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1. AKTyasIbHICTb JOCIiI>)KEHHS 3yMOBJIEHA 3pOCTaHHSIM YaCTKU [IPOAYKTIB IPOMHUCJIOBOI IEPEPOOKH Y CTPYKTYPi
CY4aCHOTO Xxap4yBaHHs Ta IIMPOKAM BUKOPUCTAHHSAM XiMiUHMX XapyoBUX J06aBOK. OC0611BOI yBaru HabyBae ix
KOMOIHOBaHUI BIJIUB, SIKUM peasli3yeThCsl Yepe3 B3aEMOI0 KiJIbKOX aTOreHeTUYHUX MeXaHi3MiB, 30Kpema
OKCHJIATMBHOTO i HITPO3aTMBHOTO CTPECY, NOPYIIEHHs 6ap’epHOoi QyHKIi C/1M30BOi 060JI0HKHU, 3MiH
MIKpOLMPKYJISLIi Ta Jucperyssuii iMyHHOI Bianosizi. Kiry6oBa kumka sik GyHKIiOHAJIbHO aKTUBHUM BifjiJl TOHKOI
KMIIKY, 110 3a6e31e4ye MPOoLeCy BCMOKTYBAHHSI, IMyHHOTO KOHTPOJIIO Ta MiATPMMAaHHS TOMEOCTAa3y, € OJHI€I0 3
OCHOBHUX MillleHel [ii KCeHOOIOTUKIB, 1110 OOI'PYHTOBYE AOLIIbHICTD ii KOMIIJIEKCHOTO MOPPOPYHKIIOHATIBHOTO
IOCHiIKeHHs. MeTo0 NOCiIKeHHs 0yJI0 BCTAHOBJIEHHSI IMHAMIKM CTPYKTYPHO-(PYHKILIIOHAJIbHUX 3MiH KJIy6OBOi
KMLIKY Ta BU3HAYEHHS IIPOBIJHUX MEXaHi3MiB iX pO3BUTKY 32 yMOB TPUBAJIOTO KOMOGIHOBAHOT'O BILJIMBY KOMILJIEKCY

XiMIYHMX XapuoOBUX 406aBOK. JlocimykeHHs poBegeHo Ha 70 6inux s1abopaTopHUX 1ypax. O6’€eKTOM JOCiIKeHHs



Oysa KJ1y60Ba KUIIKA, IPeAMETOM — MOPQOJIOTiuHi, MIKPOLUPKYJISTOPHI, iMyHOricTOXiMi4HI Ta 6i0XiMivHi 3MiHM ii
CTPYKTYPHUX KOMIIOHEHTIB. BUKOPUCTaHO KOMILJIEKC CY4aCHUX METOZiB: TiCToJori4Hi, MOppOoMeTpUyHi,
iMyHOricTOXiMiuHi, 6i0XiMi4YHi Ta IOBEAiHKOBI, 110 AO3BOJIWJIO 3[iiCHUTY GaraTOpiBHEBY OLiHKY 3MiH Ha
TKaHVUHHOMY, KJIITUHHOMY Ta (PYHKLIiOHAJIbHOMY PiBHSIX. EKCIIEpUMEHTaJIbHI JOCJIIIPKEHHSI BUKOHAHO 3
IOTPUMAaHHSIM Mi’KHAPOJHUX i HAI[lOHAJIbHUX €TUYHUX CTAHJIAPTiB. BcTaHOBJIEHO, [0 Y KOHTPOJIBHI IpyIi KiIyboBa
KUIIKA XapaKTepU3yeThCs TUIIOBOIO IiCTOAPXiTEKTOHIKOIO Ta CTabiIbHUMU MOP(POMETPUYHUMU I10Ka3HUKAMU:
CepenHs TOBUIMHA CTiHKU CTaHOBUTD (462,68+9,43) MKM, C/T30BO1 000J10HKU — (344,56+7,99) MKM, TiACIM30BOi —
(30,33+2,62) MKkM, M's130B0i — (52,59+1,74) MKM, cepo3dHoi — (10,3+0,91) mxMm. KimiTunHUI CK71a7, eniTeniio Binnosigae
disiosoriuniit HOpMi Ta 3abe3neydye edpeKTUBHE BUKOHAHHS 6ap’epHOI i iMyHHOI QpyHKuUii. Ha panHix TepmiHax
exkciepuMeHTy (1-8 TIKHiB) GOPMYIOTHCS afanTalliilHO-KOMIIEHCATOPHI 3MiHU, SIKi XapaKTepu3yBaJNuCs
IOCTOBipHUM 301/IbIIEHHSIM C€peHbOI TOBIIMHYU CTiHKY KUMIKHU Y 1,52 pasu (p<0,05), ci130B0i 06010HKY ~ Y 1,67
pasu (p<0,05), M’s130B01 060710HKY — Yy 1,53 pasu (p<0,05). LIi 3MiHM CyIPOBOIKYIOTHCSI PO3BUTKOM HaOPSIKY,
[IOBHOKPOB'SIM CYZ}H, 3MEHIIEHHSIM CepeIHbOI KiIbKOCTi KeJIMXOIOAi6HMX KIIITUH i IOPYLIEHHSIM LiJiCHOCTI
CJIM30BOrO 6ap’epy, 10 CTBOPIOE MePEeAyMOBHU 117151 MiABUILEHHS IPOHUKHOCTI CJIM30BOI OOOJIOHKHU Ta aKTUBALLii
3anajbHuUX npouecis. Ha ni3Hix Tepminax (12-20 TWXHIB) IepeBaXaloTh JUCTPOPIYHO-IET€HepaTUBHI 3MiHM, 110
XapaKTepU3yIThCS XBUJIEIOAI6HOI0 JUHAMIKOI0 MOPGOMETPUYHUX ITIOKA3HUKIB i3 TEHIEHIi€l0 N0 iX 3HIKEeHHS,
Ie30praHisalliero eniTesiajbHOrO mWapy, NOPyIEeHHSIM apXiTEKTOHIKY CIM30BOi 060JIOHKU Ta 3HU>KEHHSIM
pereHepaToOpHOro NnoTeHLjany. BkaszaHi 3MiHM CBigYaTh PO BUCHAKEHHS aallTallilHO-KOMIIEHCATOPHUX
MOXKJIMBOCTEN TKaHUH i POPMyBaHHS CTPYKTYPHOI HELOCTATHOCTI OpraHa. MiKpOoLMPKYJISITOPHI IOPYIIEHHS MAIOTh
4iTKO BUpaXeHu! (a3Huil XapakTep i OXOIJIIOI0Th YCi JaHKKA TeMOMIKPOLIMPKYJISITOPHOro pycia. Ha paHHiX eTanax
CIIOCTEepiraeTbCst BA30OKOHCTPUKILisl apTepioJ, 6isbll BUpaXXeHa Yy CIU30Bill 000JIOHLi, Ta 3BMEHIIEHHS AiaMeTpa
Kaninapis y 1,31 pasu i ix npocsity y 1,29 pasy, mo Besie 40 NOPYIIEeHHS TPAHCKAMISIPHOro 0OMiHy. Y NOAA/IBIIOMY
dopmyeThCs peakTUBHA Bazoausiatallis aptepiod (y 1,24-1,30 pas3u) 3 HACTYIIHUM iX 3BY)KEHHSIM, PEIyKLi€l0
KalliJIIpHOro pycja, PO3BUTKOM BEHO3HOTO 3aCTOI0 Ta TKAHMHHOI TiIOKCii, 1110 € MOP(OJIOriYHOI0 OCHOBOIO
XPOHIYHOI MiKPOLUPKYJISITOPHOI HEAOCTATHOCTI. IMyHOTICTOXiIMIYHi 3MiHM XapaKTepPU3yIOTbCs (Pa3HOIO
nepeby0BOI0 iIMyHHOI BifnoBizi. Ha paHHix TepMiHax Bifjd3Ha4aeTbCs aKTUBALLisl TyMOpabHOI Ta MaKpodaraabHOi
J1aHOK (36inbmenHss CD20on i CD68o kiituH) Ha T1i 3HMKeHHs CD8o kiiTuH i HecTtabinbHocTi CD40 nonyssuii, mo
CBiZJYMTb IIPO MOPYIIEHHS! PErYJISITOPHUX MEXaHi3MiB iMmyHiTeTy. Ha ni3Hix eTanax (popMyeTbCsl CTaH iMyHHO]
nucperyssuii 3i sHwkeHHsIM CD4n, CD8o i CD680 KiIiTuH, HeCTabi/IbHICTIO TYMOPAJIbHOI BiAIIOBili Ta IPUTHIYEHHSIM
npostipepaTUBHOI aKTUBHOCTI €I1iTesIiio, 0 CIpUsie XPOHi3allil MaTosIoriyHOro rpouecy. bioxiMidHi JocmimKeHHs
HiATBEPAUIN KIJII0YOBY POJIb OKCUIATUBHOIO Ta HITPO3aTUBHOIO CTpecy Y GOPMYyBaHHI NAaTOJIOIYHUX 3MiH: piBEHb
MAaJIOHOBOTO Aianbpperigy niapuimyetbes y 2,06 pasu (p<0,05), 3pocTae BMIiCT HITPUTIB, 0 CBIIYUTD PO aKTUBALIIIO
[IpOLIeCiB IepoKCUIaliii JIiminiB i HAKONMWYEHHS TOKCUYHUX METaboJIiTiB. BUsABI€eHO BUCHA)KEHHSI aHTUOKCUIAHTHOTO
3aXUCTY, 1110 NOTIMOJII0E YIIKOI)KEHHs TKAaHUH. BCTaHOBJIEHO, 1110 MOP(OJIOTiuHI Ta MeTaboiYHi TopyIIeHHs
CYIIPOBOMXYIOThCS (PYHKIIIOHAJIbHUMHU 3MiHaMu, 30KpeMa 30iJIbIIeHHSIM JIaTEHTHOTO Iepiony GOpMYBaHHS
YMOBHOTO pedeKcy y 2,33 pasy, IO CBiIYUTb [IPO 3a7Ty4€HHSI CUCTEMHUX MEXaHi3MiB peryJsisuii Ta
(YHKLIOHYBaHHS OCi «KUIIEYHUK—MO30K». TaKuM YMHOM, TPHBaINil KOMOIHOBaHUU BIUIMB XIMIYHUX XapuOBUX
I00aBOK 3yMOBJIIOE€ PO3BUTOK CTaJiltHOrO 6araTOKOMIIOHEHTHOTO [1aTOJIOT{YHOTO NPOLECY Y KJIyOOBiil KA, SIKU
peasi3yeTbCs 4yepes NOCIiJOBHUN KacKal, B3a€MOIIOB I3aHMX MOPQOJIOTiYHMX, MiIKPOLIUPKYJISITOPHUX, IMyHHUX i

MeTaboiYHUX NTOPYIIEHD T Befie N0 (POpMYBaHHS ii CTPYKTypHO-(QYHKLIOHAIBbHOI HELOCTATHOCTI.

2. The relevance of the study is due the increasing proportion of processed foods in the modern diet and the
widespread use of chemical food additives. Particular importance is attributed to their combined effects, which are
realized through the interaction of several pathogenetic mechanisms, including oxidative and nitrosative stress,
impairment of the mucosal barrier, microcirculatory disturbances, and dysregulation of the immune response. The
ileum, as a functionally active segment of the small intestine responsible for absorption, immune control, and
maintenance of homeostasis, represents one of the primary targets of xenobiotic exposure, which substantiates
the need for its comprehensive morphofunctional investigation. The aim of the study was to determine the
dynamics of structural and functional changes in the ileum and to identify the key mechanisms of their



development under conditions of prolonged combined exposure to chemical food additives. The study was
conducted on 70 white laboratory rats. The object of the study was the ileum, and the subject included
morphological, microcirculatory, immunohistochemical, and biochemical changes in its structural components. A
set of modern research methods was applied, including histological, morphometric, immunohistochemical,
biochemical, and behavioral techniques, enabling a multilevel assessment of tissue, cellular, and functional
alterations. All experimental procedures were performed in accordance with international and national ethical
standards. It was established that in the control group, the ileum was characterized by typical histoarchitecture
and stable morphometric parameters: the mean wall thickness was (462.68+9.43) um, mucosal thickness -
(344.56+7.99) um, submucosal thickness - (30.33+2.62) um, muscular layer - (52.59+1.74) um, and serosal layer -
(10.3+0.91) um. The cellular composition of the epithelium corresponded to physiological norms and ensured
effective barrier and immune functions. At the early stages of the experiment (1-8 weeks), adaptive and
compensatory changes were observed, manifested by a significant increase in the mean wall thickness by 1.52
times (p<0.05), mucosal thickness by 1.67 times (p<0.05), and muscular layer thickness by 1.53 times (p<0.05). These
changes were accompanied by edema, vascular congestion, a decrease in the mean number of goblet cells, and
disruption of the mucosal barrier integrity, leading to increased permeability and activation of inflammatory
processes. At the late stages (12-20 weeks), dystrophic and degenerative changes predominated, characterized by
a wave-like decrease in morphometric parameters, disorganization of the epithelial layer, impairment of mucosal
architecture, and reduced regenerative capacity, indicating exhaustion of adaptive mechanisms. Microcirculatory
disturbances exhibited a distinct phase-dependent pattern and involved all components of the
hemomicrocirculatory bed. Early stages were characterized by arteriolar vasoconstriction, more pronounced in
the mucosa, and a reduction in capillary diameter by 1.31 times and lumen by 1.29 times, resulting in impaired
transcapillary exchange. Subsequently, reactive vasodilation of arterioles (1.24-1.30 times) developed, followed by
their constriction, reduction of the capillary network, venous congestion, and tissue hypoxia, forming the
morphological basis of chronic microcirculatory insufficiency. Immunohistochemical analysis revealed a phase-
dependent restructuring of the immune response. Early stages were characterized by activation of humoral and
macrophage components (increased CD20o and CD68n cells) along with decreased CD8a cells and instability of CD4no
populations, indicating impaired immune regulation. At later stages, immune dysregulation developed, with
decreased CD4n, CD8n, and CD68a cells, instability of the humoral response, and suppression of epithelial
proliferative activity, contributing to chronicity of the pathological process. Biochemical findings confirmed the
key role of oxidative and nitrosative stress: the level of malondialdehyde increased by 2.06 times (p<0.05), and
nitrite levels were elevated, indicating intensified lipid peroxidation and accumulation of toxic metabolites. A
depletion of antioxidant defense mechanisms was also observed. The identified morphological and metabolic
disturbances were accompanied by functional alterations, including a 2.33-fold increase in the latency period of
conditioned reflex formation, suggesting the involvement of systemic regulatory mechanisms within the gut-brain
axis. Thus, prolonged combined exposure to chemical food additives leads to the development of a stage-
dependent, multifactorial pathological process in the ileum, mediated by interconnected morphological,
microcirculatory, immune, and metabolic disturbances, ultimately resulting in structural and functional
insufficiency of the organ.
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Cdepa ynpaBiriHHS: MiHiCTepCTBO OXOPOHH 3/10POB's YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. CrapueHko IBan IBanoBHY

2. Ivan I. Starchenko

KBasidikanis: n.men.H., npodecop, 14.03.01

Imentudikarop ORCID ID: 0000-0002-6666-1448

JopaTrkoBa indpopmamnist:

IToBHe HafIMeHyBaHHS[ IOPUIHUYHOL 0CO0H: TNonTaBChKuit iepKaBHUI MEJUYHUIA YHIBEPCUTET
Kopg, 3a €IPIIOY: 43937407

Micue3Haxoa>KeHHS: By [llepuenka, [TonTasa, [TonTaschkuii p-H., 36011, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTePCTBO 0XOPOHU 31,0POB's YKpaiHu

ImenTudikarop ROR: He zacrocosyerbcs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. llleByenko KocTgaHTuH BacunboBuy

2. Kostiantyn V. Shevchenko

KBasigikanis: 1.dinocod, nou., 091

InenTudikarop ORCID ID: 0000-0003-1665-3236

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [10/ITaBCHKMIA IEPKABHUI MEIYHUI yHIBEPCUTET
Kopg 3a €IPIIOY: 43937407

Micuesnaxomxeunﬂ: ByJL. llleByeHKa, [losraBa, [lonraBeekuit p-H., 36011, Ykpaina

dopma ByracHoCTI:

Cdepa praBJIiHHﬂZ MiHicTepCcTBO OXOPOHM 3[0POB'd YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akir04Hi BimoMocTi



BaacHe IlpizBumie Im's ITo-6aTbKOBI
TOJIOBH pajgu

BiiacHe IIpisBuie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3acCimaHHi
BignoBigasbHuUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peeCTpallilo HayKOBOIi

OisIIBHOCTI

I'punb Bosogumup I'puroposuy

['punb Bosogumup I'puroposuy

[Ipuxigpko OneHa OnekciiBHa

FOpuenko TetsiHa AHaToJiiBHA

Opuenko TersiHa AHaToJIiBHA



