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In teenagers, 30% of boys and 10% of girls showed no signs of asymmetry, asymmetry according to one indicator
—in 50% of boys and 70% of girls, and according to several indicators — in 20% of people of each sex.

Among the children, 10% of the boys each had visual asymmetry of the width of the face, nasolabial folds, the
angle of the mouth and the position of the nose and nostrils, 40% — asymmetry of the smile, 50% — mismatch of the
middle line between the central incisors. Among the girls, symmetry of the eyelids was found in 10%, asymmetry of
the smile — in 40%, and a mismatch of the middle line between the central incisors in 50%.

Among teenagers, 10% of boys had asymmetry of the width of the face, nasolabial folds and the size, shape and
position of the ears, 20% — smile, 50% — mismatch of the middle line between the central incisors. 10% of the girls
had asymmetry in the size and shape of the eyes and eyebrows, 20% — nasolabial folds and corners of the mouth,
30% — smile, and 40% did not match the middle line between the central incisors.

Conclusions. Boys have more visual signs of asymmetry in childhood, girls in adolescence.
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HISTOSTEREOMETRIC CHANGES IN THE VENTRICLES OF THE HEART

OF WHITE RATS AT COBALT INTOXICATION
I. Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine
(Ternopil, Ukraine)
hnatjuk@tdmu.edu.ua

Pathological damage to the heart and blood vessels is often detected in the clinic, and its diagnosis, treatment,
and prevention are important medical and social problems today. Morphologists and clinicians are interested in elu-
cidating the peculiarities of structural and functional reorganization of the structures and vascular bed of the heart
chambers under the influence of chemical factors. The remodelling of myocardial parts during prolonged exposure
of humans and animals to cobalt, which is a heavy metal, has not been thoroughly investigated.

The structures of the heart ventricles of 62 sexually mature white male rats were studied morphologically and
histostereometrically. They were divided into two groups. The first group consisted of 30 intact experimental ani-
mals, and the second group consisted of 32 rats injected daily into the stomach with cobalt chloride at a dose of 4
mg/kg for 30 days. The animals were euthanized by bleeding under thiopental anaesthesia. Histological microdissec-
tions were made from the ventricles of the heart to determine the area of cardiomyocytes, their nuclei, nuclear-cy-
toplasmic index, volumes of cardiomyocytes, connective tissue structures, microvessels, damaged cardiomyocytes,
stromal-cardiomyocyte and capillary-cardiomyocyte ratios. Morphometric parameters were statistically analyzed.

It was found that the area of cardiomyocytes in the left ventricle of white rats under the influence of cobalt
chloride statistically significantly increased by 1.79 times, nuclei by 41.9%, nuclear-cytoplasmic index decreased by
20.3% (p<0.001). In the right ventricle, the above quantitative morphological parameters changed by 32.8%, nu-
clei — by 21.0%, and nuclear-cytoplasmic index — by 8.4% (p<0.001). The volume of damaged cardiomyocytes in
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the left ventricle of experimental animals with prolonged intoxication with cobalt chloride increased by 13.2 times
with a statistically significant difference, and in the right ventricle by 7.3 times (p<0.001). Stromal-cardiomyocyte,
capillary-cardiomyocyte, and nuclear-cytoplasmic rations were significantly altered in the heart ventricles under the
conditions of modelled pathology, indicating marked disturbances in tissue and cellular structural homeostasis.

Key words: heart ventricles, structural changes, histostereometry, 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 of
the Ministry of Health of Ukraine “Structural and func-
tional regularities of the course of adaptation and com-
pensatory processes in organs and systems during surgi-
cal interventions on the abdominal and thoracic cavities
under the influence of toxic endogenous and exogenous
factors” (state registration number 0122U000031).

Introduction.

New technologies developed and utilized by the
scientific and technological process often lead to an
increase in the geosystem of various chemicals and
compounds that can exceed the maximum permissible
concentrations and adversely affect humans and an-
imals. It is known that heavy metals, including cobalt,
are extremely dangerous for the body. This chemical
and its compounds are widely used in various sectors of
the economy and can be released into the environment.
Modern medical and biological literature shows that co-
balt and its salts have a negative impact on hematopoi-
esis, cardiovascular, respiratory, nervous, urinary, and
reproductive systems [1].

The pathology of the heart and its vessels is current-
ly the most common, annually increasing, often compli-
cated by disability and mortality of young, able-bodied
patients and is an important medical and social problem
[2, 3, 4, 5]. Clinicians and morphologists still study struc-
tural and functional changes in the myocardium in vari-
ous physiological and pathological conditions [2, 6, 7]. It
should be noted that morphometric methods, including
histostereometry, allow quantitative characterization of
structural changes in the damaged heart muscle and ad-
equately fully interpret its pathomorphotanatogenesis.
It is also worth noting that the peculiarities of histoster-
eometric remodelling of the heart ventricles under con-
ditions of cobalt intoxication have not been thoroughly
studied.

The aim of the study.

To determine histostereometrically the peculiarities
of remodelling of cardiac ventricular structures in exper-
imental animals under conditions of cobalt poisoning.

Object and research methods.

Morphological and histostereometric methods were
used to study the heart ventricles of 62 laboratory sexu-
ally mature white male rats, which were divided into two
groups. The first group included 30 intact experimental
rats, and the second group included 32 rats injected with
cobalt chloride. This chemical was administered to the
animals in the stomach at a daily dose of 4 mg/kg for
30 days [1]. Animals were euthanized by bleeding under
thiopental-sodium anaesthesia. A thoracotomy was per-
formed, 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 con-
centration, were placed in paraffin. Microtome sections

with a thickness of 5-6 um were deparaffinized, stained
with hematoxylin and eosin, toluidine blue, and picro-
fuchsin, and impregnated with silver nitrate according to
Mallory, Weigert, and Masson [8]. Histostereometry of
the heart ventricles was performed [7], in which the area
of cardiomyocytes (ACMs), their nuclei (AN), nuclear-cy-
toplasmic index (NCI), cardiomyocyte volume (CMV),
connective tissue structures (CTV), microvessels (MV),
stromal-cardiomyocyte (SCMR) and capillary-cardiomyo-
cyte ratios (CCMR), volume of damaged cardiomyocytes
(DCMV) of the left (LV) and right (RV) ventricles were de-
termined. Fifty measurements were performed on each
microsection. For histostereometry of cardiac ventricu-
lar structures, an Olympus light microscope with a digital
video camera and the Video Size 5.0 and Video Test 5.0
software packages were used.

Digital data were statistically processed using the
STATISTIKA computer program (license number VXX-
R303F737429FA-8) at the Department of Systematic
Statistical Research of |. Horbachevsky Ternopil National
Medical University of the Ministry of Health of Ukraine.
The Student’s criterion was used to assess the reliabili-
ty of differences between morphometric parameters of
paired groups of animals [9].

The animals were kept and all experimental studies
with white male rats were carried out in accordance with
the requirements of the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg, 1986), the
General Ethical Principles for Animal Experiments ad-
opted by the First National Congress on Bioethics (Kyiv,
2001), and the Law of Ukraine «On the Protection of An-
imals from Cruelty» (dated 21.02.2006) [10, 11].

Research results and their discussion.

It was found that intoxicating experimental animals
with cobalt chloride led to pronounced changes in the
histostereometric parameters of the heart’s ventricles
(table).

Thus, the area of cardiomyocytes in the simulated
experimental conditions with a pronounced statistically
significant difference (p<0.001) increased by 1.79 times,
and the area of cardiomyocyte nucleiincreased by 41.9%
(p<0.001). At the same time, the nuclear-cytoplasmic
index changed. Under conditions of cobalt intoxication,
this morphometric index with a pronounced degree of
statistically significant difference (p<0.001) was reduced
by 20.3%.

The volume of cardiomyocytes in the intact left
ventricle was (85.2+0.9)%, and in cobalt intoxication —
(74.8+0.5)%. A statistically significant difference was
found between the above morphometric parameters
(p<0.001), and the last morphometric parameter was
10.4% lower than the previous one. It was found that
the volume of capillaries in the studied heart chamber
was also similarly changed, which in the simulated ex-
perimental conditions with a statistically significant dif-
ference (p<0.001) was reduced by 1.78%.
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Table — Histostereometric parameters of the heart

ventricles of white rats (M+m)

Parameter Group of animals
1-st 2-nd
ACMsLV, um? 183,8+1,2 329,942.1%**
ANLV, um? 25,5040,15 36,20+0,15%**
NCILV 0,138+0,003 0,11040,002***
CMVLV, % 85,2+0,9 74,8+0,5%**
MVLV, % 5,22+0,02 3,4440,02%**
CTVLV, % 9,58+0,06 21,76+0,12%**
SCMRLV 0,174+0,001 0,336+0,002***
CCMRLV 0,061+0,001 0,045+0,001%**
DMCVLV, % 2,90+0,03 38,240,6***
ACMSsRV, pm? 127,7+0,8 169,6+1,2%**
ANRV, um? 17,10+0,12 20,7040,15%**
NCIRV 0,134+0,002 0,122+0,001***
CMVRY, % 84,9+0,6 78,8+0,5%**
MVRY, % 5,44+0,03 4,70+0,03***
CTVRV, % 9,66+0,06 16,5+0,09%**
SCMRRV 0,178+0,001 0,270+0,002***
CCMRRV 0,064+0,001 0,05940,001**
DCMVRV 2,70+0,02 19,70+0,18%**

Notes: **-p<0.01; ***-p<0.001 compared to the 1st group.

The volume of the stroma in the left ventricle under
intoxication of experimental animals with cobalt chlo-
ride statistically significantly (p<0.001) increased from
(9.58+0.06)% to (21.76+0.12)%, i.e. by 12.18%.

A pronounced decrease in the volume of cardiomy-
ocytes, microvessels in the damaged left ventricle, and
stromal growth led to disturbances in stromal-cardio-
myocyte and capillary-cardiomyocyte ratios. Thus, the
stromal-cardiomyocyte ratio in the intact left ventricle
was (0.174+0.001), and in experimental animals in-
toxicated with cobalt chloride — (0.336+0.002). It was
found that there was a statistically significant difference
(p<0.001) between the above quantitative morphologi-
cal parameters. At the same time, the stromal-myocyte
ratio in the left ventricle of the 2nd observation group
(intoxication of rats with cobalt chloride) exceeded the
similar control morphometric parameter by 1.9 times.
The findings indicated a pronounced increase in stromal
structures in the studied heart chamber.

The capillary-cardiomyocyte ratio in the left ventricle
decreased under the modelled experimental conditions.
It was found that in the studied heart chamber of white
rats of group 2, this morphometric parameter was sig-
nificantly (p<0.001) reduced by 26.2%, indicating a dete-
rioration in the blood supply to the left ventricle.

The volume of damaged cardiomyocytes in the left
ventricle of experimental animals injected with cobalt
chloride for a month was equal to (38.2+0.6)%. It was
found that the above morphometric parameter with a
high statistically significant difference (p<0.001) exceed-
ed the same control value by 13.1 times.

In the right ventricle, the studied quantitative mor-
phological parameters under the simulated experimen-
tal conditions changed to a lesser extent compared to
the left ventricle. Thus, the area of cardiomyocytes of

the right ventricle with a statistically significant differ-
ence (p<0.001) increased by 32.8%, and the area of
the nuclei — increased by 21.0% (p<0.001). The nucle-
ar-cytoplasmic index decreased from (0.134+0.002) to
(0.12240.001) with a statistically significant difference
(p<0.001), i.e. by 8.9%.

The volume of cardiomyocytes and capillaries of the
right ventricle in experimental animals intoxicated with
cobalt chloride with a statistically proven difference
(p<0.001) decreased by 7.2% and 13.6%, respectively.
The volume of the right ventricular stroma in these ex-
perimental conditions statistically significantly (p<0.001)
increased by 6.84%. The volume of damaged cardiomy-
ocytes of the right ventricle increased almost 7.9 times
(p<0.001) in experimental animals intoxicated with co-
balt chloride.

The light-optical examination of microsections of the
left and right ventricles of the 2nd observation group
revealed severe lymphatic and blood circulation disor-
ders. Vascular disorders were observed in the form of
haemorrhage of mainly venous vessels, perivascular and
stromal oedema, dystrophic, necrobiotic changes in car-
diomyocytes, endothelial cells, stromal structures, foci
of infiltration and sclerosis. The detected morphological
changes were dominant in the left ventricle during pro-
longed cobalt chloride intoxication and correlated with
histostereometric parameters.

The established changes in the relationship between
the morphometric parameters of the nucleus and cyto-
plasm of cardiomyocytes, which adequately reflected
the nuclear-cytoplasmic indices, indicated a violation of
cellular structural homeostasis and depletion of adap-
tive reserves of nuclear structures [6]. The pronounced
changes in stromal-cardiomyocyte and capillary-cardio-
myocyte rations in the studied heart chambers indicated
a violation of tissue structural homeostasis, which dom-
inated in the simulated experiment in the heart’s left
ventricle.

The pronounced pathological and histostereometric
changes in the left ventricle indicate that this myocardial
compartment is most functionally overloaded and more
pronouncedly altered in cobalt chloride intoxication
than the right ventricle. The modelled pathological con-
dition is accompanied by hemodynamic changes, which
lead to various disorders of tissue and cellular structural
homeostasis in the ventricles of the heart, as evidenced
by the detected morphological changes and histostereo-
metric parameters, which can lead to dysfunction of the
studied parts of the heart muscle.

Conclusions.

Prolonged poisoning of experimental animals with
cobalt chloride leads to a pronounced remodelling of
the cardiac ventricular structures, characterised by car-
diomyocyte hypertrophy, changes in their nuclear-cyto-
plasmic rations, deterioration of blood supply, increase
in stromal volume, disorders of cellular and tissue struc-
tural homeostasis, and an increase in the volume of
damaged cardiac muscle cells. The detected histostereo-
metric changes dominated in the left ventricle.

Prospects for further research.

The histostereometric study of the patterns of re-
modelling of cardiac ventricular structures under con-
ditions of cobalt chloride intoxication will improve the
diagnosis, correction and prevention of various myocar-
dial lesions.
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MCTOCTEPEOMETPUYHI 3MIHU B LWTYHOYKAX CEPLA BININX LLLYPIB
NPU KOBANTOBIN IHTOKCUKALLI

TepHONiNbCbKMIA HALiOHANbHUI MegUUHUIA yHiBepcuTteT imeHi . 1. lop6auescbkoro MO3 YkpaiHu
(m. TepHoRinb, YKpaiHa)
hnatjuk@tdmu.edu.ua

lMamosnoeziyHi NMowWKoO#eHHA cepys i CyOUH HepiOKO 8UABAAIOMbCA Y KAiHIiYi, 0ia2HOCMUKG, riKy8aHHS,
NMPOMINaKMUKa SKUX CbO200HI € 8aM/UBOI0 MeOUKO-coyianbHow npobaemoro. 3'acysaHHA ocobrausocmeli
CMPYKMypPHO-QYHKYiOHAAbHOI peopaaHizayil cmpykmyp ma cyOUHHO20 pycsaa Kamep cepus rpu Oil Ha op2aHizm
XiIMIYHUX YUHHUKI8 UiKkasaame mopgosozie ma KaiHiyucmie. PeMoOesnto8aHHA YacmuH MioKapoa npu mpusasomy
8rusi Ha MOUHY Ma meapuH Kobasnemy, AKUl 8i0HOCAMb 00 8AXCKUX Memarlie, MOBHICMIO He 00Ci0HEeHO.

MopgonoziyHo ma 2icmocmepeomempuyHO 8UBHEHI CMPYKMYypU WAYHOYKIE cepys 62 cmameaso3pinux binux
wypie-camyis, ki 6yau po3dineHi Ha 08i epynu. B nepwy epyny exodusno 30 iHMAKMHUX eKcriepumeHmasnbHux
meapuH, opyay — 32 wypu, AKUM KOXCHO20 OHA 8800UU 8 W/YHOK XaA0pud Kobanbmy 8 003i 4 me/ke Ha npomssi
30 0i6. EBmaHa3il0 MBAPUH BUKOHYB8A/U KPOBOMYCKAHHAM 8 YMOBAX MIiONeHmMasi08020 HAPKO3Y. 3 WisyHOYKIe
cepua 8U20MO6AAU 2iCMOs02IYHI MiKponpenapamu, HA SAKUX 8U3HA4aau raowy kapdiomioyumis, ix sdep,
A0epHo-yumonaasmamu4Huli iHOeKc, obcszu kapdiomioyumis, CrioayYHOMKAHUHHUX CMPYKMYyp, MIKPOCYOUH,
YWKOOMCEeHUX Kapdiomioyumis, cmpomasnbHO-KapoiomMioyumapHi ma Kaninsapo-KapoiomioyumapHi 8iOHOWEHHS.
Mopgpomempu4Hi NoKasHUKU 06pobasaau cmamucmu4Ho.

BcmaHosneHo, wo naouw,a kapdiomioyumie y nigomy wiayHoUKy Ginux wypie nio enaueom xsaopudy Kobamsbmy
cmamucmu4Ho 0ocmosipHo 3pocaa y 1,79 pasu, adep Ha — 41,9%, adepHo-yumonaa3mamuyHuli iHOeKc 3HU3UB8cA
Ha 20,3% (p<0,001). ¥ npasomy wsayHOYKY HA8eOeHi KiflbKiCHi MOpghono2iyHi NOKA3HUKU 8i0M08IOHO 3MiHUAUCA
Ha 32,8%, sadep — Ha 21,0%, AdepHo-yumonaasmamuy4Huli iHoekc — Ha 8,4% (p<0,001). Ob6cae nowKoOHeHUX
Kapdiomioyumis y nisomy WAYHOYKY eKCrepuMeHmasabHUX meapuH rnpu mpueanili iHmMoKcukayii xaopudom
Kobasbmy 3 8UPAHEHO CMAMUCMUYHO 8ip0o2iOHOM pi3HuUUero 36inbwuecsa y 13,2 pasu, y npasomy WsayHOYKY
y 7,3 pasu (p<0,001). 3Ha4YHO 3MiHEHUMU Yy WsYHOYKAX Cepus 8 yMoeax 3Mo0esb08aHOI namosoeii sussuaucs
CMpPoMasnbHO-KapdiomioyuumapHi, Kaninapo-kapoiomioyumapHi ma A0epHo-yumonaa3mamuyHi 8i0HOWEHHS, W0

8KA3YB80/10 HA BUPAHCEH] MOPYWEHHA MKAHUHHO20 MA KAIMUHHO20 CMPYKMYypHUX 20Meocmasis.
Knto4voei cnoea: winyHOYKU cepus, CmpPyKMypHi 3MiHU, 2icmocmepeomempis, xa10pud Kobanemy.

3B’A30K nyb6nikauii 3 nnraHOBMMM HayKOBO-AOCAIA-
HUMU poboTamu.

CTaTTs € 4YacCTMHOK HAyKoBO-AOCAIAHOI poboTn
TepHOMiNbCbKOr0 HaLiOHANbHOTO MeAUYHOro YHiBep-
cutety im. |. A. Topbauescbkoro MO3 YkpaiHu «CTpyK-
TYPHO-GYHKLIOHaNbHI 3aKOHOMIpHOCTI nepebiry aaan-
TAUiMHO-KOMMEHCATOPHMX MpPOLLeCiB B OpraHax Ta
cMcTeMax Npu onepaTMBHUX BTPYYaHHAX Ha oOpraHax
YepeBHOI Ta rpyAHOI MOPOXKHUH B YMOBAX Aii TOKCUYHUX
€HJOreHHUX Ta eK3oreHHux ¢aktopie» (N2 aep:kaBHOI
peecTpauii 0122U000031).

Bcryn.

Hosi TexHonorii, AKi pO3BMBAE Ta BWKOPMCTOBYE
HAYKOBO-TEXHIYHMI NpOLEC, HepiaKo Npu3BOAATL A0
36iNblLIEHHA B TEOCUCTEMI PI3HUX XIMIYHUX PEYOBMH i
CMOANYK, AAKIi MOXYTb NEepPeBuLLYBATU FPAaHUYHO AOMYCTU-
Mi KOHUEHTpaLil Ta HeraTMBHO BM/AMBATM Ha NOOUHY
i TBapuHU. Bigomo, Wwo HagssBMyaliHO HebesneyHumm
0N OpraHisMy € BaKKi MeTanu, A0 AKUX BiAHOCUTbCA
K0o6anbT. JaHWi XiMiYHUIA cepedHUK Ta MOro CNoayKu
LUMPOKO 3aCTOCOBYIOTLCA B PI3HUX rany3fax HapogHOro
rocnogapcTea i MOXyTb Nonagatv y AOBKiAAi. B cyyac-
Hi meaunKo-6ionoriyHii niTepaTtypi € AaHi, Wo KobanbT
Ta Oro coni HeraTMBHO BN/IMBAIOTb HA KPOBOTBOPEHHS,
CepLeBO-CYANHHY, AMXaNbHY, HEPBOBY, CEYOBUAINbHY,
cTtaTeBy cuctemm [1].

MaTonoria cepys i MOro cyaAuMH Ha CbOroAHi € Hau-
6iNbl PO3MOBCIOAMKEHOD, WOPIYHO 36inbWYETbCA, He-
PiAKO YCKNAOHKETLCA  IHBANIAHICTIO Ta CMEPTHICTIO
MOI0AMX, Npaue3faTHMUX NALIEHTIB | € BaXK/IMBOKO me-

OVKo-couianbHoo npobnemoto [2, 3, 4, 5]. CTpyKTyp-
HO-OYHKLiOHaNbHI 3MiHM MioKapaa B pi3HMX ¢izionoriy-
HMX Ta NATONOrYHMX YMOBAX [0 CbOTOAHIWHbOrO AHA
BMBYAIOTb KNiHILMCTK Ta mopdonoru [2, 6, 7]. Heobxia-
HO BKas3aTu, WO MOPOMETPUYHI METOAM, A0 AKMX Big-
HOCUTbCA TFiCTOCTEPEOMETpis, [03BONAITL OTPUMATH
KiNIbKICHY XapaKTepUCTUKY CTPYKTYPHUX 3MiH YLIKOAKe-
HOTrO cepLeBoro m’a3a Ta a4eKBAaTHO MOBHOL,iHHO iHTep-
npeTyBaTu Moro natomopdoTaHaToreHes. BapTo Takox
3a3HaYMTK, WO 0COBIMBOCTI FiCTOCTEPEOMETPUYHOI Ne-
pebynoBu LWNYHOUKIB cepus B yMOBax KO6anbTOBOI iH-
TOKCMKaLLii NOBHICTIO HE BUBYEHI.

Merta gocnigKeHHs.

FicTocTepeoMeTpMYHO BU3HAYUTM 0cobaMBOCTI pe-
MOJENIOBaHHA CTPYKTYP LUNYHOYKIB cepuA y eKkcnepu-
MEHTa/IbHUX TBapPUH B yMOBaX KOBANbTOBOIO OTPYEHHS.

O6’eKT i meTOoAU AOCNIAKEHHA.

MopdonoriyHMMKn Ta ricToCTEPEOMETPUYHUMU Me-
TOAAMM 3A4iMCHEHO BMBYEHHS LUYHOUKIB cepua 62 na-
60paTOpHUX CTaTeBO3piNUX BinnMxX LWypiB-camuis, AKi
6ynn posgaineHi Ha Agi rpynu. Meplua rpyna BKAloYana
30 iHTAKTHMX eKcrnepumeHTanbHUX, Apyra — 32 wypw,
AKMM BBOAMNM XN0pUA KO6anbTy. BKaszaHW XiMiuHWMI
CepesiHUK KOXHOMO AHA BBOAM/IM TBAPMHAM B LUIYHOK
B A0608i A03i 4 mr/kr Ha npoTasi 30 ai6 [1]. EBTaHa-
3it0 TBAPUH BUMKOHYBA/IN 32 ZLOMOMOTOI0 KPOBOMYCKaHHA
yMOBaXx TioneHTaN-HaTPieBOro HapKo3y. 3aincHioBanacs
TOPaKOTOMIA, BUAINAAN 3 TPYAHOI NOPOXKHUHM cepue. 3
NiBOro Ta NPaBOro LWIYHOYKIB BUPI3anM LUMATOUKW, AKi
odikcyBanun y 10% HelTpasbHOMY PO34MHi GopmaniHy i
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Tabnuuysa — FictoctepeomeTpuUHi napameTpu
LWAYHOUKIB cepua 6ianx wypis (Mtm)

Napamerp lpyna TBapuH
1-a 2-a
MKMW, mkm? 183,8+1,2 329,92 1%**
NAMLW, mrm? 25,50%0,15 36,20£0,15%**
ALIALW 0,138+0,003 0,110+0,002***
OKM/ILW, % 85,2+0,9 74,8+0,5%**
OK/LW, % 5,22+0,02 3,44+0,02%**
ocNw, % 9,58+0,06 21,76+0,12%**
CKMB/LW 0,174+0,001 0,336+0,002***
KKMB/ILL 0,061+0,001 0,045+0,001***
OYKM/ILW, % 2,90+0,03 38,2+0,6%**
MKMLL, mkm? 127,7+0,8 169,6+1,2%**
NANLW, mkm? 17,10£0,12 20,70+0,15%**
Auinw 0,134+0,002 0,122+0,001***
OKMNL, % 84,9+0,6 78,8+0,5%**
OKNL, % 5,44+0,03 4,70+0,03***
ocnu, % 9,66+0,06 16,5+0,09%**
CKMBMLW 0,178+0,001 0,270+0,002***
KKMBMLL 0,064+0,001 0,059+0,001**
oyKMnw 2,70+0,02 19,70+0,18%**

Npumitkn: **-p<0,01; ***-p<0,001 nopisHAHO 3 1-t0 rpynoto.

nicna npoBefeHHA Yepe3 eTU/I0BI CMMPTU 3POCTatoYoi
KOHLeHTpaLii nomiwann y napadiH. MiKpoToMHi 3pi3n
TOBWMHO 5-6 MKm pgenapadiHisyBanu, dapbysanu
remMaToKCUAIH | €03MHOM, TONYIANHOBMM CUHIM, NiKpO-
dyKkecruHom, 3a Mannopi, Belirepty, MaccoHy nposoanam
imnperHauito a3oTHoKMcauMm cpibnom [8]. BukoHyBanm
ricToctepeomMeTpito WAyHOUKiB cepua [7], npu sk Bu-
3Havanu naouwy Kapaiomiouutis (MKM), ix sgep (MA),
A4epHO-UMTONNA3MaTUYHKI iHaeKe (ALI), obcar kapgio-
miounTiB (OKM), cnony4yHOTKaHMHHUX cTPYKTYp (OC), mi-
KpocyauH (OK), ctpomanbHo-KapgiomioymTapHi (CKMB)
Ta Kaninspo-kapagiomioumTtapHi BigHoweHHs (CKMB),
obcAr ywKoaXKeHux Kapgiomiouutie (OYKM) nisoro
(W) i npasoro (ML) wayHouykis. Ha KoKHOMY MiKpoO-
npenapaTi BMKOHyBanu 50 BumiptoBaHb. lpu rictocte-
peomeTpii CTPYKTYP LUAYHOYKIB CepLIA BUKOPMCTOBYBANn
cBiTN0BUI MiKpockon «Onimnyc» 3 unMppoBoto BigeoKa-
MEpPOI0 i NAKETOM NPUKAALHMX Nporpam «Bigeo po3mip
5.0» i «Bigeo Tect 5.0».

CTaTUCTMYHY 06pO6KY LMPPOBUX AAHMX NPOBOANAU
3a Zonomoroto Komn'totepHoi nporpamu STATISTIKA (ni-
ueHsia Ne BXXR303F737429FA-8) y Biaaini cuctemHumx
CTAaTUCTUYHUX AOCNiAXKEeHb TepHOMINIbCbKOro HaLioHaNb-
HOTo MeANYHOro yHiBepcuTeTy imeHi |. A. fopbayeBcbKo-
ro MO3 YKkpaiHu, BUKOPUCTOBYIOUYM KpuTepiin CTblogeHTa
L5 OLIHKM JLOCTOBIPHOCTI BigMiHHOCTEM MiXK Mopdome-
TPUYHUMM MOKA3HUKAMM NonapHoO BMBpaHUX rpyn TBa-
puH [9].

YTpUMyBaHHA TBAapWH Ta BCi E€KCNepMMEHTasIbHI
OOCNIAMEHHS 3 6inMmK Lypammn-camuamm 34iMcHeHO
3 ypaxyBaHHAM BMMOr «EBPOMNENCbKOI KOHBEHLUii npo
3aXMCT XpebeTHUX TBapWH, IKi BUKOPUCTOBYOTbCA AR
eKCnepMMEHTaNbHUX Ta iHLWMX HAyKoBUX Linein» (Ctpa-
coypr, 1986 p.), «3arasbHUX ETUYHUX MPUHLMNIB EKc-
NMepUMEHTIB Ha TBapUHax», YXBaJIEHUX NepLIMM HaLio-

Ha/IbHUM KOHrpecom 3 bioeTuku (Kuis, 2001 p.), a TakoxK
3aKkoHy YKpaiHn «[1po 3axXUCT TBAPMUH BiA, KOPCTOKOro
nosoaeHHs» (Big 21.02.2006) [10, 11].

Pe3ynbTatu gocnigyKeHHA Ta ix 06roBopeHHs.

BcTaHOBNEHO, WO IHTOKCUKALIA eKcnepMmeHTaNb-
HUX TBAPWH XN0PUAOM KObanbTy Npu3Boanaa 40 BMpa-
KEHUX 3MiH TiICTOCTEPEOMETPUYHMX MAPaMETPIB LUy-
HouKiB cepugs (Tabn.).

Tak, naowa KapgiomiounTiB y 3MOAE/bOBAHUX eKC-
nepMmMeHTasIbHUX YMOBaX 3 BUPaXKeHO CTaTUCTUYHO Bi-
porigHoto pisHuueto (p<0,001) 3pocnay 1,79 pasu agep
KapaiomiountiB Ha 41,9% (p<0,001). 3miHtoBaBCA Npwn
LbOMY SAAEPHO-LMTONAA3MATUYHUI iHAEKC. B ymoBax
KO6a/IbTOBIN IHTOKCUKALLT BKa3aHUI MOpPGOMETPUYHUIA
NMOKa3HMK 3 BUPAXKEHMM CTyNeHeM CTaTUCTUYHO-BIpOTria-
HOT pi3HML (p<0,001) BUABMBCA 3HUKEHUM Ha 20,3%.

O6car KapAiomiouuTiB y HeyLIKOAMKEHOMY NiBOMY
LINYHOYKY AopiBHIoBaB (85,2+0,9)%, a npu KobanbToBI
iHTOKCMKaUii — (74,8+0,5)%. Mix HaBegeHMMKU Mmopdo-
METPUYHMMM NapamMeTpamMu BCTaHOB/IEHA BMpaxKeHa
CTAaTUCTUYHO [OCTOBiIpHA pisHUUA (p<0,001) i ocTaHHiM
MOPOOMETPUYHUI MapamMeTp BUABMBCA MEHLWIMM 3a
nonepegHin Ha 10,4%. BCcTaHOBNEHO, WO aHaNOrNYHO
3MiHEHMM BYB TaKoXK 06CAr KaninapiB y A0CNiAXKYBaHWNM
Kamepi cepus, AKUA Yy 3MOLENbOBAHUX EKCNepUMEH-
Ta/JIbHUX YMOBaX i3 BCTAHOBJ/IEHOK CTAaTUCTUYHO BipoO-
rigHoto pisHuueto (p<0,001) BUABMBCA 3HUMKEHUM Ha
1,78%.

O6cAar cTpomu y NiBOMY LIAYHOUKY NPW iHTOKCUKALLT
eKCMepMMEHTaNbHMUX TBAPUH XI10PUAOM KObanbTy CTa-
TUCTUYHO BiporigHo (p<0,001) 3pic 3 (9,580, 06)% ao
(21,76+0,12)%, T06TO Ha 12,18%.

BuparkeHi 3HMMKEHHs 0b6cAry KapgiomiouuTis, Mmi-
KPOCYAMH Y NOLIKOAKEHOMY N1IBOMY LLUTYHOUKY, 3pOCTaH-
HA CTPOMMW NPU3BOAMUIMN A0 NOPYLLUEHb CTPOMA/IbHO-Kap-
AIOMIOUMNTIPHMX  Ta Kaninapo-KapaiomiounTapHmx
BigHOWweHb. TaK, CTpOMaNbHO-KapAioMiouUTapHi Big-
HOLLEHHSA Y HEMOLIKOAXKEHOMY NiBOMY LUYHOUKY CK/a-
nanu (0,174+0,001), a npu iHTOKCMKaLji eKcnepumeH-
Ta/NlbHUX TBAPWH Xnopuagom Kobanbty — (0,336+0,002).
3’AcoBaHO, WO MiK NpPeacTaBAEHUMU BULLE Ki/lbKiCHU-
MU MOPQONOriYHMMM MOKA3HMKAaMKU iCHyBana cTaTuc-
TMYHO BiporigHa pisHuus (p<0,001). Mpu ubomy cTpo-
MaNbHO-MIOLUTAPHI BiAHOLWEHHA Yy NiBOMY LWAYHOYKY
2-i rpynu cnocTeperkeHb (IHTOKCUKALLA LypiB XJ1I0pUA0M
K0basibTy) nNepeBuLLyBana aHaNOMUYHUIA KOHTPOAbHUN
MopdoMeTpulyHMiA napametp y 1,9 pasu. BcraHosne-
He CBiAYMN0 NPO BUPaAKeHe 3D6iNbLUEHHA CTPOMaNbHUX
CTPYKTYP Yy AOCAiIAXKYBaHilt Kamepi cepus.

Kaninapo-kapgiomiounTapHi BiAHOWEHHA Yy 3moae-
NIbOBAHWX EKCMepuUMEHTa/IbHUX YMOBaxX Y NiBOMY LIAy-
HOYKY 3MeHLwyBanuca. MNpu uboMy BCTAaHOBAEHO, LO
y OOCNiAXKyBaHili Kamepi cepus 6innx wypis 2-i rpynu
BKa3aHW MOPPOMETPUYHINI NapameTp BUABUBCA 3 BU-
COKMM CTyneHem BiporigHocTi (p<0,001) 3HMKEHUM Ha
26,2%, W0 BKA3yBa/0 Ha MOripLlweHHA KpOBOMOCTa4YaHHA
NiBOrO LWYHOYKA cepuA.

O6cAr yWKOAKEHUX KapAiomiounTiB y fiBOMY LAY-
HOYKY eKCrnepuMeHTaNbHUX TBApPWH, AKMM Ha npo-
TA3i Mmicaua BBOAMAM XA0pwua KobanbTy, AOpPiBHIOBaB
(38,2+0,6)%. BctaHOBNEHO, WO HaBeAEHUI BULLE MOP-
bomeTpuyHMIA napameTp 3 BUCOKOK CTAaTUCTUYHO A0-
CToBipHOIO pi3HuLUeto (p<0,001) nepeBunLLyBaB aHaNOru-
HUI KOHTPONbHUI NOKasHMK y 13,1 pasu.
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Y npaBomy LWAYHOYKY AOCAISKYBAHI KiIbKiCHI mop-
$OoNoriyHi NOKa3HUKM Y 3MOAENbOBaHMX YMOBaX eKcne-
PUMEHTY 3MIHIOBAZINCA Y MEHLLOMY CTyMeHi NOPIiBHAHO 3
NiBUM LWAYHOYKOM. TaK, NAoLLa KapAiomioLmTiB NpaBoro
LUYHOYKa 3 BCTAHOB/IEHOK CTAaTUCTUYHO AOCTOBIPHOMO
pisHuueto (p<0.001) 36inblmnnaca Ha 32,8%, agep — Ha
21,0% (p<0,001). AgepHo-uMTONNA3MaTUYHUI iHOEKC
npu LUbOMY 3 BUABAEHOK CTAaTUCTUYHO BiPOriZHO
pisHuueto (p<0,001) smeHwwmscs 3 (0,134+0,002) o
(0,12240,001), To67O0 Ha 8,9%.

Ob6cAr KapaiomioumTis i KaninApiB NPaBoro LWayHOuY-
Ka NpW IHTOKCMKaLii eKcnepmMMeHTaslbHUX TBApPUH X/0-
pUAOM KobanbTy i3 CTAaTUCTUYHO LOBEAEHON Pi3HMLEH
(p<0,001) 3HM3MAMCA BignoBigHO Ha 7,2% Ta 13,6%.
O6cAr cTpoMm NPaBOTo WAYHOUKA Y AaHUX eKCnepuMeH-
Ta/IbHWX YMOBAX CTaTUCTUYHO BiporiaHo (p<0,001) 36inb-
WwrBcA Ha 6,84%. O6cAr yWKOAXKEHUX KapgiomiouumTis
NPaBOro WAYHOYKA MpW iIHTOKCKKaLii AOCAiAHMX TBAPWH
Xl0puMAaom KobanbTy 3pic malixe y 7,9 pasu (p<0,001).

Mpwn cBiThAOONTUYHOMY AOCAIAKEHHI MiKponpenapa-
TiB 1iBOro Ta NPaBoOro WayHOYKIB 2-i rpynu cnoctepexeHb
BUABNANNCA BUPAXKeEHi NopyLleHHA nimdo- Ta KpoBOO-
6iry. Biamivyanuca cyguHHi posnagau y BUMAAI NOBHO-
KpOB’'l MepeBa)HO BEHO3HMX CYAMH, NepuBasanbHUM
Ta CTPOMaNbHUI HAabPAKKU, AUCTPOdIYHI, HEKPOBIOTUYHI
3MiHW KapZiomiouuTis, eHAoTenioumTie, CTPOMaNbHUX
CTPYKTYp, ocepeaKku iHdinbTpaLyii Ta ckneposyBaHHsA. Bu-
ABAeHi MOPPONOTiYHi 3MiHU AOMiIHYBaAW y NiBOMY LUAY-
HOUKY NPW TPMBANIM IHTOKCUKaL,ii x10pnaom KobanbTy Ta
KOpesoBay 3 ricToCTepeoOMETPUYHMMM NapaMeTpamm.

BcTaHOBNEHI 3MiHWM BigHOLWEHb Mi MopdomeTpury-
HUMW NapameTpamu fgpa Ta LUTonaasmMu Kapgiomio-
LMTiB, WO afleKBATHO Big0Oparkanu saepHo-LUTONNA3-
MaTUYHI iHOEKCK, CBIAYMAM NPO NOPYLWEHHA KAITUHHOTO
CTPYKTYPHOrO roMeOoCTasy Ta BUCHAXKEeHHA afanTauinHuX

pe3epBiB AAEPHUX CTPYKTYp [6]. BuparkeHi 3miHuM cTpo-
MaNbHO-KapAioMiouMTapHUX,  KaninApo-KapAiomioum-
TAapHWX BiAHOLWEHb Yy AOCAIAXKYBaHUX Kamepax cepuA
BKa3yBa/M Ha MOPYLIEHHA TKAaHWHHOIO CTPYKTYPHOrO
romeocTasy, AKi AOMiHyBav NpPU 3MOAENbOBAHOMY eKC-
NepMMEeHTI B IBOMY LUYHOYKY CepLA.

BuparkeHi naTorictonoriyHi Ta rictoctepeoMeTpuyHi
3MiHM Yy NiBOMY LUNYHOUKY CBiAYaTb, WO LW Bigain mi-
OKapZa npuv iHTOKCUKALLT X10pnaom KobanbTy HailbinbLu
bYHKLIOHaNbHO NepeBaHTaXKEHWI | BUPaXKeHille 3MmiHe-
HWI NOPIBHAHO 3 NPABMM LUYHOYKOM. 3MOLEe/1bOBaHMM
naToONIOFYHNI CTaH CYMNPOBOANKYETbCA FeMOAMHAMIY-
HUMW 3MiHaMK, LLO NPU3BOAMTbL A0 PiSHUX NOpPYyLIEHb
TKAHWHHOTO Ta KNITMHHOIO CTPYKTYPHUX FOMeOoCTasiB y
LWNYHOYKaX Cepus, Lo MNiATBEPAKYETbCA BUABAEHUMMU
MOpPdONOFiYHMMM 3MiHAMM Ta FiCTOCTEPEOMETPUUYHUMM
napameTpamMmu, WO MOXKe MNPU3BOAUTU A0 AMCHYHKLT
AOCNiAXKYBAHUX YaCTUH cepLeBoro m’asa.

BucHoBKM.

TpuBane OTPYEHHA eKCNEePMMEHTAZIbHUX TBapWH
XN0PUAOM KOBaNbTy NPU3BOANTL L0 BUPAKEHOTO PEMO-
OeNtoBaHHA CTPYKTYpP LWAYHOUKIB cepuA, AKe XapaKkTepu-
3YETbCA FinepTpodieto KapaAiomiouunTie, 3MiHAMKU B HUX
A0EPHO-LMTOMNIAa3MaTUYHNX BiAHOLWEHb, MOFipPLWAHHAM
KpoBOMOCTayaHH#A, 36ibleHHAM 0bcAary CTpomum, nopy-
WEeHHAMM KNITUHHOTFO Ta TKAHWHHOIO CTPYKTYPHWX ro-
MEeOCTasiB, 3pOCTaHHAM 06CAry YWKOAMKEHUX M’ A30BUX
cepueBUX KNITUH. BuABAeHi ricTocTepeoMeTpuYHi 3MiHU
OOMiHYBaM Y NiBOMY LUJTYHOYKY.

MepcnekTMBKM NOAANbLUNX AOCNIAMKEHbD.

licTocTepeomeTpuyHe BMBYEHHA 3aKOHOMIPHOCTEMN
pemoentoBaHHA CTPYKTYP LUAYHOYKIB cepuA B yMOBax
iHTOKCMKaULi xnopuaom KobanbTy A03BONATUME MOKpa-
LLLyBaTM AiarHOCTMKY, KOPEKLIto Ta NPodiNakTUKy pPi3HMX
YparkeHb MioKapaa.
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FNCTOCTEPEOMETPUYHI 3MIHU B LLJTYHOYKAX CEPLIA BI/INX LUYPIB MPU KOBAJIbTOBIA IHTOKCUKALLIT

MHaTiok M. C., Yonau C. 10., Tatapuyk J1. B., Creup H. A.

Pestome. CborogHi ocobavBa yBara AOCAIAHMKIB cnpAMOBaHa Ha 3'acyBaHHA MopdpodyHKLiOHaNbHOT aganTauii
pi3HMX OpraHiB i opraHiamy B LifioMmy A0 3abpyaHeHoro AoBKiAAA (NOBITPA, FPYHTY, BOAMU, MPOAYKTIB Xap4yBaHHA)
Pi3HUMM XiMiYHUMK peyoBUHamK. OcobanBo Hebe3NeYHUMM 414 OpraHiaMiB € BaXKKi MeTanun, 4o AKMX BigHOCUTbCA
K0banbT, BNAMB AKOrO Ha CYAUHWN AOCAIANKEHUN HEAOCTATHBO.

Mema 0ocnidieHHA — FiCTOCTEPEOMETPUYHO BU3HAUYUTU OCOBAMBOCTI PEMOAENIOBAHHA CTPYKTYP LWAYHOYKIB
cepus y eKcnepmMMeHTasibHUX TBapuH B YMOBAX KODOA/IbTOBOIO OTPYEHHS.

06’ekm i memodu OocnioreHHA. MopdoNoriYyHMMM Ta FiCTOCTEPEOMETPUYHMMM METOAAMMN BUBYEHO CTPYKTYPU
LINYHOYKIB cepua 62 ctaTeBO3pinnx 6inux wypiB-camuis, Aki 6yaun posaineHi Ha agi rpynu. Meplua rpyna BKAOYana
30 iHTAKTHUX eKCNepUMEeHTaNbHUX, Apyra — 32 Wypu, AKMM BBOAUAN Xnopua, KobasbTy B WAYHOK B f060BiN f03i 4
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Mr/Kr Ha npoTasi 30 4i6. EBTaHasito TBAapMH BUKOHYBaM 3a LONOMOIOl0 KPOBOMYCKAHHA YMOBAX TioneHTan-HaTpi-
€BOrO HAapKO3y. 3 NiBOro Ta NPaBoOro W/AYHOUKIB Cepua BUFOTOBAAN TiCTONOFYHI MikponpenapaTu, Aki dapbysann
remMaToKCUiH | €03MHOM, TONYIAMHOBUM CUHIM, NiIKPOopyKCMHOM, 3a Mannopi, Belirepty, MaccoHy npoBoguau im-
nperHaw,ito a3oTHOKUCIMM cpibnom. Ha mikponpenapaTtax ricTocTepeoMeTPUYHO BU3HAYa N NOLLY KapAioMioLUTIB,
iX agep, A4epPHO-LMTONIA3MaTUUYHNI iHAEKC, 0bcAr KapaiomMioumTiB, CNOAYYHOTKAHUHHUX CTPYKTYP, MIKPOCYAMH,
CTPOMAJIbHO-KapAiOMiOUUTAPHI Ta Kaninapo-KapgiomioymTapHi BiAHOWEHHS, 06CAT YLWKOAMKEHUX KapaiomioumTis.
KinbKicHi NOKasHWKKM 06p0o6AsSAM CTAaTUCTUYHO. Pi3HULIIO MiXK NOPiIBHIOBAaNbHUMM KiIbKICHUMUW BEANYMHAMW BU3HA-
Yanu 3a kputepiem CTblofeHTa.

Pe3ynbmamu 0ocnioxnceHHA ma ix 062080peHHA. BCTaHOBNEHO, LLO BBEAEHHSA BiMM Lypam-caMmusm Xaopuay
Kob6anbTy NPU3BOAUTL [0 BUPAKEHOTO PEMOAE/IOBAHHA CTPYKTYP LUYHOUKIB CepLs, AKe XapaKTepu3yBaaocs Bupa-
KEHUM PeMOAENOBAHHA CTPYKTYP LWAYHOUKIB cepLs, AKe XapaKTepun3yeTbea rinepTpodieto KapaiomioymTis, ix agep,
3MiHAMMW B HUX AAEPHO-LUTONNA3MATUYHMX BifHOLIEHb, NOripLIaHHAM KPOBOMOCTAYaHHsA, 36inbweHHAM obcary
CTPOMM, NOPYLUEHHAMMU KNITUHHOTO Ta TKAHWHHOMO CTPYKTYPHWX rOMEOCTasiB, 3pOCTaHHAM 0OCATy YLIKOAMKEHUX
M’130BMX CEPLLEBUX KITUH. BUABNEHI riCTOCTEPEOMETPUYHI 3MiHM AOMIHYBA/IM Y NIBOMY LUYHOUKY.

KntouoBi cnosa: WwWayHOUKM cepusa, CTPYKTYPHI 3MiHM, ricTocTepeomeTpis, xnopug, KobaneTy.

HISTOSTEREOMETRIC CHANGES IN THE VENTRICLES OF THE HEART OF WHITE RATS AT COBALT INTOXICATION

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

Abstract. Today, researchers are paying particular attention to the morphological and functional adaptation of
various organs and the body as a whole to the polluted environment (air, soil, water, food) with various chemicals.
Heavy metals are particularly dangerous for organisms, including cobalt, whose effect on blood vessels has not been
sufficiently studied.

The aim of the study — to study histostereometrically the features of remodeling of the structures of the ventricles
of the heart in experimental animals at conditions of cobalt poisoning.

Object and research methods. Morphological and histostereometric methods were used to study the structures
of the ventricles of the hearts of 62 sexually mature white male rats, which were divided into two groups. The first
group included 30 intact experimental rats, the second — 32 rats injected with cobalt chloride into the stomach in
a daily dose of 4 mg/kg for 30 days. Animals were euthanized by bloodletting under thiopental-sodium anesthesia.
From the left and right ventricles of the heart, histological micropreparations were made, which were stained with
hematoxylin and eosin, toluidine blue, picrofuchsin, impregnation with silver nitrate was carried out according to
Mallory, Weigert, and Masson. The area of cardiomyocytes, their nuclei, the nuclear-cytoplasmic index, the volume
of cardiomyocytes, connective tissue structures, microvessels, stromal-cardiomyocyte and capillary-cardiomyocyte
relations, the volume of damaged cardiomyocytes were determined histostereometrically on the micropreparations.
Quantitative indicators were processed statistically. The difference between comparative quantitative values was
determined by Student’s test.

Research results and their discussion. It was established that the administration of cobalt chloride to white male
rats leads to pronounced remodeling of the structures of the ventricles of the heart, which was characterized by
the pronounced remodeling of the structures of the ventricles of the heart, as characterized by hypertrophy of
cardiomyocytes, their nuclei, changes in nuclear-cytoplasmic ratios in them, deterioration of blood supply, increase
in the volume of the stroma, disorders cellular and tissue structural homeostasis, an increase in the volume of
damaged muscle heart cells. The revealed histostereometric changes dominated in the left ventricle.

Key words: heart ventricles, structural changes, histostereometry, cobalt chloride.
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