokines, which con-
tribute to the synthesis of acute phase proteins in the
liver. These immunological disorders, due to the increa-
sed level of leptin and some other cytokines in the
blood of rats, allow us to consider obesity as a chronic
inflammatory disease [17].

CONCLUSIONS

Morphological and morphometric studies of adipose
tissue confirm the change in adipose tissue mass due
to adipocyte hypertrophy and the degree of infiltrative
changes depending on the concentration of leptin in
blood serum. The most informative indicator in meta-
bolic syndrome is the diameter of adipocytes, since
obesity, which developed in rats due to hypertrophy of
adipose tissue, corresponds to the cause of inflammation
of adipose tissue.

The study of the increase in the volumetric density
of adipocytes, the size of their diameter and the number
of infiltrates corresponds to the statement about inflam-
mation of adipose tissue in the main group of rats.
A change in the cytokine profile in the blood serum of
rats can be not only a marker of the development
of this type of adipose tissue inflammation, but also
a prognostic sign of the effectiveness of the treatment
of metabolic syndrome.
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Prospects for further research

Prospects for further research relate to the comparative
pathophysiological assessment of metabolic changes in various
organs and tissues (connective tissue, adipose tissue, heart,
liver, kidneys, brain), which occur as a result of increased
activity of adipose tissue, which is considered the initial link
in the pathogenesis of low-grade chronic inflammation against
the background of development metabolic syndrome.
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