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The aim of the study. To determine the features of structural changes in the components of the renal parenchyma
and in the blood stream of the kidneys of white rats at different degrees of general dehydration.

Object and research methods. The experiments were carried out on 36 white, sexually mature male rats, which
were divided into 2 groups: control and experimental, for which general dehydration was simulated by feeding dry
oats without access to water for 3, 6 and 10 days.

Kidney fragments were taken for histological examination and fixed in a 10% neutral formalin solution, as well
as in 96° alcohol. Paraffin sections with a thickness of 5-8 um were stained with hematoxylin and eosin, as well as
according to Weigert and Van Gieson.

Results. The reactions of the renal vessels that occur during the development of dehydration affect the state of the
structural organization of the kidney parenchyma. The intensity of such changes is directly dependent on the degree
of general dehydration. With a mild and moderate degree of dehydration, they consist in an increase in the tone
of the walls and a narrowing of the lumen of extra-organ, as well as intra-organ partial and arched arteries. At the
same time, lobular arteries and arterioles, on the contrary, show a tendency to dilatation reactions. As the degree
of dehydration increases in extra-organ and partial arteries, constrictor reactions continue to intensify. As for the
arcuate arteries, they have an inversion of the functional state of smooth muscle membranes: constrictor reactions
are gradually replaced by dilatation ones. At the same time, a further decrease in the tone of their smooth muscle
membranes continues in the lobular arteries and arterioles. This is accompanied by a violation of the function of
the renal corpuscles due to a decrease in blood filling of their capillary glomeruli, as well as dystrophic changes in
the epithelium of the renal tubules.

Conclusions. With general dehydration, constrictor reactions progressively develop in extra-organ and partial
arteries. At the level of the arcuate arteries, there is an inversion of the reactions of the smooth muscle membranes
from initial constrictor to dilatation. Lobular arteries and arterioles are characterized by a decrease in the tone of
their smooth muscle membranes at all degrees of dehydration. This leads to a violation of the function of the renal
corpuscles due to a decrease in the blood filling of their capillary glomeruli, as well as to dystrophic changes in the
epithelium of the renal tubules.
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ANIMALS AT COBALT CHLORIDE INTOXICATION
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Lesions of the heart muscle and its vessels are frequently encountered in clinical practice and are currently an
important medical and social problem. In recent decades, significant progress has been made in the diagnosis, cor-
rection, and prevention of cardiovascular disease, but morphologists and clinicians continue to study the structure
and function of the myocardium.

The quantitative morphological parameters of small-calibre arteries of the left and right ventricles of 60 outbred
sexually mature white male shrews were studied, which were divided into four groups. The first group consisted
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of 15 intact six-month-old experimental animals, the second group consisted of 15 similar 24-month-old rats, the
third group consisted of 15 six-month-old experimental animals injected with cobalt chloride, and the fourth group
consisted of 15 24-month-old rats with cobalt chloride intoxication. The chemical was administered daily into the
stomachs of rats at a dose of 4 mg/kg for 30 days. The animals were euthanised by bleeding under thiopental anaes-
thesia. Histological microsections were made from the heart's ventricles, which were used to morphometrically study
the age-related morphological changes in the arteries under cobalt chloride intoxication in experimental animals.

It was found that intoxication of white male rats with cobalt chloride led to an increase in the thickness of the
wall of the left and right ventricular arteries, a decrease in their lumen, a significant decrease in the Kernogan index,
atrophy, dystrophy and necrosis of endothelial cells, disruption of cellular morphological homeostasis, endothelial
dysfunction, hypoxia, dystrophic and necrotic changes in cells and stromal structures, infiltration, and sclerosis. The
severity of morphological changes prevailed in small-calibre arteries of the left ventricle of 24-month-old experimen-
tal rats. The relative volumes of affected endothelial cells in the studied arteries of the left ventricle of six-month-old
experimental animals under the influence of cobalt chloride were equal to (20.90+0.15)%, in the right ventricle -

(19.3040.15)%. In 24-month-old rats, they reached (34.60+0.24)% and (31.40+0.24)%, respectively.
Key words: heart ventricles, arteries, age-related changes, morphometry, cobalt chloride.

Connection of the publication with planned re-
search works.

The article is a part of the research work of the I.
Horbachevsky Ternopil National Medical University
“Structural and functional regularities of the course of
adaptation and compensatory processes in organs and
systems during surgical interventions on the abdominal
and thoracic cavities under the influence of toxic endog-
enous and exogenous factors” (state registration num-
ber 0122U000031).

Introduction.

In recent years, there has been an increase in the
amount of various chemical factors and their metabo-
lites in the environment that can disrupt the function
and structure of organs and body systems. Heavy met-
als, including cobalt, are particularly dangerous for the
body. Cobalt and its derivatives are widely used in vari-
ous sectors of the national economy and may be present
in the environment. A number of researchers claim that
cobalt and its salts damage the hematopoietic, cardio-
vascular, respiratory, nervous, urinary, and reproductive
systems [1].

Pathology of the heart and its vessels is currently the
most common, annually increasing, often complicated
by disability and mortality of young, able-bodied pa-
tients and is an important medical and social problem [2,
3, 4, 5]. The study of structural and functional features of
intra-organic vessels in normal and various pathological
conditions is still interesting to clinicians and morphol-
ogists [2, 6, 7]. The study of the age-related structure
of arteries and veins of various organs under the influ-
ence of negative endogenous and exogenous factors is
an important problem of modern biomedical science
[6]. The intra-organic vascular bed plays a leading role in
myocardial pathomorphogenesis in various pathological
conditions [7]. It should be noted that the peculiarities
of structural changes in the arteries of the ventricles of
the heart under conditions of cobalt intoxication have
not been fully studied.

The aim of the study.

To determine morphometrically the age-related pe-
culiarities of remodelling of arterial vessels of the heart’s
ventricles in experimental animals under conditions of
cobalt poisoning.

Object and research methods.

A set of morphological methods was used to study
the ventricular arterial vessels of 60 laboratory ma-
ture white male shrews, which were divided into four

groups. The first group included 15 intact experimental
animals aged six months, the second group included 15
similar 24-month-old male white rats, the third group in-
cluded 15 six-month-old experimental animals injected
with cobalt chloride, and the fourth group included 15
24-month-old rats with cobalt chloride intoxication. The
chemical agent was administered to the animals daily by
gavage at a daily dose of 4 mg/kg for 30 days [1]. Animals
were euthanised by bleeding under thiopental-sodium
anaesthesia. A thoracotomy was performed, and the
heart was removed from the thoracic cavity. Pieces were
cut from the left and right ventricles, which were fixed in
10% neutral formalin solution and, after passing through
ethyl alcohols of increasing concentration, were placed
in paraffin. Microtome sections 5-6 um thick were depa-
raffinised, stained with hematoxylin and eosin, toluidine
blue, and picrofuchsin, according to Mallory, Weigert,
and Masson, and impregnated with silver nitrate [8].
Morphometry of small arteries (outer diameter 26-50
um) of the heart ventricles, which are the most function-
ally loaded compared to larger arteries, was performed
[7]. The morphometry determined the outer (OD) and
inner (IA) diameters of the arteries, the thickness of
their intima (Tl), media (TM), adventitia (TA), Kernogan
index (KI), and endothelial cell area (ECA), their nuclei
(NA), nuclear-cytoplasmic ratio (NCR) in these cells, rela-
tive volume of damaged endothelial cells (RVDEC) of the
left (LV) and right (RV) ventricles.

Digital data were statistically processed using the
computer program STATISTIKA (licence number VKH-
KHR303F737429FA-8) at the Department of Systematic
Statistical Research of the I. Horbachevsky Ternopil Na-
tional Medical University, using the Student’s criterion
to assess the reliability of differences between morpho-
metric parameters of paired groups of animals [9].

The animals were kept and all experimental studies
with male white rats were carried out following the re-
quirements of the European Convention for the Protec-
tion of Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, 1986), the Gen-
eral Ethical Principles for Animal Experiments adopted
by the First National Congress on Bioethics (Kyiv, 2001),
and the Law of Ukraine ‘On Protection of Animals from
Cruelty’ (21.02.2006) [10, 11].

Research results and their discussion.

Quantitative morphological parameters of small-cal-
ibre arteries of the left and right ventricles of experi-
mental animals of different ages are shown in the table.
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Evaluation of the data showed that they
were significantly changed under cobalt in-

Table — Quantitative morphological characteristics of the
ventricular arteries of experimental animals (Mtm)

toxication. It was also foupd tha_t the struc- e ol Group of animals
ture of the s'tudled vessels in the intact hegrt parameter first second third fourth
changed with age. It was found that with 5\~ 36,50£0,24 | 37,30£0,27* | 38,20£0,27** | 39,10+0,30*
e el vl e ot Ml | st (1o 15012 o
significantly (p<0.05) by 2.2%, the thickness TILV, um 6,30+0,04 | 6,08+0,03** | 590+0,03*** | 5 60+0,03%**
of the media by 22.5%, the adventitia by TMLY, pm 6,30+0,04 | 7,72+0,05** | 8,30+0,06%** | 10,30+0,09***
3.4%, the inner diameter decreased by 3.9%, TALV'O“m >,90+0,03 6,101-0,03*: S'SOiO'Og*:* 8’8010’09***:*
. L. + + + +
the thickness of infima by 3.5% (p<0.01), the | b —1—2 00 o o e aoso15r++ a6 s0s0 15
Kernogan index by 2.7%, the endothelial » M e il P2 P
cells area by 3.5%, and the nuclei by 3.94%. |NALY, um? 7,60£0,05 | 7,30£0,05** | 8,80£0,05*** | 8,60+0,05***
The relationship between the spatial char- |NCRLV 0,252+0,002 | 0,251+0,002 |0,310+0,002***|0,322+0,002***
acteristics of the nucleus and cytoplasm in |RVDECLY, % 2,14+0,02 | 6,5040,04*** | 20,904+0,15%** | 34,60+0,24***
endothelial cells did not change with age, ODRV, um 36,4510,24 37,20+0,27* | 37,90+0,27** | 38,80+0,30***
i.e., they were stable. The above age-related [IDRY, pm 18,06+0,12 | 17,404+0,12** | 15,55+0,12*** | 14,90+0,12***
structural changes in the arteries in the right | TIRV, um 6,25%0,04 | 6,03+0,04** | 5,96+0,03*** | 5,66+0,03***
ventricle were less pronounced, which was | TMRY, pm 6,31+0,04 | 7,70+0,05** | 8,20+0,06*** | 9,90+0,09***
confirmed by the relative volume of dam- | TARV, um 5,84+0,03 | 6,07+0,03*** | 8,19+0,04*** | 8 34+0,05%**
aged endothelial cells. This morphometric |KIRV, % 24,50+0,15 |21,88+0,15** | 16,80+0,15*** | 14,70+0,12%**
parameter increased 3.04-fold in the left |ECARV, um? 30,2240,21 |29,20+0,15%* | 28,40+0,18*** | 27,10+0,15***
ventricle with a high degree of statistically | NARV, um? 7,58+0,05 | 7,30+0.05* | 8,70%0,05*** | 8,60+0.05%**
significant difference (p<0.001) with age and | ncRrrv 0,251+0,002 | 0250+0,002 [0,306+0,002***0,318+0,002***
2.8-fold in the right ventricle. The age-relat- [rypEcRv, % | 2,10£0,02 |5,88+0,04*** | 19,3040,15%** | 31,40+0,24***

ed growth of damaged cells was mainly due
to apoptosis, which also coincides with the
statements of other researchers [6].

Intoxication of laboratory sexually mature white
male rats with cobalt chloride was accompanied by a
pronounced morphological restructuring of small-cali-
bre arteries of the heart’s ventricles. The outer diame-
ter of these vessels of the left ventricle of six-month-old
animals statistically significantly (p<0.01) increased by
4.6%, the thickness of the media — by 31.7%, and the ad-
ventitia — by 44.1% (p<0.001). The studied quantitative
morphological parameters of the right ventricle changed
by 3.9%, 30.1%, and 40.2% (p<0.001). In white male rats
of the older age group, with prolonged administration of
cobalt chloride, the degree of structural remodelling of
the studied vessels was more pronounced than the pre-
vious indicators. Thus, the outer diameter of the studied
vessels in the left ventricle with a statistically significant
difference (p<0.05) increased by 4.8%, the thickness of
the media — by 33.4%, and the adventitia — by 44.2%.
In the right ventricle of 24-month-old experimental an-
imals, the studied quantitative morphological parame-
ters were changed by 4.3%, 28.5% and 37.4% (p<0.001).

It was found that the thickness of the intima, the
lumen of the studied arterial vessels and the Kernogan
index in the heart’s ventricles decreased under intoxica-
tion of white rats with cobalt chloride. Thus, the lumen
of small-calibre arteries of the left ventricle in six-month-
old experimental animals was statistically significantly
(p<0.001) reduced by 14.3%, thickness of the intima —
by 6.3%, and Kernogan index — by 8.5% (p<0.001). The
above quantitative morphological parameters of the
right ventricle similarly decreased by 13.4%, 4.6% and
7.7% (p<0.001).

In 24-month-old experimental animals under simu-
lated experimental conditions, the internal diameter of
the studied vessels of the left ventricle was statistical-
ly significantly (p<0.001) reduced by 17.2%, thickness
of the intima — by 7.9%, Kernogan index — by 36.6%
(p<0.001). The studied quantitative morphological pa-

Notes: *-p<0,05; **-p<0,01; ***-p<0,001 relative to comparison groups.

rameters of the right ventricle were changed by 14.4%,
6.1% and 7.18% (p<0.001). The decrease in the lumen
of the studied vessels and the decrease in the Kernogan
index indicated a deterioration in the capacity of the ar-
terial bed and impaired blood flow in the heart’s ventri-
cles [6].

The area of endothelial cells of these arteries in the
left ventricle in the conditions of intoxication of six-
month-old experimental animals with cobalt chloride
decreased from (30.2040.21) um?to (28.30+0.15) um?2. A
pronounced statistically significant difference (p<0.001)
was found between these quantitative morphological
parameters. It was found that the latter morphometric
parameter was 6.3% lower than the previous one. In the
right ventricle, this quantitative morphological param-
eter was reduced by 6.0% (p<0.001) compared to the
same control morphometric parameter. In experimental
animals of the older age group, the areas of small-calibre
arterial endothelial cells in the left and right ventricles
under the influence of cobalt chloride were reduced by
7.7% and 7.2%, respectively, with a high degree of sta-
tistically significant difference (p<0.001). A decrease in
the thickness of the intima of the studied vessels and a
decrease in the area of endothelial cells indicated atro-
phic processes that occurred in the studied arterial lining
under cobalt chloride intoxication.

It was found that the administration of this chemical
agent to experimental animals disrupted the relation-
ship between the spatial characteristics of the nucleus
and cytoplasm in arterial endothelial cells. Thus, in the
left ventricle of white rats of group 3, these ratios in en-
dothelial cells increased significantly (p<0.001) by 23.8%,
in the right ventricle — by 21.9% (p<0.001). In male rats
of the 4th group, the above quantitative indicators were
respectively changed by 28.2% and 27.2% (p<0.001). Ac-
cording to some scientists, these disturbances between
the nucleus and cytoplasm in cells indicate changes in
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structural cellular homeostasis and depletion of adap-
tive reserves of nuclear structures [6, 7].

It was found that the number of affected endotheli-
al cells increased under the influence of cobalt chloride
in the studied vessels of the heart ventricles, which was
confirmed by the relative volume of damaged cells. At
the same time, in the left ventricle of six-month-old rats
under simulated experimental conditions, the relative
volume of damaged endothelial cells increased 9.8-fold
(p<0.001) compared with the same control value, and in
the right ventricle — 9.1-fold (p<0.001). It was found that
in the fourth group of animals under the influence of
cobalt chloride, the relative volume of damaged arterial
endothelial cells in the left ventricle was the most pro-
nounced and reached (34.60+0.24)%, in the right ventri-
cle this morphometric parameter was slightly lower and
equaled (31.40+0.24)%.

Currently, the vast majority of researchers consider
endothelial cells to be an endocrine organ [12]. These
cells produce various biologically active factors that reg-
ulate homeostasis: vasoconstrictors and vasodilators,
cytokines, fibrinolysis inhibitors and activators. Endothe-
lial cells regulate immune, inflammatory and reparative
processes, control vascular tone, myocardial function,
water and salt metabolism, and metabolism. Endothelial
cells perform barrier, production, haemostatic, meta-
bolic, transport, regenerative functions, and synthesise
nitric oxide (NO). The latter is one of the main power-
ful vasodilators [13]. Damage to a significant number of
endothelial cells leads to impaired function, blockage
of NO synthase, decreased production of nitric oxide,
increased decay, increased production and release of
vasoconstrictor and prothrombogenic substances (en-
dothelin ET-1, thromboxane A2, prostaglandin H2, an-
giotensin-converting enzyme), which leads to spasm
and vasoconstriction [13, 14, 15]. These phenomena sig-
nificantly reduce the blood filling of organs, complicate,
maintain and exacerbate oxygen deficiency, leading to
edema, degeneration, necrosis of tissue and cellular
components with subsequent infiltration and sclerosis
[6].

DOI 10.29254/2077-4214-2024-3-174-272-280
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The histological examination of microdissections
of the heart ventricles revealed severe lymphatic and
blood circulation disorders. There was an increase in the
thickness of the arterial vessel wall and a decrease in
their lumen, which was due to an increase in the thick-
ness of the media, adventitia, increased vascular tone,
hyperplastic and hypertrophic processes in the muscle
membrane. Significant tortuosity of the internal elastic
membrane of the studied arteries indicated an increase
in vascular tone. The elastic structures of the arterial
walls often showed multiplication and fragmentation.
Light-optical examination of cobalt poisoning revealed
significant vascular disorders in the form of fullfilling, dil-
atation of mainly venous vessels, oedema of perivascu-
lar tissues and stroma, foci of dystrophy, necrosis, apop-
tosis of endothelium, myocytes, stromal components,
foci of infiltration and proliferation of connective tissue.
Endothelial cells are swollen with indistinct boundaries,
dystrophic and necrobiotic, with foci of desquamation
and proliferation. Proliferative processes in the arterial
bed indicated the development of hypoxia.

Conclusions.

Prolonged administration of cobalt chloride to exper-
imental animals leads to structural changes in the arter-
ies of the ventricles of the heart, which was character-
ised by thickening of their walls, narrowing of the lumen,
a significant decrease in the Kernogan index, atrophic,
dystrophicapoptotic and necrobiotic changes in endo-
thelial cells, disruption of structural cellular homeosta-
sis, endothelial dysfunction, hypoxia, dystrophic and
necrotic changes in cells and stromal structures, myocar-
dial infiltration and sclerosis. The severity of structural
changes prevails in the small arteries of the left ventricle
of 24-month-old experimental animals.

Prospects for further research.

A comprehensive study of the patterns of age-relat-
ed remodelling of the arterial bed of the heart’s ventri-
cles under conditions of cobalt chloride intoxication will
help improve the diagnosis, correction, and prevention
of various myocardial lesions.

THamiwok M. C., Yonau C. 0., Tamapu4yk /1. B.,, Cmeys H. A.

KIZIbKICHI MOPCDOI'IOI'I‘-‘I'HI ACMEKTU BUBYEHHA BIKOBUX OCOB/IMBOCTEW
PEMOAE/NIOBAHHA APTEPIM LWTYHOMKIB CEPLLA EKCMEPUMEHTAJIbBHUX TBAPUH
MPU IHTOKCUKALII XTOPUOOM KOBAJbTY

TepHONINbCbKMIA HAaLiOHaNbHUIA MeAUYHUA YHiBepcuTeT imeHi . fl. Top6aueBcbkoro MO3 YKpaiHu
(m. TepHoninb, YkpaiHa)
hnatjuk@tdmu.edu.ua

lMopaxceHHA cepyesoz20o mMm'a3a ma io2o cyOuH 4acmo 3ycmpiyaromsca y KAaiHiYHil npakmuyi, AKi Ha cb0200HI €
8aMH(/1UBOIO MEOUKO-COYianb6HO Npobsemoro. BocmaHHi decamunimms 0ocsa2Hymi 3HaYHI ycrixu 8 0iaeHOCMYy8aHHi,
Kopekyil ma npoginakmuuyi cepyeso-cyOuHHoi namonoeii, npome cmpykmypy ma ¢hyHKYii Miokapoa npooosxcytomes
docnidxncysamu mopghoaoau ma KaiHiyucmu.

BusueHi KinbKicHi MopghonoeaiuHi napamempu apmepili OpibHO20 Kanibpy niso2o ma Npasozo WsayHoYKie cepus
60 6e3nopoOHUX cmameego3pinux binux wypis-camuyis, AKi 6ynu po3dineHi Ha Yomupu 2pynu. B nepwy epyny
8x00Us10 15 iIHMAKMHUX WecmumiCAYHUX eKCriepuMeHmasnabHUX meapuH, opyay — 15 aHanoziyHux 24-x micayHux
wypis, mpemio — 15 wecmumicayHuUx eKcriepuMeHmanbHUX M8ApUH, AKUM 8800UsU X10pud Kobasemy, yemeepmy
— 15 24-x mica4yHux wypis 3 iHMOKcuKayieto xnopudom Kobanbmy. BkazaHuli ximiyHUli cepeOHUK KOMCHO20 OHA
86800U/U 8 WAYHOK Wypam 8 003i 4 me/ke Ha npomssi 30 0i6. EeMaHA3it0 MEAPUH BUKOHYBAU KPOBOMYCKAHHAM
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8 YM08AX MioneHmMano8o020 HAPKO3Yy. 3 WAYHOYKIB Cepusa 8U20MOB/AAU 2iCMmOos02iYHI MiKponpenapamu,
Ha SAKUX MopgomempuyHo 00CniOxcysanu e6ikogy MopghonoeiuHy nepebydosy apmepili npu iHMOKCUKayii
eKcrepumMeHmasnbHUX meapuH XaAopuoom Kobasemy.

BcmaHoeneHo, wo iHmMoKcukayia b6inux wypis-camuie xsa0pudom Kobasabmy npu3eoousna 00 3POCMAHHSA
mosuwUuHU CMiHKU apmepili 1i6020 Ma Npago2o WisyHOYKI8, 3MeHWeHHS iX MPocsimy, Cymmeeo2o 3HUMEHHS iHOeKca
KepHozaaHa, ampodgii, ducmpoghii ma HeKkpobio3y eHOomenioyumis, MOPYwWeHHsA 8 HUX KAIMUHHO020 MOpPgh0s02iYH020
2omeocmasy, eHoomesnianbHoi QucyHKUiL, 2iMOKCil, OUCMPOIYHUX | HEKPOMUYHUX 3MiH KAIMUH ma cmpykmyp
cmpomu, iHginempauii, cknepo3ysaHHA. BupaxceHicms MopghonoziyHux 3MiH nepesaxcana y apmepiax 0pibHo20
Kanibpy n1iso2o WayHoYKa 24-x MiCAYHUX eKCriepumMeHmasabHUX Wypis. BIOHOCHI 06'emu ypaxceHux eHOoomenianbHuUx
KAIMUH y 00Cni0Hcy8aHuX apmepisx g1ig020 WyHOYKA WeCmUMICAYHUX eKCriepumeHmasnbHUX meapuH nio enaueom
xnopudy Kobanemy OopisHiosanu (20,90+0,15)%, y npasomy — (19,30+0,15)%, a y 24-x MicAYHUX Wypi6 80HU

8idnosioHo docazanu (34,60+0,24)% ma (31,40+0,24)%.

Knro4oei cnoea: winyHo4ku cepud, apmepii, 8ikogi 3miHu, Mopgomempis, xnopud Kobassmy.

38’A30K nyb6niKauii 3 n1aHOBMMMU HayKOBO-A0CNIA-
HUMU poboTamu.

CTaTTa € YaCTMHOIO HAyKOBO-A0CANIAHOI poboTh Tep-
HOMI/IbCbKOTO HALLiOHANIbHOTO MeANYHOro YHIBEpPCUTETY
im. |. . TopbaueBcbkoro MO3 YKpaiHn «CTpyKTypHO-
dyHKUioHanbHi  3aKOHOMIpHOCTI nepebiry aganTaLiii-
HO-KOMMEHCAaTOPHMX NPOLECIB B OpraHax Ta cucrtemax
npuv onepaTMBHUX BTPYYaHHAX Ha OpraHax YepesBHOI Ta
rPYAHOI NOPOXKHMH B YMOBAX Al TOKCUYHUX EHO0TEHHUX
Ta eKk3oreHHux ¢akTopiB» (Ne AeprkaBHOI peecTpalii
0122U000031).

Bcryn.

B ocTaHHIilM yac cnocTepiraeTbca 36inblIEHHA Y 30B-
HILWHBOMY CepefoBULL KiZIbKOCTI Pi3HMX XiMiYHMX daK-
TOpiB Ta ixHiIX MeTaboniTiB, AKi MOXyTb MOpPYLUIYBaTH
OYHKLIiO Ta CTPYKTYpYy OpraHiB i cuctem opraHismy.
Ocob1Bo HebesneyHMHM ANA OpraHiaMy € BaXKKi meTa-
NN, [0 AKUX BigHOCUTbCA KobanbT. KobanbT Ta Moro no-
XiZHi LLMPOKO 3aCTOCOBYIOTLCA B Pi3HMX rany3ax Hapoa-
HOrO rocnoAapcTBa i MOXYTb 3HAXOAUTUCA Yy AOBKINAI.
Papn, pocnigHuKiB CTBEpPAMKYIOTb, WO KobanbT Ta Moro
CONi NOLIKOAXKYIOTb KPOBOTBOPEHHSA, CEPLLEBO-CYANHHY,
AMXanbHy, HepPBOBY, CEYOBUAINbHY, CTaTeBY cucTemm [1].

MaTonoria cepuA i MOro cyAuMH Ha CbOroAHI € Hal-
Ginbll  PO3MOBCIOAMKEHOD, LWOPIYHO 36iNbLUYETHCS,
HepigKo YCKNAOHIOETbCA iHBANIQHICTIO Ta CMEpPTHICTIO
MOJIOAMX, NPaLe3faTHMX NALIEHTIB | € BaXK/IMBOKO me-
AMKo-coljianbHoto npobnemoto [2, 3, 4, 5]. docnigreH-
HA CTPYKTYPHO-PYHKLUiOHAaNbHMX 0Cco6aMBOCTEN iHTpa-
OpraHHMX CyAMH B HOPMI i Pi3HUX YMOBax naTonorii Ao
CbOTrOAHIHbOrO AHSA LiKaBAATb KNiHILUMUCTIB | mopdono-
ris [2, 6, 7]. BuUB4YEHHA BiKOBOI CTPYKTYpW apTepiii Ta BeH
Pi3HWX OpraHiB NpuM BM/MBAX HEraTUBHUX EHOOFEeHHMUX
Ta eK30reHHUX GaKTopiB € BaxK/MBOK Npobiemoto cy-
YacHOI MeAnKo-6ioNoriYHoi HayKn Hayku [6]. IHTpaop-
raHHOMYy CYAMHHOMY PyCAy BiABOAATbL MPOBIAHY PO/b Y
natomop¢oreHesi miokapga y pisHUX ymoBax NaTosorii
[7]. HeobxigHo 3a3HaunTK, WO 0COBANBOCTI CTPYKTYPHOI
nepebygoBu apTepilt LWAYHOUKIB cepua B yMOBax Ko-
6anbTOBOI iIHTOKCMKaLLii NOBHICTIO HE BUBYEHI.

MerTa gocnigeHHs.

MopdomeTprnyHO BU3HAYMUTK BiKOBI 0C06MBOCTI pe-
MOZENOBaHHA apTepianbHUX CYAWMH LUAYHOYKIB cepuA
Yy eKcnepumeHTasIbHUX TBapuH B YyMOBax KobanbToBoro
OTPYEHHA.

O6’eKT i meTOAU AoCNiAXKeHHA.

Komnnekcom mopdonoriyHnx meTtoais npoBeneHo
BMBYEHHA apTepianbHUX CyAWH LWAYyHOYKiB 60 nabo-
paToOpHMX cTaTeBO3piANX Binux WypiB-camuis, sKi byan
po3saineHi Ha yotupu rpynu. MNepwa rpyna BKAOYana

15 iHTAKTHMX eKCnepuMeHTaIbHUX TBAPWUH BiKOM LUICTb
micauis, gpyra — 15 aHanoriyHmx 24-x micayHux binmnx
wypiB-camuis ,Tpeta — 15 wectumicayHmx ekcnepu-
MEHTa/IbHUX TBAPWH, AIKUM BBOAWAM X10pUA, KOBaNbTy,
yetBepTa — 15 24-x MiCAYHUX WYpPiB 3 iIHTOKCUKALiEO
xnopuaom KobanbTy. BKasaHWI XiMiuHMI cepenHMK
KOYKHOTO HA BBOAWAM TBapUHAM B LUNYHOK B A060BIM
no3i 4 mr/kr Ha npotasi 30 ai6 [1]. EBTaHasito TBapuH
BMKOHYBa/IM 32 OMOMOTrOH KPOBOMYCKAaHHA YMOBAX Tio-
neHTaN-HaTPIEBOrO HAapKo3y. 3A4ilMCHIOBanaca TOpaKoTo-
Mifl, BUZINANM 3 TPYAHOT NOPOXKHUHM cepLe. 3 NiBOro Ta
NpPaBOro LWAYHOYKIB BMPIi3aan LWMATOUKM, AKi dikcyBanm
y 10% HeliTpanbHOMYy po34mHi dopmaniHy i nicna npose-
LEHHA Yepe3 eTUI0BI CMMPTM 3POCTAOY0i KOHLEHTpaLii
nomiwanu y napadid. MikpoTomHi 3pi3n TOBLLMHOLO 5-6
MKM genapadiHisyBanu, dapbyBanmn remaToKCUiH i eo-
3MHOM, TONYIAMHOBUM CUHIM, NiKpodyKCMHOM, 32 Man-
nopi, Belirepty, MaccoHoMm, NpoBOAWAW iIMMpPerHaLito
a30THOKMCAUM cpibnom [8]. BukoHyBanu mopdomeTpito
ApibHUX apTepilt (30BHIWHIK giameTp 26-50 MKM) wwny-
HOUYKIB cepus, WO Halbinbl (yHKLiOHAaNbHO HaBaHTa-
YKeHi NopiBHAHO 3 apTepiamu Binblumx po3mipis [7]. Mpu
MopdOMETpil BM3HAUYaNM 30BHIiWHIN (3[), BHYTPILLHIN
(BA) aiameTpwu apTepii, ToBWMHY iX iHTUMK (TI), meaii
(TM), apgBeHTuuii (TA), iHaekc KepHoraHa (IK), nnouwy
eHgoTenioymTis (ME), ix agep (MA), agepHo-uMTONNa3-
MaTUYHi BigHoweHHA (ALB) B LMX KAITUHAX, BiAHOCHWI
06’em nowkoaskeHux eHpoTtenioumTis (BOME) nisoro
(NIlW) i npasoro (ML) wayHoukis.

CTaTMcTuHy 06pobKy LMPPOBUX AaHMX NPOBOANAU
3a AONOMOroto Komn'toTepHoi nporpamu STATISTIKA (ni-
ueHsia Ne BXXR303F737429FA-8) y Biaaini cuctemHumx
CTaTUCTUYHUX AOCNiAXKEHb TepHOMINIbCbKOro HaLioOHaNb-
HOTO MegM4YyHoro yHiBepcutety imeHi I. f. Topbayes-
cbkoro MO3 YkpaiHu, BUKOPUCTOBYIOUYM KpuTepiit CTbio-
OeHTa ANA OUiHKM [AOCTOBIPHOCTI BigMiHHOCTEM MK
MOPGOMETPUUYHMMM MOKa3HUKaMK MONapHO BMBpaHMX
rpyn TBapwmH [9].

YTpUMyBaHHA TBAapWH Ta BCi E€KCNepMMEHTasIbHi
OOCNIAMKEHHA 3 6inmMK LWypaMn-camuamn 34iMCHEHO
3 ypaxyBaHHAM BUMOI «EBPOMENCbKOI KOHBEHLi npo
3aXUCT XpebeTHUX TBAPWH, AKi BUKOPUCTOBYHOTbHCA A/1A
eKCNepMMeHTabHUX Ta iHWKWX HayKoBUX Uinen» (Ctpa-
cbypr, 1986 p.), «3aranbHUX E€TUYHUX MPUHLUNIB eKc-
NepMMEHTIB Ha TBapUHax», yXBaJieHUX NepLIMM HaLio-
Ha/ZIbHUM KoHrpecom 3 6ioeTnkm (Kuis, 2001 p.), a TaKoK
3aKoHy YKpaiHu «[1po 3axXMCT TBApPUH Big, *KOPCTOKOro
nosoaeHHs» (Big 21.02.2006) [10, 11].
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Pe3ynbTatu gocnig)KeHHA Ta ix 06roBopeHHs.

KinbkicHi mopdosnoriuHi nokasHMKKM apTepin apib-
HOro Kanibpy niBoro i mMpaBoOro LWAYHOYKIB ekcnepu-
MEHTA/IbHUX TBapMH Pi3HOTO BiKY HaBedeHi y Tabauui.
OujiHKOI HaBeAeHWUX OAHWUX BUABNEHO, LLO BOHWU NpU
K0BanbTOBIM IHTOKCMKALLT BMPAXKEHO 3MiHIOBAUCA.
BcTaHOBNEHO TaKoX, WO 3 BIKOM 3MiHIOBasnacA CTPYK-
Typa AOCNIAKYBAHUX CYAMH Y HEYLUKOAXKEHOMY cepu.
Mpy LbOMYy BMABMEHO, WO 3 BIKOM Yy JIIBOMY LUYHOUYKY
CTaTUCTUYHO A0CTOBiIpHO (p<0,05) 36inblUMBCA 30BHiLL-
Hi piameTp A0CNIAXKYBAHUX CYAUH HA 2,2%,TOBLIMHA
megii — Ha 22,5%, aaBeHTuLii — Ha 3,4%, BHYTPIWHIK 4j-
aMeTp 3MeHLWMBCA Ha 3,9%, TOBLULMHA iHTUMMK — Ha 3,5%
(p<0,01), iHaekc KepHoraHa — Ha 2,7%, naowa eHgoTe-
niountie — Ha 3,5%, agep — Ha 3,94%. BigHoWweHHA mix
NPOCTOPOBMMM XapaKTeEPUCTUKAMM A4pa Ta uutonnas-
MW Y eHAoTeniounTax 3 BiKOM He 3MiHloBanucs, To6To
6ynn ctabinbHMmK. HaBegneHi BiKOBiI CTPYKTYpPHI 3MiHK
apTepiii y NpaBoOMy LUJYHOUKY BUABMANCA MEHLU BUPa-
EHMMMU, WO NigTBepasKyBanoca BiAHOCHUM 06’emom
NOLKOAXKEHUX eHAoTeniounTis. JaHuii moppomeTpuy-
HWI NapameTp y NiBOMY LUYHOUKY 3 BUCOKUM CTyNeHEM
CTaTUCTUYHO BiporigHoi pisHKLi (p<0,001) 3 Bikom 36inb-
wwmecA y 3,04 pa3u, y npaBoMy WAYHOUKY — Y 2,8 pasu.
BikoBe 3pOCTaHHA MOLWKOAMKEHUX OOCAIAXKYBaHUX K-
TUH BUHWKA/NO B OCHOBHOMY 33 paXyHOK anonTosy, Lo
CniBMaZa€ TaKOX 3 TBEPAMKEHHAMM iHWUX OOCNIOHUKIB
[6].

IHTOKCMKaLiA NabopaTopHUX CTaTeBO3pPiIMX 6inmx
LypiB-camuiB xaopuaom KobasnbTy cCynpoBOAKyBana-
ca BMparkeHot MmopdosorivHow nepebynosoto apTe-
pin apibHoro Kanibpy wayHouKiB cepusa. Mpu ubomy
30BHILWWHIlM AiameTp BKa3aHMX CYAMH NiBOrO LUYHOYKA
LIECTUMICAYHMX TBAPMH CTAaTUCTUYHO BiporigHo (p<0,01)
36inbwmBcA Ha 4,6%, ToBWMHA Meaii — Ha 31,7%. aa-
BeHTULii — Ha 44,1% (p<0,001). locniaxKyBaHi KinbKicHi
MopdoNoriyHi napameTpu NpPaBoOro LWAyHOYKa Bigno-
BiAHO 3a3Hanu 3MmiH Ha 3,9%, 30,1%, 40,2% (p<0,001).

Ta6bnuua — KinbkicHa mopdgonoriyuHa xapakTepucTuka aprepin
LWYHOUKIB cepus eKcnepumeHTaibHUX TBapuH (Mim)

Y 6inux wypiB-camuiB cTapLloi BiKOBOI rpynu npu Tpwu-
Ba/JIOMy BBeAEHHi xnopuay KobanbTy CTyniHb CTPYK-
TYpHOI NepebyaoBM AOCNIAKYBAHUX CyAWH OyB 6inbLu
BMPAXKEHMM MOPIBHAHO 3 nonepeaHiMU NOKa3HUKaMM.
TaK, 30BHILLUHIN AiameTp A0CNiIAKYBAHUX CYyAMH Y NiBOMY
LUZIYHOYKY 3 CTaTUCTUYHO BiporigHoto pisHuueto (p<0,05)
36inbwmBca Ha 4,8%, ToBWMWHaA meaii — Ha 33,4%, afiBeH-
MUl — Ha 44,2%. B npaBomy LWAYHOUYKY 24-X MiCAYHUX
eKCMepMMEeHTa/IbHUX TBAPUH AOCAIAMYBaHi KiNbKiCHI
MopPONOriyHi NapamMeTpu BUABUAUCA 3MIHEHMMMU Ha
4,3%, 28,5% Ta 37,4% (p<0,001).

BcTtaHOBNEHO, WO TOBLMHA iIHTUMK, NPOCBIT JOCAI-
[O)KYBAHUX apTepianbHUX cyauH Ta iHAaeKc KepHoraHa
Y WAYHOYKaX cepuA Npu iHTOKCUMKaLil 6innx Wwypis xao-
puaom KobanbTy 3meHLwwyBanucs. Tak, NPOCBIT apTepil
ApibHOro Kanibpy niBoro LWAYHOYKA B LUECTUMICAYHUX
eKCNepuMMeHTaIbHMUX TBAPWUH NpPU LbOMY BUABMBCA CTa-
TUCTMYHO BiporiaHo (p<0,001) 3meHweHUm Ha 14,3%,
TOBLUMHA iHTUMU — Ha 6,3%, iHaeKc KepHoraHa —Ha 8,5%
(p<0,001). HaBeaeHi KinbKicHi MopdonoriuHi napameTpu
NPaBOro LW/AYHOYKa aHANorYyHO 3meHWwunamnca Ha 13,4%,
4,6% Ta 7,7% (p<0,001).

Y 24-X MiCAYHUX eKCNePUMEHTAIbHUX TBAPUH Y 3MO-
[eNbOBaHUX EKCMEePUMEHTA/IbHUX YMOBAX BHYTPILLHIN
AiaMeTp [0CNiAXKYBAaHUX CYAMH NiBOrO LWIYHOYKA BU-
ABMBCA 3 CTAaTUCTMYHO BiporigHo (p<0,001) BuABMBCA
3HUKEHUM Ha 17,2%, TOBLUMHA iIHTUMK — Ha 7,9%, iHAEKC
KepHoraHa — Ha 36,6% (p<0,001). JocniaKyBaHi KinbkKic-
Hi MOpP}ONOTiYHi MOKa3HUKM MPaBOro LWAYHOYKa 6yan
3aMiHeHUMK Ha 14,4%, 6,1% Ta 7,18% (p<0,001). 3meH-
LWEeHHA NPOCBITY AOCAIAXKYBAaHUX CYAUH Ta 3HUMKEHHA
iHoeKcy KepHoraHa BKa3yBanuM Ha noripwaHHA nponyc-
KHOI CMPOMOXHOCTI apTepiasbHOro pycsa Ta NOpyLeH-
HA KPOBOTOKY B LUYHOUKax cepua [6].

Mnowa eHaoTeniaNbHUX KAITUH BKa3aHUX apTepin B
NiBOMY LWAYHOYKY B YMOBaX MpPOBeAeHOi iHTOKCMKaL,ii
LWECTUMICAYHUX AOCAIAHMX TBApPUH XN0pMAOM Kobanb-
Ty 3meHwwunaca 3 (30,20+0,21) mkm? go (28,30+0,15)
MKM2. Mi3K aHUMK KisibKiCHUMKM mopdonio-
rYHMMM NOKA3HUKAMM BUABJIEHA BUPAXKEHA

CTaTUCTUYHO A0CTOBIpHA pisHMUsA (p<0,001).

BcTaHOBNEHO, WO OCTaHHI mopdomeTpuy-

Mopdome- lpyna TBapuH
TPUYHWIA
napameTp nepwa apyra Tperta yeTsepTa
341W, mkm 36,50+0,24 | 37,30+0,27* | 38,20+0,27** 39,10+0,30*
BAJILW, mKkm 18,10+0,15 | 17,404£0,12** | 15,50+0,12*** | 14,40+0,12***
TI/IW, MKM 6,30+0,04 | 6,08+0,03** | 5,90+0,03*** | 5,60+0,03***
TMJILL, mKm 6,3010,04 7,72+0,05** | 8,30+0,06*** | 10,30+0,09***
TANLW, mkm 5,90£0,03 6,10+0,03** | 8,50+0,09*** | 8,80+0,09***
IKAW, % 24,50+0,15 | 21,80+0,15* |16,50+0,15*** | 13,50+£0,12***
MENLW, MKkm? 30,20+0,21 | 29,14+0,18** | 28,30+0,15*** | 26,90+0,15%**
MANLW, mkm? 7,60+0,05 7,30+£0,05** | 8,80+0,05*** | 8,60+0,05***
AUBALW 0,252+0,002 | 0,251+0,002 |0,310+0,002***|0,322+0,002***
BONEL, % 2,14+0,02 | 6,50+0,04*** [ 20,90+0,15*** | 34,60+0,24***
3ANW, MKM 36,45+0,24 | 37,20+0,27* | 37,90+0,27** | 38,80+0,30***
BAMLU, mkm 18,06+0,12 | 17,404+0,12** | 15,55+0,12*** | 14,90+0,12***
TINW, mKm 6,25+0,04 6,03+0,04** | 5,96+0,03*** | 5,66+0,03***
TMMLW, mKm 6,31+0,04 7,70+0,05** | 8,20+0,06*** | 9,90+0,09***
TATLW, mKm 5,84+0,03 | 6,07+0,03*** | 8,19+0,04*** | 8,34+0,05***
IKNLW, % 24,50+0,15 |21,88+0,15** [ 16,80+0,15*** | 14,70+0,12***
MEML, mrkm? 30,22+0,21 |29,20+0,15** | 28,40+0,18*** | 27,10+0,15***
NANLW, mrm? 7,58+0,05 7,30£0.05*% | 8,70+0,05*** | 8,60+0.05%**
ALBMLL 0,251+0,002 | 0250+0,002 |0,306+0,002***0,318+0,002***
BOMENLU, % 2,10+0,02 |5,88+0,04*** | 19,30+0,15*** | 31,40+0,24***

Mpumitkn: *-p<0,05; **-p<0,01; ***-p<0,001 BigHOCHO rpyn NOPIBHAHHSA.

HWI NapameTp 6yB MeHLWMUM 3a nonepesHin
Ha 6,3%. Y npaBoMy LWAYHOYKY AaHWN
KiNIbKiCHWI MopdOonoriYHniA nokasHuUK 6yB
3HUXXEHUM MOPIBHAHO 3 aHANOMYHUM KOH-
TPOSIbHUM MOPPOMETPUYHUM MaPaAMETPOM
Ha 6,0% (p<0,001). Y eKkcnepumeHTaNbHUX
TBAPMH CTapLlOi BiKOBOI rpynu Mol eH-
foTeniouunTie apTtepin gpibHoro kanibpy B
NiBOMY i MPaBOMY LUYHOYKaX MiJ, BM/IMBOM
xnopuay KobanbTy 3 BUCOKMM CTyMeHem
CTaTUCTUYHO A0CTOBipPHOT pi3HMLi (p<0,001)
BUABUIUCA BIAMOBIAHO 3HMMXEHUMM Ha
7,7% i 7,2%. 3MEHLWEHHA TOBLUNHU iHTUMU
OOCNiAXKYBaHUX CYAUH Ta 3HUMKEHHA NoLi
eHAoTenioumnTiB BKasyBaau Ha aTpodiyHi
npoLecu, WO BUHUKANM Yy AOCNIAXKYBaHiN
060N0HLi apTepiit Npu iHTOKCKKaLi xnopu-
oy Kobanbry.

BuAaBneHo, WO BBeAEHHA BKA3aHOro Xi-
MIiYHOTO CcepefHMKa eKCcnepumMeHTanbHUM
TBapMHaM MOPYLIYBaNO BiAHOLEHHA MiX
NPOCTOPOBMMM XapaKTepUCTUKaMK Aapa i
LMTOMA3MM Y eHgoTenioumTax apTepianb-
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HUX cygauH. Tak, y NiBOMY LWAYHOYKY 6inmx wypis 3-i
rpynu BKasaHi BiAHOWEHHA y eHAoTeNiaIbHUX KAITUHAX
[ocToBipHO (p<0,001) 36inbwmanca Ha 23,8% y npaBomy
— Ha 21,9% (p<0,001). Y wypiB-camuis 4-i rpynu Hase-
[eHi KiNbKiCHIi MOKa3HMKN BUABUINCA BiANOBIAHO 3MiHe-
HUMW Ha 28,2% Ta 27,2% (p<0,001). 3a gaHUMKN OEAKUX
BYEHMX BKa3aHi MNOPYLUEHHA MK A4POM Ta LMUTONNa3-
MO Y KNiTMHaX BKA3yloTb Ha 3MiHW CTPYKTYPHOrO KAi-
TMHHOIO rOMeOCTa3y Ta BUCHAXKEHHA afanTalinHux pe-
3epBiB a4epHUX CTPYKTYp [6, 7].

BcTaHoBNEHO, WO Mig BNAMBOM Xnopuay Kobanbty
Yy OOCNIAMKYBAaHUX CyAMHaX LUYHOUKIB cepus 3pocTana
KiNbKICTb ypaXKeHUX eHOO0TeNioumTiB, WO NiaTBEPAXKY-
BasiocA BiAHOCHMM 06’€MOM MOLLKOAMKEHUX BKa3aHUX
KNITUH. Mpn LbOMy B NiBOMY LLUYHOUKY LLECTUMICAYHMX
WypiB B 3MOAENbOBAHUX EKCMEPUMEHTANIbHUX YMO-
BaX BiAHOCHMI 06’EM MOLWKOAMKEHUX eHAOoTeNianbHUX
KNiTMH 36inbluimeea y 9,8 pasu (p<0,001) nopisHAHO 3
QHaANOMYHMUM KOHTPOJIbHMM MOKA3HUKOM, B MpaBoMy
WwAyHouKy —y 9,1 pasu (p<0,001). BuasneHo, wWwo y yet-
BEPTil rpyni TBApWH Nig, BANJIMBOM X10puay Kobanbty
BiZHOCHMI 06’€M MOLWKOAKEHUX €HO0TeNiouunTiB apTe-
piafibHUX CYAUH Y NiBOMY LUYHOUKY BUABUBCA HaWbinbLL
BUpaxKeHMm i pocaras (34,60+0,24)%, y npaBomy Lay-
HOYKY AaHUN MOPGOMETPUYHMI NMapameTp byB AeLio
MeHLWWM i gopisHioBaB (31,40+0,24)%.

B paHMi 4ac nepeBakHa biNblicTb A0OCNiAHUKIB
eHgoTenianbHi KNITMHU BBaXaloTb EHAOKPUHHUM Op-
raHom [12]. BKasaHi KANiTUHM NPOAYKYHTb YUCENbHI
pi3HOMaHITHI 6ioNoriYHO aKTUBHI GaKTopK, WO pery-
NOK0Tb TOMEOCTa3: Ba30KOHCTPUMKTOPU Ta Ba3oauaaTa-
TOPW, UUTOKiHK, iHribiTopKn i akTMBaTopu QibpuHONIsy.
EHApoTenianbHi KNITUHW peryntoroTb iMyHHI, 3ananbHi i
penapaTUBHi NPOLLECH, KOHTPOIOKTb CYAUHHUI TOHYC,
dyHKUji MmioKapaa, BOAHO-COMbOBUI 06MiH, meTabo-
ni3m. EHAOTENianbHi KNITUHU BUKOHYIOTL 6ap’epHy, npo-
OYKUIHY, reMocTaTuyHy, meTabosniuyHy, TPaHCMOPTHY,
pereHepaTUBHY OYHKLIT, CMHTe3yoTb okenz asoty (NO).
OcCTaHHIll BigHOCATb A0 OCHOBHMX MOTYXHUX Ba3oAM-
natatopis [13]. YpaxKeHHA 3HaYHOI KiNbKOCTi eHpoTeni-
OLUMTIB NPU3BOAUTL A0 MOPYLUEHHA iX OYHKLiA, 610Ka-
An NO-CMHTa3M, 3HWXKEeHHA MPOAyKLUii oKcuay asoTy,
NOCU/IEHHA 1Oro po3nagy, 36inblueHHA BUPOBIeHHs Ta
BUAi/IEHHSA BAa3OKOHCTPUKTOPHUX Ta MPOTPOMOBOreHHUX
cybcTaHuin (eHaoTenin ET-1, TpombokcaH A2, npocTar-
NaHavH H2, aHrioTeH3MHNepeTBOptOOYMi PepmeHT),
LLLO MPM3BOANTb A0 CNa3My Ta 3BYXKeHHs cyguH [13, 14,

15]. BkasaHi siBMLLA CYTTEBO 3HWXKYIOTb KPOBOHAMOB-
HEHHA OpraHiB, YCKNAAHIOKOTLCA, NiATPUMYIOTb Ta NOCU-
No1oTb AediumT KUCHIO, WO Beae A0 HabpAaky, AUCTPO-
oii, HeKpPob6io3y TKAHUHHUX i KNITUHHUX KOMMOHEHTIB 3
noAanbloto iHOINbTPALLIEID Ta CKNepPOo3yBaHHAM [6].

Mpu ricTonoriyHOMy AOCAiAXKeHHI MiKponpenaparTis
LWAYHOYKIB cepua BigMIYanMcA BUPAXKeHi nopylleH-
HA nimdo-Ta KpoBoobiry. Cnoctepiranoca 36inblieHHA
TOBLUMHM CTIHKM apTepiabHUX CYAUH Ta 3MEHLIEeHHA iX
NPOCBITY, LLLO NPOXOAM/O0 32 PaXyYHOK 3pOCTAaHHA TOBLLMH
Meaii, aaBeHTULiT, 3pOCTaHHA CYAMHHOro TOHYCY, rinep-
NAacTUYHUX Ta rinepTpodiuyHMX npouecis y m’A30Bin
060M10HL,i. 3Ha4YHa 3BMBUCTICTb BHYTPILLIHbOI enacTuy-
HOI membpaHu AOoCNiAXKYBaHUX apTepiii BKasyBana Ha
NiABULLEHHA CYAMHHOrO TOHycy. EnacTuuHi cTpykTypm
CTIHOK apTepilt HepigKo 3 ABMWAMM MyAbTUNIKaLil Ta
dparmeHTauii. CBIT100NTUYHO NPU KOBaNbTOBOMY OTpPY-
€HHI BiAMIYaNMCA 3HAYHI CYAMHHI po3nagu y BUMALI
NOBHOKPOB'A, ANNATaLii B OCHOBHOMY BEHO3HUX CYAMH,
HabpAKM NepmBaszaNbHUX TKAHWH Ta CTPOMMW, OCEPESKM
amctpodii, HeKpobio3y, anonTosy eHpoTenito, Mioum-
TiB, CTPOMa/NIbHUX KOMMOHEHTIB, BOrHMLWA iHiNbTpaLii
Ta PO3POCTAaHHA CMONYYHOI TKAaHWHU. EHJOTenianbHi
KNITUHW HABPAKAI 3 HEYITKUMKU MexXaMu, JUCTPOdIYHO,
HEKPObIOTMYHO 3MiHEHI 3 ocepegKamM AecKBamalil Ta
nposnidepauii. NMponibepaTnsHi NnpouecH y apTepiasbHo-
MY PYCAi BKa3yBaau HA PO3BUTOK TiMOKCii.

BucHoBKM.

TpvBane BBeAEHHA eKCNepuMeHTaIbHUM TBapMHaM
xnopuay KobanbTy NpuM3BOAUTb A0 CTPYKTYPHOI nepe-
6y[0BKM apTepili WAYHOUKIB cepus, AKe XxapaKkTepusysa-
N0CA NOTOBLUEHHAM iX CTIHKM, 3BY*KEHHAM MPOCBITY, ic-
TOTHUM 3HUMKEHHAM iHAeKca KepHoraHa, aTpodiyHnmm,
ANCTPOdIYHUMMK, anNONTUYHUMKU Ta HEKPOBIOTUYHUMM
3MiHAMW eHZOoTeNiaNlbHUX KNITUH, MOPYLIEHHAM B HUX
CTPYKTYPHOIO KNITMHHOTO roMeOoCTasy, eHA0TeNiaIbHO
ANCOYHKLIE, TiNOKCie, ANCTPOPIYHO-HEKPOTUUYHUMM
3MiHAMM KNITUH | CTPOMaNbHUX CTPYKTYP, iHinbTpaLieto
Ta CKNepo3yBaHHAM MioKapza. BuparkeHicTb CTpyKTyp-
HUX 3MiH NepeBakae y APibHUX apTepiax NiBOro wWwy-
HOYKa 24-X MiCAYHUX EKCNEPUMEHTANbHUX TBAPUH.

MepcnekTMBM NOAANBLUNX [OCNIAMKEHD.

BcebiyHe pocnifrKeHHs 3aKOHOMipHOCTElM BiKOBO-
ro pemoAentoBaHHA apTepiasibHOro pycia LWAYHOYKIB
cepuA B YMOBaX iHTOKCUKaLLi x10puaom Kobanbty cnpm-
ATUME BAOCKOHANEHHIO AiarHOCTMKM, KOpeKLii Ta npo-
binakTUKM pisHUX ypaxkeHb MioKapaa.
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KIIbKICHI MOP®ONOrYHI ACMEKTU BUBYEHHA BIKOBUX OCOB/IMBOCTEM PEMOJAE/TIOBAHHA APTEPIN
LUTYHOYKIB CEPLLAA EKCMEPUMEHTANIbHUX TBAPUH NPU IHTOKCUKALLIT X10PUAOM KOBA/BTY

MHaTiok M. C., Yonau C. H0., TatapuyK /1. B., Creub H. A.

Pe3stome. CbOrofHi 3pocTaHHs 3abpyaHEeHHS OO0BKINNSA Pi3HOMAHITHUMM XIMIYHHUMW YNHHUKAMM BMMArae Bu-
BYEHHS iX BN/IMBY Ha OpraHiam. BaxKKi meTanu, 4o AKMX BiAHOCUTbCA KOBANbT, NPU3BOAATL 40 BUPANKEHUX YPaXKeHb
opraHis i cuctem. Bname KobanbTy Ha CYANHU € MaN0 AOCAIAKEHUM.

Mema 0ocnidxeHHA — MOPPOMETPUYHO BUBYUTU BIKOBI 0COBNMBOCTI pemoaentoBaHHA apTepianbHUX CyauH
LUNIYHOYKIB CEPLLA Y EKCNEPUMEHTAIbHUX TBAPUH B YMOBaX KOBANbTOBOIO OTPYEHHS.

06’ekm i memoodu docnioreHHA. [locnigxeHi MoppoMeTpUUHiI NapameTpu apTepili ApibHOro Kanibpy WayHou-
KiB cepua 4-x rpyn 60 6inunx wypis-camuis. MNeplua rpyna HapaxosyBaia 15 iHTaKTHUX WECTUMICAYHUX eKCNePUMEH-
Ta/NbHUX TBAPUH, Apyra — 15 aHanoriyHnx nabopaTtopHUX LypiB-camLiB Bikom 24 micaui, TpeTs — 15 wecTumicadHmX
eKCnepuMeHTaNbHUX TBAPUH, AKUM BBOAUAMN XNopna KobanbTy, YeTBepTa — 15 24-x MicAYHMX LWYPiB 3 iIHTOKCUKALLIED
XNOPUAOM KOBanbTy, AKMIA LWOAEHHO BHYTPILWHbOLLIYHKOBO BBOAWIM Wypam B A03i 4 mr/kr npoTarom 30 aHis. EBTa-
Ha3ito TBAPWH BMKOHYBA/IM KPOBOMYCKAaHHAM B yMOBAX HapKO3y. 3 1iBOro Ta NPaBoro LAYHOUKIB cepLLA BUTOTOBAAAN
rictonoriyHi mikponpenapaTtu, Ha AKMX BU3HAYaNM 30BHILLHIMA, BHYTPIWHIN AiameTpu apTepii, TOBLWMHY iX iHTUMM,
megaii, agseHTuu,i, iHaeKc KepHoraHa, naoLy eHaoTeniouunTis, ix Agep, A4epPHO-UMTONNA3MATUYHI BiAHOLWEHHA B
LUMX KNITUHAX, BiAHOCHMIA 06’eM NOLIKOAKEHUX eHaoTeniounTis. KifibKicHi MOKa3HUKM 06po6AAAN CTAaTUCTUYHO.

Pe3ynemamu 0ocnidrneHHs ma ix 062o80peHHA. BUsBNEHO, WO BBeAEHHA NabopaTopHUM Binnm wypam-cam-
uam xsopuay KobanbTy NpusBoAuUTb A0 BUPAXKEHOI CTPYKTYPHOI NepebyaoBum apTepiit WAYHOUKIB cepusa, AKa Xapak-
TEPMU3YETLCA MOTOBLLEHHAM X CTiIHKM, 3BYKEHHAM MPOCBITY, iICTOTHUM 3HUMKEHHAM iHAeKca KepHoraHa, aTpodieto,
anctpodieto, anonTo3om Ta HeKpobio3om eHAOTeNiouMTiB, NOPYLUEHHAM B HUX CTPYKTYPHOrO KAITMHHOrO rome-
ocTasy, eHaoTenianbHOW ANCOYHKLIE, riNOKCieto, ANCTPOPIYHO-HEKPOTUUYHMMM 3MIHAMWN KNITUH Ta CTPOMAIbHUX
CTPYKTYP, iHdiNbTPaLi€l0 Ta CKAepPOo3yBaHHAM. BUparKeHICTb CTPYKTYPHMUX 3MiH NepeBaykae y apTepiax NiBoro wny-
HOYKa 24-X MiCAYHUX EKCNEPUMEHTANbHUX TBAPUH.

KnouoBi cnoBa: WAyHOUYKM cepusa, apTepil, Bikosi 3MiHM, MopdomeTpin, xnopua Kobanbty.

QUANTITATIVE MORPHOLOGICAL ASPECTS OF THE STUDY OF AGE CHARACTERISTICS OF REMODELING OF AR-
TERIES OF THE HEART VENTRICLES OF EXPERIMENTAL ANIMALS AT COBALT CHLORIDE INTOXICATION

Hnatyuk M. S., Cholach S. Yu., Tatarchuk L. V., Stets N. Ya.

Abstract. Today, the growth of environmental pollution by various chemical factors requires the study of their
effects on the body. Heavy metals, which include cobalt, lead to severe damage to organs and systems. The effect of
cobalt on blood vessels is little studied.

The aim of the research — to morphometrically study the age-related features of the remodeling of the arterial
vessels of the ventricles of the heart in experimental animals at conditions of cobalt poisoning.

Object and research methods. The morphometric parameters of the small caliber arteries of the heart ventricles
of 4 groups of 60 male white rats were studied. The 1 group consisted of 15 intact six-month-old experimental ani-
mals, the 2 — 15 similar 24-month-old laboratory male rats, the 3 — 15 six month-old experimental animals injected
with cobalt chloride, the 4 — 15 24-month-old rats with cobalt chloride intoxication, which was administered intra-
gastrically daily rats at a dose of 4 mg/kg for 30 days. Animals were euthanized by bloodletting under anesthesia.
Histological micro-sections were made from the left and right ventricles of the heart, on which the outer and inner
diameters of the arteries, the thickness of their intima, media, and adventitia, the Kernoghan index, the area of
endotheliocytes and their nuclei, the nuclear-cytoplasmic ratio in these cells, and the relative volume of damaged
endotheliocytes were determined. Quantitative indicators were processed statistically.

Research results and their discussion. It was established that the administration of cobalt chloride to white male
laboratory rats leads to pronounced remodeling of the arteries of the ventricles of the heart, which was charac-
terized by thickening of their walls, narrowing of the lumen, a significant change in the Kernoghan index, atrophy,
dystrophy and necrobiosis of endothelial cells, a violation of structural cellular homeostasis in them, endothelial
dysfunction, hypoxia, dystrophic-necrotic changes in cells and stromal structures, infiltration and sclerosis. The ex-
pression of structural changes prevails in the arteries of the left ventricle of 24-month-old experimental animals.

Key words: heart ventricles, arteries, age changes, morphometry, cobalt chloride.
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CHANGES IN THE SECRETORY ACTIVITY OF MAST CELLS UNDER THE INFLUENCE
OF BIOLOGICALLY ACTIVE SUBSTANCES

National University of Ukraine on Physical Education and Sport (Kyiv, Ukraine)
del-p@ukr.net

Mastocytes are highly specialised, multifunctional cells with basophilic granules in the cytoplasm. These hetero-
geneous myeloid cells are present in vascularised tissues, acting as immune mediators, responding to invasion by
antigen carriers, participating in the organisation of inflammatory reactions and tissue remodelling, etc. The scien-
tific literature contains very little information on mastocytes' response to the effects of biologically active substances
involved in the regulation of colon motility, which prompted us to conduct our study.

The aim was to investigate the peculiarities of changes in the secretory activity of mastocytes of subcutaneous
adipose tissue and mesentery of rats under the influence of biologically active substances.

The study was conducted on white outbred mature male rats; morphometric analysis was used to assess the
secretory activity of mastocytes. Preparations of subcutaneous adipose tissue and mesentery were prepared. The
condition of mastocytes in the preparations was assessed by light microscopy, the degree of secretory activity was
assessed by the degranulation index, the intensity of degranulation was assessed by degrees (weak, moderate,
strong). Some of the experiments were performed in vivo, others in vitro. The effect of flocalin, foridone, a mixture of
flocalin and foridone, NH4Cl solution, quercetin, and caffeine on mast cell secretion was studied.

The maximum effect of stimulation of mast cell secretion was recorded with a mixture of flocalin and foridone,
and the lowest effect was recorded with flocalin alone. This trend is characteristic of both subcutaneous adipose
tissue and mesentery, and is also inherent in in vivo and in vitro conditions. The stabilising effect of quercetin and
caffeine on mast cell secretion was characteristic of mesenteric and subcutaneous adipose tissue mast cells in vivo
and in vitro. The lowest degree of changes in mast cell secretion under the influence of the applied substances was
recorded in preparations of subcutaneous adipose tissue compared to mesentery preparations. The greatest chang-
es in mast cell secretion were observed in in vitro compared to the in vivo effect.

All the selected biologically active substances were found to affect mast cell secretion. At the same time, flocalin,
foridone, a mixture of both of these substances, and alkalisation of the medium proved to be stimulants of mast cell
degranulation. Quercetin and caffeine, on the other hand, have an inhibitory effect on mast cell secretion.

Key words: mastocytes, large intestine, degranulation, mesentery, subcutaneous adipose tissue.

Connection of the publication with planned re-
search works.

The work is a fragment of the research work «In-
fluence of exogenous and endogenous factors on the
course of adaptive reactions of the body to physical ac-
tivity of different intensity» (state registration number
012U108187).

Introduction.

Mast cells (mastocytes, labrocytes, Ehrlich cells) are
highly specialised multifunctional cells with basophilic
granules in the cytoplasm [1, 2]. These heterogeneous
myeloid cells are found in vascularised tissues (skin,
respiratory tract, gastrointestinal and urogenital tract),
acting as immune mediators between the body and the

external environment [2, 3]. Labrocytes respond to in-
vasion and invasion of antigen carriers and participate
in the organisation of inflammation reactions and tissue
remodelling afterwards [4, 5].

In the large intestine, numerous mast cell media-
tors affect enterocytes’ structural and functional integ-
rity, promote the secretion of ions and water, activate
immune and vasomotor responses, participate in hae-
mocoagulation processes, and modulate large intestine
motility [6, 7]. In addition, the release of a wide range of
biologically active substances by mastocytes determines
one of the leading roles of these cells in modulating the
activity of local neurohumoral regulatory mechanisms
of the large intestine [8, 9]. Thus, the biochemical di-
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