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The development of cadmium-induced hepatocellular injury has many similarities with the formation of Pb-asso-
ciated hepatotoxicity. Thus, the negative effect of cadmium on the hepatobiliary system is also mediated primarily by
the formation of bonds with SH groups of mitochondrial protein molecules and the development of oxidative stress,
which causes the depletion of cellular GSH content. In addition, cadmium competes with essential metals (zinc Zn,
selenium Se, copper Cu and calcium Ca), displacing them from metal-containing complexes, causing metabolic disor-
ders, inhibiting mitochondrial energy generation and a decrease in the energy potential of cells, affecting DNA repair
systems and redox state, and changes intercellular adhesion by inducing the dissociation of the E-cadherin/B-catenin
complex. Chronic exposure to cadmium chloride at a dose of 2.0 mg/kg led to changes in the morphological structure
of the liver of experimental animals, which was manifested by a significant increase in the thickness of the liver cap-
sule, an increase in the diameter of blood vessels with local haemorrhages in the parenchyma of the organ (on the
30th day of the experiment), an increase in the number of connective tissue elements and parenchymal compaction
in the rat experiment. Chronic administration of cadmium chloride to rats leads to a rise in the activity of aspartate
aminotransferase and alanine aminotransferase in the blood of male rats compared to the control group at both
periods of the study, which was confirmed by the calculation of the De Ritis coefficient and indicated a negative effect

of cadmium on the histogenesis of the liver of experimental animals.
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Connection of the publication with planned re-
search works.

The work was performed within the framework of
the research work of the Department of Human Anat-
omy, Clinical Anatomy and Operative Surgery of Dnipro
State Medical University “Morphological and functional
state of organs and tissues under the influence of ex-
ternal and internal factors” (state registration number
0120U105219).

Introduction.

The most significant risk to public health, due primar-
ily to the presence of metallurgical, machine-building
and electric power industries, is posed by heavy metals
and their compounds, which are classified as extremely
hazardous and dangerous chemicals (hazard class 1 and
2), including lead and cadmium [1]. These toxicants are
characterised by a significant prevalence in the environ-
ment of urban areas and the ability to damage the body
with prolonged intake, even in concentrations that do
not exceed existing hygiene standards.

The polytropism of their negative impact determines
the lead (Pb) and cadmium (Cd) hazard. Accumulating in
the body, they can interfere with metabolic cycles, rap-
idly change their chemical form when moving from one
environment to another, are not subject to biochemical
degradation, enter into numerous chemical reactions
with each other and other chemical compounds, and
can cause deficiencies of essential elements, displacing
them from binding to protein components [2, 3].

The intake of these heavy metals into the body oc-
curs mainly by inhalation as an aerosol with atmospheric
air, after inhalation of dust particles, cigarette smoke, or
by dietary intake — with food and water [4]. Thus, when
dust with lead microparticles is inhaled, about 30-50%
of its volume is retained in the lungs. Small metal par-
ticles (up to 1 mm) are distributed over a large surface

of the lung alveoli and are almost completely absorbed,
while larger particles are removed by the ciliated epi-
thelium of the respiratory system and partially absorbed
by macrophages. With dusty air, a person receives up to
100 pg of lead per day [5].

The development of cadmium-induced hepatocellu-
lar injury has many similarities with the formation of Pb-
associated hepatotoxicity. Thus, the negative effect of
cadmium on the hepatobiliary system is also mediated
primarily by the formation of bonds with SH groups of
mitochondrial protein molecules and the development
of oxidative stress, which causes the depletion of cel-
lular GSH content. In addition, cadmium competes with
essential metals (zinc Zn, selenium Se, copper Cu, and
calcium Ca) [6, 7], displacing them from metal-contain-
ing complexes, causing metabolic disorders, inhibition
of energy generation by mitochondria and reduction of
the energy potential of cells, affects DNA repair systems
and redox state [8], changes intercellular adhesion by
inducing dissociation of the E-cadherin/B-catenin com-
plex [9, 10].

In addition, the negative effect of cadmium on the
hepatobiliary complex is closely related to the develop-
ment of inflammation in the liver, accompanied by infil-
tration of the organ by polymorphonuclear neutrophils,
which, along with Kupffer cells, release proinflammatory
substances and cause necrosis [11]. For example, stud-
ies by T. Yamano et al. conducted at the beginning of the
twenty-first century demonstrate that activated Kupffer
cells, releasing several inflammatory mediators, subse-
quently increase the expression of adhesion molecules
that initiate a cascade of cellular and humoral reactions
leading to inflammation and secondary Cd-induced liver
damage [12].

Particular attention is paid to the role of tumour
necrosis factor a (TNF-a) in developing Cd-associated
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hepatotoxicity [13]. It has been demonstrated that anti-
TNF-a antibodies prevent Cd-induced secretion of acute
phase proteins and expression of interleukin-1p (IL-1pB),
interleukin-6 (IL-6) and interleukin-8 (IL-8) genes in the
human hepatoma cell line HepG2 [14, 15]. Furthermore,
TNF-a and IL-1B are recognised as inducers of the pro-
duction of adhesion molecules, including intercellular
adhesion molecule-1 (ICAM-1), vascular cell adhesion
molecule-1 (VCAM-1), E-selectin, P-selectin and [B2-
integrin Mac-1 [16, 17].

The aim of the study.

To conduct and analyse morphological and biochem-
ical studies, namely, the liver of experimental animals
under the influence of cadmium chloride polutant.

Object and research methods.

Experimental studies were conducted on white
sexually mature male rats of the Wistar line (nursery
“Dali-2001”, Kyiv, Ukraine). The experimental animals
were kept in accordance with the sanitary and hygienic
standards of the vivarium of the Dnipro State Medical
University (DSMU), Dnipro: air temperature 22+2°C, hu-
midity not less than 50%, light/dark cycle 12/12 hours,
food and drink ad libitum.

After transportation and quarantine (2 weeks), the
animals were healthy, active, ate well, and had no inju-
ries on the skin or ears. During the maintenance, experi-
mentation, and operative removal of animals from the
experiment, we complied with all ethical standards for
the treatment of laboratory animals [18].

The modelling of the effect of cadmium salts and
metal succinate solutions on the body of males and liver
morphogenesis in rats was performed according to the
following plan. All experimental animals were divided
into two groups: experimental group 1 (E Ne 1) — rats
injected with lead acetate solution in a dose of 12.0 mg/
kg in isolation; and control group 2 (C Ne 2) — rats in-
jected with saline.

To solve the tasks, we removed the liver from ex-
perimental rats to determine the dynamics of possible
changes in histological structures during the experiment
on the 15th and 30th day after isolated administration
of lead acetate at a dose of 12.0 mg/kg for comparison
with the control. Animals were withdrawn from the
experiment by an overdose of ether anaesthesia, and
the liver was removed. After removing the organs, they
were measured, weighed, and recorded. In order to find
visible morphological changes, the liver was examined,
then photographed and the selected material was fixed
in a neutral 10% formalin solution for further histologi-
cal and morphohistometric examination. Consider the
specifics of the tasks, the following indicators were
quantified in this study:

- weight indicators of the rat as a whole (g), M+m;

- weight indicators of isolated rat liver (wet weight)

(mg), Mtm;
- liver mass index (%), Mtm, which was calculated
by the formula: m e
LMI:MXIOO%

where LMl is the liver mass index; m is the liver mass
(g); M is the rat mass (g).

The liver, fixed in neutral formalin, was poured into
a paraplast and histological serial sections were made
and stained with review histological dyes. In accordance
with the aims and objectives, histological studies deter-
mined changes in the liver parenchyma, namely, hepatic

and portal lobules, which were examined under a mi-
croscope. The rat liver lobules do not have a clearly de-
fined connective tissue border, so it is impossible to de-
termine the lobule area by calculating a spline contour.
In addition to the hepatic lobule, histological sections
of the liver also show portal lobules, which are conven-
tional triangles with the tops located in the centre of the
three nearest central veins of the liver lobules and the
hepatic triad in the middle. We measured the diameter
of the central liver vein and the length of the sides of
the portal lobe triangles. A ZEISS Axiocam ERc, 5s light
microscopy camera with a P95-C 1/2” 0.5x adapter at-
tached to a ZEISS Primo Star microscope, was used to
obtain digital images and subsequently calculate the
size of the liver parenchyma structures.

To confirm the possible damage to the liver paren-
chyma caused by chronic administration of lead acetate,
we performed biochemical studies of male blood on
the 15th and 30th day of the experiment. To calculate
the De Ritis coefficient, we determined alanine amino-
transferase (ALT) and aspartate aminotransferase (AST)
levels.

Experimental studies were conducted in compli-
ance with the requirements of humane treatment of
experimental animals regulated by the Law of Ukraine
“On the Protection of Animals from Cruelty” (No. 3447-
IV of 21.02.2006) and the European Convention for the
Protection of Vertebrate Animals Used for Research and
Other Scientific Purposes (Strasbourg, 18.03.1986).

Research results and their discussion.

In our experiments, no external malformations or
superficial liver lesions were observed in the experi-
mental animals. To accomplish the tasks and study pos-
sible changes in the histological structure of the liver,
the organ samples were fixed with neutral formalin and
poured into paraffin for histological sections. Already on
the 15th day of exposure to cadmium chloride, thicken-
ing and loosening of the liver capsule was detected on
histological preparations.

In the control group, the thickness of the capsule
was 17.16+0.8 um and had no significant difference in
all three study periods. In the group of isolated exposure
to cadmium, the thickness of the capsule from the 15th
day was 49.35+1.7 um, which continued to thicken to
62.71+4.3 um on the 30th day. Thus, the negative ef-
fect of chronic administration of cadmium chloride on
the state of the liver capsule was manifested through-
out the experiment by a significant increase in capsule
thickness.

The rat liver parenchyma is represented by a collec-
tion of hepatocytes that form a classical liver lobule, i.e.,
a structural and functional unit of the liver with a po-
lygonal prism shape. The central vein is located in the
centre of the lobule, and the lobule is based on hepa-
tocyte laminae. Several hepatocytes form each lamina,
and the periphery of the lobe contains portal zones —
triads, which include the interlobular artery, vein and
bile duct, as well as lymph vessels and nerve fibres. The
laminae are repeatedly anastomosed to each other and
radially converge towards the centre of the lobe, be-
tween which pass intra-lobular bile ducts that do not
have their own wall. There are capillaries between ad-
jacent laminae of hepatocytes, and interlobular arteries
are formed between individual lobules.
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Already on the 15th day of the experiment, changes
in the vascular system of the liver of rats in the group
of isolated exposure to cadmium chloride were deter-
mined; 13.5% of the histological sections examined
showed sinusoidal dilatation of the parenchyma vessels
(fig. 1), which were absent in the control group. We at-
tribute such a vascular reaction to the vascular system’s
response in the organ parenchyma to the hypoxic state
provoked by cadmium in the animal body.

During the next period of the study, the state of the
vascular system in the liver deteriorated significantly,
which was determined by the analysis of histological
sections of the organ. On the 30th day of experimental
daily administration of cadmium chloride, liver samples
showed not only an increase in vessel diameter but also
areas with local haemorrhages in the organ parenchyma
(fig. 2). At this time, such disorders of the vascular link of
the liver parenchyma were already determined to be up
to 18.6%, which indicates a negative effect of cadmium
chloride on the morphological and functional state of
the vascular system of the rat liver in the chronic experi-
ment.

To compare the state of the liver vascular system, we
measured and compared the diameters of the central
lobular vein. The analysis of the results and compari-
son with the control values showed that the diameter
of the central lobular vein significantly increased in the
cadmium group. In the control group, the diameter on
the 15th day was 106.8949.6 um, and at the end of the
30th day, 108.41+6.6 um, i.e. no significant difference
was determined. Under isolated exposure to cadmium
chloride on the 15th day, the diameter expanded to
174.32414.5 um. On the 30th day, the diameter in-
creased to 231.85+18.3 um, which we also considered
as a negative effect of cadmium on the vascular system
of the liver parenchyma (fig. 3). Compared to the con-
trol, the difference in the diameter of the central lobular
vein was significant (p<0.001).

In histological sections, rat liver lobules do not have
a clearly defined connective tissue border, unlike in hu-
mans, so it is extremely difficult or inaccurate to deter-
mine the area of the lobe for comparison. However, in
such cases, histological sections of the liver also show
portal lobules, which are conventional triangles with the
corners located in the centre of the three nearest cen-
tral veins of the liver lobules. We measured the length
of the sides of the triangles of the portal lobules. We
calculated their average value to determine the effect
of cadmium chloride on the formation processes of the
rat liver parenchyma in comparison with the control. In
the control, the average length of the portal lobule side
was determined at 580.20+17.47 um. Under the influ-
ence of cadmium chloride, the indicator increased at
both study periods. Already on the 15th day of exposure
to cadmium, the length of the portal lobule wall was
641.31£19.52 um, and on the 30th day it increased to
743.09+18.04 um. This difference was highly significant
(p<0.001) compared to the control.

Changes in the histological structure of liver tissue
were also determined, along with an increase in the size
of portal lobules. On the 30th day of isolated adminis-
tration of cadmium chloride, the number of connective
tissue elements in histological sections increased. At the
same time, perivascular oedema was not detected, and
the radial arrangement of the hepatic trabeculae was

Figure 1 — Histological section of the rat liver parenchyma on day
15 of the experiment in the cadmium chloride group. Sinusoidal
vasodilation. Hematoxylin and Eosin stain. Magnification: 10x10.

Figure 2 — Histological section of the rat liver parenchyma on
day 30 of the experiment in the cadmium chloride group. Local
haemorrhage and sinusoidal vasodilation. Hematoxylin and Eosin
stain. Magnification: 10x10.

]

Figure 3 — Histological section of the rat liver parenchyma on day 30
of the experiment in the cadmium chloride group. Dilation of the
central lobular vein. Hematoxylin and Eosin staining.
Magnification: 10x10.

preserved. The liver parenchyma was compacted, and
the liver trabeculae thickened and merged, which be-
came clearly visible at the experiment’s end.

Stromal proliferation around the liver lobules and
between the trabeculae was manifested by an increased
stromal-parenchymal ratio. The liver parenchyma itself
was densified, with many stromal components that had
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localised stratification both on the 15th and 30th day of
exposure to cadmium chloride.

Thus, chronic exposure to cadmium chloride led to
changes in the morphological structure of the liver of
experimental animals, which was manifested by a sig-
nificant increase in the thickness of the liver capsule,
an increase in the diameter of blood vessels with local
haemorrhages in the organ parenchyma, an increase in
the number of connective tissue elements and paren-
chymal compaction.

To confirm the possible damage to the liver pa-
renchyma, we performed biochemical studies of male
blood (blood was taken from the tail vein) on the 15th
and 30th day of the experiment. To calculate the De Ritis
coefficient, we determined the level of alanine amino-
transferase and aspartate aminotransferase activity in
the blood serum of experimental animals. This coeffi-
cient is used in the differential diagnosis of liver or heart
damage [19].

To assess the degree of liver damage in animals
treated daily with cadmium chloride solution, we used
the De Ritis coefficient, which is the ratio of AST to ALT
compared to the control. The data analysis obtained
on day 15 of the experiment showed that the De Ritis
coefficient in the cadmium-exposed animals did not
differ significantly from the control values, but a sig-
nificant increase in serum AST activity was detected. In
the control group, AST activity was determined at the
level of 83.4+1.06 units/l, and in the cadmium group —
104.9+3.12 units/Il. ALT activity was 44.6+2.52 units/l in
the control group and increased to 56.7+6.48 units/l in
the cadmium chloride group. Accordingly, the De Ritis
coefficient in the control group was determined at the
level of 1.87, and in the cadmium group, it was 1.85, i.e.,
there was no significant difference. Increased ALT and
AST activity levels indicate pathological processes in the
liver and various organs of experimental animals.

However, on the 30th day, there was a tendency to
increase ALT activity in the serum of the group of experi-
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mental administration of cadmium chloride. In the con-
trol group, the De Ritis coefficient was 1.66 (respective-
ly: ALT=43.1+2.31 units/l, AST=71.7%3.41 units/I). In the
cadmium intoxication group, the coefficient decreased
to 1.39 because AST activity increased to 96.2+4.21
units/l against the background of an increase in ALT to
69.1+1.04 units/Il. That is, in the second part of the ex-
periment (from day 15 to 30), the liver cells of the ex-
perimental animals were more susceptible to destruc-
tion, which released alanine aminotransferase, and its
activity increased in the blood serum.

Thus, the administration of cadmium chloride to rats
increased the activity of AST and ALT in the blood of
male rats compared to the control group at both periods
of the study, which was confirmed by the calculation of
the De Ritis coefficient.

Conclusions.

Chronic exposure to cadmium chloride at a dose of
2.0 mg/kg led to changes in the morphological structure
of the liver of experimental animals, which was mani-
fested by a significant increase in the thickness of the
liver capsule, an increase in the diameter of blood ves-
sels with local hemorrhages in the parenchyma of the
organ (on the 30th day of the experiment), an increase
in the number of connective tissue elements and paren-
chymal compaction in the rat experiment.

Chronic administration of cadmium chloride to rats
leads to an increase in the activity of aspartate amino-
transferase and alanine aminotransferase in the blood
of male rats compared to the control group at both pe-
riods of the study, which indicates a negative effect of
cadmium on the histogenesis of the liver of experimen-
tal animals and was confirmed by the calculation of the
De Ritis coefficient.

Prospects for further research.

They consist of continuing scientific work to identify
all possible correctors of the toxic effects of technogenic
pollutants on the human body.
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BMBYEHHA 130/1bOBAHOTIO BM/IUBY CO/IEA KAAMIIO HA MOP®O/OTIIO
TA BIOXIMIIO NMEYIHKU LLYPIB B EKCMTEPUMEHTI
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Po3sumok Kaomili-iHOykosaHoi 2enamouyentonapHoi mpasemu Mae 6a2amo CrinbHUX puc 3 hopmMysaHHAM
Pb-acoyiliosaHoi 2enamomokcu4yHocmi. Tak, HecamuegHuli ensaue Kaomito Ha 2enamobiniapHy cucmemy maKomc
ornocepedKosyemMoCa, Hacamrepeod, ymeopeHHAM 38°a3Kie 3 SH-2pynamu moneKyn mMimoxoHOpianbHux binkosux
CMpYKmMyp ma po38UMKOM OKUC/H080/bHO20 CMPECY, WO CAPUYUHAE BUCHAMEHHA KAimuHHo20 emicmy GSH.
Kpim mozo, Kadmili KOHKYpye 3 ecceHyianbHUMU memanamu (YUHKOM Zn, ceneHom Se, middro Cu ma Kanbyiem
Ca), sumicHAYU iX 3 MemasnoMiCmKuX KOMIIAEKCi8, BUK/AUKAIOYU MOPYyUeHH memabosnizmy, npuzHiYeHHs
2eHepyB8aHHA eHepaii MiMmOXOHOPIAMU | 3HUXEHHA eHep2emu4yHo20 rnomeHuiany KaimuH, 8nausdae HaA cucmemu
gioHosneHHAa [JHK ma okucnseasnbHo-8i0HOBHULU CMAH, 3MIHIOE MIXCKAIMUHHY ad2e3ito, iHOYKyr4Yu oucoyiayito
KomrineKkcy E-kadzepuH/B-kameHiH. XpoHiyHuli enaue xnopudom Kaomito 8 003i 2,0 me/ke npuzeoous 00 3MiH 8
MopagosnoaiyHuli cmpyKmypi neviHKU 00CaAiOHUX MBAPUH, W0 MPOAB/aAn10Cbt 00CMOBIPHUM 36inbWEHHAM MOBUUHU
Kancynu neviHKku, 36inbweHHAM diamempy CyOUH 3 fI0KA/bHUMU KPO808U/AUBAMU 8 rnapeHximy opaaHy (Ha 30-my
006y excrnepumeHmy), 36inbWEHHAM KiflbKOCMIi CMOAYYHOMKAHUHHUX e/eMeHmis i yuWinbHeHHAM MapeHximu e
eKkcriepumeHmi Ha wypax. XpoHiuHe 88edeHHSA X/10pudy KAOMIto Wypam npu3eooums 00 nNid8UU,EHHA AKMUBHOCMI
acrnapmamamiHompaHcgepasu ma anaHiHaMIHOMPAHcghepasu 8 Kposi camyis Wypa 8 NopieHAHHi 00 KOHMPOAbHOI
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2pynu Ha 060x mepmiHax 00CNiOH(eHHS, U0 Miomeepox y8asioCb PO3PAXyHKOM KoegiuieHma Oe Pimica i ceidyumeo
npo HezamugHul 8MaU8 KAOMIKO Ha 2icmozeHe3 NeviHKU eKcrnepumMeHmasnbHUX meapuH.

Key words: KaOmiesa [HMOKCUKauisa, neviHka, MopghonoeiyHi 00cnioreHHs, b6ioxiMmiyHi 00cniOHeHHs,

anaHiHMpaHcgpepasa, acnapmammpaHcgepasa.

38’A30K ny6niKauii 3 n1aHOBMMM HAyKOBO-goCNig-
HUMUK poboTamu.

Pob0Ty BUKOHAHO Yy pamKax HayKOBO-A0C/iAHOT po-
60Tu Kadbeapn aHATOMIT NOANHK, KNiHIYHOT aHaTOMIT Ta
onepaTmMBHOI Xipyprii JHINPOBCbKOro AepXKaBHOroO me-
AnyHoro yHisepcutety «MopdodyHKLIOHaNbHUIA CTaH
OpraHiB Ta TKAHWH MNig BNAAMBOM 30BHILLUHIX i BHYTPILLHIX
YMHHUKIB» (Ne gepraBHOI peecTpauii 0120U105219).

Bcryn.

Halibinblwmin pusmKk ana 340poB’a HaceneHHs, oby-
MOBJ/IEHUI, B MepLly Yepry, HafABHICTIO MeTanypriiHoro,
MaLUMHOBYAIBHOrO BUPOBHMLTBA | 1EeKTPOEHEPTETUKM,
NpeacTaBAAOTb BAaXKKi MeTa/IM Ta iXHi CNOAYKK, WO Big-
HOCATbCA [0 HaA3BUYAMHO Hebe3neyHnx i HebesneyHumx
XiMiYHUX peyoBuH (1-1 i 2-i Knac Hebesneku), B T.u.
CBMHeLb i Kaamin [1]. LLi TOKCMKaHTM XapaKTepusyroTb-
€Sl 3HAYHOI MOLUMPEHICTIO B 06’€KTAX HABKOAMLIHBLOTO
cepenoBsuLLa cenntebHMX TePUTOPIN | 34aTHICTIO YLLKO-
[OKyBaTW OpPraHiam Nnpu TpMBaIOMy HaAXOOKEHHI HaBiTb
B KOHLLEHTPAL,ifAX, WO HE NePeBULLYIOTb iCHYIOYI FirieHIY-
Hi HOPMaTUBMK.

Heb6esneka ceBuHuto (Pb) i Kagmito (Cd) BM3HaYaEeTb-
CA NOMITPOMNI3MOM iX HEraTUBHOTO BMN/IMBY: HAaKOMMYYIO-
YMCb B OpraHi3ami, BOHM MatoTb 34aTHICTb BTPy4aTuCA B
MeTaboniuHi UMKAK, WBUAKO 3MIHIOBATU CBOK XiMiUHY
dopmy npu nepexoai 3 O4HOro cepefoBuLLA B iHLWE,
He niggatoTbea HioximiyHOMY po3Kaagy, BCTyMawTb B
UYMCNIEHHI XiMIYHI peaKLii 0O4NH 3 OAHMM Ta 3 iHWMMMU Xi-
MIYHUMW CMONYKAMK, MOXKYTb 0bymoBatoBath aediumt
€CCEHLia/IbHUX e/IeMEHTIB, BUTICHAOUM iX i3 3B’A3KY 3
6inKoBMMM KOmMoHeHTamu [2, 3].

HapoxopkeHHA 3a3HayeHUX MpefCTaBHUKIB BaXKKMX
MeTaniB y opraHiam BiabOyBa€eTbCs NepeBaKHO iHrana-
LiHUM LUNAXOM Y BUINALI aepo30/t0 3 aTMochepHUm
NnoBiTPAM, NiCNA BAUXAHHA YAaCTOYOK MUY, CUTapPeTHOro
aumy abo X animeHTapHUM — 3 T3Keto i Bogoto [4]. Tak,
npw BAWXaHHI MUY 3 MiKPOYaCTUHKaMM CBUHLIO 6an3b-
Ko 30-50% 11oro 06’emy 3aTpUMyeTbCA B nereHax. ApibHi
YacTMHKK meTany (Ao 1 mm) po3noinsaoTbes No BeAu-
Kill MOBEpXHi a/ibBEO/1 NEereHiB i NPaKTUYHO MOBHICTIO
abcopbytoTbeA, a YaCTUHKM Binbloro po3mipy Bugana-
IOTbCA BiMYACTUM eniTeniem AMXasbHOI CUCTEMM i YacT-
KOBO MOMIMHAIOTLCA MaKpodaramu. 3 3annaeHnum nosi-
TPAM /I0ANHA OTPUMYE Ha 406y Ao 100 MKr cBuHLO [5].

Po3BUTOK  KagMili-iHAyKOBaHOI  renaTtouentonsp-
HOi TpaBMM Mae 6arato CninbHUX pUc 3 GOPMYBAHHAM
Pb-acouiltoBaHoi renaToTOKCMYHOCTI. TaK, HeraTMBHUM
BN/IMB KagMito Ha renatobiniapHy cuctemy Takox ono-
CepeaKoBYETbCA, Hacamnepes, YTBOPEHHAM 3B’A3KiB
3 SH-rpynamu MoneKkyn MiToxoHgpianbHUX 6inKoBuMX
CTPYKTYpP Ta PO3BUTKOM OKWC/IHOBA/IbHOTO CTpecy, Lo
CMPUYNHAE BUCHAMKEHHA KNITUHHOro Bmicty GSH. Kpim
TOro, KaZMill KOHKYPYE 3 ecCeHLia/IbHUMKU meTanammu
(umHKOM Zn, ceneHom Se, migat Cu Ta Kanbuiem Ca)
[6, 7], BuTicHAIOUM iX 3 META/IOMICTKMX KOMMEKCIB,
BMK/IMKAOUM NopyleHHA meTaboniamy, MNpurHidyeHHs
reHepyBaHHA eHeprii MITOXOHAPIAMM | SHUKEHHA eHep-
reTMYHOro NoTeHLUiany KNiTUH, BMJIMBAE Ha CUCTEMU Bif-
HoBneHHsA AHK Ta oKucntoBanbHO-BiAHOBHUI CTaH [8],

3MIHIOE MIXKKNITUHHY aAaresito, iHAYKy4YM gucouiauio
Komnnekcy E-kaarepuH/B-kateHin [9, 10].

Kpim Toro, HeraTMBHWI BNAMB KaAMit0O Ha remaTto-
6iniapHUn KOMNAEKC TiCHO MOB’A3aHUI i3 PO3BUTKOM
B MeviHLi ocepeaKiB 3anaseHHs, WO CynpoOBOAXKYETLCA
iHinbTpauieto opraHy nonimopdHoALEPHUMWN HENUTPO-
dinamu, ski, Hapagy 3 KnitMHamu Kyndepa, BMBINbHA-
I0Tb NpO3anasibHi CybcTaHLii Ta BUKANKAOTb PO3BUTOK
Hekpo3y [11]. Tak, gocnigkeHHa T. Yamano et al., npo-
BeJeHi we Ha no4yatky XXI| cToniTTA, AEMOHCTPYIOTD,
WO aKTMBOBaHI KAiTMHKM Kyndepa, BUBINbHAKOYM pAg,
MeZjiaTopiB 3ananeHHsA, 3ro40M NOCU/IOIOTb EKCMPECito
MONEKYN aaresii, AKi iHILiIOIOTb KacKag, KNITUHHUX Ta Ty-
MOpPaNbHUX PeaKLii, Wo NpmuBoaATb A0 3aMafeHHA Ta
BTOPUHHUX Cd-iHAYKOBaHMX YLLIKOAMKEHb NediHku [12].

OcobnvBa yBara y po3suTky Cd-acouiltoBaHoi re-
NaTOTOKCUYHOCTI NPUAINAETLCA poni PpaKTopa HEKpo3y
nyxavH a (TNF-a) [13]. NpofeMoHCTpoBaHO, WO aHTU-
TNF-a aHTMTING 3anobiratote Cd-iHAYKOBaHilM cekpeLii
6inKiB rocTpoi dpasu Ta ekcnpecii reHis iHTepaenkiHy-13
(IL-1B), iHTepnelkiHy-6 (IL-6) Ta iHTepneikiHy-8 (IL-8)
Yy KNITUHHIN niHil renatomn noguHu HepG2 [14, 15].
binbwe Toro, TNF-a Ta IL-1B BM3HaHI iHAYKTOpamMu Npo-
OYKUii Monekyn agresii, 30Kpema, MiXKKNITUHHOI Mo-
nekynun agresii-1 (intercellular adhesion molecule-1,
ICAM-1), moneKkynu agresii cyguHHUX KnitnH-1 (vascular
cell adhesion molecule-1, VCAM-1), E-cenekTuHy,
P-cenektuHy Ta BZ-iHTeI'pVIHy Mac-1 [16, 17].

MeTta gocnigeHHs.

MpoBeaeHHA Ta aHani3 mopdonoriyHmx Ta Hioximiy-
HUX JOCNIAXKEHD, @ CaMe, MEeYiHKM eKCnepuMeHTabHUX
TBAPWH NiZ BNIMBOM NOMIOTAHTA KagMito xaopuay.

O6’eKT i meTOAU AOCNIAKEHHA.

EkcnepvmeHTanbHi  AOCNigXKEeHHA npoBefeHi Ha
6innX CTaTeBO3pINMX Lypax-camuax niHii Wistar (pos-
nnigHuK «ani-2001» micto Kuis, YKkpaiHa). YTpumaHHs
eKCnepuMeHTaNbHUX TBAPWH 34iMCHI0OBANOCA BiANOBIA-
HO [0 CaHiTapHO-TiriEHIYHMX HOpMm BiBapito [Hinpos-
CbKOrO AeprKaBHOIo MeAauyHoro yHisepcutety (44MY),
Mm.[HiNpo: TemnepaTypHUn pexxnum nositpsa 22+2°C, Bo-
NoricTb He meHw 50%, cBitanin / TemMHuid umkn 12 / 12
rogvH, ixka Ta nutTa ad libitum.

TBapuHM MicNA TPaHCMOPTYBaHHA Ta KapaHTUMHY (2
TUXKHI) Bynn 300pOBI, aKTUBHI, A06Bpe CNOXKMBaNU iKYy,
He Manu YLWKOAXKEHb Ha LWKIPAHMX MOKPUBAX Ta ByXax.
Mig 4Yac yTpMMaHHA, eKCNepuMMeHTy Ta OnepaTUBHOrO
BWJTY4EHHA TBAPUH 3 EKCNEPUMEHTY MW JOTPUMYBaINCh
YCiX ETUYHUX HOPM NOBOAMKEHHA 3 N1abOPaTOPHUMM TBA-
puHamu [18].

MogentoBaHHA BNANBY CONAMM KagMito Ta pO34mHa-
MM CYKUMHATIB MeTaniB, Ha opraHiam camuis i mopdore-
He3 MeYiHKM y LWypiB NPOBOAMAN 33 HACTYMHUM MIAHOM.
Yci gocnigHi TBApUHK ByM HaMK po3aineHi Ha 2 rpynu:
JocnigHa rpyna gocnigHa rpyna Ne 1 (4 Ne 1) — wypw,
AKMM i30/1bOBAaHO BBOAWN PO3YMH aLLETaTy CBUHLIO
B 403i 12,0 mr/kr; Ta KoHTponbHa rpyna Ne2 (K Ne2) —
LLLypK, AKUM BBOAMAN Bi3i0ONOTFIYHUIN PO3UMNH.

[Ona BupiwWeHHA nocTaBnAeHWX 3aBAaHb HaMW BU-
JanAanacb nedviHka y AOCNigHUX LLypiB ANA BU3HAYEH-
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HA OWHaMiKM MOMAUBWUX 3MiH TiCTONOTNYHUX CTPYK-
TYp BMPOAOBXK eKcnepumeHTy Ha 15-Ty Ta 30-Ty aoby
npu i301b0BaHOMY BBEAEHHI aueTaTy CBMHLIO B A03i
12,0 mr/Kr ana NOPiBHAHHA 3 KOHTposiemM. TBapuH BU-
BOOMAN 3 eKCMepUMEeHTy crnocobom nepenosyBaHHsA
edipHMM HApKO30M, BMUIy4aNn nediHky. Micna BunyyeH-
HA OpPraHiB NPOBOANNIMUCD iX BUMIPHOBAHHSA, 3BaXKyBaHHS,
NPOTOKOtOBAHHA. [1na Toro, Wwob 3HaUTU BUAMMI Mop-
donoriyHi 3miHM nediHky ornaganu, notim doTorpady-
Bann i pikcyBanu BifibpaHuit matepian y HelTpanbHoOMYy
10% po34nHi popmaniHy A5 NOAANbLIOTO FCTONOMYHO-
ro Ta MopoOricTOMeTpUYHOro JoCAigKeHHA. Bpaxosy-
toun cneumdiky NOCTaBNEHUX 334a4y, B AHOMY [OCHI-
O)KeHHi byna npoBeAeHa KifbKiCHa OLjHKA HACTYMHUX
NOKa3HMUKIB:

BaroBi MOKasHWKM Lypa B uinomy (r), Mtm;

Barosi NOKa3HMKM i3071bOBAHOI NeYiHKK Wwypa (Bosio-
ra Bara) (mr), Mtm;

iHOEeKC macu nediHku (%), M+m, sKuiA po3paxosy-
BaBCcA Hamu — 3a Gopmynoto: ™ 100%

LMI=M

e IMM—iHaeKc macuK NediHkK; m —maca neyviHku (r);
M — maca wypa (r).

dikcoBaHa y HeilTpanbHOMYy dOpManiHi NeviHka 3a-
NMBafiacb B MapansacT Ta BUIOTOBAAIUCH TiCTONOTIYHI
cepiliHi 3pi3n, Wwo 3abapBntoBaNUCL OMNSAOBUMMMW Tic-
ToNOriYHMMM BapBHUKamMK. BignosigHo oo meTu Ta 3a-
BAaHb TiCTONOTYHMMW AOCAIANKEHHAMMW BU3HAYaUCh
3MiHW B MapeHXximi Ne4yiHKM, a came nig, MiKpOCKONom
AOCNiXKYBanM NeYviHKoBI Ta MopTasibHi YacTouKku. [le-
YiHKOBI YaCTOUKM LLypa He MatoTb YiTKO OKpeCcaeHoi cno-
JIYYHOIO TKAHWHOK MEXi, TOMY BM3HA4YUTW MJIOLLY Yac-
TOYKM WAAXOM 0OpaxyBaHHA CMIallHOBUM KOHTYpPOM
HeMoXnBo. OKpim NeviHKOBOI YaCTOYKM Ha FiCcTONOrIY-
HUWX 3pi3ax NeYiHKN BUAINAOTb TAaKOXK NOPTAJIbHI YaCTou-
KU — YMOBHiI TPUKYTHWUKM, BEPXiBKM AKMX PO3TALLIOBaHi
Mo LEeHTPY TPbOX HAMBAMKUMUX LEHTPASIbHUX BEH MeYiH-
KOBMX 4YaCTOYOK, a B cCepeimHi —nedviHkoBa Tpiaga. Hamu
NPOBOAMINCL BUMIPIOBAHHA AiaMeTpy LEHTPaNbHOI
BEHM NEYiHKOBOI YaCTOYKM Ta OBXKMHU CTOPIH TPUKYT-
HUKIB NOPTaZbHUX YACTOYOK. [lnAa oTpumaHHA umndpo-
BMX 306pakeHb 3 NOAANbWNM 0B6YMCNEHHAM PO3MIpiB
CTPYKTYp MapeHXiMn neyiHKW BMKOPWUCTOBYBAJsacA Ka-
Mepa Ana cBitnoBoi mikpockonii ZEISS Axiocam ERc 5s 3
apantepom P95-C 1/2» 0,5x, npuegHaHa 40 MiKpPOCKomny
Primo Star komnawii ZEISS.

[Ona niaTBepayKeHHA MOXANBOTO YpaXKeHHA napeH-
XiMW NeYiHKN XPOHIYHMM BBEAEHHAM aueTaTy CBUHLIO
Hamu npoBoaUAUCh BioXimiuHi AocniaKeHHA KPoBi cam-
uis Ha 15-1y Ta 30 noby ekcnepumeHTy. [Ana pospaxy-
BaHHA KoediuieHTy ae PiTica Hamu BM3HAYaNUCb PiBHI
aNaHiHamiHoTpaHcoepasu (A/IT) Ta acnaptaTtamiHo-
TpaHcdepasu (ACT).

EKkcnepumeHTanbHi focnigxeHHsa 6yno nposeaeHo 3
[OTPUMAHHAM BUMOT T'YMaHHOIO CTaB/IEHHA A0 Niaao-
CNigHUX TBAPWH, PernameHTOBaHMX 3aKOHOM YKpaiHu
«TpOo 3aXMCT TBAPMH Bif, }KOPCTOKOro NOBOAMKEHHA» (N
3447-1V Bia 21.02.2006 p.) Ta EBPONENCbKO KOHBEHLL-
€10 NPO 3aXUCT XPebBETHUX TBAPUH, AKI BUKOPUCTOBYIOTb-
CA ANA AOCNIAHUX Ta iIHWKWX HayKoBUX Linel (Ctpacbypr,
18.03.1986 p.).

Pe3ynbTaty gocnigyKeHHA Ta ix 06roBopeHHs.

B Hawmx eKkcnepumeHTax 30BHIilHiIX Bag abo no-
BEPXHEBUX YyparKeHb MeYiHKU y AO0CAIAHMX TBAPWH He
3ycTpivanocb. [1nA BMKOHAHHA NOCTaBJEHWX 3aBAaHb

i JOCNIAYKEHHS MOXAMBUX 3MiH B ricTosioriyHuin 6yao-
Bi Ne4yiHKM 3pasku opraHy ¢ikcyBanacb HeMTPasbHUM
dopmaniHom Ta 3anMBanacb y napannact ANA BUrOTOB-
JIEHHA ricToNoriyHmx 3pi3is. Bxke Ha 15-Tnin1 geHb BNAnBY
XJIOPUAOM KaJMito Ha FiCTO/IONIYHUX NpenapaTax BU3Ha-
Ya/I0Cb MOTOBLLEHHA Ta PO3MYLYBAHHA Kancyaun nevin-
KW.

B KOHTPO/MbHIN rpyni TOBLMHA Kamncyan CTaHOBMANA
17,16£0,8 MKM i He mana AOCTOBIPHOI Pi3HULi HA BCiX
TPbOX TepMmiHax AocAnigKeHHA. B rpyni i3onboBaHo-
ro BMNAMBY KaAMIieM TOBLMHA Kancyam 3 15-Toi gobwu
49,35+1,7 MKM npogoBXKyBana MNOTOBLLYBAaTUCb A0
62,71+4,3 mKm Ha 30-Tiit 006i. TaKUM YMHOM HeraTms-
HUI BMNJIUB XPOHIYHOrO BBEAEHHA X10pUAY KagMito Ha
CTaH Kancyau MneviHKW NposBAABCA BMNPOAOBX BCbOrO
€KCMepMMEHTY [AOCTOBIpHUM 36iNblUeHHAM TOBLUMHM
Kancynu.

MapeHxima nedviHKKM wypa npeacTaBAeHa CyKymnHic-
TIO renaToumuTie, WO GOPMYHOTb KAAaCUMYHY MeviHKoBY
YacTouKy, TOBTO — CTPYKTYPHO OYHKLiOHaNbHY OAUHU-
L0 MeyiHKK, sika Mae Gopmy noniroHasbHOT npusmu. Y
LEHTPi YaCTOYKN NEXWUTb LEeHTpasibHa BEHa, a OCHOBY
YaCTOYKM CKMAZaltoTb MAACTUHKM renatoumTiB. KoxkHa
NaacTMHKa yTBOpPEHa pALOM renaTtoumTis, No nepude-
pii YaCTOYKM 3HAXOAATLCA MNOPTANbHI 30HU — Tpiaan, A0
CKNaay AKWUX BXOAATb MiXK4YacTOYKOBa apTepis, BeHa i
YKOBYHWI MPOTIK, @ TaKOX NiMpocyanHn i HepBOBi BO-
NOKHa. MnacTnHKM 6araTopasoBo aHAaCTOMO3YOTb O4HA
3 OAHOI i pajianbHO CXOAATHCA A0 LEHTPY YACTOUKM,
MiXK AKMMW MPOXOAATb BHYTPILWHbOYACTOYKOBI OBYHI
KaHa/bLi, AKI He MatlTb BMACHOI CTiHKM. MiX cycigHi-
MW NAACTUHKAaMM renaToumnTiB 3HaX0AATbCA Kaninapu, a
MiX OKpPEeMMMM YacToUKammn GOPMYIOTbCA MiKYacTou-
KOBI apTepil.

Bxke Ha 15-Ty O06y eKcnepuMmeHTy BM3HAyasucb
3MiHW B CYAMHHI CUCTEMI NEeYiHKM LWypiB rpynu i30/1bo-
BaHOro BNAMBY Xnopuaom Kagmito y 13,5% pocnigxy-
BaHWX TiCTONOMYHUX MNpenapaTtiB BWM3HAYa/OCb CUHY-
coifanbHi Po3LWMpPeHHs cyamH napeHximu (puc. 1), ki
6ynu BiACYTHI B KOHTPObHIM rpyni. Mu nos’A3yemo TaKy
CYAMHHY peaKLito AK BiANoBiab CYANHHOI cCUCTeMM B Na-
peHximi opraHy Ha TiNOKCUYHWI CTaH, AKWIA NPOBOKYE
KagMili B opraHismi TBApmH.

Ha HacTynHOMy TepMmiHi AOCNiAKEHHA CTaH CyAuH-
HOI CMCTEMM B MeYiHLi 3HAa4YHO MOripLYBABCA, WO BU-
3HaA4ya/0Cb NPW aHani3i rictonoriyHKx 3pisie opraHy. Ha
30-Ty Aoby ekcnepMmeHTanbHOrO LOAEHHOTO BBEAEH-
HA X/IopMAay KagMito B 3pasKax NeyiHKM BUABNAIUCH He
Nvwe 36inblUeHHA giaMeTpy CyAnH, ane i yTBOPHOBaIUCh
OINAHKM 3 NOKA/IbHUMW KPOBOBU/IMBaAMU B MapeHximy
opraHy (puc. 2). Ha ubomy TepMiHi TaKMX NOPYLLEHb PO-
60TM CyAMHHOI NaHKM NapeHXiMM NeYiHKW BXKe BU3Ha-
Yyanocb Ao 18,6%, Wo CBiAYNTb NPO HEeraTUBHUI BNAUB
Xnopuay Kagmito Ha MopdodyHKLOHANbHUI CTaH Cy-
OVHHOT CUCTEeMM NEYiHKM LypPiB B XPOHIYHOMY eKcnepum-
MEHTI.

[OnA NOpiBHAHHA CTAHY CYAWHHOI CUCTEMM MeYiHKK
HaMM BMMIPHOBA/INCb Ta NOPIBHIOBANNCH AiaMeTpu LeH-
TpaNbHOI YaCTOYKOBOI BEHU. AK NOKa3aB aHaNi3 oTpMma-
HUX pe3y/bTaTiB Ta NOPIBHAHHA 40 KOHTPOJIbHUX MOKa3-
HUKIB, ZiaMeTp LLeHTPasIbHOi BEHN YAaCTOUYKMN AOCTOBIPHO
36inblLUyBaBCA B rpyni BNAMBY KagMiem. B KOHTPO/bHIl
rpyni giameTtp Ha 15-Ty aoby ctaHoBmB 106,8919,6 MKMm,
a Ha HanpwuKiHui 30-Toi fobu 108,41+6,6 MKm, TO6TO
OOCTOBIPHOI pi3HMLi He BW3Hayanocb. lNpu i3onboBa-

356

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguuunn — 2023 — Bun. 4 (171) / Bulletin of problems in biology and medicine — 2023 - Issue 4 (171)



MOP®ONO0rifa / MORPHOLOGY

HOMY BMN/MBI XI0PMAOM Kaamito Ha 15-Ty goby giameTtp
poswuptoBaBca 4o 174,32+14,5 mkm, a Ha 30-Tih 4obi
AiameTp 36inbluyBasca Ao 231,85+18,3 MKM, WO TaKOXK
HaMW PO3LiHIOBANIOCh K HEraTUBHMUI BMNAUB Ka4MitO Ha
CYAMHHY CUCTEMY MapeHXimu nediHku (puc. 3). B no-
PiBHAHHI 4O KOHTPOAIO Pi3HMUA AiameTpy LeHTPanbHoi
YyacTo4KkoBoi BeHW byna goctosipHoto (p<0,001).

Ha rictonoriuHmx 3pi3ax MeyYiHKOBI YacCTOYKM Lypa
HE MalOTb YiTKO OKpEecseHOi MeXi CMOMYYHOK TKaHU-
HO, Ha BiAMIHY Big, NHOAMHU, TOMY BU3HAUYUTU NAOLLY
YaCTOYKM A5 MOPIBHAHHA BKpPaAl CKIagHoO, abo HeTou-
HO. Ane B TaKMX BMMaZKax Ha ricTONOrYHMX NpenapaTtax
NevyiHKW BUAINAIOTb TAKOXK NOPTa/bHI YAaCTOYKM, AKi €
YMOBHUMMW TPUKYTHUKAMM, KYTU AKMX PO3TALLOBAHi Mo
LEHTPY TPbOX HAMBAMMKUMX LEHTPANBbHUX BEH MEYiHKO-
BMX 4aCTOYOK. Hamu npoBogmnncb BUMIpHOBaHHA A0-
BXWHW CTOPiH TPWMKYTHWKIB MOPTa/NIbHMUX YACTOYOK Ta
pPO3paxoByBaNOCh iX CEpPeiHE 3HAYEHHA ANA BU3HAYEH-
HA BNAUBY X1I0pMAY KaAMito Ha dopmMoyTBOpIOtOYi Npo-
Lecy NapeHXimm MeyiHKW LLypiB B MOPIBHAHHI 40 KOHTP-
0N10. B KOHTPOJIi NOKAa3HUK cepefHix 3Ha4YeHb AOBXUHU
CTOPOHM MOPTA/IbHOI YAaCTOYKM BM3HAYABCA Ha PiBHI
580,20+17,47 MKM, @ Npu BMNIMBI X10PUA0M KaZMito No-
Ka3HWK 36inbliyBaBcA Ha 060X TepMiHaxX JOCAIANKEHHA.
Byke Ha 15-Tili A06i BNAMBY KaAMIEM [OBMKMHA CTiHKK
NOPTaNbHOI YaCTOYKM cTaHOBKUANA 641,31+19,52 MKMm, Ha
30-Ty noby 36inblwyBanacb Ao 743,09+18,04 mkm. Taka
pi3HMLA Mana BUCOKKUIA piBeHb gocToBipHOCTI (p<0,001)
Y NOPIBHAHHI A0 KOHTPOAO.

Mopsag, 3i 36inblIEeHHAM PO3MipPiB NOPTaNbHUX YACTO-
YOK BM3HAYa/IUCb | 3MiHM ricTONOrYHOIT ByA0BU TKAHUHM
neyiHku. Ha 30-Ty fo6y i301b0BAHOrO BBEAEHHS X/0-
puay Kagmito 36inbllyBanacb KifbKiCTb CMOMYYHOTKA-
HUHHUX eN1eMEeHTIB Ha FiCTONOrYHUX 3pi3ax, Mpu LbOMy
nepuBaCcKyNAPHOro HabpAKy He BU3HAYaNoChb, pagiasb-
He po3TallyBaHHA nedyiHKoBux 6anok 3bepiranoce. Ma-
peHxima MeyiHKM yLibHIOBaNacb, NeYiHKoBi 6asKku no-
TOBLLYBA/INCh i 3IMBAINCh, WO CTaBafo fobpe NOMITHO
HaNpPUKIHLUi eKCcnepumeHTy.

Po3pocTaHHA CTPOMW HABKOAO MEYiHKOBUX 4acTo-
YOK, @ TaKOX MiX Tpabekynamu npossaanocs 36i1b-
LWEeHHAM CTPOMa/IbHO-MApeHXiMaTO3HOro  CniBBiAHO-
weHHA. Cama napeHxima nedyiHKM 6yna yulinbHeHa, 3
BE/IMKOKO KIiJIbKICTIO CTPOMasNbHUX KOMMOHEHTIB, LWO
Ma/IM IOKaNbHe po3lwapyBaHHA AK Ha 15-Ty Tak i Ha 30
£06y BNAMBY XN10PUAOM KagMito.

TaKMM YMHOM, XPOHIYHUI BMNIMB XOPUAOM KaZmito
npu3BoOAMB A0 3MiH B MOPdOOTiYHUIA CTPYKTYpPi NeviH-
KW AOCNIAHUX TBAapWH, WO NPOABAAIOCH AOCTOBIPHUM
36iNbLIEHHAM TOBLMHW KancyiuM MedyiHKM, 36iiblueH-
HAM [iaMeTpy CYAMH 3 JIOKaNbHUMK KPOBOBUIMBAMU B
napeHximy opraHy, 36iNblEHHAM KilbKOCTi CNONYYHOT-
KaHUHHWUX €N1eMEHTIB i YLWLiNbHEHHAM NapeHXimu.

Ona nigTBepArKeHHA MOMKAMBOIO YpaxKeHHA na-
peHXiMM MeyiHKM HamMu MpoBOAMAMUCH BiOXiMiuHI [o-
cnigXeHHA Kposi camuiB (3abip Kposi BigbyBaBca 3
XBOCTOBOI BeHM) Ha 15-Ty Ta 30 goby eKcrnepumeHTy.
[Ons po3paxyBaHHA KoedilieHTy ae PiTica Hamu BU3Ha-
YasMCb piBEHb aKTMBHOCTI a/flaHiHaMiHOTpaHchepasm Ta
acnapTatamiHoTpaHcdepasm B CMpoOBATL KPOBi gocnia-
HUX TBapuH. Llel KoedilieHT BUKOPUCTOBYETLCA Y AM-
depeHujianbHii AiarHOCTULI ypaXKeHb NeYiHKM Yn cepusa
[19].

[Nna OUiHKM CTyneHA ypaxKeHHA NEeYiHKM Yy TBApWH,
WO OTPMMYBANM LLIOAEHHO PO3YMH KaZMmito xaopuay

PucyHoK 1 - FictonoriuHuii 3pi3 napeHximu neviHku wypa 15-i ao6u
eKCNepuMEeHTY rpynu BnavBY X10pUAOM KagMmito.
CuHycoiaanbHe Po3LUIMPEHHSA CYAUH.
3abapBneHHA remaToKcuniH leiigeHraitHa. 36.: 10x10.

PucyHoK 2 - lictonoriuHmii 3pi3 napeHximu neviHku wypa 30-i 4o6u
eKCNepUMEHTY rpynu BNaUBY XN10pUAOM KagMito.
JIoKanbHUi1 KPOBOBU/IUB Ta CUHYCOIAANIbHE PO3LUMPEHHSA CYAUH.
3abapBneHHA remaToKcuniH leiigeHraitHa. 36.: 10x10.

5 ST 3 A

PucyHoK 3 - lictonoriuHmii 3pi3 napeHximu neviHku wypa 30-i 4o6u
eKCMepuMeHTy rpynu BN/IMBY XI0PUAOM Kagmito. PosliMpeHHA
LLeHTPaNIbHOI BEHU YacTOYKU. 3a6apBNEeHHA reMaToKCUNIH
lelipeHraiina. 36.: 10x10.

MW BMKOpuUcTanu KoedilieHT ge PiTica, AKMiA € cniBBia-
HoweHHAM ACT go A/IT B NOPIBHAHHI 40 KOHTpOAtO. AK
NoKa3aB aHa/li3 OTPMMAHMUX AaHuX Ha 15-Ty o6y eKkcne-
pumeHTy, KoediuieHT ge PiTica y TBapuH rpynu BNAnBY
KagMIiEM He MaB AOCTOBIPHOI Pi3HUL 3 KOHTPONbHUMMU
NOKa3HMKaMM, ane BU3HAYa0Cb 3HAYHE 3POCTaHHA aK-
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TnBHOCTI ACT y cupoBaTLi KpoBi. B KOHTPOANi aKTUBHICTb
ACT Bu3Ha4anacb Ha piBHi 83,4+1,06 oa/n, a B rpyni
BN/MBY Kagmiem — 104,9+3,12 oa/n. AktusHicte ANT
CTaHOBW/Ia B KOHTpONi 44,612,522 oa/n Ta B rpyni Bnimey
X710pPMA0M Kagmito 3pocTana ao 56,7 6,48 oa/n. Bia-
noBiaHo KoeodiuieHT ae Pitica B KOHTPOAbHIN rpyni BU-
3Ha4aBcA Ha pisHi 1,87, a npu BnAMBi Kaamiem — 1,85,
TO6TO AOCTOBIPHOI Pi3HMLI He 6yno. MNigBULLEHHSA piBHA
aktmsHocTi A/IT Ta ACT cBiguMTb NPO NATONOriYHI Npo-
Lecu B NeYiHLi Ta B pPi3HUX opraHax AOCNIAHUX TBAPUH.
Ane Ha 30-Ty goby npoasunace TeHAeHUiA 40 36inb-
WeHHA akTnBHOCTI AJIT B cMpoBaTLLi KPOBi rpynu eKkcre-
PUMEHTaNbHOIO BBEAEHHA XN0OpMAY Kaamito. B KOHTp-
oni KoediuieHT ae PiTica ctaHoBuMB 1,66 (BignosiaHo A0:
ANT=43,1+2,31 oa/n, ACT=71,7+3,41 oa/n), a B rpyni
iHTOKCMKaUii Kagmiem KoedilieHT 3HMKyBaBca o 1,39,
60 3pocTtana akTueHicTb ACT ao 96,2+4,21 oa/n Ha Thi
nigBuULLEHHA noKasHuka ANT go 69,1+1,04 op/n. TobTo,
y Apyrifi YacTuHi ekcnepumeHTy (3 15 no 30 goby) Kni-
TUHW MEeYiHKM AO0CNIgHUX TBAPUH Mignarann 6inbwomy
YParKeHHIO [0 pyihHaLii, Wo BMBINbHANO anaHiHamiHO-
TpaHchepasn i il akTUBHICTb 3pocTana B CMPOBATLLi KPOBI.
TaKMM YMHOM, BBEAEHHA XN0pMAY KagMito Lypam
nigsuiLysano akTnueHicTb ACT i A/IT B KpoBi camLiiB Lwypa

B MOPIBHAHHI 0 KOHTPOMLHOI rpynu Ha 06ox TepmiHax
LOCNIAXYBAHHA, WO NiATBEPAKYBANOCh PO3PAXYHKOM
KoediuieHTa ae PiTica.

BucHoBKM.

XPOHIYHWIA BNAMB XI0PUA0M Kagmito B 403i 2,0 mr/Kr
npu3BoAMB A0 3MiH B MOP}ONOTiYHUIA CTPYKTYpPi NevdiH-
KW OOCAIAHUX TBAapWH, WO NPOABAANOCH AOCTOBIPHUM
30i/IblUEHHAM TOBLLMHW KamncyauM MeyiHKW, 36inblueH-
HAM fiameTpy CyAVH 3 JIOKa/IbHUMU KPOBOBUJIMBAMM
B MapeHximy opraHy (Ha 30-Ty 406y eKcnepumeHTy),
36iNbLEHHAM Ki/IbKOCTi CNONYYHOTKAHUHHUX €/IEMEHTIB
i YLWiNbHEHHAM NapeHXiMM B eKCNEPMMEHTI Ha LLypax.

XpOoHiyHe BBeAEHHA XN0PUAY KagMito Lypam npu-
3BOANTb A0 MNiABULLEHHA aKTUMBHOCTI acnapTaTtamiHo-
TpaHcdepasm Ta anaHiHamiHoTpaHchepasm B KPOBi cam-
LiB LLypa B NOPIBHAHHI 4O KOHTPOALHOI rpynu Ha o6ox
TEPMiIHAxX AOCNiIgKEHHA, WO CBIiAYNTb MPO HEraTUBHUMN
BMJINB KaAMilO Ha TriCTOreHes3 neyvyiHk1 eKkcnepumMmeHTab-
HUX TBAapUH Ta NiATBEPAKYBANOCb PO3PAXYHKOM Koedi-
LieHTa ge PiTica.

MepcnekTMBM NOAANBLUNX JOCNIAKEHD.

MonaraloTb y NpPOAOBXEHHI HaykoBoi pobotu 3
BCTAHOB/IEHHA BCiX MOM/MBUX KOPEKTOPIB TOKCUYHOIO
BM/IMBY TEXHOTEHHWUX MONIOTAHTIB HA OPraHi3m NOLMHU.
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BUBYEHHSA 130/IbOBAHOTO BIMJ/IMBY COJIEN KAAMIIO HA MOP®O/IOTIO TA BIOXIMIKO MEYIHKU LLYPIB B
EKCMEPUMEHTI

Hedbopgosa O. O., AHywkesunuy K. C.

Pe3stome. Hebesneka cBuHUto (Pb) i Kagmito (Cd) BU3HauaeTbCA NONITPONI3MOM iX HEraTUBHOIO BMN/IMBY: HAaKOMNWU-
YYHUUCb B OPraHi3ami, BOHM MatoTb 34aTHICTb BTPYyYaTMCA B MeTabOoNiuHi UMKAM, WBMAKO 3MiHIOBATU CBOIO XiMiUYHY
dopmy Npu Nnepexosi 3 0o4HOTo CepefoBULLA B iHLIE, HE NiAAatTbCA BioXiMmiYyHOMY pO3Knaay, BCTYMakoTb B YACAEHHI
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XiMiYHi peakLii oAWH 3 OAHUM Ta 3 IHLWMMM XIMIYHHUMK CNONYKaMU, MOXKYTb 06YMOBNIOBATH AediLUT ecCeHLiaIbHUX
€/IeMEeHTIB, BUTICHAOUM iX i3 3B’A3KY 3 BIIKOBMMU KOMMOHEHTaMM.

Mema pobomu: npoBeAeHHsA Ta aHani3 MopdosoriyHMX Ta BioxiMmiuHUX AocnigKeHb, @ caMme, NeYiHKK ekcrnepu-
MEHTA/IbHUX TBAPWH MiZ, BNIMBOM MNOJIIOTAaHTa KaAMito xiopuay.

06’ekm i memoOdu. BusHauyeHHss 0cOBAMBOCTEN HAaKOMUYEHHA KaAMito B MediHLi LypiB Npu i301b0BaHOMY BBe-
OEeHHI NpoBOANAM 33 JIOMNOMOTOH MCTONOTYHOIo BUBYEHHSA 6ioN0oriYHNMX MaTepianis, a TakoX A0CNIAKEHHA Bioximiu-
HUX NoKa3Hukis A/1T, ACT.

Pesynbmamu. Ha 15-1y oby ekcnepumeHTy BU3HAYaAUCb 3MIHW B CYAMHHIM CUCTEMI NEYiHKM LLypiB rpynu i3o-
JIbOBAHOrO BM/IMBY XJIOPUAOM Kaamito y 13,5% pocnigrKyBaHMX FiCTONOMYHUX NpenapaTiB BU3HAYaN0Cb CUHYCOI-
AaNbHi PO3LIMPEHHA CYyANH NapeHxiMu, AKi 6yau BiACYTHI B KOHTPOALHIW rpyni. Mu noB’A3yemMo TaKy CyAMHHY peak-
Lito SIK BiANOBiAb CYAMHHOI CUCTEMM B MAPEHXiMi OpraHy Ha rimOKCUYHWUI CTaH, AKUIA NPOBOKYE KaaMiil B OpraHiami
TBapuWH. Ha HacTynHOMY TepMiHi AOCNiAKEHHA CTaH CYAMHHOI CUCTEMM B NeYiHLj 3HaYHO MNOripLyBaBcA, WO BMU3Ha-
Yanocb NpKW aHanisi rictonoriyHmx 3pisis opraHy. Ha 30-Ty 406y eKcnepuMMeHTaNbHOrO LWOAEHHOTO BBEAEHHA X/10-
puay KaZamito B 3paskax NeviHKM BUABNANCH He nLle 36iNbLUeHHA AiaMeTpy CyAWH, ane i yTBOPoBaAUCh AiNAHKU
3 JIOKa/NIbHMMM KPOBOBUIMBAMM B MAPEHXiMy opraHy. Ha LboMy TepMiHi TaKuMx NopyLweHb poboTH CyAUHHOT IAHKK
napeHximm neyviHkK BXKe BM3Havanocb o 18,6%, Wwo cBigYMTb NPO HEraTMBHUIM BNAMB XI0PUAY KaaMilO Ha MOp-
$OPYHKLiOHANbHMUIA CTaH CYAMHHOI CUCTEMM MEYIHKM LYpPIB B XPOHIYHOMY eKcnepumeHTi. 1A nopiBHAHHA CTaHy
CYAVHHOI CUCTEMM NEYIHKM HaMM BUMIPHOBANMCh Ta NOPIBHIOBAINCD AiaMETPU LLeHTPaANbHOI YaCTOYKOBOT BEHU. AK
NoKa3aB aHa/li3 OTPUMAHMUX Pe3ynbTaTiB Ta NOPIBHAHHA 40 KOHTPOJIbHUX NMOKA3HUKIB, AiaMeTp LLeHTPasibHOI BEHU
4aCcTOUKM AOCTOBIPHO 36iNbLIYBABCA B rpyni BNAMBY KaAMieM. B KOHTPOAbHIW rpyni giameTp Ha 15-Ty o6y cTaHOBMB
106,8919,6 MKM, a Ha HanpuKiHLi 30-Toi fobn 108,41+6,6 MKM, TO6TO AOCTOBIPHOI Pi3HULI He BU3Ha4Yanock. Mpu
i301b0BaHOMY BNAMBI XJI0PUAOM KaZmito Ha 15-Ty noby aiameTp poswmptoBascs go 174,32+14,5 mkm, a Ha 30-Ti
£06i aiameTp 36inbwyBascsa 4o 231,85+18,3 MKM, LLO TaKOX HaMM PO3LLHIOBANOCh AK HEraTUBHUIA BNINB KagMito
Ha CYAMHHY CUCTEMY MapeHXiMU NeYiHKK. B NopiBHAHHI [0 KOHTPOIO Pi3HMLUA AiaMeTpy LeHTPalbHOi YacTOYKOBOI
BeHM byna goctosipHoto (p<0,001).

BUCHOBKU. XpOHIYHWIA BNIMB X10PUAOM Kagmito B A03i 2,0 Mr/Kr npn3soams A0 3MiH B MOPGONOTiYHUI CTPYKTY-
pi NeYiHKK AOCAIAHWUX TBAPWH, LLLO NPOABAANOCH AOCTOBIPHUM 36iN1blUIEHHAM TOBLLMHW Kancyiu NeviHkn, 36iiblieH-
HAM AiaMeTpy CYAMH 3 NOKaZbHUMK KPOBOBMAMBAMM B NapeHximy opraHy (Ha 30-Ty goby ekcnepumeHTy), 36inb-
LEHHAM KiNbKOCTi CNONYYHOTKAHMHHMX €N1EMEHTIB i YLLIIbHEHHAM MNAapeHXiMN B eKCMEPUMEHTI Ha Lypax. XpOHivHe
BBEAEHHA X/10pUAY KaZMito Llypam NpU3BOAUTL A0 NiABULLEHHA aKTMBHOCTI acnapTatamiHoTpaHcdepasu Ta ana-
HiHamiHOTpaHchepasm B KPOBi caMLiB Lypa B NOPIBHAHHI 40 KOHTPO/bHOI rpynu Ha 060X TepMiHax AOCAIAMXKEHHS,
Lo NiATBEPAKYBANOCh PO3PaxyHKOM KoediuieHTa ae PiTica i cBig4MTb NPO HEraTUBHMI BNIMB KagMito Ha ricToreHes
NeYiHKN eKCnepMMeHTaIbHUX TBAPUH.

Knto4oBi cnioBa: KagmieBa iHTOKCMKaLif, neviHKka, MoppoNorivyHi JOCNiAKEHHS, BioxiMiuyHi fOCNiAXKeHHSA, ana-
HiHTpaHcdepasa, acnapTaTTpaHcdepasa.

EXPERIMENTAL STUDY OF THE ISOLATED INFLUENCE OF CADMIUM SALTS ON THE MORPHOLOGY AND
BIOCHEMISTRY OF THE LIVER OF RATS

Nefodova O. 0., Yanushkevich K. S.

Abstract. The danger of lead (Pb) and cadmium (Cd) is determined by the polytropism of their negative effects:
accumulating in the body, they have the ability to interfere with metabolic cycles, quickly change their chemical
form when moving from one environment to another, do not undergo biochemical decomposition, enter into nu-
merous chemical reactions with each other and with other chemical compounds can cause a deficiency of essential
elements, displacing them from the connection with protein components.

The purpose of the work: conducting and analyzing morphological and biochemical studies, namely, the liver of
experimental animals under the influence of the pollutant cadmium chloride.

Object and methods. Determination of the features of cadmium accumulation in the liver of rats during isolated
administration was carried out with the help of histological study of biological materials, as well as the study of
biochemical indicators of ALT, AST.

The results. On the 15th day of the experiment, changes were determined in the vascular system of the liver
of rats in the group of isolated exposure to cadmium chloride. In 13.5% of the studied histological preparations,
sinusoidal expansion of parenchymal vessels was determined, which were absent in the control group. We associate
such a vascular reaction as a response of the vascular system in the parenchyma of the organ to the hypoxic condi-
tion provoked by cadmium in the animal body. At the next term of the study, the state of the vascular system in
the liver significantly worsened, which was determined by the analysis of histological sections of the organ. On the
30th day of the experimental daily administration of cadmium chloride, liver samples showed not only an increase
in the diameter of blood vessels, but also the formation of areas with local hemorrhages in the parenchyma of the
organ. At this time, up to 18.6% of such violations of the work of the vascular link of the liver parenchyma were
already determined, which indicates a negative effect of cadmium chloride on the morphofunctional state of the
vascular system of the liver of rats in a chronic experiment. To compare the state of the vascular system of the liver,
we measured and compared the diameters of the central lobular vein. As the analysis of the obtained results and
comparison with control indicators showed, the diameter of the central vein of the lobule significantly increased in
the group exposed to cadmium. In the control group, the diameter on the 15th day was 106.89+9.6 um, and at the
end of the 30th day it was 108.4146.6 um, that is, no significant difference was determined. With isolated exposure
to cadmium chloride, the diameter expanded to 174.32+14.5 um on the 15th day, and on the 30th day the diameter
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increased to 231.85+18.3 um, which we also considered a negative effect of cadmium on vascular liver parenchyma
system. Compared to the control, the difference in the diameter of the central lobular vein was significant (p<0.001).

Conclusions. Chronic exposure to cadmium chloride at a dose of 2.0 mg/kg led to changes in the morphologi-
cal structure of the liver of experimental animals, which was manifested by a significant increase in the thickness
of the liver capsule, an increase in the diameter of blood vessels with local hemorrhages in the parenchyma of the
organ (on the 30th day of the experiment), an increase in the number connective tissue elements and parenchyma
compaction in an experiment on rats. Chronic administration of cadmium chloride to rats leads to an increase in
the activity of aspartate aminotransferase and alanine aminotransferase in the blood of male rats compared to the
control group at both time points of the study, which was confirmed by the calculation of the de Ritis coefficient and
indicates the negative effect of cadmium on the histogenesis of the liver of experimental animals.

Key words: cadmium intoxication, liver, morphological studies, biochemical studies, alanine transferase, aspar-
tate transferase.
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MORPHOMETRIC ANALYSIS OF CHANGES OF THE MUCOSA OF UTERINE TUBE

OF FEMALE RAT UNDER THE INFLUENCE OF OPIOID IN EXPERIMENT
Danylo Halytsky Lviv National Medical University (Lviv, Ukraine)
mariapodolyk1979@gmail.com

Tubal factor infertility is one of the most pressing problems of our time, as this condition makes it impossible for a
mature organism to produce offspring. The issue of restoring and preserving reproductive health is one of the priority
problems of modern gynaecology and reproductive medicine. Therefore, in terms of reproductive health care as a
fertility factor, the main focus is on those strategies that can help reduce reproductive losses. In recent years, Ukraine
has been experiencing an insufficient level of reproductive health due to the negative impact of socio-economic in-
stability in the country, martial law, falling living standards, and natural conditions. In addition, the ongoing opioid
epidemic is a major burden on society and has a detrimental impact on future generations. Many literary sources
contain information about the significant adverse effects of opioids on women's reproduction.

The fallopian tube is crucial in the mother's interaction with gametes and embryos. For both human and female
laboratory white rats, it takes almost four days for the oocytes to pass through the fallopian tube to the uterus. De-
fects associated with these processes can lead to infertility, which has motivated a wide range of research into the
causes and treatments of pathological conditions of the fallopian tube.

The article highlights the links of tubal-peritoneal infertility, namely the effect of the narcotic analgesic Nalbufin
on the morphometric parameters of the components of the mucous membrane of the ampulla of the fallopian tube:
the thickness of the mucous membrane, the thickness of the mucous membrane lamina propria, the width and
length of the fold of the mucous membrane of the ampulla of the fallopian tube of the female white rat.

Key words: experiment, morphometry, fallopian tube, nalbuphine.
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