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PE3IOME

AktyanbHicTb. MeTaboniynuii cuHgpom (MC) xapakTepusyeTbCsi pO3BUTKOM naTo-
FEHETUYHNX MEXaHi3MiB, siKi NOTEHUiloloTb abaoMiHanbHe OXMUPIHHS Ta iHCyniHO-
PE3UCTEHTHICTb. OXMPIHHA € CTUMYNATOPOM CUHTE3Y aKTUBHWX KOMMOHEHTIB XXMPOBOI
TKaHUHU — agunoumnTiB (AT), sike NpU3BOAWUTbL OO YUCIIEHHUX METAbOMIYHUX Ta remo-
OvHaMiYHMX po3nagiB. BuB4YeHHs natodpisionoriyHnx MexaHiamiB, Wo 6GasyTbes Ha
OCHOBi MOpP(OMETPUYHMX Ta BioxiMiYHMX napameTpiB agunoumMTiB 3 ypaxyBaHHAM
BiKOBOrO Ta CTaTEBOrO acreKTiB Ma€ Befnvke akTyanbHe 3Ha4YeHHS.

Meta po6oTu. BuaButu BigMiHHOCTI MOpPCONOriYHUX Ta FCTOMOrYHUX NapameTpis
aaunouuTiB Ha TNi PO3BUTKY METabomniYHOro CMHAPOMY Y TBapWH pi3HOro BiKy Ta cTari.
Martepianu Ta Metoau. [ns [OCArHEHHs MoOCTaBreHoi MeTu Oyno npoBedeHo
ekcnepumeHTanbHe gocnigkeHHss Ha 108 6inux wypax nonynsauii WAG/G  Sto.
KoxHa BikoBa rpyna cknaganacs 3 KOHTponbHoi (36) Ta ekcnepumeHTanbHoI cepii (72),
ne TBapuHu Bynu posnoginexi 3a crattio. [Jo 1-i rpynu yBinwnuM monogi HectateBo-
3pini TpuMmicsdHi wypu KoHTponbHoi (1K) Ta ekcnepumeHTtanbHoi (1A) nigrpynw.
lpyna 2 cknaganacb i3 36 cTaTeBo3pinux LWypiB BiKOM 5—6 MicsuiB, po3nogineHux
Ha 2 nigrpynu: KOHTpomnbHy (2K) Ta ekcnepumeHTanbHy (2A). TpeTio rpyny cknanwu
36 cTapux wypis BikoM 18 mic., nogineHux Ha koHTponbHy 3K (12) nigrpyny (6 ctapux ca-
MOK Ta 6 cTapux camuiB), Ta ekcnepumMmeHTanbHy nigrpyny 3A — 12 camok 1a 12 camuiB.
PesynbraTtu Ta ix o6roBopeHHs. igLKipHO-X1MpoBa TKaHWHA BCiX eKkcrepuMeHTarnb-
HWUX FPyn CKNagaeTbca 3 aguMnoumTie, po3mip, ddopMa Ta LWifbHICTb SAKUX Manu BiKOBI
Ta crtartesi BigMiHHOCTI. Y rpyni 1A o6ox niarpyn KniTMHW Manu Kpyriy Ta oBanbHY
hopmy, Bynu 3HaYHO MEHLUMMM Y PO3Mipi NOpPiBHSIHO 3 rpynamu 2A Ta 3A. Agunouutu
WypiB MaTb MOPMOMOriYHi 3MiHM Ha TNi eKkcnepuMeHTanbHoro mogentoBaHHsa MC
3 ypaxyBaHHsIM BIiKOBOro Ta CTaTeBOro acnekTiB. BcTaHoBneHo, Wwo came y rpyni
cTapux TBapuH y AT npeBantolTb rinepTpodiyHi Npouecn Ha Trli CUIIbHO 3HWXKEHWUX
rinepnnacTuyHMx. AHanisylody Ta MOPIBHIOKYM PO3MIP KIITUH XKMPOBOI  TKaHWUHU
MiX ekcrnepumeHTanbHumn rpynamu 1A, 2A Ta 3A MOXHa Big3HauMTe 3anexHicTb
36inblUEHHsI pO3MipiB agunoLMTIB, sika NOB’sI3aHa 3 BIkOM TBApPUHM.

BucHoBku. EkcnepuMeHTanbHi 3MiHW iHTerpatMBHUX MOKa3HWKIB agunouuTiB LLypiB
y naTtoreHesi meTaboniyHoro cCuMHApPOMY MOB’si3aHi 3 BikoM Ta cTaTTio. BigsHaueHo
3BOPOTHO NPOMNOPLIAHY 3aMneXHICTb 3HWKEHHSI PEe3UCTEHTHOCTI agunouuTiB Yy Mipy
36inblueHHst Biky TBapuHW. OTpuMaHi pe3ynstat MOXyTb OyTu BU3HaudeHi sik bGioro-
riYHWA Mapkep, WO MOKa3ye PO3BUTOK OXUPIHHA Ha (OOHI MOpyLleHb CUCTEMHOI
3ananbHOI BiANoBiAi Ta iHCYNiHOPE3UCTEHTHOCTI.

KysbmiHa I.}O., Ky3abmiHa O.O. BikoBi 3MiHM ninigHoro npodinto LypiB Ha (OOHi ekcriepumeHTanbHoro MetaboniyHoro
cuHApoMmy. BiCHUK Xapkiecbko2o HauioHarnbH020 yHieepcumemy imeHi B.H. KapasiHa. Cepisi «MeduyuHa». 2024.
T. 32. Ne 1(48). C. 15-27. DOI: https://doi.org/10.26565/2313-6693-2024-48-02
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ABSTRACT

Background. Metabolic syndrome (MS) is characterized by the development of
pathogenetic mechanisms that potentiate abdominal obesity and insulin resistance.
Obesity is a stimulator of the synthesis of active components of adipose tissue —
adipocytes (AT), which leads to numerous metabolic and hemodynamic disorders.
The study of pathophysiological mechanisms based on the basis of morphometric
and biochemical parameters of blood pressure, taking into account age and gender
aspects, is of great topical importance.

Purpose — of the study is to identify differences in the morphological and histological
parameters of adipocytes against the background of the development of metabolic
syndrome in animals of different ages and sexes.

Materials and Methods. To achieve the goal, an experimental study was conducted
on 108 white rats of the WAG/G Sto population. Each age group consisted of
a control (36) and an experimental series (72), where the animals were divided by sex.
The 1%t group included young immature 3-month-old rats of the control (1K) and
experimental (1A) subgroups. Group 2 consisted of 36 sexually mature rats aged
5-6 months, divided into 2 subgroups: control (2K) and experimental (2A).
The third group consisted of 36 old rats aged 18 months, divided into the control
3K (12) subgroup (6 old females and 6 old males), and the experimental subgroup 3A —
of 12 females and 12 males.

Results. The hypodermic tissue of all experimental groups consists of adipocytes,
the size, shape and density of which had age and gender differences. In group 1A
of both subgroups, the cells had a round and oval shape and were significantly
smaller in size compared to groups 2A and 3A. Adipocytes of rats have morphological
changes against the background of experimental modeling of MS in taking into
account age and gender aspects. It was established that in the group of old animals,
hypertrophic processes prevail in BP, against the background of greatly reduced
hyperplastic processes. Analyzing and comparing the size of adipose tissue cells
between experimental groups 1A, 2A and 3A, the dependence of the increase in the
size of adipocytes, which is related to the age of the animal, was noted.

Conclusions. Experimental changes in the integrative indicators of AT of rats in the
pathogenesis of MS are related to age and sex. An inversely proportional dependence
of the decrease in the resistance of adipocytes as the age of the animal increases
was noted. The obtained results can be designated as a biological marker that
determines the development of obesity against the background of disorders of the
systemic inflammatory response and insulin resistance.

Kuzmina IYu, Kuzmina OO. Age changes in the lipid profile of rats against experimental metabolic syndrome.
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BCTYN

INTRODUCTION

Mpobnema metaboniuHoro cuHgpomy (MC) — ogHa
3 MNpIOPUTETHUX NAHOK Yy CyvacHin dyHOamMeHTanbHin
Ta KMiHIYHIN MeguuMHI, Ta € NoegHaHHAM NaToNOriYHMX
KOMMOHEHTIB, O BWMHWKaKOTbL Ha TNi MOPYLUEHb Byrne-
BoAHOro Ta ninigHoro o6minie [1]. MC BigHoCATb 00
Tak 3BaHWX noniMopbigHMX CTaHiB, WO XapakTepuay-
I0TbCA  PO3BUTKOM MAaTOrEHETUYHUX MEeXaHi3MiB, SKi
NOTEHLIOI0TL  PO3BUTOK  YCKNaAHEeHHs i Npu3BOAATb
00 PO3BUTKY «CUHOPOMY B3AaEMHOIO OOTSXKEHHSA» [2].

lfonoBHumn naHkamu natoreHedy MC BBaxaloTb
abaomiHanbHe OXMPIHHA Ta iHCYNiHOPE3UCTEHTHICTL [3].
CninbHi  MexaHi3aMu  rMIOKO30TOKCUYHOCTI, MiNOTOKCUY-
HOCTI, 3ananeHHs Ta OKCuAaTUBHOIO CTPecy Mpu po3BUT-
Ky MC nexaTb B OCHOBi B3aEMO3B'A3KIB MK pe3nc-
TEHTHICTIO [0 iHCYniHY Ta AWcdyHKUiE eHaoTenito Ta
CrpUSIOTb PO3BUTKY MeTabonivyHnX 3axBoptoBaHb [4].

EK30reHHO-KOHCTUTYLiIiHE OXWUPIHHA € CTUMYMATO-
POM CUHTE3Y aKTUBHMX KOMMOHEHTIB XXMPOBOI TKAHUHN —
agunouuTiB (AT), Wo NpM3BOAUTL OO0 YMCMEHHUX MeTabo-
NiYHMX Ta remoamMHamiyHMx posnagis [5]. BignosigHo Ao

The problem of metabolic syndrome (MS) is one
of the priority areas in modern fundamental and clinical
medicine and is a combination of pathological compo-
nents that arise against the background of carbohydrate
and lipid metabolism disorders [1]. MS belongs to the
so-called polymorbid conditions, which are characte-
rized by the development of pathogenetic mechanisms
that potentiate the development of complications
and lead to the development of the «mutual burden
syndrome» [2].

Abdominal obesity and insulin resistance are consi-
dered the main links in the pathogenesis of MS [3].
Common mechanisms of glucose toxicity, lipotoxicity,
inflammation, and oxidative stress in the development
of MS underlie the relationship between insulin resis-
tance and endothelial dysfunction and contribute to the
development of metabolic diseases [4].

Exogenous and constitutional obesity is a stimulator
of the synthesis of active components of adipose
tissue — adipocytes (AT), which leads to numerous
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perioHanbHOro po3TallyBaHHSA XWPY Y TPU3YHIB BUgi-
NaTb NiAWKIPHY Ta BicuepanbHy nokanisawito XupoBoi
kniTkoBuHW. MMigwkipHa (6ina) xupoBa TkaHuHa (IKT)
po3TalloBaHa B MifLKIPHO-XXMPOBI KNITKOBWHI Ta npea-
ctaBneHa AT manoro poamipy. BoHa mMae HU3bKy iHTEH-
CVBHiCTb MeTaboniamy rntoko3un Ta ninigis [6]. Bicuepans-
Ha xupoBa TkaHuHa (BXXT) acouinioBaHa 3 BHYTpiLLHIMK
opraHamu Ta nowmpeHa no Bcbomy Tini [7]. BXXT noga-
Ha Kinbkoma niaBMAaMu: Me3eHTepianbHOK KMPOBOIO
TKkaHuHoto (MXKT), sika posTalloBaHa Yy NETNSAX KULeuy-
Huka, 3aoyepeBuHHOO (3XKT) — nokanizoBaHo 3a HWp-
kamu Ta enigngumaneHoto (EXXT) — ska 3HaxoguTbcs
B Manomy Tasi HaBKOMO CiM'siHMKiB abo sieqHukiB [8].
MXT mae Hanbinbwy metaboniyHy akTMBHICTb i cknaga-
€TbCSl MEpPEeBaXHO 3 aauMnouMTiB Marioro poamipy.
BoHa Mae BUCOKY aKTMBHICTb Y HaKOMUYeHHi ninigis,
nigBuLLEeHy LWinNbHICTb CyAWHHOI CTiHKM Ta BNNUBae
Ha iHTEeHCMBHMI KpoBOOOGiIr [9].

BuByeHHs naTodizionoriyHnx mexaHiamis, wo 6asy-
IOTbCA Ha OCHOBi MOPKOMETPUYHMX Ta BioXiMiYHMX
napametpiB AT 3 ypaxyBaHHsIM BiKOBOro Ta CTaTeBOro
acnekTiB Ma€e akTyanbHe 3HayeHHs. [lpu KniHiYHOMY
obCcTexxeHHi HeoOXiQHO MpoBecTV [iarHOCTWKY perio-
HanbHOro PO3noainy XUPOBOI TKAHUHW, OCKINbKN MOpPdO-
METPWUYHI MapaMeTpu KNiTUH aKTUBHWUX KOMMOHEHTIB
XKMPOBOI TKAHWHU MOXYTb OyTW iHOMKaTopamu MeTa-
6onivyHoro craHy.

MeTa po60TU — BUSIBUTU BiAMIHHOCTi MOPdONOrivYHMX
Ta ricTonoriyHnx napameTpis aaunoLmnTiB Ha TNi pO3BUTKY
mMeTaboniyHoro CUHAPOMY y TBAPUH Pi3HOTrO BiKy Ta cTaTi.

MATEPIAAU TA METOAU AOCAIAXXEHHA

[Ona pocarHeHHst noctaeneHoi MeTn Gyno NnpoBeaeHo
eKkcnepuMeHTanbHe gocrigkeHHs Ha 108 Ginux wypax
nonynauii WAG/G Sto. KoxHa BikoBa rpyna cknaganacs
3 KOHTpOsbHOI (36) Ta ekcrnepumeHTanbHOI cepii (72),
e TBapvHu Bynu po3nogaineHi 3a ctartTio (Tabn. 1).

metabolic and hemodynamic disorders [5]. According
to the regional location of fat in rodents, subcutaneous
and visceral localization of adipose tissue are dis-
tinguished. Subcutaneous (white) adipose tissue (SAT)
is located in the subcutaneous adipose tissue and is
represented by a small AT. It has a low intensity of glucose
and lipid metabolism [6]. Visceral adipose tissue (VAT)
is associated with internal organs and distributed
throughout the body [7].

VAT is represented by several subtypes: mesenteric
adipose tissue (MAT), which is located in the loops of
the intestine, retroperitoneal (RAT) — located behind the
kidneys, and epididymal (EAT) — which is located in the
pelvis around the testicles or ovaries [8]. MAT has the
greatest metabolic activity and consists mainly of small
adipocytes. It has a high activity in the accumulation
of lipids, an increased density of the vascular wall
and affects intensive blood circulation [9].

The study of pathophysiological mechanisms based
on the basis of morphometric and biochemical para-
meters AT, taking into account age and gender aspects,
is of urgent importance. During the clinical examination,
it is necessary to diagnose the regional distribution of
adipose tissue, since the morphometric parameters of
the cells of the active components of the adipose tissue
can be indicators of the metabolic state.

Objective — is to identify differences in the morpho-
logical and histological parameters of adipocytes
against the background of the development of metabolic
syndrome in animals of different ages and sexes.

MATERIALS AND METHODS

To achieve the goal, an experimental study was
conducted on 108 white rats of the WAG/G Sto popu-
lation. Each age group consisted of a control (36) and
an experimental series (72), where the animals were
divided by sex (Table 1).

Ta6nuus 1. Po3nogin TBapuH Ha ekcrnepuMeHTarnbHi rpynu BiAMNoBIiAHO A0 3aBAaHb €KCNEPUMEHTY
Table 1. Distribution of animals into experimental groups according to the tasks of the experiment

Cepis ekcnepumeHTy
A series of experiments

'pyna TBapuH / Groups of animals

1 rpyna / 1 group
Monoai (HectateBo3pini)
The young (immature)

2 rpyna/ 2 group
popocni (ctateBo3pini)
Adults (adults)

3 rpyna/ 3 group
cTapi (NocTNpoAyKTUBHI)
Old (post-productive)

o | o | o | s
KoHTpornb Migrpynu / Subgroups
Control Ko@) | 1k36) | 2ko6) | 2ka6) | 3koe) [ 3Kkae)
EkcnepuMeHTansbHe MogentoBaHHs MC Migrpynw / Subgroups

Experimental modeling MS

1A9 (12) | 1a2(12) | 2a0(12) | 2a3(12) | 3A9 (12) | 3A2(12)

[o 1-i rpynu yBiAWNW MOMOAI HecTaTeBO3pini Lypu
(6 TBapwH), Bikom 3 MicAuUi, 3 BMXiOHOK CcepeaHbOo
macoto Tina 170,0 £ 7,8 r, aki 6ynv nogineHi Ha 2 nigrpynu:
koHTponbHy (1K) Ta ekcnepumeHTtanbHy (1A). Migrpyna
1K Gyna KOHTPONbLHOW TPyMno Ta BKMYanu 12 iHTakT-
HMX 300pOoBMX LypiB (MO 6 KOXHOI cTaTi). BoHM Takox
3anuanucs Ha CTaHAapTHIA AieTi NpoTAroM  ycboro
ekcrniepumeHTy. Migrpyny 1A monoaux wypis posnoginu-
N1 Ha caMOK Ta camuiB, No 12 TBapWH Y KOXHIN.

The 1st group included young immature rats
(6 animals), 3 months old, with an initial average body
weight of 170.0 + 7.8. g, which were divided into 2 sub-
groups: control (1K) and experimental (1A). Subgroup 1K
was the control group and included 12 intact healthy
rats (6 of each sex). They also remained on a standard
diet throughout the experiment. Subgroup 1A of
young rats was divided into females and males,
12 animals each.
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lpyna 2 cknapanacb i3 36 cTareBO3pinux LWypiB
BiKOM 5—6 MicsLiB 3 NO4aTKOBOK CepeaHbO Macoto Tina
240,0 =+ 14,7 r. Wypwn 6ynn posnogineHi Ha 2 niarpynu:
KOHTponbHy (2K) Ta ekcnepumeHTanbHy (2A). KoxHa
nigrpyna Oyna [ogaTkoBO po3nogineHa 3a craTTio Ta
BKINtoYana 12 KOHTPOMbHMX IHTAKTHMX LLYypIiB (Mo 6 y KOX-
Hil) Ta ekcnepumeHTanbHy (2A) No 12 TBApUH Y KOXHIN.

TperTio rpyny cknanu 36 ctapux wypis Bikom 18 mic.,
noyaTkoBa cepegHs maca Tina skux 360 £ 21,6 r. Mig-
rpyna 3K cknaganacs i3 6 ctapux camok Ta 6 crapux
camuis, a nigrpyna 3A — 12 camok Ta 12 camuis (tabn. 1).

EkcnepMMeHT npoBoaMBCA Ha TBapuHax, Yy SKWX
crnocTepiraeTbca MakcumarnbHa nogibHicTb 4o Mopdono-
MYHUX Ta TFICTOMOrYHMX nNapameTpiB  NIOOWHK, WO
[O3BONSE EKCTpanosoBaTh pe3ynsTaT  OOCNISKEHHS
Ha naax 3 4OCTaTHLOW BreBHeHicTHo [10].

MogentoBaHHs MC npoBegeHo  BignoBsigHO Ao
«3aranbHUX MPUWHLMMIB E€KCNEPUMEHTIB Ha TBapuHaxy,
cxBaneHnx | HauioHanbHMM KOHrpecom 3 GioeTuku
(20.09.01 p. KuiB, YkpaiHa) Ta norogXeHUMmu 3 noroxeH-
HAMU «EBpPONENCbKOi KOHBEHLIT Npo 3axucT xpebeTHux
TBapWH, WO BMKOPUCTOBYKTLCSA ANS eKCrepuMeHTanb-
HUX Ta [HWWX HayKoBMX Linen», a TakoX BianoBigHO
0O BMMOr Ta HOPM TWMOBOMO MOSIOXKEHHS 3 MUTaHb
eTukn MiHicTepcTBa oxopoHu 3gopoB’st YkpaiHn Ne 690
Big 23.09.2009 p.

MC BiaTeoptoBanu Ha Llypax LWMsxXoM KomGiHauii
BMCOKO >XMPOBOi Ta BWCOKOBYrNEBOAHOI AiETWM Ha Tni
dhapmMaKkonoriyHoi Kopekuii ranbmyBaHHSA ¢isionoriyHoro
Hacu4eHHs TBapuH. Lia momens MC ©Gyna po3pobneHa
aBTopaMn, OTPUMaHO naTeHT Ha BuHaxig [11]. TBapuH
BUBOOMIN 3 ekcriepumeHTy MuTTesoto CO, acdikciero.

Maca xupoBoi TkaHuHu wypi (MXKT, EXT, 3XKT
Ta MMKT) BM3Hayanacsi LWNSAXOM 3BaXyBaHHS Ha aHani-
TUYHUX Barax, po3paxoByBanacs ii nMToma Bara (mMaca
XMpoBoi TkaHuHM Ha 100 r Macu Tina wypa). 3 KOXHOro
3paska >XMPOBOI TKaHWHW BMpi3anu No gea parmMeHTw,
matepian dikcyBanu B 10% po3uunHi dopmaniHy, piguHi
Hukndoposa, xnopodopmi Ta 3anueBanu B napadiH.
3 npurotoBneHux GrokiB rotyBanu cepinHi 3pian TOBLUK-
Hoto 4-5x10° M, ski 3abapenioBany reMaToKCUMiHOM
i eo3nHomMm, nikpodykcnuHom 3a Bad [i3oHom, Mannopi,
cygaHom lll. Mikponpenapatn BuBYanuM Ha Mikpockomi
Olympus BH-2 (AnoHist) 3 BWKOpPUCTaHHSAM Kamepwu
Baumer/optronic Type: CX05c Ta nporpam «Olympus
DP-Soft (Version 3:1)», 3a gonomMoroto siKkoi nposBogunu
MopdoMeTpUYHE AocnigxeHHs [12].

[na koxHoOi nigrpynu TBapuH BM3HA4YaBCs cepefHin
po3mip 500 XXnpoBUX KNITKH, OLiIHIOBABCS PO3MOAIN KMNiTUH
3a po3MipoM (% kniTuH manoro (<50 MKM), cepegHbLOro
(50-100 mkm) Ta Benukoro (100> mMkm) po3mipy).

[Ons crtaTMCTUYHOI OUiHKM BCi AaHi Oynu BHeCeHi
[0 eneKkTpoHHUX Tabnuupb Excel. OTpumaHi umdposi gaHi
onpauboByBanuM MeTogamy MaTeMaTU4HOI CTaTUCTUKM
3 BWKOPWCTaHHSAM BapiauiiHOro Ta anbTepHaTMBHOMO
aHanisis. AHani3 pesynbraTiB NPOBOAMIMM 3 BUKOPUCTaH-
HAM NiLeH3INHNX cTaTUCTUYHKMX nporpam Microsoft Excel
i Statistika 6,0 [13]. MNpw ubomy obuncntoBanucs cepeaHi

3HAYEHHs KOXHOF0 MoKasHMKa 3  BUKOPUCTAHHSAM
t-kpuTepito CTblogeHTa, cepedHe KBagpaTUYHe BiaXUNeH-
HA, cepegHa nomuika cepegHboi  apuMETUYHOI,

a TakoX ouiHka posnoainy BenuuuH. CepefHst Ta cTaH-
paptHa nomunka (M £ SE) BukopucToByBanacs Ansi 3miH,
LLLO NigKOPANNCS HOPManbHOMY 3aKOHY PO3noAiny.

Group 2 consisted of 36 sexually mature rats
aged 5-6 months with an initial average body weight
of 240.0+14.7 g. The rats were divided into 2 subgroups:
control (2K) and experimental (2A). Each subgroup was
further divided by sex and included 12 control intact
rats (6 each) and experimental (2A) 12 animals each.

The third group consisted of 36 old rats aged
18 months, whose initial average body weight was
360 + 21.6 g. Subgroup 3K consisted of 6 old females
and 6 old males, and subgroup 3A — 12 females and
12 males (Table 1).

The experiment was conducted on animals, in
which the maximum similarity to the morphological
and histological parameters of humans is observed,
which allows extrapolating the results of the study on
humans with sufficient confidence [10].

MC modeling was carried out in accordance with
the «General Principles of Animal Experiments»
approved by the 1st National Congress on Bioethics
(September 20, 2001, Kyiv, Ukraine) and agreed with
the provisions of the «European Convention for the
Protection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes», as well as in accor-
dance with the requirements and norms of the standard
regulation on ethics of the Ministry of Health of Ukraine
No. 690 dated 23.09.2009.

MS was reproduced in rats by a combination of
a high-fat and high-carbohydrate diet against the
background of pharmacological correction of inhibition
of physiological satiety in animals. This MS model was
developed by the authors, a patent for the invention
was obtained [11]. Animals were removed from the
experiment by instant CO, asphyxiation.

The mass of adipose tissue of rats (MAT, EAT, RAT
and SAT) was determined by weighing on analytical
scales, and its specific weight was calculated
(fat tissue mass per 100 g of rat body weight).
Two fragments were cut from each sample of adipose
tissue, the material was fixed in 10% formalin solution,
Nikiforov’s liquid, chloro-form and embedded in paraffin.
From the prepared blocks, serial sections with
a thickness of 4-5x10°® m were prepared, which were
stained with hematoxylin and eosin, Van Gieson’s
picrofuchsin, Mallory, Sudan Ill. Micropre-parations
were studied on an Olympus BN-2 microscope (Japan)
using a Baumer/optronic Type: CX05c camera and
«Olympus DP-Soft (Version 3:1)» software, which was
used for morphometric research [12].

For each subgroup of animals, the average size
of 500 fat cells was determined, and the size distribu-
tion of cells was evaluated (% of cells of small (<50 ym),
medium (50-100 pm) and large (>100 ym) size).

For statistical evaluation, all data were entered
into Excel spreadsheets. The obtained digital data were
processed by methods of mathematical statistics using
variational and alternative analyses. The analysis of
the results was carried out using licensed statistical
programs Microsoft Excel and Statistics 6.0 [13].
At the same time, the average values of each indicator
were calculated using the Student’s t-test, the mean
square deviation, the mean error of the arithmetic
mean, as well as the estimation of the distribution
of values. Mean and standard error (M+SE) were used
for changes that followed a normal distribution.
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Puc. 1. Agunouutun MXKT wypa manoro poamipy (< 50 Mkm), 3abapBreHHs1 reMaTokcuniHom Ta eo3nHom, x100
Fig. 1. Small (<50 pm) adipocytes of the rat’s gastrointestinal tract, staining with hematoxylin and eosin, x100

Puc. 2. 36inbweHi agunouuty MXT wypa Micusimm okpyrno-
oBarnbHOI, MiCLAMMN HenpaBunbHOI hopMu BENMKOro po3mipy
(50-100 mkMm), 3ab6apBreHHs reMaToKCuNiHOM Ta eo3nHoM, x100
Fig. 2. Large-sized (50-100 um) enlarged adipocytes of the
rat’s gastrointestinal tract, sometimes round-oval, sometimes
irregular in shape. Staining with hematoxylin and eosin, x100

PE3YABTATU TA iX OBFOBOPEHHS

Y xopi ekcnepMMeHTy nokasaHo, Wwo y nigrpyni 1A,
[ocToBipHO, 25% monoamx camuiB i 27% mMonogux
CaMOK [0 KiHUSI eKCMepUMEHTY Manu AOCTaTHi aHTpOoMno-
METPUYHI O3HaKM OXMPIHHA — X Maca Tina Xxapak-
TepusyBanacs $K HagMmipHa. Y iHWUX TBapuH Ui€i
nigrpynu Big3HayeHo OOCTOBiIpHE 36iNblUeHHS Macu Tina
B cepegHbomMy Ha 40% (p < 0,01), npnyomy 306inbLUEHHSA
Macu Tina camui Oyno Ginbwum, HiX y camMok, Bian-
oBigHo (p < 0,001). BigsHayeHO niABULLIEHHS 3ararnbHOI
NATOMOI Macu XMpOBOI TKaHuWHM B 1,4 pasn y camok
i B 1,7 pa3u y camuiB, NOPiBHAHO 3 KOHTporeM, (p < 0,01).

36inbweHHa 3aranbHoi nuTomoi Macu AT y nig-
rpyni 1AQ BigbyBanocs 3a paxyHok nutomoi macu KT,
il NMOKasHWKM nepeBuLlyBanyM 3HadeHHA B 1,5 paswu
(p < 0,05) y nopiBHAHHI 3 KOHTponem, wo B 1,3 pasu
Oinble, Hixx nutoma maca MXKT y camuis.

3HavyeHHa nuTomoi macu MXKT i 3XKT pgo kiHus
eKCNepPUMEHTY 3anuwanvcs 6rnm3bkuMuM OO KOHTPOIb-
Hux. Y nigrpyni 1AJ3 36inblueHHA 3aranbHoi NUTOMOT
Macu XXMPOBOI TKaHUHW BiOOyBanocsl 3a paxyHOK Kinb-
kocTi KT i MXXT y nopiBHSAHHI 3 koHTpornem, a 3XKT —
y 0,5 pasu, Ta EXXT -y 0,9 pasu (tabn. 2).

Puc. 3. 36inbLeHi agunouutu MKT wypa
HenpasuibHOT opmu Bennkoro po3mipy (> 100 Mkm),
3abapBreHHsi reMaTokcuniHoM Ta eo3nHoM, x100
Fig. 3. Enlarged adipocytes of the irregularly shaped,
large-sized (>100 um) rat SAT.

Staining with hematoxylin and eosin, x100

RESULTS AND DISCUSSION

During the experiment, it was shown that in sub-
group 1A, reliably, 25% of young males and 27% of
young females had sufficient anthropometric signs of
obesity by the end of the experiment — their weight was
characterized as overweight. In other animals of this
subgroup, a significant increase in body weight was
noted on average by 40% (p<0.01), and the increase in
body weight of males was greater than that of females,
respectively (p<0.001). An increase in the total specific
mass of adipose tissue was noted by 1.4 times in females
and 1.7 times in males, compared to the control (p<0.01).

The increase in the total specific mass of AT in
subgroup 1A® occurred at the expense of the specific
mass of the PVT, its indicators exceeded the value
by 1.5 times (p<0.05) compared to the control, which is
1.3 times more than the specific mass of the SAT in males.

The values of the specific mass of MZA and RAT r
emained close to the control values until the end of
the experiment. In the subgroup 1AJ, the increase in
the total specific mass of adipose tissue occurred due
to the amount of SAT and MAT compared to the control,
and RAT by 0.5 times and EAT by 0.9 times (Table 2).
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Ta6nuus 2. MNoka3HWKM Macu Tina Ta NUToMoi Macu

Me3eHTepianbHoI, eniagnaMmarnbHoi, 3a04epeBUHHOI, NiALLKIPHOT XXMPOBOI TKAHWHM LWYpIiB Ha TNi ekcnepumeHTaneHoro MC
Table 2. Indicators of body weight and specific mass

of mesenteric, epididymal, retroperitoneal, subcutaneous adipose tissue of rats against the background of experimental MS
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lMpumimka:
* — pocToBipHicTb p < 0,05; ** —p < 0,01; *** — p < 0,001 — NOPIBHAHO 3 Bi4MNOBIQHOIO NIAPYNOK KOHTPOIO
o — pocToBipHicTb p < 0,05; oo — p < 0,01; coo — p < 0,001 — B NopiBHSHHI 3 Niarpynamm 2A
® — [1O0CTOBIpHICTb p < 0,05; @@ —p < 0,01; eee —p < 0,001 — y NopiBHAHHI 3 Niarpynamu 3A
y Yy
Note:
* — reliability p <0.05; ** — p <0.01; *** — p <0.001 — compared to the corresponding control subgroup
o — reliability p <0.05; oo — p <0.01; ocoo — p <0.001 — compared to subgroups 2A
y
o — reliability p <0.05; ee — p <0.01; eee — p <0.0010 — compared to subgroups 3A
Y nigrpyni 1A 0O KiHUSI €KCNEepUMEHTY MPOCTEXEHO In subgroup 1A, by the end of the experiment,

30inblUEHHA MO BIOHOLWIEHHIO [0 KOHTPOMK cepeaHboi  an increase in the average number of adipocytes in the
kinekocTi agunountiB y KT (y 1,1 pasum y camuie SAT (by 1.1 times in males and 1.2 times in females)
Tay 1,2 pa3u y camok) (tabn. 3). was observed compared to the control (Table 3).
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Ta6nuusa 3. MopdonorivHi XxapkepuUTCTUKN aaWNOLUTIB XXUPOBOI TKAHWHM LLYPIB Ha Tni ekcnepumeHTansHoro MC
Table 3. Morphological characteristics of adipocytes of adipose tissue of rats against the background of experimental MS
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* — pocToBipHicTb p < 0,05; ** — p < 0,01; *** — p < 0,001 — NOPIBHSAHO 3 BiAMOBIAHOIO NIATPYNO KOHTPOMIO

0 — AOCTOBIpHICTb p < 0,05; co —p <0,01; coo —p < 0,001 — y NnopiBHSAHHI 3 nigrpynammn 2A
® — 1OCTOBIpHICTb p < 0,05; e —p < 0,01; eee —p < 0,001 — nopiBHAHO 3 nigrpynammn 3A

lMpumimka:

Note:

* — reliability p<0.05; ** — p <0.01; *** — p <0.001 — according to subgroup control
o — reliability p<0.05; oo — p <0.01; ooo — p <0.001 — compared to subgroups 2A
o — reliability p<0.05; ee — p <0.01; eee — p <0.001 — compared to subgroups 3A
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Kinbkictb knituH 3XKT T1a EXT 36inbwunace B
1,08 pasu (p < 0,05 po p < 0,01), 6e3 gocTOBipHMX BiA-
MiHHOCTEW y rpynax 3a ctatTio. OgHo4vacHo 3i 30inbLueH-
HSIM KiNbKOCTi Ta po3mipy 3adikcoBaHO 36iNnblUeHHS
nokasHuka cepegHboro po3mipy AT: y KT y 1,12 paan y
camok Ta 'y 1,15 pasu y camuis, NOPIBHAHO 3 KOHTPONEM.

B ekcnepumeHTanbHi rpyni 2A (ctaTeBo3pini Lypm)
30iMblUEHHS Macu Tina TBapuMH Marno MeHLW BupasHi
cTaTeBi BiAMIHHOCTI Yy MOPIiBHSAHHI 3 rpynoto 1A, dka
BigbyBanacb 3a paxyHOK 36iNnbLUeHHs MUTOMOI Macu
BCix BMAiB AT.

Y rpyni 2A B NOpPIBHAHHI 3 KOHTpOMem crocTepira-
nocsi 36inbweHHss macu AT y 1,45 pasu, ge nutoma
Maca MXXT nepesuilyBana BuxigHi 3HayeHHs B 1,8 pasu
(p<0,01),alMKTy 1,5 pasm (p < 0,05).

Y nigrpyni 2A3 wmaca TBapuH 36GinbluyBanacs
B 1,58 pasu noOpiBHAHO 3 KOHTpPONEM 3a paxyHoK
nutomoi mMacu MXT, 17 nokasHuku OGynu Ginblummm
3a KOHTpOrb B 2 pasn i B 1,6 pasun, Hix MXKT. MNpupict
Macw Tina camuiB y Ui nigrpyni 6y Ginbl iHTEHCUBHUM,
H>XK y camok. [lpu ubomy, y TBapuH rpynun 2A
3 TpuBanicTio AieT Ha Tni 36inbWweHHs NMTOMOI Macu
AT npocTtexyBanacs TeHOEHUi A0 3HWXKEHHS Kifb-
KOCTi KniTuH ocobnueo B MXKT: y nigrpyni 2AZ B 1,9 pasu,
Ta B nigrpyni 2A9 — B 1,7 pa3su (p < 0,001).

Y rpyni 3A, sKy cknanu cTtapi TBapuHu, 30inbLUEHHsI
XMpOBUX Aeno BigbyBanocsa 3a paxyHOK MUTOMOI macwu
M>XXT nopiBHaAHO 3 koHTporem: y 1,2 pasu y camuis
i B 1,1 pa3u y camok (p < 0,05). MNMutoma maca EXT
36inbwyBanacs y cepegHeomy 1,1 pasu (p < 0,05),
a nutoma Maca 3XT mano BigpisHsnacsa Big KOHT-
pOnbHUX 3HAYeHb, 6e3 BMPa3HNX CTaTEBUX BiAMIHHOCTEN.
Y nigrpynax 3AJ Ta 3AQ BigsHavanaca TeHAeHUis
00  3MeHLWeHHsa  KinbkocTi  agunoumtiB  y  [TDKT
B 1,8 pasu (Tabn. 3).

Mikpockonia TDKT Bcix ekcnepumeHTanbHUX rpyn
nokasye, Wo uen tvn AT cknagaeTbes 3 XUPOBUX KNITUH
(agunouutis, ninouuTiB), po3mip, dopma Ta LWinbHICTb
AKMX Manu BikOBi Ta cTaTesi BigMiHHOCTI [14]. Tak, y rpyni
1A ob6ox nigrpyn KniTMHW Manu Kpyrny Ta OBaribHYy
dopMy, OynM 3HAYHO MEHLUMMMU Yy PO3MIpi MOPIBHAHO
3 rpynamu 2A Ta 3A. Y tBapuH nigrpyn 2A Ta 3A B xogi
eKCMepuMEeHTY Bif3Havanocss [[OCTOBipHE 30inbLUEHHSs!
XUPOBUX KNITUH Yy PO3MIpi Ha TNi 3HWXEHHS NOKasHWKa
«cepefHs KinbkicTb agMnounTiB» y BCix Buaax AT.

36inblweHHA kNiTMH ©6yno HeoaHOPIAHUM: KUPOBI
KNITUHW Manu opMy BiJ OKpYrno-oBanbHOI Manoro
po3Mipy 4O HenpaBwnbHOI GaraTokyTHOI hopMU riraHT-
CbKMx po3MipiB. ToMy Anst GinbLLU TOYHOT XapaKTepUCTUKM
skicHoro cknagy AT B Mexax OAHOro XMpOBOro Aerno
KNiTMHM Oynu pos3nofineHi Hamm 3a po3Mipom Ha mani
(niametpom po 50 wmkm), cepegHi (giameTtp Big 50
po 100 mkm) Ta Benuki (miamerp noHag 100 Mkm).
BcTaHOBNEHO, L0 Y BCiX KOHTPOMBbHUX Fpynax, He3anexHo
Big BiKy Ta ctati TBapuH, y MXT nepeBaxanu KniTuHu
manoro poamipy (8o 50 mkm), B EXXT — kniTuHu Benu-
koro po3mipy (noHag 100 mkm), y 3XT — KnitnHu
cepefHboro Ta Benukoro po3Mipis  (50-100 Mkm),
B KT — manoro Ta cepeaHboro po3mipis. B Town xe yac,
y TBapuH 2A Ta 3A rpyn, npu po3sutky MC Big3HavyeHo
TEHAEHUI0 0O 3MEHLUEHHS KiNbKOCTi agnnoumTiB cepeq-
Hboro po3mipy B KT sk y camok, Tak i y camuis [15].

Moka3HuK «cepegHin po3mip agunouuTiB» y BCiX
TPbOX €EKCMepMMEHTanNbHUX rpynax TBapuH 36inbLuy-

The number of cells of the RAT and EAT increased
by 1.08 times (p<0.05 to p<0.01), without significant
differences in groups by gender. Simultaneously with
an increase in the number and size, an increase in
the average size of the AT was recorded: in the SAT
by 1.12 times in females and by 1.15 times in males
compared to the control.

In experimental group 2A (sexually mature rats),
the increase in the body weight of animals had less
pronounced gender differences compared to group 1A,
which occurred due to an increase in the specific
mass of all types of AT.

In group 2A, in comparison with the control,
an increase in the mass of AT by 1.45 times was
observed, where the specific mass of MAT exceeded
the initial values by 1.8 times (p<0.01), and SAT
by 1.5 times (p<0.05 ).

In the subgroup 2AJ, the weight of animals increa-
sed by 1.58 times compared to the control, due to the
specific mass of the MAT, its indicators were 2 times
greater than the control and 1.6 times more than the SAT.
The increase in body weight of males in this subgroup
was more intense than that of females. At the same time,
in animals of group 2A with the duration of the diet
against the background of an increase in the specific
mass of AT, a tendency to decrease the number of
cells was observed, especially in the SAT: in sub-
group 2AZ by 1.9 times and in subgroup 2AQ
by 1.7 times (p <0.001).

In group 3A, which consisted of old animals, the
increase in fat depots occurred at the expense of
the specific mass of MAT compared to the control:
1.2 times in males and 1.1 times in females (p<0.05).
The specific mass of EAT increased by an average
of 1.1 times (p <0.05), and the specific mass of EAT
was little different from the control values, without
significant gender differences. In subgroups 3AJ
and 3AQ, a tendency to decrease the number of
adipocytes in the SAT by 1.8 times was noted (Table 3).

Microscopy of SAT of all experimental groups
shows that this type of AT consists of fat cells (adipo-
cytes, lipocytes), the size, shape and density of which
had age and gender differences [14]. Thus, in group 1A
of both subgroups, the cells had a round and oval
shape, were significantly smaller in size compared
to groups 2A and 3A. In the animals of subgroups 2A
and 3A, during the experiment, a significant increase
in the size of fat cells was noted against the back-
ground of a decrease in the «average number of
adipocytes» indicator in all types of AT.

Cell enlargement was heterogeneous: fat cells
ranged in shape from small round-oval to giant
irregular polygonal shapes. Therefore, for a more

accurate characterization of the qualitative composition
of AT within one fat depot, we divided them into small
(with a diameter of up to 50 ym), medium (with a dia-
meter of 50 to 100 um), and large (with a diameter of
more than 100 pm). It was established that in all ¢
ontrol groups, regardless of the age and sex of the
animals, small-sized cells (up to 50 pm) predominated
in the MAT, large-sized cells (over 100 ym) in the EAT,
medium and large-sized cells (50 — 100 ym), in small
and medium-sized RAT. At the same time, in animals
of 2A and 3A groups, during the development of MS,
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BaBCS Ha Tni BMMMBY OCHOBHOIMO BaXXIMBOro hakTopa —
NO3NTUBHOIO EHEPreTUYHOr0 HaBaHTaXeHHs, | OyB
GinbluMM 3a KOHTPOMbHI 3HaveHHs y MXXT Ha 60%
(p < 0,005), B EXXT Ha 22% (p < 0,01), y 3XKT Ha 16%
(p < 0,01) i B TDKT — Ha 12% (p < 0,05) nopiBHAHO
3 rpynol LWypiB, fAKi OTpMMyBanu CTaHAAPTHY OiETy.
Mpuyomy, y caMuiB Ui NOKa3HUKM Oynu GinbLUMMK, HiXX
y camok Big, 3% 0o 5% (Tabn. 3). BiazHayeHa, no3vTnBHa
OuHamika  30inblweHHs nnowi  3pisie  agunouuTie
y cepeaHbomy B 1,05 pasu (p < 0,001 ip < 0,01).

MopdonorivHi 3MiHM y AT LWypiB MaloTb 3HaAYEHHS
npyv OpMyBaHHi 3ananbHOI peakuii Ha Tni ekcnepu-
MeHTanbHoro mogentoBaHHa MC 3 ypaxyBaHHSM BiKO-
BOr0 Ta CTaTeBOro acnektis [16].

CyvyacHa pgiarHocTvka OxupiHHA Ta MC Bknovae
OUiHKY aHTPOMOMETPUYHWX NapaMeTpiB, Takmx $K
iHgekc macu Tina (IMT), nutomuiA npupicT Macu Tina
Ta 3aranbHa Maca XvpoBoi TkaHuHW. OpHak, HeofHo-
PigHWA CKNag KOMMOHEHTIB >KMPOBOI TKaAHUHW Npwu
POpMyBaHHI  HaAMWLIKOBOI Macu Tina 3yMOBIOE
HegoCcTaTHbO OO’EKTUMBHI  MOKA3HWKM  ONst  BUSIBIEHHS
MeXaHi3miB BUHUKHeHHs1 MC [17].

Bnnue animeHTapHoro daktopa npu3BoauMTb OO
MOpyLUEHHS1 BHYTPIWHBLOI cUCTeMHOI perynsauii B8 AT
Ta 3anyckae MexaHi3aMM  pO3BUTKY  HU3bkogude-
peHUinHoro xpoHiyHoro 3ananeHHs (HX3). Mpu ubomy
BUSABIEHHS naTomoponoriyHmx ocobnusocTemn
AT cTaloTb LeHTpanbHUM MeXaHi3MOM PO3BWUTKY LMKy
«KMiTUHa <« 3ananbHa peakuis», WO BUHMKAE
SIK npegukTop y chopmysanHHi MC [18].

Y pasi aHanidy Ta MOpiBHAHHA OTPUMaHUX XapakTe-
puctuk AT y TpbOX BIKOBMX rpynax LLypiB BCTAHOBMEHO,
Wwo 36inbleHHs nutomoi macu AT y mMomnogux Lypis
BinOyBaeTbCcs Oinbl CTpUMaHO, MOPIBHAHO 3 rpynamu
Jopocnux Ta crapux TBapuH. Y rpyni 1A 36inblieHHs
nutomoi Macu AT BigOyBaeTbCsi NepeBaXHO 3a paxy-
HOK 30iNbLUEHHS KiNbKOCTI XUPOBUX KITITUH  LUNSIXOM
iX noAginy, BW3HauyeHO, LWO rinepnracTU4Hi npouecu
HanbinbLw BupaxeHi B MXT y camok i MXKT y camuis [19].
lNnepnnasito XWPOBOI TKaHWHW Yy MOMOAMX TBapWH
MOXHa MOSICHUTU $IK 3axXWUCHY peakuito opraHiamy
y BiONoOBiAb Ha NATOMEHHUA EK30TEHHUA YUHHUK —
nepeigaHHsi, TOOGTO $IK «MexaHiaM  BiOHOBMNEHHS»
meTaboniyHmx 3miH y AT y BignoBigb Ha aniMeHTapHe
HaBaHTaxeHHs [20].

3 opHoro 6oky, rinepnnasis MKT ranbMye po3BuTOK
OXWPIHHS Y MOMNOAMX TBapwH, NMpO L0 CBIigYMTb BUSIB-
NeHWNn HanpuKiHui ekcnepumeHTy y rpyni 1A BigCcOTOK
TBapVH i3 HOpPMarbHOK Macow Tina Ha Tni BMUCOKO-
XKMPOBOi Ta BWCOKOBYrMeBOAHOI AieTn. 3 iHWoro 6oky,
rinepnnagia MKT y Mmonogux TBapuH, ocobrnmBo XiHOYOT
cTaTi, MOXe 3yMOBMOBAaTW MPOLIECH, LIO CMPSMOBaHI
Ha 3HWKEHHS YyTNMBOCTI A0 IHCYNiHY.

AktmBHicTe [DKT He Bigirpae nposigHoi poni
Yy PO3BUTKY IHCYNiIHOPE3UCTEHTHOCTI B OpraHiami, Togi
K cepefHin po3mip agunoumty BXXT 3HauHO Kkoperntoe
3 MM nokasHukom [21].

Y TBapuH, Ski yBiiwnuM go rpynu 2A (ctateBo3pini
caMLi Ta camku) Ha Tri BMCOKOBYIMEBOAHOI Ta BUCOKO-
XWPOBOI AieTN npeBantoe 306iMblLUEHHS MPaKTUYHO BCiX
TMnie AT 3 nepeBaXHMM 306iNbLUEHHAM MUTOMOI Macu
MXXT y camuiB Ta nutomol macu [DKT y camok.
BigsHayeHo, Wo 3a cTyneHem BUPa3HOCTI 36iNnbLUEHHS
NUTOMOI Macu Tina camuiB Y3rofXyeTbCcs 3i CTyneHem

a tendency to decrease the number of medium-sized
adipocytes in the SAT was noted in both females
and males [15].

The indicator «average size of adipocytes» in all
3 experimental groups of animals increased against
the background of the influence of the main important
factor — positive energy load, and was greater than
the control values in MAT by 60% (p<0.005), in EAT
by 22% (p < 0.01), by 16% (p<0.01) and 12% (p<0.05)
in the SAT compared to the group of rats that received
a standard diet. Moreover, in males these indicators
were higher than in females by 3% to 5% (Table 3).
The positive dynamics of the increase in the area
of adipocyte sections was noted by an average
of 1.05 times (p<0.001 and p<0.01).

Morphological changes in AT of rats have significance
in the formation of an inflammatory reaction against
the background of experimental modeling of MS,
taking into account age and gender aspects [16].

Modern diagnosis of obesity and MS includes
assessment of anthropometric parameters such as
body mass index (BMI), specific increase in body weight
and total mass of adipose tissue. However, the hetero-
geneous composition of adipose tissue components,
during the formation of excess body weight, leads
to insufficiently objective indicators for identifying
the mechanisms of MS [17].

The influence of the alimentary factor leads to
a violation of the internal system regulation in BP
and triggers the mechanisms of the development
of low-differentiation chronic inflammation (LCI).
At the same time, the detection of pathomorphological
features of AT become the central mechanism of the
development of the «cell < inflammatory reaction»
cycle, which occurs as a predictor in the formation
of MS [18].

Analyzing and comparing the obtained characte-
ristics of AT in three age groups of rats, it was estab-
lished that the increase in the specific mass of AT in
young rats is more restrained, compared to groups
of adults and old animals. In group 1A, the increase
in the specific mass of AT occurs mainly due to
an increase in the number of fat cells through their
division: where hyperplastic processes are most
pronounced in the SAT in females and MAT in males [19].
Hyperplasia of adipose tissue in young animals can be
explained as a protective reaction of the body in
response to a pathogenic exogenous factor — overeating,
i.e. as a «recovery mechanism» of metabolic changes
in AT in response to food load [20].

On the one hand, hyperplasia of SAT inhibits the
development of obesity in young animals, as evidenced
by the percentage of animals with normal body weight
found at the end of the experiment in group 1A,
against the background of a high-fat and high-carbo-
hydrate diet. On the other hand, hyperplasia of SAT
in young animals, especially in females, can cause
processes aimed at reducing insulin sensitivity.

The activity of SAT does not play a leading role in
the development of insulin resistance in the body, while
the average size of the adipocyte of VAT significantly
correlates with this indicator [21].

In animals included in group 2A (sexually mature
males and females) against the background of a high-
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36inbweHHs AT y KinbkocTi, a TakoX 3i 36inbLUeHHs M
X cepeaHbOro po3mipy.

Y nigrpynax 2AJ, Ha BigmiHy Big nigrpyn 1AJ,
npocTexeHa €K rinepnnactuyHa, Tak i rinepTpodiyHa
mogudpikauii AT. Y rpyni 2A3 sk y MXKT, Tak i B MXT,
no Mmipi 36inbleHHs Macu Tina TBapuHWU Big3Havanocs
36inblweHHss  po3mipiB AT, MOXNMBO 3a paxyHOK
BiOKNadeHHA Xupy B camux KniTuHax. [lapanenbHo
B MXXT Big3Hayanaca 3miHa OpMWU XXMPOBMX KMiTUH
(HenpaBunbHa dopma, nosiBa OKPEeMUX FiraHTCbKUX
knitH). OpHak y 3XT T1a EXT we 3anuwaerbca
[OCTaTHA KinbKiCTb KNITMH Manoro ta cepegHboro pos-
MipiB, WO MOXe CBiOYMTU MNPO HASABHICTb Y >XMPOBIN
TKaHWHI NepexigHMX MexaHi3miB, sKi CnpusalTb nepe-
XoAy Bif rinepnnacTtu4Horo Tuny 3poctaHHa AT go rinep-
TpodpiyHoro. Bigomo, WO 36inblIeHHs agunounTy
y pO3Mmipi — BaxnuBa nepegymoBa MoripleHHs 3acBo-
€HHS  [NIOKO3N  IHCYNIHO3anNeXHNUMN  TKaHuHamu  [22]
i Mae 3BOPOTHO NPOMOPUINHY 3aneXHIiCTb Y PO3BUTKY
OXMPiHHA. Lli 3Ha4eHHsa He 3anexaTb Big cTaTi Ta Macu
Tina, ogHaK Len NOKa3HWK KOpemne 3 piBHEM iHCYRiHY
y Nna3mi Ta YyTnuBOCTi A0 iHCcyniHy [23].

BpaxoBytoun TOM pakT, wo rpyna 2A cknaganacs
i3 cTaTteBo3pinMX TBapwH, 0COOGNMBOCTI 36iMbLUEHHS
X XupoBux geno 6arato B YoMy Mornu GyTu onocepep-
KOBaHi aKTUBHWM rOPMOHanNbHUM (OHOM, MOPIBHAHO
3 rpynamn 1A Ta 3A.

Y HaykoBii niTepaTypi OOCTaTHbO AaHWX Mpo Te,
WO KpiM TrEHEeTUYHUX Ta eK3oreHHux cpakTopis (ymoBwu
XWUTTS, fieTa, isuyHe HaBaHTaXXeHHs), BaXINMBOIO pery-
nauielo BiAKNaAeHHs Xupy € ctatesi ropmoHu. Bigomo,
O ecTporeHu, peuentopu sikux npesantotoTe B KT,
BMMMBalOTb Ha npouecwu rinepnnasii AT [24]. OTxe, rinep-
nnasia KT y QgopocrnomMy opraHiami rpae OXOPOHHY
ponb Yy pPO3BUTKY OXWPiIHHA. Hanwsuale OXMpPiHHA
pO3BMBAaETLCA Y TBapUH rpynu 3A (cTapi wypwu), y SKnx
npeBantoTb rinepTpodidHi npouecn i AT  Benukux
posmipie. lpu UbOMY, NpU OXMPIHHI Nig Jielo eHao-
KPUHHUX (pakTopiB MoXe BigbyBaTucs K 36inblUEHHS
po3mipy aaunouuTiB, Tak i 36inbLEeHHS iX KinbkocTi [25].

BBaxaeTbcst, Wwo 3 Bikom came AT y BXT 36inb-
WYyeTbCA  LWiNbHICTL  B-agpeHopeuenTopiB, KOPTUKO-
CTEPOIAHMX Ta aHAPOreHHUX PpeLenTopiB Ta 3MEHLUY-
€TbCA LWINbHICTb a2-agpeHopeLenTopiB Ta peLenTopis
[o iHcyniHy. Lle i BM3Ha4yae 0coGnvMBO BWUCOKY 4yTnu-
Bictb BXT go ninoniTuyHoi Aii kKatexonamiHiB Ta 00
aHTuninoniTM4Hoi Aii iHcyniHy B rpyni 2A, sika 3abes-
nevyye XopoLly CNpURHATAMBICTE [0 TFOPMOHAaNbHUX
3MiH Ta crnpusie po3BUTKY abaoOMiHaNbHOMO OXMPIHHS
3 noganbwyM OpPMYyBaHHAM  KriHiko-MeTaboniyHmx
ycknagHeHb. 3 BiKOM MexaHi3M 36inbLUEHHSI KinbKOCTI
XUPOBUX KNITUH BUYEPNYETLCS | OpraHiaM BUKOPUCTO-
BYE TiNbKM rinepTpodiyHy KOHCTPYKLUit0 36inblUeHHS
KNMITUHU B 006CcA3i, L0 BBAXXaETbCA OinbLL NaTONOrN4YHUM.

AHanisytoun Ta MOpPIBHIOKYN PO3MIP KNITUH >XMPOBOT
TKAHWHW MDK ekcrnepumeHTanbHuMu rpynamu 1A, 2A
Ta 3A TakoX MO)Ha BiA3HAYMUTK 3aneXHiCTb 30iNbLUEHHSA
po3mipiB AT, O NOB’A3aHO 3 BiKOM TBapWHW.

Y rpyni 1A Monogux TBapuH (He3anexHo Big cTari)
3a3HadeHo, wo y KT ta MXT nepeBaxanu KniTHW
Manoro Ta cepegHboro poamipie, a B EXT T1a 3XT —
KNiTMHKM Benukoro po3mipy (50—-100 Mkm). Y xopi ekcne-
PUMEHTY B YCiX BikoBMX rpynax 6yno Big3HauyeHo HasiB-
HICTb NiMdoigHO-MakpodaranbHoOl iHINETpaLii, 03Hakn

carbohydrate and high-fat diet, an increase in almost
all types of AT prevails, with a predominant increase
in the specific mass of MAT in males and the specific
mass of SAT in females. It was noted that the degree
of expressiveness of the increase in the specific body
weight of males is consistent with the degree of
increase in AT in number, as well as with the increase
in their average size.

In subgroups 2AJ, in contrast to subgroups 1AJ,
both hyperplastic and hypertrophic modifications
of AT are observed. In group 2AJ, both in the SAT
and in the MAT, as the body weight of the animal
increased, an increase in AT was noted, possibly due
to the deposition of fat in the cells themselves. At the
same time, a change in the shape of fat cells (incorrect
shape, appearance of individual giant cells) was
noted in MAT. However, there is still a sufficient number
of small and medium-sized cells in the RAT and EAT,
which may indicate the presence of transitional
mechanisms in adipose tissue that contribute to the
transition from a hyperplastic type of AT growth to
a hypertrophic one. It is known that an increase in
adipocyte size is an important prerequisite for the
deterioration of glucose absorption by insulin-depen-
dent tissues [22] and has an inversely proportional
dependence on the development of obesity. These values
do not depend on gender and body weight, but this
indicator correlates with the level of insulin in the
plasma and sensitivity to insulin [23].

Considering the fact that group 2A consisted of
sexually mature animals, the features of the increase in
their fat depots could be largely mediated by an active
hormonal background compared to groups 1A and 3A.

In modern literature, there is enough evidence that,
in addition to genetic and exogenous factors (living con-
ditions, diet, physical activity), sex hormones are
an important regulation of fat deposition. It is known
that estrogens, the receptors of which prevail in SAT,
affect the processes of hyperplasia of AT [24]. Therefore,
hyperplasia of SAT in an adult organism plays a pro-
tective role in the development of obesity. Obesity
develops fastest in animals of group 3A (old rats) in
which hypertrophic processes and large AT prevail.
At the same time, with obesity, under the influence
of endocrine factors, both the size of adipocytes and
their number may increase [25].

It is believed that with age, it is the AT in VAT that
increases the density of B-adrenoceptors, corticosteroid
and androgen receptors, and decreases the density
of a2-adrenoceptors and insulin receptors. This deter-
mines the particularly high sensitivity of VAT to the
lipolytic action of catecholamines and to the antilipolytic
action of insulin in group 2A, which ensures good
susceptibility to hormonal changes and contributes
to the development of abdominal obesity with the
subsequent formation of clinical and metabolic compli-
cations. With age, the mechanism of increasing the
number of fat cells is exhausted and the body uses
only the hypertrophic structure of cell increase in the
amount that is considered more pathological.

Analyzing and comparing the size of adipose tissue
cells between experimental groups 1A, 2A and 3A
also noted the dependence of the increase in the size
of AT, which is associated with the age of the animal.
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nopyLUeHHs1 KpoBoobiry B cyouHax MiKpoUMpKynsiTop-
HOro pycrna Ta nosiBa CKMepOTUYHMX 3MiH, BUPA3HICTb
SKMX  HapocTana 3  BWCOKOKaNopiHOK  OieTolo.
Lli maHi € 3HayHMM nNOKa3HMKOM 3anycKy MexaHi3miB
HU3bKOCTYMNEHEeBOro XPOHiYHOro 3ananeHHa HXB, Bupas-
HiCTb SIkMX Moxe OyTu ysromxeHa came 3 rinepTpo-
di4HUM TMNOM 3pocTaHHA AT.

BUCHOBKHU

HuHawmika rictonoriyHnx Ta mopdonoriyHnx amiH B AT
y WwypiB, WO POPMYyeETLCH Nif BNAVBOM aniMeHTapHoro
daktopa npu MC, noe’A3aHa 3 BiKOM, CTaTTiO Ta Macow
Tina. Y monoaux LwypiB 36inblUeHHs iHAeKCy macu Tina
BinOyBaeTbCA MEepeBaxkHO 3a paxyHOK rinepnnasii Kni-
TuH MXT Ta BXT. 36inbweHHa AT y monogomy opraHiami
npu pJii natoreHHoro daktopa 3aBXauM MNOYMHAETLCH
3 KOMMEHCATOPHOro, rinepnnacTtuyHoro  MexaHiamy.
3 BikOM rinepnnacTuyHmiA TN 3pocTanHs AT nepeTBopo-
€TbCS Ha rinepTpodivHmiA, ocobnueo y MXKT. BigzHayeHo
3BOPOTHO MPOMOPLINHY 3anexHiCTb 3HWXKEHHA pesunc-
TEHTHOCTI agunouuTiB (ocobnmeo BXXT) B mipy 36inb-
WEHHA BiKy TBapuHW. 3HWXKEHHS PEe3NCTEHTHOCTI
KnitnH AT 0O eHOOreHHMX MexaHi3aMiB KOHTPOM pery-
nAuii, Ski Npu3BOAATbL A0 NMEPEeMUKaHHs rinepnnacTuny-
HOro TUNy 3pocTaHHA AT 49K MOXIIMBOrO MexaHiamy
rarbMyBaHHS PO3BUTKY OXWPIHHA, Ha rinepTpoMivyHUiA.
ICHye BikOBa 3anexHiCcTb 30inbLUeHHst MMToMOi macu AT
Ha TNi 3HWKEHHS NOKa3HWKIB cepeaHbOoi KifTbKOCTi aanmno-
uunTiB Ta 306iMbLIEHHS MOro0 CepeaHboro po3mipy. 3MiHa
CTPYKTYPHUX | PYHKUIOHanNbHUX Xxapaktepuctuk AT,
CTUMYNbOBAHMX PO3BUTKOM OXUPIHHA MOXyTb OyTu
OCHOBOK PO3YMIHHA MiABULLEHHA MeTabomnivyHOI aKTuB-
HOCTi Y BUIMSAI peakuiil HU3bKOCTYNEHEBOro XPOHIYHOMO
3ananeHHs HXB §K NepBMHHOI MaTOreHeTWYHO!I naH-
km MC. OTpumaHi pesynsratm MOXyTb OyTVW BU3HAYeEHi
sk BionoriyHun Mmapkep, Lo BU3Ha4YaEe acoLifioBaHi 3 OXu-
PiHHAM MOPYLUEHHS, K CUHAPOM CUCTEMHOI 3anarnbHoil
BigNOBIAi, Ae TBapuHKU Byny po3nogineHi 3a cTaTTio.
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In group 1A of young animals (regardless of sex),
it was noted that small and medium-sized cells pre-
dominated in the SAT and MAT, and large-sized cells
(50-100 pm) in the EAT and RAT. During the experiment,
the presence of lymphoid-macrophage infiltration,
signs of impaired blood circulation in the vessels of the
microcirculatory channel, and the appearance of scle-
rotic changes, the expressiveness of which increased
with a high-calorie diet, were noted in all age groups.
These data are a significant indicator of the activation
of the mechanisms of HCV, the expressiveness of
which can be coordinated precisely with the hypertrophic
type of AT growth.

CONCLUSIONS

The dynamics of histological and morphological
changes in AT in rats, formed under the influence of the
alimentary factor in MS, are related to age, sex and
body weight. In young rats, the increase in BMI occurs
mainly due to hyperplasia of cells of the SAT and VAT.
An increase in AT in a young organism under the influ-
ence of a pathogenic factor always begins with a com-
pensatory, hyperplastic mechanism. With age, the
hyperplastic type of AT growth turns into a hypertrophic
type, especially in the MAT. An inversely proportional
dependence of the decrease in adipocyte resistance
(especially VAT) as the age of the animal increases
was noted. A decrease in the resistance of AT cells to
endogenous regulation control mechanisms, which lead
to the switch from a hyperplastic type of AT growth as
a possible mechanism for inhibiting the development
of obesity to a hypertrophic one. There is an age-depen-
dent increase in the specific mass of AT against the
background of a decrease in the average number of
adipocytes and an increase in its average size.
Changes in the structural and functional characteris-
tics of AT, stimulated by the development of obesity,
may underlie the understanding of increased metabolic
activity in the form of LCI reactions as the primary
pathogenetic link of MS. The obtained results can be
designated as a biological marker that determines
obesity-associated disorders, such as systemic inflam-
matory response syndrome, where the animals were
divided by sex.
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MepcnekTUBU NOAAABLUMX AOCAIAXEHD

[MepcnekTvBn noganbliMX AOCHiAXEHb CTOCYHTbLCS MOPIBHAMNb-
HOI naTogi3ionoriyHoi OUiHKM MeTaboniYHNX 3MiH Yy pi3HKX
opraHax i TkKaHMHax (Crnony4yHa TKaHUHa, XXMpoBa TKaHUHa, ceple,
neviHka, HUPKK, TONMOBHUI MO30K), LLO BiAOyBalOTbCA BHACMIAOK
NiOBULLEHHS aKTMBHOCTI JKMPOBOI TKaHWHMW, fiIka BBaXaeTbCs
iHiLianbHOIO NaHKOK MaToreHesy HU3bKOCTYMEHEBOrO XPOHiY-
HOro 3ananeHHs Ha TNi pO3BUTKY METabomiYHOro CMHAPOMY.

KoHdAIKT iHTEpEcCiB

ABTOpPWU pYyKOMMCY CBIAOMO 3acBiAYylOTb BIiACYTHICTb haKTU4-
Horo abo MOTEHLINHOrO KOHMIKTY IHTEpeCiB Woao pesynbraTiB
Ljiei poboTu.

IHdbopmauis Npo cbiHAHCYBAHHSA

Pobota thiHaHCyeTbCS BUAATKaMu AepxaBHOro 6rokeTy YkpaiHu.
CraTTa € dhparMeHTOM MMaHoBOI HayKOBO-AOCNiAHOI poboTn ka-
deapw 3aranbHoi Ta KniHivyHOI natodisionorii im. [.0. AnbnepHa
XapkiBCbKOro HaLioHanbLHOro Mean4Horo yHisepcutety MiHictep-
CTBa OXOPOHW 300pOB’A YKpaiHW «Porb XpPOHIYHOrO 3ananeHHsi
B PO3BUTKY MOPMOMYHKLIOHANbHNX 3MiH Pi3HUX OpraHiB npu
eKCMepuMeHTanbHOMy MeTaboniyHoOMy CUHAPOMI Yy  LLypiB»,
Homep [AepxasHoi peectpauii:  0118U000952, npuknagHa,
TEPMiH BUKOHaHHSA: 6epe3eHb 2021-2025 pp., HayKOBUIA KEPIBHWK,
[OKTOp MeanyHux Hayk, npodecop M.C. MUPOLLHNYEHKO.

Noaska

ABTOPY BWCMNOBMIOKTL WMPY NOAsKy cniBpobiTHUKam kadbenpu
3aranbHOi Ta KniHiYHOI natodpisionorii im. [1.0. AnbnepHa
XapKiBCbKOro HaLioHanbHOro Mean4Horo yHisepcutety MiHictep-
CTBa OXOPOHW 300poB’st YkpaiHu, wo Oynu 3afisHi y BUKOHAHHI
HayKoBO-Z0CHiAHOT po6oTy.

BIAOMOCTI NMPO ABTOPIB

KysbmiHa IpuHa HOpiiBHa — [OKTOp MEAMYHUX Hayk,
npodecop, npodpecop kadenpw 3aranbHOI Ta KNiHIYHOI naTo-
igionorii im. 0.0. AnbnepHa XapkiBCbKOro HauioHanbHOro
Mean4HOro yHiBepcuteTy MiHicTepcTBa OXOpPOHM 340pOB’A
Ykpainu; np. Hayku, 6ya. 4, m. Xapkis, Ykpaina, 61022;

e-mail: irina.u.kuzmina@gmail.com

Ten.: +38 (057) 707-73-40

BHecok aemopa: koHuenuis ma OQu3salH 0ocnid-
)XeHHs1, 36ip OaHux, aHania ma iHmeprnpemauis
OaHux, HanucaHHsi cmammi, peda2ysaHHs cmammi,
ocmamoyHe 3ameepdxeHHs cmammi.

KysbmiHa Onbra OnekcaHgpiBHa — KaHAMAaT MeaunyHUX
HayK, [OOUEeHT Kadeapw akywepctBa Ta riHekonorii Ne 1
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XapkiB, YkpaiHa, 61022;
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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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