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comparison of the obtained results of the experiment proved the modifying effect of copper and zinc succinates
on the degree of cadmium accumulation in embryos and hearts of adult females when they were simultaneously
administered in an experiment on rats.
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Anthropogenic pollution of the environment with heavy metals is becoming one of the top threats to living or-
ganisms, including humans, and economic and technological progress is increasingly disrupting natural ecosystems.
The accumulation of heavy metals can change the structure of proteins, adversely affect metabolism, cause cellular
mutations, disrupt the structure and permeability of cell membranes, and cause malfunctioning of internal organs.
Today, it is essential to determine the impact of heavy metal compounds on the body in case of their constant (chron-
ic) intake and accumulation in the body. There are various ways in which heavy metals enter the body; when entering
through the gastrointestinal tract, cadmium absorption is, on average, up to 5%, with changes in the composition of
the intestinal flora and the intestinal mucosa.

The experiment aimed to determine morphological changes in the structures of the small intestine of female rats
under chronic isolated exposure to cadmium salts at a dose of 2.0 mg/kg and in combination with copper succinate
at a dose of 0.1 mg/kg under conditions of enteral administration. Study period: 13th and 19th day of administration.

Chronic intragastric administration of cadmium chloride at a dose of 2.0 mg/kg leads to a significant thinning of
the villi of the small intestine and mucous membrane. The combined administration of cadmium with copper suc-
cinate restores the diameter of the villi to the control values. Exposure to cadmium chloride increases the number
of goblet cells in the mucous membrane of the small intestinal villi at both study periods, and the combined admin-
istration of cadmium and copper restores the number of goblet cells to the control values. The results of the study
reveal the bioantagonistic nature of copper succinate to the action of cadmium chloride on the structure of the small
intestine and prove that copper succinate is a potential antagonist of cadmium chloride in the indicated dose and
method of administration in the rat experiment.

Key words: heavy metals, cadmium, copper, small intestine, rats.

Connection of the publication with planned re-
search works.

The experimental study was conducted within the
framework of the research work of the Department of
Medical Biology, Pharmacognosy, Botany and Histology
of DSMU, “Biological basis of morphogenesis of organs

and animals under the influence of trace elements and
ultramicroelements in the experiment” (state registra-
tion number 0118U006635).

Introduction.

Human activity has led to a redistribution of trace el-
ements and increased environmental pollution by toxic
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substances. The impact of industrial environmental pol-
lution on the human body, in combination with other
harmful factors, leads to the emergence or exacerbation
of various diseases classified in modern science as envi-
ronmental pathology. Over the past few decades, con-
tinuous pollution with heavy metal compounds in soil,
air and water can have irreversible consequences for hu-
manity. Scientists and practitioners often analyse only
the clinical aspects of this problem, while the ecologi-
cal and morphological components remain insufficiently
studied [1]. The results of numerous hygienist studies
confirm that in regions of environmental crisis, heavy
metals are found both in environmental objects and di-
rectly in the human body in concentrations that often
exceed generally accepted hygienic standards. Such
xenobiotics have pronounced membranotoxic proper-
ties, affect the activity of enzymes and the course of
biochemical processes, are capable of accumulating in
tissues and, with prolonged exposure, cause long-term
negative effects on the structure and function of the di-
gestive system [2].

Several scientific papers by Ukrainian scientists have
proved the extremely important role of heavy metals
in determining many human diseases, including can-
cer, endocrine, cardiovascular, musculoskeletal, repro-
ductive disorders, congenital malformations, etc. [3].
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 [4].

To date, studies of the morphometric parameters of
the structures of the digestive system under conditions
of heavy metal poisoning in the dynamics remain un-
clear, and there are contradictory or lacking complete
data on the peculiarities of chronic exposure to heavy
metal compounds in organisms of different ages, their
effect at the cellular and tissue levels [5].

The results of numerous studies confirm that one
of the etiopathogenic causes of non-communicable
diseases is the impact of environmental factors: emis-
sions from industrial enterprises and vehicles, radiation
pollution, chemicalisation of agriculture, etc. The main
sources of chemical factors entering the human body
are food, drinking water, and atmospheric air [6]. The
toxic effect of chemical elements is associated with their
absorption in the gastrointestinal tract, which depends
on the elements’ form and degree of solubility. The tox-
icity of heavy metals also depends on the concentration,
duration of exposure, temperature, oxygen saturation
of water, and many other factors [7]. To date, despite
a significant number of morphological studies on the
effect of heavy metals on organogenesis and morpho-
genesis of the structures of the digestive tract, there are
still several unresolved issues regarding the understand-
ing of changes in the main morphogenetic events of the
small intestine wall during intragastric chronic adminis-
tration of cadmium salts [8]. However, cadmium com-
pounds’ effect on the small intestine’s morphogenesis
is an under-researched area, both in experimental mor-
phology and medicine.

The aim of the study.

To determine the morphological changes in the
structure of the small intestine of rats under chronic
isolated exposure to cadmium chloride at a dose of 2.0

mg/kg and combined administration of cadmium with
copper succinate under conditions of daily enteral ad-
ministration to pregnant females.

Object and research methods.

The study was conducted on 48 young female rats
of the Wistar line (nursery “Dali 2000”, Kyiv), weighing
180-300 g. Females with dated gestation periods were
obtained for the study. In the experiment, pregnant fe-
males were divided into the following groups: the first
group — control; the second group —isolated administra-
tion of cadmium chloride solution at a dose of 2.0 mg/
kg; the third group — combined administration of cad-
mium chloride solution at a dose of 2.0 mg/kg + copper
succinate 0.1 mg/kg. The number of experimental ani-
mals was 16 females in each group, which were further
divided into two subgroups according to the withdrawal
term from the experiment (13th and 19th day of preg-
nancy). The experiment was performed in the vivarium
of DSMU in compliance with all the necessary condi-
tions for keeping animals.

The exposure factors were cadmium chloride (ionic
solution) and zinc succinate nanoakvahelat. Female rats
were exposed to cadmium chloride solution daily from
the 1st to the 19th day of pregnancy by intragastric in-
jection of the solution through a probe once a day; on
the 13th and 19th day of pregnancy, the females were
surgically slaughtered. To achieve the aim of the study,
during the experiment, the small intestine of pregnant
females was removed, which was subjected to fixation
with 10% neutral formalin, and subsequently, histologi-
cal sections were made to determine and compare mor-
phological changes in the intestinal wall under the influ-
ence of cadmium chloride. The following morphometric
parameters of the rat small intestine mucosa were stud-
ied: the number of goblet cells, the diameter (thickness)
of villi, the outer and inner diameter of crypts, and the
crypt diameter index:

- the number of goblet cells of the villi mucosa per
150 um on a histological section (Mzm);

- the size of the outer and inner diameter of the
crypts of the small intestine (um), M+m;

- index of the outer and inner diameters of the crypts
of the small intestine (%), Mtm, which was calculated by
us according to the formula:

ICD=% x100%

where ICD is the index of crypt diameter; m is the
inner diameter of the crypt (um); M is the outer diam-
eter of the crypt (um);

- diameter of the villi of the small intestine.

The obtained data were compared to the control
data using the Student’s t-test. Statistical processing of
the data was performed using standard Microsoft Excel
software. Single-factor regression analysis with a 95%
confidence interval was used to identify possible asso-
ciations between the analysed factors. Differences at
p<0.05 (5% significance level) were considered statisti-
cally significant.

The study was performed in accordance with the
principles of the Declaration of Helsinki adopted by the
General Assembly of the World Medical Association
(2000), the Council of Europe Convention on Human
Rights and Biomedicine (1997), the relevant provi-
sions of the WHO, the International Council for Medi-
cal Research Societies, the International Code of Medi-
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Figure 1 — Micrograph of the small intestine wall section of a female

rat of the control group on day 20 of the experiment. Hematoxylin-

eosin staining. Magnification: 10x10. Designation: 1 — crypts of the
mucosa, 2 — villi of the small intestine.

cal Ethics (1983), the “Common Ethical Framework for
Healthcare” (1983). ), “General Ethical Principles for Ex-
periments on Animals” approved by the First National
Congress on Bioethics (Kyiv, 2001) following the provi-
sions of the European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Educational Purposes (Strasbourg, 18.03.1986).

Research results and their discussion.

The small intestine is an organ of the digestive tract
where cavitary, parietal, membranous and intracellular
digestion occurs. To ensure effective absorption and in-
crease the absorption surface, the small intestine’s mu-
cous membrane has certain morphological features in
the form of villi, folds and crypts. Nutrients are absorbed
into the blood and lymphatic capillaries of the villi. The
end products of metabolism are excreted through the
small intestine — the excretory function. Mucus produc-
tion by mucosal cells provides a barrier and protective
function.

The wall of the rat’s small intestine consists of four
membranes: mucosa, submucosa, muscular, and sero-
sa. The mucosa of the small intestine forms the internal
relief: villi, crypts and circular folds. Villi are finger-like
protrusions of the mucous membrane into the intes-
tinal lumen that contain blood and lymphatic capillar-
ies and are capable of active contraction. Their motil-
ity is ensured by bundles of smooth muscle cells from
the muscle plate. Crypts are recesses of the epithelium
into the mucosa’s own lamina propria. There are sev-

Figure 2 — Micrograph of a section of small intestine villi of a female rat of the control group and
isolated administration of cadmium chloride on day 13 of the experiment. The diameter of the villi
was recorded. Goblet cells are clearly visible. Hematoxylin-eosin staining. Magnification: 10x40.
Designation: A — control group, B — cadmium chloride group.

eral crypts around one villus, which, together with the
villus, constitute a structural and functional element of
the mucous membrane (fig. 1). The results of the study
of the effect of heavy metal salts showed that morpho-
logical changes in the structures of the small intestine
wall are multidirectional in different periods of the ex-
periment. Morphological deviations from the normal
structure under the influence of heavy metal salts were
observed in the small intestine of experimental animals.
The muscular and serous membranes do not show any
significant abnormalities.

The main function of intestinal villi is to increase the
absorptive area of the mucosa. The mucous membrane
of the villi is composed of three layers: epithelial, own
and muscular laminae. The villous epithelium contains
three types of cells: columnar, goblet and endocrino-
cytes, which functionally ensure the processes of pari-
etal digestion. Goblet cells are a type of villous epithelial
cell, which are essentially mucous glands that produce
carbohydrate-protein complexes and mucins and per-
form a protective function.

The villi and crypt are considered as a single system
within the small intestine mucosa, with certain separa-
tions in the performance of the main functions inherent
in the mucosa. This crypt-villus system can be consid-
ered as a structural and functional element of the small
intestinal mucosa (fig. 1).

The analysis of the obtained metric data on the his-
tological structures of the small intestine in the isolated
exposure group was compared with the control group at
both periods. The diameter of the villi of the small intes-
tine in the control group did not differ significantly be-
tween the values of the 13th (85.61+3.18 um) day and
the 19th (79.84+2.70 um) day. In the group of isolated
exposure to cadmium chloride on the 13th day of the
experiment, thinning of the villi of the small intestine to
(70.23£1.21 um) and on the 19th day to 89.4742.51 um
was observed, i.e. this difference was significant P<0.05
(fig. 2).

In the group of combined exposure to cadmium and
copper succinate, the diameter of the villi of the small
intestine tended to approach the control values: on 13
day, 74.57+4.41 pm, and 19 day, 71.90+5.31 pm (fig.
3). The histological preparations showed a tendency to
thinning of the mucous membrane in the case of chron-
ic study factors compared to the control. In the control
group on the 13th day of the experiment, the thickness
of the mucosal layer was 17.00+0.67 um; in the cad-
mium group, it decreased to 16.74+0.87 um, and with
the combined administration,
an even greater thinning was
noted — 15.18+0.93 um.

The number of goblet cells
and their shape changes during
the secretory cycle from colum-
nar to goblet and is determined
by the presence of mucosal se-
cretion granules, which is well
defined by histological examina-
tion (fig. 2). The analysis of the
goblet cells count in the villi mu-
cosa as an indicator of the func-
tional status of the inner layer of
the small intestine showed that
on day 13 the number of goblet
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cells increased unreliably to 13.32+1.41 compared to
the control values of 12.7+1.08. With the combined ad-
ministration of cadmium chloride and copper succinate,
their number decreased to 11.12+1.61 (fig. 3). We also
noted a decrease in the thickness of the villi mucosa in
the group with chronic exposure to cadmium.

However, the situation changed dynamically on the
19th day of the experiment, i.e. at the end of the study.
In the control group, this indicator was 11.40£1.03, and
it increased significantly (p<0.05) to 16.05+1.57 under
the influence of cadmium chloride. Under the combined
administration of cadmium chloride and copper succi-
nate, their number increased significantly to 19.6+1.73.
That is, with prolonged intragastric administration of
cadmium solution, the number of goblet cells increases
to protect the mucous membrane of the small intestine
from the effects of a negative factor (fig. 2, fig. 3).

Goblet cells react to the influence of negative factors
by increasing their number, which can be explained by
the manifestation of a compensatory reaction of adap-
tation of the mucous membrane to the effects of toxi-
cants.

We also determined and calculated morphometric
changes in histological sections in the crypts of the small
intestine wall. The morphometric parameters of the
small intestine crypts were determined and compared
between the groups: the diameter of the outer and
inner crypts and the crypt diameter index. As shown by
the calculation and comparison of the results obtained,
with isolated administration of cadmium, a decrease
in the diameters of the crypts, both internal and exter-
nal, is determined at both study periods. In the control
group, the outer diameter decreased unreliably on the
19th day. Under cadmium exposure, a decrease in crypt
diameter was also detected, but the difference in com-
parison with the control values was significant. On the
13th day of the experiment, the diameter of the cryptin
the control group was 52.11+2.24 um, and under the in-
fluence of cadmium, it decreased to 42.98+1.27 um (the
difference was significant at p<0.05). Under the com-
bined effect of cadmium and copper, the diameter was
49.26+2.34 um, i.e., a tendency to restore to the control
values was determined. The tendency to decrease the
diameter of the crypt was observed at the end of the
experiment, i.e. on the 19th day. In the control group,
the outer diameter of the crypt was 49.92+1.79 um, and
in the cadmium group it decreased to 43.34+1.93 um.
This difference was significant (difference significance
p<0.05). In the combined ad-

Figure 3 — Micrograph of a section of the villi of the small intestine
of a female rat under combined administration of cadmium chloride
and copper succinate on day 13 of the experiment. Goblet cells
filled with secretion are clearly visible. Hematoxylin-eosin staining.
Magnification: 10x40.

the 13th day and 29.91+1.79 on the 19th day. When
exposed to cadmium chloride on the 13th day, this in-
dicator significantly decreased to 25.80+1.27, and on
the 19th day to 26.27+2.13 (fig. 4). And in the combined
effect group, it was 26.50+1.13 and 27.91+1.48, respec-
tively. The results obtained indicate the compensatory
effect of copper succinate on the toxicity of cadmium
chloride when they are simultaneously ingested in the
body in the rat experiment.

Scientific studies have shown that cadmium is a
heavy metal that, when ingested orally, has a destruc-
tive effect on the gastrointestinal tract, which is usually
the first system to come into contact with it. The toxic
effects of cadmium on vital organs such as the diges-
tive system, intestines, kidneys, musculoskeletal and
reproductive systems are being actively investigated.
The main reason for this negative impact is the devel-
opment of oxidative stress [7]. In the course of experi-
mental work, scientists have determined that cadmium
induces inflammation, increases intestinal permeabil-
ity and disrupts tight contacts of intercellular junctions
in the epithelial layer of the small intestine. Such dis-
orders destroy the cellular barrier, which is normally
impermeable to fluid, leading to further development
of the pathological process. The data obtained by the
researchers are confirmed by our data on histological
changes identified in our experimental studies in rats.

ministration of cadmium with 35
copper succinate, the indicator
was 48.94+3.12 um, i.e., there = =2
was no significant difference 5 25 |
with the control. % 8

The obtained indicators | % § 20 -
made it possible to calculate ge s
the index of the diameter of £ E
the crypt of the small intestine, ;g £ 10 -
which demonstrated a decrease |
in the studied indicators in the | 2 51
experimental groups at both pe- -
riods of the study. In the control
group, the index did not have a

13 day

H Control

® Cadmium chloride

= Cadmium chloride +
copper succinate

significant difference in the two
periods and was 28.90£2.24 on

Figure 4 — Dynamics of changes in the diameter indices of the crypt of the small intestine of
pregnant females at both study periods of all groups.
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Conclusions.

1. Chronic intragastric exposure to cadmium chlo-
ride at a dose of 2.0 mg/kg leads to a significant thinning
of the villi of the small intestine and mucous membrane.
Combined administration of cadmium with copper suc-
cinate restores the diameter of the villi to the control
values.

2. Exposure to cadmium chloride provokes an in-
crease in the number of goblet cells in the mucous
membrane of the small intestinal villi at both study peri-
ods, and the combined administration of cadmium with
copper restores the number of goblet cells to the con-
trol values.

3. Calculation and comparison of the small intestine
crypt diameter index proved that despite narrowing the

DOI 10.29254/2077-4214-2023-4-171-116-125
YAOK 611.013:616.341-092.9:546.48
LWamopHa B. &., Tumuyk K. M.

outer and inner diameters of the crypt under cadmium
exposure, this indicator is close to the control ones in
the combined administration groups.

4. The considered results of the experimental study
reveal the bioantagonistic nature of copper succinate to
the action of cadmium chloride on the structure of the
small intestine and prove that copper succinate is a po-
tential antagonist of cadmium chloride in the specified
dose and method of administration in the experiment
on rats.

Prospects for further research.

The search for new forms of trace elements that may
have potential bioantagonistic properties against toxic-
ity and the effect of cadmium compounds on small in-
testine morphogenesis is relevant today.

MOP®ONOTIYHI 3MIHU CTPYKTYPU CTIHKU TOHKOT KULLKW BATITHUX
CAMMULb LLLYPIB MPU BMNJINBI XPOHIYHOTO BBEAEHHA X/10PUAY KAAMIIO
TA CYKLMHATY MI|

[OHINPOBCbKUiIA Aep>KaBHUI meguyHuii yHiBepcutet (M. [ Hinpo, YKpaiHa)
verashatornaya67@gmail.com

AHmponozeHHe 306pyOHeHHA HABKOAUWHbL020 Cepedosuwd BaXKUMU Memasaamu CMae OO0HieEw 3
npiopumemHux 3a2p0o3 0/ HUBUX OP2AHI3MI8, 8KAHAOYU OOUHY, a eKOHOMIYHUU | mexHiYHull npozpec sce
yacmiwe cmae nPUYUHO NMOPYWeEHHA MPUPOOHUX eKocucmem. Hakonu4yeHHs 8axKUx Memasie 30amHe 3miHio8amu
cmpykmypy binKis, HecamueHoO 8naueamu HaA OOMIH PevyOoBUH, BUKAUKAMU KAIMUHHI Mymauii, nopywysamu
CMpPYKMypy ma rpoHUKHICMb KAIMUHHUX MeMOPaH, a MAKOMC CIPUYUHAMU MOPYyweHHA pobomu 8HYymMpilHix
0p2aHig. AKmMyanbHUM HA CbO200HI € BU3HAYEHHSA 8MU8BY CHOAYK 8AXCKUX MeMarie Ha 0p2aHi3mM rnpu ix mocmitiHomy
(XpOHiYHOMY) HAOXO0OH EHHI MO HAKOMUYEHHI 8 OP2aHIi3Mi. ICHYHOMb Pi3Hi WAAXU HAOXOOHEHHSA BAXCKUX MemMarie 8
0pP2aHI3M, NPU HOOX0OIEHHI Yepe3 WAyHKOBO-KUWKosuUl mpakm abcopbuia Kadmiro 8 cepedHboMy CMaHOo8UMb 00
5%, npu ybomy 8i03Ha4YAEMbCA 3MiHA CKAAAY KUWKOBOI ¢hriopu ma 3miHU caU30801 060M0HKU KUWKU.

Memot ekcnepumeHmy 6yno 8U3HAYEHHA MOPEOA02IYHUX 3MIH Y CMPYKMypax MOHKOI KUWKU CAMUub
wypie npu xpoHiyHoOMy i30/1608aHOMY 8rausi coneli kKadmito, 8 003i 2,0 me/Ke, ma y KOMBIHOBAHOMY 88€0eHHI 3
CyKyuHamom midi, y d03i 0,1 me/Ke, 30 ymoe eHmepasibHo20 88edeHHA. TepmiHu docnioneHHA: 13-ma ma 19-ma
0oba s8sedeHHs.

XpoHiyHe sHympiwHboWAyHKo8e 88e0eHHs XaA0pudy Kadmito 8 003i 2,0 me/ke npu3godums 00 00cMosipHo20
BUMOHYEHHA BOPCUHOK MOHKOI KUWKU ma €aAu3080i 060s10HKU. KombiHosaHe esedeHHA KaOMito 3 CyKUUHamom
Midi 8iOHOB/0E Odiamemp B0PCUHOK y OiK KOHMPOsbHUX MOKA3HUKIB. Brnaus xsa10pudom Kaomito rnposoKye
3POCMAHHA KinbKocmi KeauxonodibHUX KAiIMUH 8 c/1u308ili 060/10HYi 80PCUHOK MOHKOI KUWKU Ha 060X mepMiHax
00C1i0OMEeHHA, a KoMbiHoBaHe 88€0eHHA KAOOMIto 3 MiOO 8iOHOB/IOE MOKA3HUK KiflbKOCMi KeauxonoldibHUX KaimuH
00 KOHMPOsbHUX. Pe3ynemamu 00cnidxceHHA susasaatome bioaHmMaz2oHicmuyHuUl xapakmep cyKyuHamy midi 0o
0ii xnopudy Kaomito Ha by0os8y MOHKOI KUWKU i 00800AmMb, WO CyKYUuHam mioi € nomeHuyiliHuMm aHmMa2oHicmom
X10pudy Kadmito 8 3a3Ha4eHili 003i ma criocobi eeedeHHA 8 eKcriepuMeHmi Ha WYypax.

Knrouosi cnosa: saxki memarnu, KaOMill, MiOb, MOHKA KUWKA, Wypu.

3B’A30K ny6niKauii 3 n1aHOBUMM HayKOBO—A0CNIA-
HUMMK poboTamu.

EkcnepumeHTanbHe JOCNIAXKEHHA BUKOHAHO Yy pam-
Kax HayKkoBo—aocniaHoi pobotn Kadeapu meanyHOI
6ionorii, papmakorHosii, 6oTaHiku Ta rictonorii 4AMY
«bionoriyHi ocHoBM MopdoreHesy opraHiB Ta TBapuH
nig BNAMBOM MIKPOENEMEHTIB Ta YAbTpamikpoene-
MEeHTIB B eKcnepumeHTi» (Ne aep:kaBHOI peecTpaui
0118U006635).

Bcryn.

LianbHicTb ntoavHU npussena 40 nepeposnoginy
MiKpoenemeHTiB, NiaBULLEHHA 3abpyAHEHOCTi 30BHiLW-
HbOrO CepefoBULLA TOKCUYHMMUK peyvyoBUHaMK. Bnaues
NPOMMUCAOBOro 3abpyaHEHHA OOBKINNA HA OpraHiam

JNIOAMHU B KOMNEKCI 3 A€ iHLWNX WKigAMBUX dpaKTopis
NpPW3BOAUTL A0 BUHWKHEHHS abOo 3aroCTpeHHa pi3HMX
3aXBOPIOBaAHb, WO KBaNipiKyOTbCSA B Cy4acHil HayLi Ak
€KOo/10riYHa NaTonoriA. 3a OCTaHHI Ki/ibKa AeCATKIB POKiB
nocTiliHe 3abpyAHEHHS CMOMYKaMM BAXKKUX MeTanis y
IPYHTI, aTMmocpepHOMY MOBITPI Ta BOAI MOXKe MaTh He-
3BOPOTHI HAcNigKM ANA NOACTBA, NPU LbOMY BYEHUMU
Ta NPaKTUYHMMM NiKapAMM HalyacTile aHanisyTbcA
Ve KAiHIYHI acnekTn gaHoi npobnemu, Toai SK eKo-
noriyHa Ta mopdonoriyHa CKNafoBI 3aNMLWADTLCA He-
[0CTaTHbO BMBYEHMMM [1]. Pe3ynbTaTvt YncneHHux [o-
CNig)XeHb TirieHicTiB MiATBEPAXKYHOTb, WO Y perioHax
€KONOTrYHOI KpU3M BaXKKi MeTasn 3Haxo4ATbCA AK B
0b6’eKTax A0BKiNNA, TaK | be3snocepegHbO B OpraHiami
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JNIOAVHN Y KOHLEHTPaLiAX, AKi 4acTo NepeBULLYIOTb 3a-
ra/IbHOMPUNHATUIN TiriEHiYHM HopmaTuB. Taki KceHo-
BiOTMKM MaloTb BUpPaAXKeHi MeMbBpaHOTOKCUYHI BNacTu-
BOCTI, BN/IMBAOTb Ha aKTUBHICTb depMeHTiB Ta nepebir
BioxiMiuHMX NpoLeciB, 34aTHI A0 KyMyAnsaUil B TKAHUHAX
i 32 TpMBanoi Aii CNpUYNHIOTL BigLaneHi HeraTUBHI
edeKTU Ha CTPYKTYpU Ta GyHKLi0 TpaBHOI cuctemu [2].

PAgom HaykoBux pobiT yKpaiHCbKMX BYEHWUX A0Be-
OeHa HaZ3BMYAMHO BaKAMBA POJIb BaXKKMUX MeTaniB y
AeTepmiHauii 6araTbox 3aXBOPHOBaHb JOAUHU — OHKO-
NOTIYHUX, EHOOKPUHHUX, CepueBO-CYAMHHUX, XBOPOO
M KiCTKOBO-M’'A30BOI CUCTEMM, MOPYyLEHb Penpoayk-
TUBHOI QYHKL,i, BpOAKEHUX Bag, PO3BMTKY Ta iH. [3]. o
OCHOBHMX MPWYUH, AKI BU3HAYAIOTb OTPYMHICTb BaXKKMUX
MeTaniB, HaNeXuTb iXHA 34aTHICTb YTBOpIOBATM B Op-
raHiami 6iokomnaekcu Ta 6paTv y4yacTb B OKMCHO-BiA-
HOBHUX peakLisix, y npoueci AKMx BiabyBaeTbcs 3MiHa
BaJIEHTHOCTI i MOCUNEHHA TOKCUYHOCTI, WO CNPUAE NPo-
HUKHEHHIO 1X Kpi3b BionoriuyHi membpanu [4].

Ha cborogHi 4o KiHus He 3’'ACOBaHMMM 3a/IULLAIOTLCSA
[ocniaxKeHHA MOpOMETPUYHMX NapameTpiB CTPYKTYp
TPaBHOI CMCTEMM 33 YMOB OTPYEHHA OPraHi3aMy BaXKKu-
MU MeTanamu y AMHamiui, cynepeynmsi abo BiacyTHi
NOBHOLLiHHI AaHi Npo 0cobAMBOCTI XPOHIYHOrO BNANBY
CNONYK Ba*XKUX MeTaniB Ha OpraHismu pi3HOro BiKy, iX
AiA Ha KNITMHHOMY Ta TKAHWUHHOMY piBHAX [5].

Pe3ynbrat 4YMCNeHHUX A[OChigXKeHb NiaTBepaXy-
I0Tb, WO OAHIED 3 eTionaToreHeTUYHUX MPUYUH He-
iHpeKUiMHNX xBOpOob € BN/IMB eKONOriYHUX ¢daKTopis:
BUKUAM NPOMMUCAOBUX NIANPUEMCTB i aBTOTPAHCNOPTY,
pagiauiiHe 3abpyaHeHHA, Ximi3auia cinbCbKoro rocno-
papctea Ta iH. OCHOBHUMU ArKepenamu HaAXOAMKEHHSA
B OpraHiam NoguHU XimiyHOro GaKkTopy € Xap4oBi Npo-
[AYKTW, NUTHA BoZa, atTmocdepHe nosiTpa [6]. TokcMyHa
4ia XiMiYHMX enemeHTiB MoB’sA3aHa 3 IXHbOK BCMOKTY-
BaHICTIO Y W/YHKOBO-KMLLUKOBOMY TPAKTi AKa 3anexuTb
Big, GOpmMM Ta CTYNeHt0 PO3YMHHOCTI enemeHTiB. Tok-
CUYHICTb BaXKKMX METaiB 3a/IeXKUTb TAKOXK BifJ, KOHLEH-
Tpauii, TPMBANOCTI A4ii, TemnepaTypun, HACUYEHOCTI BOAK
KMCHeM Ta 6araTbox iHWWX YMHHMKIB [7]. [lo Tenepiw-
HbOFO Yacy, He3BaXKakouM Ha 3HaYHY KilbKicTb Mmopdo-
JIOFIYHMX POBIT, LLLO NPUCBAYEHI BUBYEHHIO BM/IMBY BaX-
KMX MeTaniB Ha opraHoreHe3 Ta mopdoreHes CTPyKTyp
TPaBHOTO TPAKTY, 3a/IMLLAETLCA HU3KA HEBUPILLEHUX NU-
TaHb LWOAO PO3YMIHHA 3MiH OCHOBHUX MOPQOreHeTny-
HUX NOAIN CTIHKM TOHKOI KMLIKW NPU BHYTPILLIHbOLUAYH-
KOBOMY XPOHIYHOMY BBeAEeHHi conelt kKagmito [8]. MpoTe
BMN/INB CMONYK KagMito Ha MopdoreHe3 TOHKOT KULLKK €
ManofoCAIAXKEHOI rany33to, AK B eKCNepUMeHTaNbHIN
mopddonorii Tak i B MeanumHi.

MeTta gocnigKeHHs.

BctaHoBMTM MOpPdONOriYHi 3MiHM 6ya0BM TOHKOI
KULWKMK LWYpPiB NPU XPOHIYHOMY i30/1bOBAHOMY BMNAMBI
xnopuay Kagmito B go3si 2,0 mr/Kr Ta KombiHoBaHOro
BBEAEHHA KaaMito 3 CYKUMHATOM MiZi 3a YMOB eHTe-
PaNbHOrO LWOAEHHOTO BBEAEHHSA BariTHIM camuui.

O6’eKT i meTOaM AOCNiAXKEHHA.

[ocnigxeHHA npoBefeHO Ha 48 monoaux cammuAax
wypis nidii Wistar (posnnigHuk «Jani 2000» m.Kuis),
macoto 180-300 r. [nA BMKOHAHHA MOCTABNEHUX 3a-
BAaHb OTPMMYBa/IM CaMULb 3 JaTOBAaHUM TEPMIHOM Ba-
rITHOCTI. B eKcnepumeHTi BariTHI camumu,i po3noAinanmco
Ha TaKi rpynu: nepla rpyna — KOHTPO/b; Apyra rpyna
— i301b0BaHOro0 BBEAEHHA PO3UYMHY KaaMito xaopuay y
803 2,0 mr/Kr, TpeTa rpyna KombiHOBaHOro BBeAeHHA

PO34YMHY X0pUAY Kagmito y A03i 2,0 Mr/Kr + cyKumHaT
Mmigi 0,1mr/Kr. KinbKicTb eKcnepumeHTasbHUX TBapWH
CTaHOBM/1a N0 16 camuLb B KOXHIM rpyni, AKi we posno-
OiNANNCH Ha 2 NiArpyny No TepMiHy BUBEZEHHA 3 eKcre-
pumeHTy (13-Ta Ta 19-Ta f06a BariTHOCTI). EKCnepumeHT
nposoAauBeca B BiBapii AAMY 3 4OTpUMaHHAM BCiX He06-
XiZAHUX YMOB YTPMMAHHA TBapUH.

dakTopom BNAnBY byB x10pUA, Kagmito (ioHHUIM Po3-
YMH) Ta HAaHOAKBAxenaT CYKUWMHATy LMHKY. Bnave pos-
YMHOM X/1IOpMAY KaAMito CamuULUAM LLypiB NPOBOAMIU
WwoaeHHo 3 1-ro no 19-i1 aeHb BariTHOCTi BBEAEHHSM
PO34YMHY BHYTPILHbOLIYHKOBO, Yepe3 30HA OAMH pa3
Ha go6y, Ha 13-i Ta 19-11 AeHb BariTHOCTi camuLb Npo-
BOAMAWN ONepaTuBHMUI 3abili. [na BUMKOHAHHA MOCTaB-
NEeHOT MEeTU OO0CNIAMKEHHA M4 YaC eKCnepuMeHTy BU-
Jly4ann TOHKY KULLKY BariTHUX CaMMLb, AKa nignsarana
oikcauii 10% HelTpanbHUM dopManiHOM Ta B nNogasb-
LLIOMY BUTOTOBAAMM TICTONOTIYHI 3pi3n ANA BU3HAYEHHA
i NOpPiIBHAHHA MOPPONOriYHMX 3MiH B CTiHLI KULLKK Nig,
BMN/IMBOM XJIOpPUAY KagMmito. [lOoCniaXKyBannucb HACTyMHi
MOPGHOMETPUYHI MOKA3HUKM C/IM30BOT 060/T0HKMN TOHKOIT
KULKK Lypa: KiNbKiCTb KeAMXonomibHux KNiTuH, Aia-
MeTp (TOBLLUMHA) BOPCUHOK, 30BHILLHINA Ta BHYTPILHIA
AiaMeTp KpWNT Ta iHAEKC AiameTpy KpUnT:

KiNbKicTb KenmxonoAibHux KniTMH can3osoi obo-
NIOHKM BOPCMHOK Ha 150 MKMm Ha rictonoriyHomy 3pisi
(M£m);

pPO3Mip 30BHIWHBLOTO Ta BHYTPIWHLOrO AiameTpy
KPUMT TOHKOI KULWKK (MKM), M+m;

iHAEKC 30BHIWHbOrO Ta BHYTPILWHLOrO AiameTpy
KPUNT TOHKOT KMLWKK (%), Mtm, AKMI1 po3paxoByBaBCs
Hamu — 3a dopmysioto:

w<=%x100%

ae |OK—iHaeKc aiameTpy KpunTv; m — BHYTPILWHIN
AiaMeTp KpunTu (MKM); M — 30BHILWHIM giameTp KpunTm
(MKMm);

AiaMeTp BOPCUHKU TOHKOI KMLLKW.

OTpuMaHi faHi NopiBHIOBAANUCL A0 KOHTPOJbHUX
3 BMKOpPUCTaHHAM KpuTepito CTbiogeHTa. CTaTUCTUYHA
06pobKa OTPMMAHUX [AHMX BUKOHAHO 33 A0MOMOroHo
cTaHaapTHoi nporpamu Microsoft Excel. OgHodaKTop-
HWI perpecinHnii aHani3 3 95% [OBipYMM iHTepBaioOM
6yN0 BUKOPUCTAHO A/1A BUABNEHHA MOMIMBUX acoliia-
Ui Mix aHanisoBaHMmM dakTopamu. BiamiHHOCTI npu
p<0,05 (piBeHb 3HauyLWOCTi 5%) BBaXKanMUCA CTAaTUCTUY-
HO 3HaYyLMMM.

[ocnigrKeHHA BWKOHYBaAUCb Yy BiAMNOBIAHOCTI A0
NpPUHLMNIB XeNbCiHKCbKOT AeKnapauii, NpuinHaToi leHe-
panbHol acambsieeto BcecBiTHbOI MeanyHOI acouiauji
(2000p.), KoHBeHUji Pagn €Bponu 3 Npas NOAMHM Ta
b6iomeguumun (1997p.), BignosigHMx nonoxkeHo BOO3,
MiXXHapOoAHOI pagn MeANYHUX HAYKOBUX TOBAPWUCTB,
MixHapoaHOoro Koaekcy meamyHoi etuku (1983p.), «3a-
raIbHUM eTUYHMUM NPUHLMNAM EKCNEPUMEHTIB Hag, TBa-
puUHammy, Wo 3ateepaKeHi | HauioHanbHUM KoHrpecom
3 bioeTnkun (Kuis, 2001p.) 3rigHO 3 NONOKEHHAMMN «EB-
ponencbKoi KOHBEHLI MO 3aXMUCTy XpebeTHMX TBapuH,
LLLO BMKOPUCTOBYHOTLCA B €KCMEePUMEHTAX Ta IHLWMX Ha-
BYanbHUX Linax» (Ctpacbypr, 18.03.1986p.).

Pe3ynbTatu gocnigyKeHHA Ta ix 06roBopeHHs.

TOHKa KMLIKa — e opraH TPaBHOMO TPaKTY, B AKOMY
BiflOYBAa€ETbCA MOPOXKHMHHE, NPUCTIHKOBE, Membpa-
HO3HEe Ta BHYTPILHbOKANITUHHE TpaBaeHHA. [na 3abes-
neyeHHs epeKTUBHOINO BCMOKTYBAHHA Ta 36iNblleHHsA
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PucyHok 1 — Mikpogotorpadis 3pi3y CTiHKM TOHKOI KULLKK
camuLi Lypa KOHTPOAbHOI rpynu Ha 20-Til f06i eKcnepumeHTy.
3abapBneHHA reMmaToKCcuNiH-e03uH. 36inblieHHs: 10x10.
Mo3HauyeHHA: 1 — KPUNTU CAN30BOT 060NOHKM,

2 — BOPCMHKM TOHKOI KULLKK.

BCMOKTYBA/IbHOI NOBEPXHi €M30Ba 06O/MIOHKA TOHKO-
ro KULIEeYHMKa Mae neBHi mopdosoriyHi 0cobanBOCTi
Yy BUIMALI BOPCUH, CKIAAOK Ta KPUMT. BCMOKTyBaHHA
HYTPIEHTIB 34iACHIOETLCA B KPOBOHOCHI Ta NiMbaTUYHI
Kaninapu BOPCUMHOK. Yepe3 TOHKUI KULIEYHWK BMBO-
OATbCA KiHLEBi NpoayKTM 0bMiHY PeyoBUH — eKCKpe-
TopHa dyHKuUia. MpoayKuia cansy KnaitTMHamu camM3oBol
060M10HKM 3abe3neyye BMKOHAHHA 6ap’epHO-3aXMCHOI
bYHKLUT.

CTiHKA TOHKOI KMLUKM Llypa CKNALAETbCA 3 YOTU-
pbOoX 06OMIOHOK: CAM30BOI, NigcAn30BOi, M’A30BOI Ta
ceposHoi. Cnn3oBa 060/10HKa TOHKOI KMLWKK dopmye
BHYTPIWHIN penbed: BOPCUHKU, KPUNTU Ta LUUPKYNAPHI
CKNaaKu. BopcuHuM — nanbuenodibHi BUNMHAHHA CAN30-
BOi 060/I0HKM Y NPOCBIT KMLLKK, AIKi MICTATb KPOBOHOCHI
Ta nimdaTUYHI Kaninapu i 34aTHi 40 aKTUBHOMO CKOPO-
ueHHsA. Ix pyxomicTb 3abe3neuyeTbca HaABHICTIO NYyYKiB
rNagKMx MiounTiB 3 M’A30BOT NAaCTUHKK. Kpuntn — ue
NornMbneHHs enitenito y BAACHY NAACTUHKY C/AM30BOI.
O60M10HKN, HABKO/IO OAHIEl BOPCUHKM 3HAXOAUTLCA Ae-
KiZIbKa KPUNT, LWLO CTAHOBAATL PAa30M 3 BOPCUMHOI CTPYK-
TYPHO-QYHKLIOHANIbHUI enemMeHT c/M30B0i 060/10HKM
(puc. 1). Pe3synbTaT BUBYEHHS BMNJINMBY CONEN BaXKKMUX
MeTaniB noKasanau, wo MopdOosoriyHi 3MiHM CTPYKTYP
CTIHKM TOHKOT KMLIKKW MatOTb Pi3HOCNPAMOBaHUI Xapak-
Tep y pi3Hi TEPMiHK eKcnepuMeHTy. B TOHKIM Knwiui nig-
[OCNIAHUX TBAPUH criocTepiratloTbCss MOpPdONOTiYHI Bia-
XW/IEHHA Big, HOpManbHOI ByaoBK Nig, BNAMBOM CONei

PucyHoK 2 — MikpodoTtorpadis 3pisy BOPCMHOK TOHKOT KULLIKMN CamMULi LLlypa KOHTPO/IbHOI
rpynu Ta i30/1b0BaHOro BBEAEHHA XA0puay Kaagmito Ha 13-ii f06i ekcnepumeHTy. 3adikcoBaHo
AiameTp BOpCUHKU. [lo6pe NomiTHi KenmxonogibHi KNiTMHM. 3a6apBAEHHA reMaTOKCUIH-€03MH.

36inblweHHn: 10x40. Mo3HayeHHA: A — rpyna KoHTpoio, b — rpyna BnauBy xnopuaom Kagmito.

Ba)KKUX mMeTani. M’s30Ba i cepo3Ha 060/I0HKN He BU-
ABNAIOTb 3HAYHUX BiAXWUIEHb.

OCHOBHOI QYHKLi€I0 KMLLUKOBUX BOPCUHOK, € 36inb-
LUEeHHA BCMOKTYOYOI nolli cnn3osBoi 060n0HKK. Can-
30Ba 060/10HKA BOPCMHM NobyLOBaHa 3 TPbOX LapiB:
eniTenianbHOI, BNacHOI Ta M’A30B0T NAacTUHOK. EniTenin
BOPCMHOK MIiCTUTb TPU BUAM KNITUH: CTOBNYACTi, Kenu-
XonoaibHi Ta eHOOKPUHOUMUTK, AKI PYHKLIOHANbHO 3a-
6e3nevytoTb NpoLLECH NPUCTIHKOBOrO TpaBneHHA. Kenu-
XOnozibHi eHTepoOUUTU — Le Pi3HOBUA, KNITUH eniTenito
BOPCUHOK, AKi N0 CyTi € CIM30BMUMM 3a7103aMU, AKI Npo-
OYKYIOTb BYI/1eBOAHO-NPOTEIHOBI KOMNAEKCU — MYLIUHMN
Ta BUKOHYHOTb 3aXUCHY QYHKL, 0.

BOPCUHKY i KpUNTY PO3rNALAIOTb AK EAUHY CUCTEMY
Y CKNagi cnrm3oBoi 060/10HKN TOHKOT KULLIKK, MiXK AKMMMN
iCHYIOTb MEeBHi PO3A4iNeHHA Yy BWKOHAHHI OCHOBHWX
bYHKUiA, BRacTMBMx camnsosin obonoHui. Lo cuctemy
KPUNTa-BOPCUMHKA MOMKHA PO3rNaAaTM AK CTPYKTYPHO-
bYHKUiOHaNbHUI enemMeHT cin30B0i 060/I0HKM TOHKOI
KULWKK (puc. 1).

AHani3 oTPUMaHMX METPOMETPUYHUX AAHMX LLOAO
FiICTONOrNYHNX CTPYKTYP TOHKOI KMLIKK B rpyni i301b0-
BaHOro BMN/MBY MPOBOAMBCA Y MOPIBHAHHI [0 rpynu
KOHTpO/It0 Ha 060x TepmiHax. [liameTp BOPCUHOK TOHKOI
KULLKWM B KOHTPO/bHINM rpyni He maB AOCTOBIPHOI Pi3HU-
Ui Mix nokasHMkamm 13-toi (85,61+3,18 MKm) f06M Ta
19-Toi (79,8442,70 MKMm). B rpyni i3o1b0BaHOro BN/AMBY
XI0pMAOM Kagmito Ha 13-Tih 0obi eKcnepumeHTy cno-
CTepirasocb BUTOHYEHHA BOPCUMHOK TOHKOI KULUKW [0
(70,23+1,21 mKm), a Ha 19-Ty noby 89,47+2,51 MKM,
To6TO AaHa pisHuuA 6yna goctosipHoto P<0,05 (puc. 2).

B rpyni KombiHOBaHOro BM/AMBY KagMil0 3 CYKUM-
HAaTOM MiZi NOKa3HMKK AiameTpy BOPCUHOK TOHKOI
KULIKW Mann TEHAEHUIiO HaAbNWMMKEHHA [0 KOHTPOJib-
HUX: Ha 13-Ty goby 74,57+4,41 mkm, a Ha 19-Ty —
71,9045,31 mKkm (puc. 3). Ha rictonoriyHux npenapa-
Tax BM3Ha4yanacb TEHAEHLUiA 0O BUTOHYEHHA CAM30BOI
0BONOHKM NpPU XPOHIYHOMY AOCAIAKYBAHUX UMHHUKIB
B MOPIBHAHHI 40 KOHTPO/O. B KOHTPO/bHIN rpyni Ha
13-y noby eKkcnepMMmeHTY TOBLLMHA CAM30BOrO LWAPY
ctaHosuna 17,00+0,67mKm, B rpyni BAAMBY KagMiEM
3MmeHwWwyBanacb Ao 16,74+0,87mMKm, a npu KombiHoBa-
HOMY BBEAEHHI Bigmiuanocb we binblie BUTOHYEHHSN
15,18+0,93 mKkm.

KinbkicTb KenmxonoAibHux KNiTuH Ta ix dopma 3mi-
HIOETHbCA BMPOLOBK CEKPETOPHOrO LMKAY Bif, CTOBNYac-
TOT 10 KeNINXONOoAiOHOT Ta BU3HAYAETLCA HAABHICTIO rpa-
HY/1 CIM30BOTO CEKpeTy, AKMI fobpe BU3HAYAETbCA NpU
ricronoriyHomy gocnigskeHHi (puc. 2). Ananis nigpa-
XYHKY KennmxonogibHux KAiTUH
€n30B0Oi 0B0NIOHKN BOPCUHOK,
AK MOKa3HMKa QYHKLIOHA/NbHO-
ro CTaTycy BHYTPILHbOrO LWapy
TOHKOI KMLUKMK, MOKa3as., WO Ha
TepMiHi 13-0i 806 KinbKicTb Ke-
INXONoAibHUX KNITUH HeaocCTo-
BipHO 3pocTana [013,32+1,41
Y MOPIBHAHHI A0 KOHTPO/JbHMUX
nokasHukis 12,7+£1,08, a npu
KOMbiHOBaHOMY BBEAEHHI X/0-
puay KagMmito 3 CyKLMHATOM
MiZi iX KiNbKiCTb 3MeHLLYBaiacb
0o 11,12+1,61 (puc. 3). Takox
HamMM BiAMIYaN0OCb 3MEHLUIEHHA
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TOBLLUMHM CIM30BOT 060/IOHKM BOPCUHOK Y Fpyni 3 Xpo-
HIYHUM BMJINBOM KaAMito.

Ane cuTyauia AWMHaMIYHO 3MiHKOBanacb Ha 19-ty
006y eKcnepumeHTy, TO6TO HaNPUKIHLI AOCAiAMXKEHHS. B
KOHTPOAi gaHMM NoKasHKUK ctaHosmB 11,40+1,03, a npu
BM/IMBI X/IOPUAOM Kaamito goctoBipHo (p<0,05) 3pocTas
0o 16,05+1,57, a npy KombiHOBaHOMY BBeAEHHI X10pU-
Ay KagMito 3 CYKLIMHATOM Migi X KiZIbKiCTb CYyTTEBO 3pOcC-
na po 19,6+1,73. TobTo, Npy JOBrOTPMBAIOMY BBEAEHHI
BHYTPILUHbOLLYHKOBO PO3UYMHY KaAMIlO KiJIbKiCTb Kenn-
XOMNOAIGHUX KNITUH 36iNbLIYETLCA ANA 3aXUCTY C/IN30BOI
060/10HKM TOHKOI KULLKK Bif, BNMBY HEFAaTUBHOIO YMH-
HUKa (puc. 2, puc. 3).

KenmxonoaibHi KAiTMHWM pearyioTb Ha BMJMB Hera-
TUBHUX YMHHUKIB 36inblUEHHAM iX 4YMCAa, WO MOXKHA
NOACHUTN NPOABOM KOMMNEHCATOPHOI peaKLuii aganTauii
CN130B01 060N0HKM 10 BMNIMBY TOKCUKAHTIB.

Hamu BM3HauYanncb Ta 06pPaxoByBa/MCb TaKOXK i
MOPOMETPUYHI 3MiHM Ha FiCTONOrYHUX NpenapaTax B
KPUNTax CTIHKM TOHKOI KULWKK. BUsHavyanuco Ta nopis-
HIOBA/IMCb MK rpynamv MopdOMeTpUYHi MOKa3HMKK
KPUNT TOHKOT KULLIKW: AiaMeTp 30BHILIHI/A Ta BHYTpiL-
Hi KpUNTK, iHAEKC giameTpy KpunTu. K nokasano ob-
paxyBaHHA Ta CMNiBCTaBJEHHA OTPUMAHMX PEe3yNbTaTis,
npu i301b0OBaHOMY BBEAEHHI KaZMito, BU3HAYaETbCA
3MEHLUEHHA AiameTpiB KpUNT, AK BHYTPILWHbOrO, TakK i
30BHIilIHbOro Ha 060X TepMiHax AoCniaKeHHA. B KOHTp-
0N NOKa3HMK 30BHIilLIHbOrO AiameTpy Ha 19-Ty 06y He-
[OCTOBIPHO 3HMMKyBaBCA. [pn BNAMBI KaaAMIEM TaKOX
BM3HAYaNIOCb 3MEHLUEHHA AiaMeTpy KpunTu, ane pis-
HUUS Y NOPIBHAHHI A0 KOHTPO/IbHMX NMOKa3HMKiB byna
focToBipHoto. Ha 13-y noby ekcnepumeHTy AiameTp
KPUNTK B KOHTPO/bHIl rpyni cTaHoBmB 52,11+2,24 mKMm,
a Npw BNAMBI KagMmito 3HUKyBaBcA A0 42,9811,27 mkm
(mocToBipHicTb pisHMLi p<0,05). Mpn KombiHOBaHOMY
BN/AMBI KagMilo 3 MigAl BiANOBIAHO AiameTp CTaHO-
BuB 49,26+2,34 MKM, TOBTO BM3HAYaacb TeHAEHLIA A0
Bi4HOBNIEHHA A0 KOHTPO/JbHUX MOKa3HWKIB. TeHaeHUiA
3MeHLEeHHA fiamMeTpy KpUNTU NpoCcnifKoByBasiach Ha-
NPUKIHLi eKkcnepuMeHTy, To6To Ha 19-Ty Ao6y. B KOHTp-
0N NOKA3HMK 30BHILLHBbOTO AiaMeTpy KPUMTU CTAaHOBUB
49,92+1,79 MKM, a B rpyni BNINBY KagMIiEM 3HUMKYBaBCA
0o 43,34+1,93 mKm. Taka pisHMuA Byna AOCTOBIpHOIO
(mocToBipHicTb pi3HMLi p<0,05). B rpyni KombiHOBaHOro
BBEAEHHA KaAMIt0 3 CYKLMHATOM Mifi NOKA3HUK CTaHO-
BvB 48,9413,12 mKm, TO6TO He MaB AOCTOBIPHOI Pi3HMLL
3 KOHTpONEM.

OTpMMaHi NOKa3HMKN [03BOIMAN PO3PaxyBaTu iH-
OEeKC aiameTpy KpWUNTU TOHKOI

PucyHok 3 — MikpodoTorpadisa 3pisy BOPCMHOK TOHKOi KMLUIKK
camuui Lypa KoM6iHOBaHOro BBEAEHHA XI0pUAY Kagmito 3
CyKuMHaToOM Migi Ha 13-iii fo6i ekcnepumeHTy. [lo6pe nomiTHi
KenmxonogibHi KniTMHK, 3anoBHeHi cekpeTom. 3abapBneHHA
remaToKcuiH-eo3uH. 36inblieHHsn: 10x40.

26,50+1,13 ta 27,9141,48. OTpuMaHi pe3ynbratv cBig-
YyaTb NPO KOMMEHCATOPHWUI BMNJIMB CYKUMHATY Migi Ha
TOKCMYHICTb XN0PUAY KagMito Npu ix ogHO4YaCHOMY HaA-
XOOKEHHI B OpraHiam B eKCnepumeHTi Ha Lypax.

HaykoBMMW JOCAHigKeHHAMMU OBeAEeHO, WO KaaMil
— BaXKKMI MeTas, AKMI NpU HaAXOAXKEHHI B OpraHiam
nepopasbHO PYMHIBHO BMN/MBAE Ha LUJYHKOBO-KULLIKO-
BW TPAKT, L0 3a3BMYali € MEPLLOD CUCTEMOIO, KA KOH-
TaKTYE 3 HUM. TOKCUYHA 4iA KagMIt0 HA XXUTTEBO BaXKM-
Bi OpraHu, Taki AK TPaBHa CUCTEMA, KULIEYHUK, HUPKMU,
KICTKOBO-M'A30Ba Ta pPenpoayKTUBHA CUCTEMU aKTUBHO
pocnigxKyoTbc. OCHOBHOK MPUYMHOK LbOro HeraTme-
HOrO BMJIMBY MPUIHATO BBAXKaTW PO3BUTOK OKUCAIO-
BasibHOro ctpecy [7]. Y npoueci ekcnepumeHTanbHOI
po60TH BUEHI BU3HAUMAM, WO KaAMIN iIHAYKYE PO3BUTOK
3ananeHHA, NiABULLYE NPOHUKHICTb KULWEYHWKA i nopy-
LIYE WiNbHi KOHTAKTU MiXKKNITUHHUX 3’ €QHaHb B eniTeni-
aNlbHOMY LIAPi TOHKOI KMWKKU. TaKi NOpyLIeHHS pyMHY-
I0Tb KNITUHHUIA Bap’ep, AKUI Y HOPMI € HENMPOHUKHUM
ONA PiAVHM, WO NPU3BOANUTb A0 NOAAJBLIOIO PO3BUTKY
naronoriyHoro npouecy. OTpumaHi gocAiAHUKaMKN AaHi
NiATBEPAKYIOTLCA HAWMMW AAHMMU NPO TFiCTONOTIYHI
3MiHUW, AKi BU3HAYEHO B XO4,i HALUMUX eKCnepumeHTaslb-
HUX JOCAIAMEHb Ha LLypax.

BucHoBKM.

1. XpOHIYHMI BHYTPILLIHbOLLTYHKOBWUI BNANB X10PU-
Ay Kagmito B A03i 2,0 mr/Kr npM3BoAmUTb [0 AOCTOBIp-
HOrO BUTOHYEHHA BOPCUHOK TOHKOI KULLKW Ta CIN30BOI

KMLLIKW, AKUA MNPOAEeMOHCTPY- 35

BaB 3HWMXEHHA A0CANIAMKYBaHUX 5

iHAEKC AlameTp KPWUNTH TOHKOI

MOKa3HWKIB B  eKcnepumeH-
TaNbHUX rpynax Ha obox Tep-
MiHax [O0CNigXKeHHA. B KOHTp-
ONbHIN Tpyni iHAEKC Ha ABOX
TepMiHax He MaB AOCTOBiPHOI
pi3HMUi i cTtaHoBMB Ha 13-ty
poby 28,90+2,24, a Ha 19-1y
noby 29,91+1,79. Mpu BRAK-
Bi XN0pMAOM Kagmito Ha 13-Ty
006y Lei NoKasHWK AO0CTOBip-
HO 3HMKyBaBcA o 25,80+1,27,
a Ha 19-1y oo 26,27+2,13 (pwmc.

25

20 -

15

KWL KW

10 -

13 poba

® KoHTpons

 Kagmilo xnopua,

= Kagmito xnopug, +
CYKLMHAT migi

19 poba

4). A B rpyni KombiHoBaHOro
BNAMBY CTaHOBWMB Bi4MNOBIgHO

PUCYHOK 4 — [luHamiKa 3MiH iHAEKCIB AiaMmeTpy KPUNTU TOHKOI KULLIKK BariTHUX caMULb Ha 060X

AOCNiAXKYBAHUX TEPMIHAX yCiX rpyn.
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060/10HKM. KombBiHOBaHe BBEAEHHA KaZMito 3 CYKUMHa-
TOM MiZj BigHOB/IIOE fiaMeTp BOPCUHOK Y BiK KOHTPO/b-
HUX NOKa3HMUKIB.

2. Bnave xnopngom Kagmito NMPOBOKYE 3POCTAHHA
KiNbKOCTi KeiMxonodibHUx KNiTUH B cM30Bili 060/10HLi
BOPCMHOK TOHKOT KMLLKM Ha 060X TepMiHax A0C/iAMKeH-
HA, a KombiHOBaHe BBeAeHHA Kaamito 3 miaato BiaHOB-
NIIOE MOKA3HUK KiNbKOCTI KeNMXoNnoAibHUX KAITUH [0
KOHTPO/IbHWX NOKA3HMWKIB.

3. Po3paxyHOK Ta MOPIBHAHHA iHAEKCY AiameTpy
KPUNTU TOHKOI KULIKWN JOBEM, L0 HE3BAXKako4vn Ha 3BY-
YKEHHA 30BHILIHbOrO i BHYTPILHbLOIO AiaMeTpy KpUnTu

npv BNAMBI KaAMIieM, B rpynax KOMbiHOBaHOro BBeAEH-
HA J@HWI NOKa3HUK HABNMKAETLCA A0 KOHTPO/IbHUX.

4. Po3rnsAHyTi pe3ynbTaTh eKCnepumeHTalbHOro A0-
CNifXKeHHA BUABNAIOTb BIOAHTArOHICTUYHWUIA XapakTep
CYKLUMHATY Migi Ao Aii xnopuay Kagmito Ha 6ya0By TOH-
KOi KMLIKKN i [,OBOAATD, WO CYKLUMHAT Migi € noTeHuin-
HMM aHTAroHiCTOM X/iopuay Kagmito B 3a3Ha4yeHil 4o3i
Ta cnocobi BBeAEHHA B EKCNEPUMMEHTI Ha LLypax.

MepcneKkTMBM NOAANbLUUX [OCAIAKEHD.

AKTYa/NIbHMM Ha CbOroAHi € NOWYK HOBUX dopm Mmi-
KpOe/nieMeHTIB, AKi MOXKYTb MaTu NOTeHLUilHi 6ioaHToro-
HICTUYHI BNACTMBOCTI LWOAO TOKCUYHOCTI Ta BMNAMBY CNO-
NYK KaAmito Ha MopdoreHes TOHKOI KULLKMK.
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MOP®ONONYHI 3MIHU CTPYKTYPU CTIHKU TOHKOT KULLKU BATITHUX CAMULLb LLLYPIB MPU BMNJIUBI XPO-
HIYHOro BBEAEHHA XN10PUAY KAAMIIO TA CYKUUHATY MIA|

LWaTopHa B. ®., Tumuyk K. M.

Pestome. Y cy4yaCHOMYy CBITi aHTpoMnoreHHe 3abpyAHEHHA HABKONMLWHLOMO CEPEAOBULLA BaXKKUMKU MeTanamm
CTa€ OAHIED 3 3arpo3 AN }KMBUX OPraHi3mMiB, BK/IHOHAIOUM NIIOANHY, @ EKOHOMIYHUIA | TEXHIYHMIA NpOrpec CTae Npuym-
HOIO MOpPYLUEHHA NPUPOAHMX eKoCcUCTeM. be3niy WKiaANBMX XiMiYHUX CNONYK, AKI 3HAXOAATLCA B NOBITPI, BOA|, FPYH-
Ti, B NPOAYKTaxX XapyyBaHHA € TepaToreHHMMU. TOKCUYHA AiA XiMIYHMX eleMeHTiB NoB’A3aHa 3 iXHbOK BCMOKTYBaHiC-
THO Y LUIYHKOBO-KULWKOBOMY TPaKTi. [10 Ba*KKMX MeTaniB BiAHOCUTLCA Bifiblle COpOKa XiMiYHUX enemeHTiB Tabauui
MeHgaeneesa, HanNpuUKNaz, Kagmin, pTyTb, 3a/i30, UMHK, MapraHelb, Kob6anbT, Ta iH. Mpy HagXoAKEHHI Yepes WYH-
KOBO-KMLLKOBUI TPaKT abcopbuia Kagmito B cepeHbOMY CTaHOBUTb 5%, NpM LbOMY BiA3HAYAETbCA 3MiHA CKNagy
KMLLIKOBOT Gpnopu. Y niTepaTypHUX AxKepenax TaKoX BifMIYa€ETbCA KMUTTEBA HEOOXiAHICTb KagMilo B HETOKCUUYHMX
KOHLLEHTpPAL,ifiX, TaKa AK: peryatoBaHHA PiBHA LyKPY B KPOBIi, CTUMY/TIOBAHHA POCTY TBAPUH.

MeTa poboTu 6yno gocniantn mopdonoriyHi 3miHKM 6yA0BM TOHKOI KMLLKK LYPiB NPWU XPOHIYHOMY i30/1b0Ba-
HOMY BMAMUBI X10pMAY Kagmito B A03i 2,0 mr/Kr Ta KOMbBiHOBaHOro BBeAEHHA KaAMilo 3 CyKLMHATOM Mifi 3a ymOB
€HTEepPasIbHOro LLOAEHHOIO BBEAEHHSA BAriTHIN camuLi.

JocnigeHHA npoBeaeHo Ha 48 monogux cammuax wypis niHii Wistar, macoto 180-300 r. nA BUKOHAHHA Mo-
CTaBNEHWX 3aBAAHb OTPMMYBaANM CaMULLb 3 AATOBAHWM TEPMIHOM BariTHOCTI. B ekcnepuvmeHrTi BariTHi camuui posno-
LINANNCH HA TaKi rpynu: nepLua rpyna — KOHTPO/ib; Apyra rpyna —i30/1bOBaHOMO BBEAEHHA PO3UYMHY KagMito x1opuay
y £03i 2,0 mr/Kr, TpeTa rpyna KOM6iHOBAHOrO BBEAEHHSA PO3YMHY XN0PUAY KaaMito y £03i 2,0 MI/Kr + CYKUMHAT Migi
0,1 mr/Kr. EKcnepumeHT npoBoamscsa B BiBapii MY 3 A0TPMMaHHAM BCiX HEOBXiAHUX YMOB YTPMMaHHSA TBapUH.

Mpu BNAMBI XN10pMA0M KaaMito 3adiKCOBaHO 3POCTAHHA KiZIbKOCTi KeIMXONOAIBHUX KNITUH A0CNiAXKEHHA B C/IN30-
Bil1 060/10HLi BOPCMHOK TOHKOT KMLLKM Ha 060X TeEpMiHaX AOC/IAMKEHHS, @ KOMBIHOBaHe BBeAEHHA KaaMito 3 Miaaro
BiZLHOB/IOE MOKA3HUK KiNIbKOCTI KeNMXONoAibHUX KNITUH [0 KOHTPOJIbHUX. Pe3ynbTaTv eKCnepumMeHTaIbHOro A0CAi-
[OXKEHHA BUABNAIOTb Bi0aHTaroHICTUYHKUI XapaKTep CyKUMHaTy MiZi A0 Aii xnopuay Kaamito Ha 6yA0BY TOHKOI KULLIKW.

Knto4oBi cnoBa: BaXKKi MeTanu, Kagmili, Migb, TOHKa KULLIKA, LLypW.

MORPHOLOGICAL CHANGES IN THE STRUCTURE OF THE SMALL INTESTINE WALL OF PREGNANT FEMALE RATS
UNDER THE INFLUENCE OF CHRONIC ADMINISTRATION OF CADMIUM CHLORIDE AND COPPER SUCCINATE

Shatorna V. F., Tymchuk K. M.

Abstract. In the modern world, anthropogenic pollution of the environment with heavy metals becomes one of
the threats to living organisms, including humans, and economic and technical progress causes disruption of natural
ecosystems. Many harmful chemical compounds found in air, water, soil, and food are teratogenic. The toxic effect
of chemical elements is related to their absorption in the gastrointestinal tract. Heavy metals include more than
forty chemical elements of Mendeleev’s table, for example, cadmium, mercury, iron, zinc, manganese, cobalt, etc.
When entering through the gastrointestinal tract, the average absorption of cadmium is 5%, while a change in the
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composition of the intestinal flora is noted. Literary sources also note the vital need for cadmium in non-toxic con-
centrations, such as: regulation of blood sugar levels, stimulation of animal growth.

The aim of the work was to investigate morphological changes in the structure of the small intestine of rats with
chronic isolated exposure to cadmium chloride at a dose of 2.0 mg/kg and combined administration of cadmium
with copper succinate under conditions of daily enteral administration to a pregnant female.

The study was conducted on 48 young female Wistar rats, weighing 180-300 g. Females with a dated gestation
period were obtained to perform the tasks. In the experiment, pregnant females were divided into the following
groups: the first group — control; the second group — isolated administration of cadmium chloride solution at a dose
of 2.0 mg/kg, the third group of combined administration of cadmium chloride solution at a dose of 2.0 mg/kg +
copper succinate 0.1 mg/kg. The experiment was conducted in the vivarium of the State Medical University with
observance of all necessary conditions for keeping animals.

When exposed to cadmium chloride, an increase in the number of goblet cells was recorded in the mucous
membrane of the villi of the small intestine at both times of the study, and the combined administration of cadmium
with copper restored the number of goblet cells to the control level. The results of the experimental study reveal
the bioantagonistic character of copper succinate to the action of cadmium chloride on the structure of the small
intestine.

Key words: heavy metals, cadmium, copper, small intestine, rats.
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