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Long-term environmental pollution with heavy metal compounds encourages researchers to study the mecha-
nisms of environmental heavy metal compounds' impact on the morphogenesis of the digestive system. The di-
gestive system is directly involved in the pathophysiological manifestations arising from exposure to heavy metal
compounds, as it is one of the main ways xenobiotics enter the body. The article presents an analysis of the results of
scientific studies to determine the impact of heavy metal compounds on experimental animals' cellular and subcel-
lular levels of the digestive system. Three basic mechanisms of the toxic effects of heavy metals on biological systems
and biological objects are identified: blocking of various functional groups of macromolecules, such as enzymes and
transport systems; the second is the displacement or replacement of essential ions (for example, in metal enzymes),
and the third is the modification of the active conformation of biomolecules. Lead, cobalt, mercury, and cadmium
ions in biological environments form the strongest bonds with proteins, peptides, and amino acids, but these metals
can attach, although not as strongly, to other protein groups, forming chelates (e.g., with the SH-groups of proteins
and peptides). It has been proven that the imbalance of trace elements under the influence of high levels of heavy
metals in the environment leads to the accumulation of lead and cadmium in cells, which in turn enhances apop-
tosis and disrupts the functional state of the digestive system. The effect of heavy metal compounds on the wall of
the digestive tract is determined by a decrease in the functional value of Paneth cells and a negative impact on the
endosecretory cells of the pancreas. Experimentally, destructive changes in hepatocytes under the influence of lead

acetate have been proved in experimental animals.
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Connection of the publication with planned re-
search works.

The experimental study was carried out within the
framework of the research work of the Department of
Medical Biology, Pharmacognosy and Botany of Dnipro
State Medical University “Biological basis of morpho-
genesis of organs and animals under the influence of
trace elements and ultramicroelements in the experi-
ment” (state registration number 0118U006635).

Introduction.

Human industrial activity has led to a redistribution
of trace elements and increased environmental pollu-
tion with toxic substances. It is known that heavy metals
can accumulate at all levels of the ecological pyramid,
which greatly complicates the problem of dealing with
them. Their exposure can lead to long-term effects, such
as carcinogenic and mutagenic damage to living organ-
isms and long-term toxic effects on the gastrointestinal,
nervous, cardiovascular, endocrine and reproductive
systems. Each heavy metal has its own specific effects
on living organisms. In combination with other harmful
factors, it leads to the onset or exacerbation of various
chronic diseases, which are classified as environmental
pathology in modern science. The deterioration in the
health of the human population in the last decade is
largely due to the high rates of anthropogenic transfor-
mation of the biosphere and the decrease in the organ-
ism’s adaptive capacity [1, 2, 3]. Over the past 30 years,
continuous pollution by heavy metal compounds in soil,
air and water can have irreversible consequences for
humanity, while scientists and practitioners often anal-
yse only the clinical aspects of this problem, while the

ecological and morphological components remain insuf-
ficiently studied [4, 5, 6].

Several scientific papers by Ukrainian scientists have
proved the extremely important role of heavy metals in
determining many human diseases, including cancer,
endocrine, cardiovascular, digestive system diseases,
disruption of embryogenesis and formation of congeni-
tal malformations, etc. [7, 8, 9, 10, 11, 12, 13].

To date, studies of the morphometric parameters
of the structures of the digestive system under condi-
tions of heavy metal poisoning in the dynamics remain
unclear. There are contradictory or no complete data
on the peculiarities of the effect of heavy metal com-
pounds on organisms of different ages, their effect at
the cellular and tissue levels, and disorders of the for-
mative processes of organ systems during embryonic
development.

The aim of the study.

To analyse scientific data on the effect of heavy
metal compounds on the development and morphologi-
cal and functional state of the digestive system.

Main part.

The results of numerous hygienist studies confirm
that in regions of environmental crisis, heavy metals are
found both in environmental objects and directly in the
human body in concentrations that often exceed the
generally accepted hygienic standard [14]. Such xeno-
biotics have pronounced membranotoxic properties, af-
fect the activity of enzymes and the course of biochemi-
cal processes, are capable of accumulating in tissues,
and cause long-term adverse effects with prolonged ex-
posure. The main reasons that determine the toxicity of
heavy metals include their ability to form biocomplexes
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in the body and participate in redox reactions, during
which the valence changes and toxicity increases, facili-
tating their penetration through biological membranes
[15, 16].

Several scientific papers by Ukrainian scientists have
proved the significant role of heavy metals in determin-
ing many human diseases, including cancer, endocrine,
cardiovascular, digestive system diseases, reproductive
disorders, etc. [17, 18, 19, 20, 21]. The main reasons
that determine the toxicity of heavy metals include their
ability to form biocomplexes in the body and participate
in redox reactions, during which the valence changes
and toxicity increases, facilitating their penetration
through biological membranes [22].

In general, there are three basic mechanisms of the
toxic effects of heavy metals on biological systems and
biological objects: blocking of various functional groups
of macromolecules, such as enzymes and transport sys-
tems; the second is the displacement or replacement of
essential ions (for example, in metal enzymes), and the
third is modification of the active conformation of bio-
molecules. Lead, cobalt, mercury, and cadmium ions in
biological environments form the strongest bonds with
proteins, peptides, and amino acids, but these metals
can attach, although not as strongly, to other protein
groups to form chelates (e.g., with the SH groups of pro-
teins and peptides) [23, 24, 25].

At the same time, the nature of the effect of the toxi-
cant is determined not only by its chemical properties
and dose in the initial state but also by its intermediate
and final metabolic forms. Metals and their compounds,
unlike many organic compounds, can repeatedly change
their form when they enter the body. As a result of in-
teraction with redox buffer systems of the cell, during
which electrons are transferred, the oxidation state of
metals changes, and the transition to a lower oxidation
state for most transition metals is usually associated
with a decrease in their toxicity [26, 27, 28, 29].

The influence of heavy metal compounds on the di-
gestive system is being actively studied because most
xenobiotics enter the body with food and water. The
clinical picture of acute and chronic saturnism is charac-
terized by several syndromes, among which changes in
the organs of the gastrointestinal tract occupy a promi-
nent place [30, 31, 32]. With saturnism, disorders of the
gastrointestinal tract are manifested by a violation of
gastric secretion in connection with both increased and
decreased stomach acidity can be observed. The phe-
nomena of dyskinesia of the small and large intestines
are noted, accompanied by absorption and motor-evac-
uation function disorders. Due to the inhibitory effect
of lead on intestinal enzymes, the processes of parietal
digestion are disrupted. Intestinal colic is an extreme
manifestation of the pathology of the digestive system
in case of lead intoxication. Clinically, it is characterized
by the appearance of sharp pains in the abdomen, per-
sistent constipation, an increase in blood pressure, an
increase in body temperature, moderate leukocytosis,
the appearance of a dark red colour in the urine due
to the presence of coproporphyrin, etc. In the case of
lead intoxication, it is often involved in the pathological
process. Due to the enzymopathic action of lead, toxic

hepatitis often develops, which leads to severe func-
tional insufficiency of the organ [33, 34, 35, 36]. Lead
and cadmium are multi-organ toxicants; under their in-
fluence, the gastrointestinal tract, digestive glands, and
other organs are affected. Violations of the histological
structures of glands provoke morphological and physi-
ological pathologies [37, 38, 39]. In modern conditions,
pronounced forms of lead intoxication are sporadic; in
most cases, the pathology of the digestive system is
formed in people who are in contact with lead, mani-
festing in the form of chronic gastritis, duodenitis and
jejunitis, dyspepsia and chronic hepatitis. At the same
time, the relationship between the frequency and the
age of workers, their work experience, and the content
of lead in environmental objects and biosubstrates can
be traced naturally [40, 41]. As it was established, the
solubility of lead compounds and the state of the secre-
tory function of the organs of the gastrointestinal tract
can mutually influence each other [42].

Special mechanisms of the influence of heavy metals
are determined by the accumulation of heavy metals in
the body. Lead and cadmium can linger in the body and
accumulate in organs, becoming depots for heavy metal
compounds. Therefore, studies on the determination of
the level of accumulation by various systems of the body
demonstrate the results of chronic exposure, even after
the cessation of intoxication. These problems are active-
ly investigated in experimental morphology and are the
basis for determining possible potential bioantagonists
(43, 44, 45].

To date, studies of the morphometric parameters
of the digestive system structures under the conditions
of heavy metal poisoning in the dynamics of the body
remain unclear. There are conflicting or incomplete
data on the specifics of the effects of heavy metal com-
pounds on organisms of different ages and their action
at the cellular and tissue levels.

As the analysis of the data of the world scientific
medical-biological literature showed, the question of
the influence of heavy metal compounds on the diges-
tive system, mechanisms of toxic action, elimination
and search for possible antagonists of toxic action is an
urgent task of modern morphological and medical-bio-
logical research.

Conclusions.

Experimental studies of the influence of heavy met-
als on the morphology and physiological state of the
digestive system of experimental animals, with the de-
termination of possible mechanisms of intoxication, are
urgent problems for morphological studies.

Prospects for further research.

A promising direction of further research is the study
of the chronic influence of lead and cadmium salts on
the development of the digestive system in the embryo-
genesis of research animals when exposed to a preg-
nant female.

56 ISSN 2077-4214. Bicuk npo6nem 6ionorii i meguunnn — 2024 — Bun. 1(172) / Bulletin of problems in biology and medicine — 2024 - Issue 1(172)



ornaaun NITEPATYPU / LITERATURE REVIEWS

DOI 10.29254/2077-4214-2024-1-172-55-61
YAK 611.12-034:591.33-092.9
Kyw O. I., 3emnsaHuii O. A., Cmpuxcak O. B.

CYYACHUIM nornag HA MEXAHI3MU BNIUBY BAXKUX META/TIB
HA MOP®O-®YHKLIOHAIbHUA CTAH TPABHOI CUCTEMMU
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Tpusasne 3a6pyO0HeHHs 00BKO/UWHbLO20 CepedosuLd CroayKaMU BAHKUX Memarie CrioHyKae 00CniOHUKIi8 00
BUBYEHHA MEXAHi3Mie 8rausy CrionyK 8amcKux memasie 008KOMAUWHbLO20 cepedosulyd Ha MopgozeHes mpasHol
cucmemu. TpasHa cucmema npulimae 6e3rnocepedHo y4acme y namoghizionozivyHux nposasax, Wo 8UHUKAMb
Mpu 8naAUBI CrOMAYK 8AXKUX Memasis, MOMy WO € O0OHUM 3 OCHOBHUX W/AXie MompansaaHHA KceHobiomukie 0o
op2aHi3my. ¥ cmammi HagedeHo aHani3 pe3ysemamie HayKosux 00CiOHeHb 3 BUSHAYEHHSA 81/UBY CMOMYK BAHCKUX
memasnie Ha KAIMUHHOMY ma cybKAimUHHOMY PiBHAX Op2aHie MpPAasHOI cucmemu eKcrepuMeHmManbHUX MeapuH.
Budinsrome mpu 6a308UX MEXAHI3MU MOKCUYHOI Oii 8axCKux memasie Ha bionoziyHi cucmemu i 6ionoziyHi 06’ekmu:
6710KY8AHHA Pi3HUX PYHKUIOHAABHUX 2Py MAKPOMOAEKY, MAKUX AK hepmeHmu i mpaHcrnopmHi cucmemu, opyaul
- 8umicHeHHs abo 3amiwieHHs HeobxiOHUX iOHi8 (HanpuKknad, y memasnogpepmeHmax), ma mpemil - Moougikayis
aKmueHoi KoHgopmauyii biomoneKyn. loHU ceuHyto, Kobasema, pmymi, Kadmito e biocepedosuu,ax ymeoproromeo
Halibinbw MiyHi 38'93Ku 3 binkamu, nenmudamu ma aMiHOKUC/0Mamu, Mpome Ui Memasiu MOXCymb rpuedHy8amucs,
Xxo4a i He mak MiyHo, 00 iHwux yapynyeaHs binKie, ymeoprooyu xeaamu (Hanpuknad, 3 SH-epynamu 6inkie i
nenmudis) [losedeHo, wo AucbasnaHc MiKpoenemeHmis nio 8naAUBoOM Mi08UU,EHO20 8MIiCMY 8 HABKOAUWHbOMY
cepedosuwi 8axKUx memasnie npu3sooums 00 HOKOMUYEHHA CBUHUO mMa KAOMIt0 KAImUHAaMU, Wo 8 c8oto yepay
nidcuntoe npoyecu anonmosy, Nopywye yHKUioHaAbHUU cmaH mpasHoi cucmemu. Braug croaykamu 8amckux
memasnie Ha CMiHKy MpasHo20 KAaHAy BU3HAYAEMbCA Y 3HUMEHHI hYHKUiIOHAMbHO20 3HAYEHHA KaimuH MaHema
ma 8 He2amueHOMY 8aAU8i Ha eHOOCEKPeMOPHI KAimuHU nidwayHKo8oi 3aa103u. EKcriepumeHmManbHO Ha 00CaiOHUX

meapuHax 008edeHO OecCmpyKMUBHI 3MiHU y 2eamoyumax npu enausi ayuemamy ceuHyfo.

Knwuosi cnosa: mpaeHa cucmema, MOHKG KUWKa,

I'IlaLUﬂyHKOBG 30s1030, C8UHeUb, eKkcriepumeHm, uwypu.

3B’A30K ny6nikauii 3 nhaHoBUMM HayKoBO—Z4ocChia-
HUMK poboTamu.

EkcnepumeHTanbHe JOCNIAXKEHHA BUKOHAHO Yy pam-
Kax HayKoBo—gocnigHoi pobotn Kadeapu meauyHoi
6ionorii, papmakorHosii, 6oTaHikm Ta rictonorii 44MY
«bionoriyHi ocHoBM mMopdoreHesy opraHiB Ta TBapWH
nig BMJIMBOM MIKPOE/NIEMEHTIB Ta Yy/AbTpaMikpoene-
MEHTIB B eKkcnepumeHTi» (Ne pgepkaBHOI peecTpauii
0118U006635).

Bcryn.

MpomuncnoBa AiANbHICTb NOAWMHWM NpU3Bena A0
NnepeposnoAiNly MIKpOenemeHTiB, MiaABULLEHHA 3a-
6pYyAHEHOCTI 30BHIWHLOrO CcepenoBuLLd TOKCUYHUMM
peyoBMHamun. Bigomo, WO BaXKKi meTanu 34aTHi Ha-
KOMMYYyBaTMCA Ha BCIX PIiBHAX €KOANOriYHOI nipamigu,
O 3HAYHO YCKNaAHKE npobnemy 60poTbOHU 3 HUMM.
Ix BNAMB MOMe Mpu3BecTM A0 BigdaneHux edekTis,
HanpWKAad, KaHUEPOreHHW i MyTareHHUN edeKTu
YWKOAXKEHHA KMBWUX OPraHiamis, a TaKOX TpuBanuim
TOKCMYHWUIN BMJIMB Ha LWIYHKOBO-KULLIKOBY, HEPBOBY,
CEepUEBO-CYAMHHY, EHOOKPUHHY Ta pPenpoayKTUBHY
cuctemn. KoxKeH BaXKKM meTasn mae cBoi ocobamBocTi
BM/IMBY Ha XXMBi OPraHiamu, a B KOMMJIEKCIi 3 Zi€l0 iHLWNX
WKigAmBux GaKkTopiB NPU3BOANUTL 40 BUHUKHEHHA abo
3aroCTPEHHA Pi3HUX XPOHIYHUX 3aXBOPIOBAHb, LLLO KBa-
NidiKyOTbCA B CyyacHilM Hayui AK eKonoriyHa nartoso-
rin. MoripweHHs 300poB’A nonynauii Atoaen B OCTaHHE
AecAaTupivYA 3HaYHOK Mipoto 0bymoBieHe BUCOKMMMU
TeMMNamMu aHTpPOMnoreHHoi TpaHcpopmauii biocdepu Ta
3HMKEHHAM aganTauiiHUX MOXKIMBOCTEN opraHiamy [1,
2, 3]. 3a octaHHi 30 pokiB nocTiMHe 3abpyaHeHHs cro-
JIYKaMK BaXKKMUX MeTaniB y rpyHTi, aTmocpepHomy nosi-
Tpi Ta BOAI MOXKe MaTu He3BOPOTHI HACNiAKM AnA Noa-

Kaomill, eaxcki memasu, moscma KUWKQA, MeYiHKa,

CTBa, NPU LbOMY BYEHUMU Ta MPAKTUYHUMU NiKapAMU
HaMyacTilwe aHaNi3yrTbCA IMLE KAiIHIYHI acneKTu AaHoi
npobnemu, Toaj AK ekonoriyHa Ta mopdonoriyHa ckna-
[,0Bi 33/1MLWAIOTLCA HEAOCTAaTHLO BUBYEHMMM [4, 5, 6].

PAgom HaykoBux pobiT yKpaiHCbKMX BYEHWUX A0Be-
AeHa HaZ3BMYAMHO BaKAMBA POJib BaXKKUX MeTaniB y
AeTepmiHaLii 6araTbox 3axBopoBaHb AOAUHU — OHKO-
NOTIYHUX, EHIAOKPUHHUX, CepLeBO-CYAUHHWX, XBOPO-
61 TpaBHOI cMCTEMMU, MOPYLUEHHA X0o4y embpioreHesy i
dbopMyBaHHA BPOAMKEHMX Baf PO3BUTKY Ta iH. [7, 8, 9,
10,11, 12, 13].

Ha cborogHi [0 KiHUA He 3’AcoBaHMMW 3anuvua-
I0TbCA  JOCNIAMKEHHA MOPPOMETPUYHMX NapameTpiB
CTPYKTYp TPaBHOI CUCTEMM 33 YMOB OTPYEHHA OPraHis-
MYy BaXKMMW MeTanamu y AuHamiui, cynepeynmsi abo
BiZLCYTHi NOBHOLLiHHI AaHi Npo 0c06AMBOCTI BNAMBY Cro-
NIYK BaXKKMX MeTaniB Ha OpraHiamm pisHoro BiKy, ix 4id
Ha KNITUHHOMY Ta TKAaHWHHOMY PIBHAX Ta MOPYLUEHHA
dopMOyTBOPIOOYMX MPOLLECIB CMCTEM OPraHiB nig, yac
embpioHaIbHOro PO3BUTKY.

MerTta gocnigeHHs.

AHani3 HayKOBMX JAHUX LLOAO BM/IMBY CNOMYK BaK-
KMUX MeTasliB Ha PO3BUTOK Ta MOPPOPYHKLIOHANbHWNIA
CTaH TPaBHOI CUCTEMMU.

OCHOBHa YacTuHa.

Pe3ynbTaT YUMCNEHHUX AOCAIAMKeHb TiriEHICTIB Mia-
TBEPAXKYHOTb, WO Y PErioHax eKoorYHOI KPU3KN BarKKi
MeTanun 3HaxoaATbCA AK B 06’eKTax A0OBKiNAA, TaK | 6e3-
nocepenHbO B OPraHi3mi NOANHU Y KOHLUEHTPALIAX, AKi
YacTo NepeBULLYIOTb 3arajibHONMPUUHATUIA Tiri€HIYHUN
HopmaTmB [14]. Taki KCeHOBIOTUKM MaloTb BUPaXKeHi
MeMBPaHOTOKCMYHI BNACTMBOCTI, BMAMBAOTL HA akK-
TUBHICTb ¢pepMeHTiB Ta nepebir GioximiuHMX NpoLecis,
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34aTHI A0 KymynAuii B TKAHWHAX i 3a TPMBAJOI Aji cnpu-
YMHIOKOTb BifganeHi HeraTuBHI edpekTU. [0 OCHOBHMUX
MPWYKH, AKI BU3HAYalOTb OTPYMHICTb BAXKKMX MeTani.,
HaneXxuTb iXHA 34aTHICTb YTBOPIOBATU B OpraHiami bio-
KOMMNIEKCH Ta B6paTu yyacTb B OKUCHO-BiAHOBHUX peak-
Lifx, y npoueci AKMx BiabyBaeTbCcA 3MiHa BaNI@HTHOCTI i
NOCUNEHHA TOKCUYHOCTI, WO CMPUAE MPOHUKHEHHIO iX
Kpi3b 6ionoriyHi membpaHm [15, 16].

Hu3Kol HayKOBUX POBIT YKPaATHCbKUX BYEHUX AO0-
BeJeHa HaA3BMYAHO BAXK/IMBA POJIb BAXKKUX MeTaniB y
netepmiHalii 6araTbox 3axBOptoBaHb NHOAMHU — OHKO-
NIOTIYHUX, EHAOKPUHHUX, CepLEBO-CYANHHUX, XBOPOOM
TPaBHOI CMCTEMM, NOPYLIEHb PEenpoAyKTUBHOI YHKLIT
Ta iH. [17, 18, 19, 20, 21]. /1o OCHOBHUX MPUYUH, AKi BU-
3HAYalTb OTPYMHICTb BAXKKMX METaNiB, HANEXKUTb IXHA
3[aTHICTb YTBOPIOBATM B OpraHiami Giokomnnekcn Ta
6paTh yyacTb B OKMCHO-BIAHOBHMX peakL,ifax, y npoLeci
AKUX BifOYBAETbCA 3MiHA BaNEHTHOCTI i MOCUNEHHSA TOK-
CUYHOCTI, WO CPUAE MPOHUKHEHHIO iX Kpi3b BionorivHi
membpaHu [22].

3arasiom BUAINAIOTb TPU 6a30BUX MeXaHi3MMU TOK-
CUYHOI Ail BaXKKMX meTaniB Ha 6ionoriyHi cuctemu i 6io-
NOriYyHi 06’eKTU: BNIOKYBAHHSA PI3SHUX QYHKLLIOHANIbHUX
rPyn MakpPOMONEKY, TaKUX AK GEPMEHTU | TPAHCNOPTHI
CUCTEMU; APYTMA — BUTICHEHHA abo 3amilleHHsA Heob-
XiAHWX iOHiB (HanpuKnag, y metanobepmeHTax), Ta Tpe-
Tin — Moandikauia akTMBHOI KOHbOpMaLii biomonekyn.
loHW cBMHUO, KObanbTa, pTyTi, Kaamito B Hiocepeno-
BULLAX YTBOPIOKOTb HaMbIiNbL MiLHI 3B'A3KK 3 Binkamu,
nenTMaamm Ta aMiHOKMCNOTaMM, NpoTe Li MeTain Mo-
KYTb NPUEAHYBATUCA, X04a i HE TaK MILHO, 4O iHWMX
yrpynyBaHb 6i/KiB, yTBOpIOOUM Xenatu (Hanpukniag, 3
SH-rpynamu 6inkis i nentuais) [23, 24, 25].

Mpun uboMy XapakTep BNAUBY TOKCMKAHTY BM3Hava-
€TbCA HE NINLLE MOTo XiMiYHMMM BNAaCTUBOCTAMM | 403010
B MOYATKOBOMY CTaHi, afie i MOro NPOMINKHUMM i KiHLe-
BUMM MeTaboniuyHummn dopmamu. MeTanu Ta ix cnony-
KM, Ha BiAMiHY BiZ 6araTbox OpraHiYHUX CMoAyK, NoTpa-
NAAKYN B OpraHiam, 6aratopasoBo MOXKyTb 3MiHIOBATU
cBoto popmy. Y pesynbTaTi B3aEMOAIT 3 OKMCHO-BiAHOB-
HUMKW OYyPEepHUMMU CUCTEMAMMU KAITUHW, MPU SIKOMY
34iNCHIOETBCA NEPEeHEeCeHHA eNEeKTPOHIB, CTYMiHb OKMUC-
NIeHHA MeTaniB 3MIHIOETbCA, @ Nepexia, B CTaH HUXKYOro
CTYNEeHA OKUCNEHHSA Ans 6inbloCTi nepexiaHnx meTanis
3a3BMYall MOB’A3AHUIN 3i 3MEHLUEHHAM X TOKCUYHOCTI
[26, 27, 28, 29].

AKTMBHO [0CNIAMYETLCA BMNANB CMOMYK BaXKKUX Me-
TaniB Ha TPaBHY cUCTeMy Y 3B’A3KY 3 TUM, WO 6inbLicTb
KCeHObIOTWKIB NOTpan/ise A0 OpraHismy came 3 ixeto
Ta BOAOI. KniHiYHa KapTWUHA rocTporo Ta XPOHIYHOro
CaTypPHi3MYy XapaKTePU3YETbCA HAABHICTIO pAAY CUHAPO-
MiB, cepef, AKUX YinbHe MicLe 3aliMatoTb 3MiHW OpraHiB
LLUNYHKOBO-KMLWKOBOro TpakTy [30, 31, 32]. MNpwu caTyp-
Hi3Mi pPO31aau LWYHKOBO-KULLKOBOTO TPAKTy NPOABAA-
I0TbCA MOPYLUEHHAM LYHKOBOI ceKpelii, y 3B’A3Ky 3
YMM MOXKe CNOCTepPIraTUCA AK NiABULLLEHA, TaK i 3HUXKEHA
KUCNOTHICTb LWAYHKA, Big3HA4Yal0TbCA ABMLLA AUCKIHESII
TOHKOTO Ta TOBCTOTO KMLIEYHWUKA, L0 CYMPOBOAXKYIOTbCA
pO3/1a4amMn BCMOKTYBAIbHOI Ta MOTOPHO-E€BAKyaTOPHOI
bYHKUi. 33 paxyHOK iHribyo4oi A4ii CBUHLIO Ha KMLIKO-
Bi $epMeHTM MopyLyTbCA MNPOLLECHM MPUCTIHKOBOIO
TpaBneHHA. KpaliHim nposiBom naTtosiorii TpaBHOI cuc-
TEMM MPU CBUHLEBIN iHTOKCMKALi € KMLIKOBA KOJiKa.

KniHiuHO BOHa xapaKTepu3yeTbCca NOSABOK Pi3KMx 6onis
Y ¥MBOTI, CTINKMM 3anopom, NigNomMoM apTepiaibHO-
ro TUCKY, MiABULLEHHAM TemnepaTypu Tina, NOMipHUM
NIeMKOUMTO30M, NOABOK TEMHO-4ePBOHOTO 3abapBeH-
HA cedi 3a paxyHOK MpUCYTHOCTI KonponopdipuHy Ta
iH. MpW CBMHUEBIM IHTOKCUKALLT L0 NATONOrMYHOro Npo-
LLecy 4acto BTATYETbCA. 33 PaXyHOK eH3MMONaTU4YHOI
Aii CBMHLIO HepiaAKo PO3BMBAETLCA TOKCUYHWUI renaTtuT,
O NPM3BOAUTbL A0 BUpPaArKeHO! QYHKLiOHaNbHOI Heao-
cTaTHOCTI opraHy [33, 34, 35, 36]. CBMHeLb Ta Kagmili €
noniopraHHUMM TOKCUKAHTaMMU, Mif iX BNJMBOM BpaXKa-
FOTbCA AK LUIYHKOBO-KULLIKOBWI TPAKT TaK i TpaBHi 3an0-
31 Ta iHWIi opraHu. MNMopyLeHHA riCTONOrIYHUX CTPYKTYpP
337103 MPOBOKYIOTb MopdosioriyHi Ta ¢isionoriyHi naTto-
norii [37, 38, 39]. Y cydacHMX ymoBax BUpaXKeHi popmu
CBMHLEBOI IHTOKCMKALii 3yCcTpivyaloTbCA AyXe pigKo, y
6inblUOCTI BUNAAKiB naTtonoris TpaBHOI cuctemu popmy-
€TbCA Y OCib, WO KOHTAKTYOTb 3i CBUHLIEM, NPOABAAETb-
CA Y BUTNAL] XPOHIYHOrO racTpuTy, AYOAEHITY Ta €HOHITY,
Ancnencii Ta XpoHivHoro renatuty. Mpu LbOMy 3aKOHO-
MipPHO NPOCTENKYETLCA 3B'A30K YACTOTH, WO BUABAAETb-
A, Bif, BiKy pOBITHUMKIB, iX BUPOOHMYOrO CTaxy, BMICTy
CBMHLO B 06’€KTax HaBKOIMLIHbLOIO cepenosumLa i 6io-
cybcTpatax [40, 41]. AK 6yn0 BCTAaHOBNAEHO, PO3YMHHICTb
CMNONYK CBUWHLIO, @ TAaKOX CTaH CEKPeTOoyTBOPHOHYOI
OYHKLUIT OpraHiB LWAYHKOBO-KMULLIKOBOrO TPaKTy 34aTHi
B33aEMHO BM/MBATN OAMH Ha ogHoro [42].

Ocob6a1BI MexaHi3MKU BM/IMBY BaX}KUX MeTaniB BU-
3HAYaKTbCA NPU HAKOMMUYEHHI BaXKKMX MeTaniB B opra-
Hi3mi. CBMHeUb Ta KagMili MatoTb 34aTHICTb 3aTPUMYyBa-
TUCb B OpraHi3ami, HAKONMUYYBATUCb B OpraHax, AKi CTatoTb
[eno ANA CNoNyK BaXKKUX MeTanis. Tomy A0CniaKeHHA
3 BM3HAYeHHA PiBHIO HAaKOMUYEHHA PISHUMK cUCTEMA-
MM OpraHiamy [AeMOHCTPYIOTb pPe3ynbTaTh XPOHIYHOro
BM/INBY, HABITb MiCNA NPUNUHEHHA iIHTOKCKKaLii. Lii npo-
6/1eMn aKTUBHO [0CNIAKYIOTECA B €KCMepPUMEHTANbHIN
mopdonorii i € NigrpyHTAM ANA BU3HAYEHHA MOXIUBUX
NnoTeHLinHUX 6ioaHTaroHicTis [43, 44, 45].

Ha cboroaHi Ao KiHUA He 3’AcCoBaHMMM 3a/1MLLAIOTLCA
[OoCNigX)eHHA MOPGOMETPUUHUX NapaMeTpPiB CTPYKTYP
TPaBHOi CMCTEMM 33 YMOB OTPYEHHA OPraHi3aMy BaKKu-
MW MeTanamu y AMHamiui, cynepeunmsi abo BiaCyTHI
NOBHOLHHI AaHi PO 0cOBAUBOCTI BNAUBY CNOMYK BaXK-
KMX MeTasliB Ha OPraHi3aMm pi3HOro BiKy, iX A4iA Ha KAITUH-
HOMY Ta TKAHWHHOMY PiBHAX.

AK NOKasaB aHani3 AaHWX CBITOBOI HAayKOBOI mean-
Ko-6ionoriyHoi niTepaTypun, NUTaHHA BRAUBY CMOAYK
BaXXKMX MeTaniB Ha TPaBHY CUCTEMY, MEXaHi3mMM TOK-
CMYHOI Aii, eniMmiHauia Ta NOLWYK MOXK/IMBUX aHTAroOHICTIB
TOKCUYHOI Aji € aKTya/IbHOO 33a4a4€eto Cy4acHUX mopdo-
NOTIYHUX Ta MeAUKO-6i0N0rYHUX A0CNiAMKEHb.

BucHoBKM.

EKCcnepMMeHTanbHi AOCNIAMKEHHA BMNAMBY BaXKUX
meTaniB Ha mopdoorito Ta ¢i3ioNoriYHNn cTaH TPaBHOI
CUCTEMW eKCMepUMEHTaIbHUX TBAPWH 3 BU3HAYEHHAM
MO/NBUX MEXAHI3MIB IHTOKCUKALLIT € aKTya/IbHOKO NpPo-
6nemoto gna MopdoIOriYHUX JOCNIANKEHD.

MepcneKkTMBM NOAANbLINX [OCAIAKEHD.

MepcnekTMBHUM HaNPAMKOM NOAAMbLINX  A0CHi-
O)KEHb € BUBYEHHA XPOHIYHOTO BMJIMBY CONAMMU CBUHLLIO
Ta KaAMito Ha PO3BUTOK TPaBHOI cucTemu B embpiore-
He3i 4oCNigHMX TBAPUH NPU BMNMBI Ha BariTHY cCamumuto.
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CYYACHMM NOrnAag HA MEXAHI3MU BMNJIMBY BAXKKUX METANIB HA MOP®O-GYHKLIIOHA/IbBHUA CTAH
TPABHOI CUCTEMU

Kyw, O. I, 3emnanuii O. A., Ctpusak O. B.

Pestome. [JoBeaeHO AOCNIAKEHHAMM, WO BaXKKi MeTasiM 34aTHi HAKOMUYYBATMUCA Ha BCIX PIBHAX €KOMOTiYHOT
nipamiam, Wo 3HAYHO YCKAALHIOE Npobiemy 60poTbOU 3 HUMKU. TOMY BAAMB COAYK BaXKKUX METaNiB MOXe Mpu-
3BECTU A0 BiATEPMiIHOBAHMX HEraTMBHUX e(EKTIB Ha KMBI OpraHiamm, Hanpuknag, KaHUeporeHHUN i MyTareHHuin
epeKTH, a TaKOXK TPUBAINIA TOKCUYHWUI BMNIMB Ha LWYHKOBO-KMLLIKOBY, HEPBOBY, CEPLEBO-CYANHHY, EHOOKPUHHY Ta
penpoAyKTUBHY CUCTEMM.

Memoto pobomu 6yB aHani3 HayKOBUX AaHUX LWOAO BMNAMBY CMOYK BAKKUX METaNiB Ha PO3BMTOK Ta mopdo-
bYHKLiOHaNbHWUI CTaH TPABHOI CUCTEMMU.

PAgom HayKoBUX AOCNIAXKEHD YKPATHCbKUX Ta IHO3EMHUMX BYEHUX JOBEAEHA HAA3BUYAMHO BAXK/MBA PO/b BaXK-
KMX MeTanis y AeTepMiHaLii 6araTbox 3aXxBoOproBaHb NHOANUHMU — OHKONOTIYHUX, EHAOKPUHHUX, CEPLLEBO-CYANHHMX,
XBOPOOU TPABHOI CUCTEMM, MOPYLLEHHSA X04y eMbpioreHesy i GopMyBaHHS BPOAKEHUX BaZ, PO3BUTKY Ta iH.

JocnifHWKK BUAINAIOTbL TP 6a30BMX MEXaHI3MM TOKCUYHOI Ail BaXKKMX MeTasniB Ha 6ionoriyHi cuctemu i biono-
riYHi 06’ekTn. Mepnii mexaHism — 6/10KYBaHHSA Pi3HMX GYHKLIOHANbHUX TPYN MaKPOMOEKY/, TaKUX AK GepMeHTH
i TPQHCMOPTHI cucTeMu. ipyruii — BUTICHEHHA abo 3amilLleHHA HeobXifHMX iOHIB (HanpuKnag, y meTanodepmeHTax),
Ta TpeTih — moamndikaLia akTMBHOT KoHdopmaLii 6iomoneKkyn. loHn cBUHLIO, KObanbTa, pPTyTi, Kaamito B biocepeno-
BULLAX YTBOPIOIOTb HalbBiNbLL MiLHi 3B’A3KK 3 BiflKamu, NenTuaamm Ta amiHOKMCA0TamMM, NPoTe Ui MeTasin MOXKYTb
NpUeaHYBaATUCA, XO4a | He TaK MiLLHO, A0 iHWKX yrpynyBaHb 6iKiB, yTBOpOOUYMN Xenatn (Hanpuknag, 3 SH-rpynamm
6inkis i nenTnais).

Mpun LbOMy XapaKTep BMAMBY TOKCUKAHTY BM3HAYAETLCA HE /INLIE MOro XiMiYHUMK BNACTMBOCTAMM i J030t0 B
NMOYaTKOBOMY CTaHi, ane i Moro NPoOMixKHUMM i KiHLeBUMM meTabonivHumm dopmamm. MeTanum Ta ix CnoayKu, Ha Bia-
MiHY BiZ, 6araTboX OpraHidyHMX CNOAYK, NOTPANIAOYM B OpraHiam, 6araTopasoBo MOXKYTb 3MiHIOBATU CBOLO popmy.

BucHosKu. EKcnepumeHTanbHi  A0CNIAMKEHHS BNMBY BaXKKMX MeTaniB Ha mopdonorito Ta ¢isionoriyHnii ctaH
TPaBHOI CUCTEMM 3 BU3HAUEHHAM MOMJIMBUX MEXaHi3MiB iHTOKCMKaALLT € aKTyasibHOK npobnemoto ans mopdonoriy-
HWUX AOCNIOXKEHD.

Kno4oBi cnoBa: TpaBHa cMCTEMA, TOHKA KULLUKA, KaAMil, BaxKKi MeTanu, TOBCTA KULUKA, NeYiHKa, NiglwayHKoBa
3371033, CBMHELLb, EKCMEPUMMEHT, LLypM.

MODERN VIEW OF THE MECHANISMS OF THE INFLUENCE OF HEAVY METALS ON THE MORPHO-FUNCTIONAL
STATE OF THE DIGESTIVE SYSTEM

Kushch O. G., Zemlyanyi O. A., Stryzhak O. V.

Abstract. Studies have proven that heavy metals can accumulate at all levels of the ecological pyramid, which
greatly complicates the problem of combating them. Therefore, exposure to heavy metal compounds can lead to
long-term negative effects on living organisms, such as carcinogenic and mutagenic effects, as well as long-term
toxic effects on the gastrointestinal, nervous, cardiovascular, endocrine and reproductive systems.

The purpose of the work was the analysis of scientific data on the influence of heavy metal compounds on the
development and morphofunctional state of the digestive system.

A number of scientific studies by Ukrainian and foreign scientists have proven the extremely important role of
heavy metals in the determination of many human diseases —oncological, endocrine, cardiovascular, digestive sys-
tem diseases, embryogenesis disorders and the formation of congenital malformations etc.

Researchers select three basic mechanisms of the toxic effect of heavy metals on biological systems and biologi-
cal objects. The first mechanism is the blocking of various functional groups of macromolecules, such as enzymes
and transport systems. The second is displacement or replacement of necessary ions (for example, in metalloen-
zymes), and the third is modification of the active conformation of biomolecules. lons of lead, cobalt, mercury,
cadmium in biological environments form the strongest bonds with proteins, peptides and amino acids, however,
these metals can join, although not so strongly, to other groups of proteins, forming chelates (for example, with SN
groups of proteins and peptides).
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At the same time, the nature of the effect of the toxicant is determined not only by its chemical properties and
dose in the initial state, but also by its intermediate and final metabolic forms. Metals and their compounds, unlike
many organic compounds, can repeatedly change their form when they enter the body.

Conclusions. Experimental studies of the influence of heavy metals on the morphology and physiological state
of the digestive system with the determination of possible mechanisms of intoxication are an urgent problem for
morphological research.

Key words: digestive system, small intestine, large intestine, cadmium, heavy metals, liver, pancreas, lead, ex-
periment, rats.
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The paper presents information based on the analysis of modern literature on the peculiarities of adolescent girls'
reproductive health. It shows the high frequency of inflammatory diseases of the external and internal genital or-
gans, sexually transmitted infections, malignant gynecological neoplasms, and teenage pregnancy, which are factors
that reduce reproductive health and adversely affect neonatal development. Particular attention is paid to menstrual
disorders in adolescent girls, in particular, abnormal uterine bleeding. These pathologies are considered in terms
of their impact on the somatic health of adolescent girls and their future reproductive potential. The problem of
diagnosing abnormal uterine bleeding in adolescent girls is highlighted. Despite the significant number of scientific
papers on the reproductive health of adolescent girls, it should be emphasized that there is limited research on the
impact of various factors on the development of menstrual disorders and the diagnosis of abnormal uterine bleed-
ing. This is a concern for medical professionals and society, which requires further research into the problem. It is also
advisable to further study the pathogenetic links of abnormal uterine bleeding in puberty to improve the diagnostic
and treatment process of patients, which will help to strengthen the reproductive health of the future generation.
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This work was carried out within the scientific di-
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approaches to the management of gynecological pa-
tients, taking into account age and the presence of
extragenital pathology” (state registration number
0122U000257).

Introduction.

The health of adolescents is a public value of the
state, as they are society’s reproductive, intellectual,
economic, social, political, and cultural potential [1].
Adolescent reproductive health is an indicator that is
responsive to changes in the external and internal en-
vironment. Today, we are witnessing an aggravation of
the problem of population reproduction, as the num-
ber of people of childbearing age is rapidly decreasing
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