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One of the most dangerous, long-lasting and persistent pollutants is heavy metals, the most typical anthropo-
genic associations of which are lead Pb, cadmium Cd, nickel Ni, as well as tin Sn, cobalt Co, mercury Hg, antimony
Sb and bismuth Bi. Currently, the most common environmental toxicants in the group of heavy metals are mercury,
cadmium and lead salts, which, when ingested by mammals, stimulate oxidative stress and compete with biogenic
metals (zinc, manganese, copper, iron, calcium, etc.) for binding to the active site of many proteins and enzymes,
causing their dysfunction. Accumulating in the body, cadmium has both direct and indirect adverse effects, mainly on
the reproductive, endocrine, immune systems, blood, kidneys and bone tissue, causing significant changes in them
and inducing degeneration and transmutation of the cellular apparatus. The peculiarities of cadmium accumulation
in rat bones under isolated administration and under correction conditions with zinc and ferrous succinates were
determined using polyelement analysis of biological materials and objects by atomic emission with electric arc at-
omisation.

Chronic intragastric administration of cadmium chloride at a dose of 2.0 mg/kg leads to a decrease in the zinc
level in the mandible's bone tissue compared to the control values both on the 20th and 30th day of the study. Zinc
succinate reduces the cadmium level in the mandible's bone tissue with combined intragastric administration in a
chronic experiment on rats. During the 30 days of the experimental study, no significant difference in the effect of the
studied factors on the calcium level of the mandible was determined.

Key words: cadmium intoxication, ferrous succinate, zinc succinate, mandible, atomic emission.

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 fundamental task of the state environmental
policy is to protect the environment in the interests of
public health, particularly to reduce the risk of adverse
effects of the negative impact of pollution of various

natural objects on humans [1]. This activity is becoming
increasingly relevant and is gaining growing recognition
as environmental and health issues take an increasingly
important place in politics both globally and in the Eu-
ropean context.

One of the most dangerous, long-lasting and per-
sistent pollutants is heavy metals, the most typical an-
thropogenic associations of which are lead Pb, cadmium
Cd, nickel Ni, as well as tin Sn, cobalt Co, mercury Hg,
antimony Sb and bismuth Bi [2, 3]. Currently, the most
common environmental toxicants in the group of heavy
metals are mercury, cadmium and lead salts, which,
when ingested by mammals, stimulate oxidative stress
and compete with biogenic metals (zinc, manganese,
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copper, iron, calcium, etc.) for binding to the active site
of many proteins and enzymes, causing a violation of
their functions [4, 5].

Cadmium, accumulating in the body, has a direct or
indirect negative impact on almost all organs, but the
most significant changes are in the reproductive, endo-
crine, immune systems, blood, kidneys and bone tissue,
inducing cell degeneration or even transmutation [6, 7].
Oxidative stress is considered to be the key molecular
mechanism underlying Cd-induced cytotoxicity.

As noted by Zhang et al. (2019) and V.Unsal et al.
(2020), cadmium, unlike other heavy metals, can gen-
erate superoxide 02-, hydroxyl HO-, and nitroxide
radicals only indirectly [8, 9]. Studies by M. Watanabe
et al. (2003) also showed the possibility of Cd-induced
formation of non-radical hydrogen peroxide H202, an
important free radical source in Fenton reactions [10].
A set of studies conducted in the first twenty years of
the 21st century showed that one of the important “tar-
gets” of cadmium’s negative impact is bone and carti-
lage tissue: prolonged exposure to the toxicant leads to
increased skeletal fragility and decreased bone mineral
density [11, 12]. In vivo studies in experimental animals
have shown that chronic exposure to cadmium reduces
the mineralisation of vertebral bodies, changing their
biomechanical properties and making them more sus-
ceptible to deformation and fracture. It has also been
demonstrated that cadmium reduces the expression of
osteoblastic differentiation markers (Runx2, osteocal-
cin), extracellular bone matrix proteins (type | collagen)
and enzymes involved in the mineralisation process
(ALP), changing the process of bone formation and min-
eralisation. The results of the study by D.Garcia-Mendo-
za et al. (2019) and J. Rodriguez et al. (2016) provided
evidence that chronic exposure to cadmium reduces
bone volume and increases the activity of Tartrate-Re-
sistant Acid Phosphatase (TRAP) in the subchondral
layer of the tibia [13, 14, 15], indicating that osteopenia
is induced by increased bone resorption. At the same
time, an increase in the percentage of adipose bone
marrow was observed, indicating cadmium deprivation
of mesenchymal cell differentiation into osteoblasts by
stimulating adipogenesis.

The aim of the study.

To conduct and analyse the trace element compo-
sition of bones, namely, the mandible of experimental
animals, according to the data of polyelement analysis.

Object and research methods.

Experimental studies were conducted on white sex-
ually mature male rats of the Wistar line (nursery “Dali-
2001”, Kyiv, Ukraine). The experimental animals were
kept following the sanitary and hygienic standards of the
vivarium of the Dnipro State Medical University (DSMU),
Dnipro: air temperature 22+2°C, humidity at least 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 adhered to all ethical standards for the
treatment of laboratory animals [16].

The modelling of the effect of cadmium salts and
metal succinate solutions on the body of males and
bone morphogenesis in rats was performed according
to the following plan. All experimental animals were

divided into 7 groups: experimental group No. 1 (E No.
1) — rats injected with a cadmium chloride solution at a
dose of 2.0 mg/kg in isolation; experimental group No.
2 (E No. 2) —rats injected with a cadmium chloride solu-
tion at a dose of 2.0 mg/kg in combination with a zinc
succinate solution at a dose of 5 mg/kg; experimental
group No. 3 (E No. 3), who were administered a solution
of cadmium chloride at a dose of 2.0 mg/kg in combina-
tion with a solution of ferrous succinate at a dose of 10
mg/kg; experimental group 4 (E No. 4) — rats injected
with lead acetate solution at a dose of 12.0 mg/kg in
isolation; experimental group 5 (E No. 5) — rats injected
with lead acetate solution at a dose of 12.0 mg/kg in
combination with zinc succinate solution at a dose of 5
mg/kg; experimental group 6 (E No. 6) — rats injected
with lead acetate solution at a dose of 12.0 mg/kg in
combination with ferrous succinate solution at a dose of
10 mg/kg; and control group 7 (C No. 7) — rats injected
with saline solution.

Both in the case of isolated exposure to heavy met-
als and in combination with zinc or ferrous succinates,
the administration volume did not exceed 0.5 ml, which
does not lead to stretching of the stomach of the ex-
perimental rat and does not introduce the side effect of
mechanical stress.

The peculiarities of cadmium and lead accumulation
in rat bones under isolated administration and correc-
tion with zinc and ferrous succinates were determined
using polyelement analysis of biological materials and
objects by the method of atomic emission with electric
arc atomisation. The above measurements were con-
ducted at the State Enterprise “Ukrainian Research Insti-
tute of Transport Medicine of the Ministry of Health of
Ukraine (Odesa) under the agreement on scientific and
creative cooperation (2018). Atomic emission analysis
with arc atomisation allows for qualitative and quantita-
tive elemental analysis of samples of almost any nature.
The essence of the atomic emission method of analysis
is as follows. A specially prepared sample is placed on
one of two graphite electrodes in a well. The electric arc
between the electrodes causes the sample to vaporise
and atomise, and the atoms that form the sample un-
dergo energy absorption and enter an excited state due
to the high temperature. Each atom stays in the excited
state for approximately one s, after which it returns to
the ground state, emitting one or more energy quanta
(photons). Each chemical element emits photons with
a specific wavelength. The spectrometer captures the
light from the voltaic arc and decomposes it using a
diffraction grating. It separates photons with different
wavelengths from each other. Measuring how many
photons are emitted with the wavelength correspond-
ing to each chemical element is possible. As a result, the
amount of a particular chemical element in the sample
can be determined.

The samples were prepared, and the metal con-
tent in bones was measured in accordance with DSTU
30823-2002. According to DSTU 30823-2002, a standard
spectral buffering mixture was used as a solvent. The
samples’ quantitative measurement of metal content
was performed using an Emas-200 CCD atomic emission
spectrometer (verified on 30.11.2017, certificate of veri-
fication 4706-FG). The EMAS-200 CCD atomic emission
spectrometer is a modern analytical device controlled by
a computer and performs all the necessary calculations
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independently with mini-

mal operator involvement.

Quantitative determination

W Control

in the analysed objects was
performed at the follow-

ing wavelengths: cadmium

¥ Cadmium chloride

228.802 nm, lead 283.305
nm, zinc 213.856 nm, iron

238.204 nm.

m Cadmium +
ferrous succinate

In our experiment, it was
decided to analyse the ac-

Cadmium + zinc

cumulation of cadmium as

suceinate

a marker of chronic intoxica-
tion by widespread ecopolu-
tants, as well as zinc and iron
aselementswith pronounced

antagonistic properties to-
wards cadmium compounds.

14 day

20day 30 day

Zinc and iron are part of the
trace element systems of the
human body, the balance of
which is disturbed primarily under conditions of heavy
metal intoxication. To analyse the accumulation, we
used the bones of male rats of all experimental groups
on the 15th and 30th day of the experiment. Bones for
determining the trace element status were not subject
to fixation according to the sample preparation require-
ments but were immediately frozen and delivered to the
Ukrainian Research Institute of Transport Medicine for
further research.

In accordance with the aim and objectives of the
study, we compared the content of cadmium in bones
(mandible) under isolated administration of cadmium
chloride and combined administration of cadmium chlo-
ride with ferrous or zinc succinates in a chronic experi-
ment on rats.

The experimental studies were conducted in compli-
ance with the requirements for humane treatment of
experimental animals regulated by the Law of Ukraine
“On Protection of Animals from Cruelty” (No. 3447-1IV
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.

When examining and comparing the level of cadmi-
um in the bones of the mandible and femur, it should be
noted that these samples already had a significant dif-
ference in indicators in the control group. At the experi-
ment’s beginning, the cadmium level in the mandible
was 3.7 times higher than in the femur. We believe that
the different shape, structure and functional load of the
bones explains this difference.

The results of the polyelement analysis showed that
the level of cadmium in the mandible of the control
group of experimental animals tended to increase dur-
ing the experiment, i.e. 30 days. On day 14 in the control
group, the accumulation of cadmium in the mandible
of experimental animals was 0.3362+0.0434 pg/g; on
day 20, the indicator increased to 0.4117+0.0933 ug/g,
and at the end of the experiment, it was maximum
0.4830+0.0208 pg/g. In the group of isolated exposure
to cadmium chloride, cadmium accumulation increased
by 2.5 times as much as in the control group on the
14th day of administration. Quite unexpected was the
increase in cadmium levels in the group of combined

Figure — Dynamics of cadmium accumulation (ug/g) in the bone tissue of the mandible of rats in
experimental groups on the 14th, 20th and 30th day of the experiment.

administration of cadmium with ferrous succinate,
wherein the samples of the mandible, the accumulation
of cadmium exceeded not only the control values but
also the group of isolated cadmium administration (fig.)
The combined administration of cadmium with zinc suc-
cinate significantly reduced the absorption of cadmium
by bone tissue at this time of the study.

The analysis of the results of the polyelement meth-
od on day 20 showed an increase in the level of cad-
mium accumulation in the group of isolated administra-
tion and in the group of combination of cadmium with
ferrous succinate, as well as on day 14 of the experiment
(fig.). The level of cadmium in the bone tissue of the
mandible in the group that had combined administra-
tion of cadmium with ferrous succinate was significantly
lower than in the group that had isolated cadmium ad-
ministration.

And the combined administration of zinc with cad-
mium significantly (p<0.001) reduced the level of cad-
mium accumulation compared to both the group of
isolated administration and the group of combined ex-
posure to cadmium with ferrous succinate. Thus, there
was a tendency to reduce cadmium accumulation in the
mandibular tissue under combined exposure to zinc.

A comparison of the data on the level of cadmium
accumulation in the mandible on the 30th day of the
experiment in all groups also proved a decrease in the
level of the indicator only when using a combination
with zinc (fig.). During this study period, the cadmium
accumulation level increased by 9.7 times compared to
the control (p=0.001) and significantly decreased in the
combined administration groups. The lowest level of
cadmium was determined in the combined effect with
zinc succinate.

Thus, the analysis of the results obtained on the ac-
cumulation of cadmium in the mandible demonstrated
that zinc succinate reduces the level of cadmium in
bone tissue with combined intragastric administration
in a chronic rat experiment.

Analysing the changes in the calcium balance of the
rat mandible on day 14 of the experiment, we did not
find a significant difference in all samples studied (fig.).
Thus, at the beginning of the experimental administra-
tion of the studied substances, there were no significant
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shifts in the maintenance of the calcium balance of the
bone tissue of the mandible.

The analysis and comparison of the data from the
trace element analysis on day 20 showed the following
results. As in the previous study period, calcium levels
decreased insignificantly in all groups. Similarly, on the
30th day of the study, there was no significant differ-
ence in the effect of the studied factors on the calcium
level of the mandible. In the control group, the calcium
level was 234.76110.02 mg/g, in the group of isolated
exposure — 238.65+13.57 mg/g, with the combined
administration of cadmium with ferrous succinate —
210.24+15.15 mg/g, and in combination with zinc suc-
cinate — 215.70+14.62 mg/g. It is possible to determine
a tendency to decrease the level of calcium in the bone
tissue of the mandible under isolated exposure to cad-
mium chloride at all studied periods, but we did not ob-
tain a significant difference. In the group of combined
administration of cadmium with zinc succinate, there is
a tendency to restore calcium levels closer to the control
values, but also without a significant difference. The ad-
ministration of cadmium with ferrous succinate did not
contribute to the restoration of calcium levels in the tis-
sues of the mandible, and the indicators of this group
in all three terms were close to those of the group of
isolated cadmium exposure. Thus, in contrast to the cal-
cium levels of the femur, the studied substances did not
affect the calcium balance of the mandible.

Comparison in groups of the results of polyelement
analysis of zinc accumulation in the structures of the
mandible of rats under chronic exposure to cadmium
chloride at a dose of 2.0 mg/kg in isolation and com-
bined with ferrous or zinc succinates showed the follow-
ing. On the 14th day of administration, the level of zinc
(303.9+15.4 pg/g) in the isolated administration of cad-
mium increased significantly (p<0.05) compared to the
control (280.9+14.4 pg/g). Such indicators differ from
those in the results of the effect on the zinc level in the
femur, where a decrease in zinc levels was detected im-
mediately from day 14 of the experiment. The zinc level
in the group of combined administration of cadmium
with ferrous succinate at this time had no significant dif-
ference with the control. In the group with combined
exposure to cadmium and zing, the level of this trace el-
ement predictably increased (fig.). The zinc level in this
group exceeded the data not only of the control group
but also of the group of isolated exposure to cadmium
chloride. The dynamics of zinc accumulation in the man-
dible in the group of isolated exposure to cadmium sub-
sequently changed dramatically.

On the 20th day of the experiment, the zinc accumu-
lation indicators by the mandible’s bone tissue changed
its direction. It should be noted that at this time of the
study, a decrease in zinc levels was determined in the
control group (fig.). In the isolated cadmium adminis-
tration group, zinc levels decreasedto decrease signifi-
cantly by day 14. The indicator decreased below the
control values on day 20 but without a significant dif-
ference and amounted to (240.5+11.4 pg/g). And in the
group of combined administration of cadmium with fer-
rous succinate, the level of zinc was kept at the level of
unreliable excess of control values (273.2+11.3 ug/g).
It can be concluded that the administration of ferrous
succinate in combination with cadmium chloride stably
maintains the zinc level in the rat mandible’s bone tissue

during a chronic experiment in the indicated doses. The
zinc level in the group that combined administration of
cadmium with zinc succinate was expectedly high and
exceeded the control values. We did not compare the
results for this trace element in this group (fig.).

At the end of the experimental study, i.e. on the
30th day, the data of the polyelement analysis showed
the following. In the control group, the zinc level was
273.2+13.05 pg/g, i.e., the value did not differ signifi-
cantly from the data of the 20th day. In the group of
isolated exposure to cadmium, the amount of zinc was
significantly lower (240.5+11.4 ug/g) than both the con-
trol values and the value on the 20th day of the experi-
ment. That is, chronic intragastric isolated administra-
tion of cadmium chloride leads to a decrease in the level
of zinc in the bone tissue of the mandible of rats during
the entire period of administration.

In the group that had combined administration of
cadmium with ferrous succinate at this time, the level of
zinc began to decrease despite its higher level compared
to the group that had cadmium intoxication on day 20.
The amount of zinc was determined at 226.7+£13.03
ug/g, which was significantly lower (p<0.045) than that
of the 20th day. Comparison and analysis of the results
obtained on the accumulation of zinc in the mandible
of experimental animals shows that during the first 20
days, ferrous succinate maintains the level of zinc in it,
but on day 30, this indicator did not have a significant
difference with the indicator of the group of isolated
cadmium administration. The level was expected to be
the highest in the group that combined administration
of cadmium with zinc succinate.

Thus, as shown by the comparison on the 20th and
30th day of the study, chronic administration of cadmi-
um chloride at a dose of 2.0 mg/kg leads to a decrease
in the zinc level in the bone tissue of the mandible com-
pared to the control values. It can be concluded that the
presence of cadmium leads to a lack of zinc in the body
of experimental animals.

Conclusions.

Thus, based on the above, it can be concluded that
chronic intragastric administration of cadmium chloride
at a dose of 2.0 mg/kg leads to a decrease in the level
of zinc in the bone tissue of the mandible compared to
the control values both on the 20th and 30th day of the
study. Zinc succinate reduces the cadmium level in the
mandible’s bone tissue with combined intragastric ad-
ministration in a chronic experiment on rats. During the
30 days of the experimental study, there was no signifi-
cant difference in the effect of the studied factors on the
calcium level of the mandible.

Prospects for further research.

It is necessary to continue scientific work to identify
all possible correctors of the toxic effects of technogenic
pollutants on the human body.
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EKCMEPUMEHTANIbHE AOCNIAXKEHHA HAKOMMUMYEHHA KAAMIKO B HUXHIA LWENENI
LiyPIB 3A YMOB KOPEKLI,I'I' CYKUMHATAMMU UHUHKA TA 3ANI3A

[ HinpoBCbKMii aeprKaBHUII MeauuHuii yHiBepcuteT (M. OHinpo, YKpaiHa)
elenanefedoval803@gmail.com

OO0HuMu 3 HaliHebesneyHiwux, mpusaso Oitoyux i cmilikux noaoMaHmis € 8axcki memanu, Halibinew mumnosi
mexHoeeHHI acoyiauii akux npedcmassneHi cauHuem Pb, kadmiem Cd, Hikesiem Ni, @ makox os108o0m Sn, KobasabmMom
Co, pmymmio Hg, cypmoro Sb i gicmymom Bi. Hapa3si Halibinbw nowupeHumMu moKCUKaGHMAMU HABKOAUUWHbBO020
cepedosuwa 8 2pyni 8aXCKUX Memaris € cosai pmymi, KAOMIt0 ma C8UHUIO, AKI MPU HAOX0O0M(eHHI 8 0p2aHi3M ccasyis
CMUMY/IIOIMb OKUCAH8AbHUL cmpec i KOHKYpyrome 3 bio2eHHUMU Memanamu (YUHK, MapaaHeyb, Midb, 3a1i30,
Kanwbyili mow,o) 3a 38'A3y8aHHA 3 AKMUBHUM YeHMpom b6a2amoox binKie i gpepmeHmie, BUKAUKAIOYU NOPYyUEeHHS ix
hyHKil. Hakonuvyroyuce 8 op2aHismi, Kaomili cnpasnse ak npamul, mak i onocepedkosaHull HecamueHuli enaue
repesamcHo Ha pernpodyKmMueHy, eHOOKPUHHY, iMyHHY cucmemu, Kpo8, HUPKU Ma KiCMKOo8Y MKAHUHY, 8UKAUKAHOYU
3HAYHI 3MIHU 8 HUX ma I[HOYKyloYu O0ez2eHepauito ma MmpaHcMymauyito KaimuHHo20 anapamy. BusHavyeHHs
ocobsusocmeli HAKOMUYEHHA KAOMIKO 8 KICMKax wypie mnpu i301608aHOMY 68e0eHHi ma 3a YMo8 KopeKuii
CYKUUHamamu YUHKY ma 3aai3a nposoousnu 3a 00rnoMo20r0 rosienemMeHmHo20 aHanizy bionozivyHux mamepianis,
06’ekmie MemoOom amoMHOI emicii 3 enekmpody20800 aMOMI3ayjiero.

XpoHiyHe 8HympiWHboWyHKo8e 88edeHHSA xnopudy kKadmito 8 003i 2,0 me/ke npu3eodume A0 3HUKEHHS PIBHIO
UUHKY 8 KiCmKo8ili MKAHUHI HUXHbOI wesnernu 8 rnopisHAHHI 00 KOHMPOAbHUX MOKA3HUKI8 AK Ha 20-my, mak i Ha
30-my 006y 0ocnioreHHA. CYKUUHAM YUHKY 3HUXYE piseHb KAOMIt0 8 KiICmKo8ili MKAHUHI HUXCHbOI weaenu npu
KOMbGIHOBAHOMY 8HYMPIWHbOWMYHKOBOMY 88€0€eHHI 8 XPOHIYHOMY eKcriepumeHmi Ha wypax. Bnpodosx 30-mu
0i6 eKcrepumeHmMasbHO20 00CIOHEHHA HE 8U3HAYAI0C6 OOCMOBIPHOI Pi3HUYi 8rausy G0CAIOHCYEMUX YUHHUKIB

HQa piseHb Kanbyito HUXHLOI weaenu.

Knro4vosi cnosa: KaOmiesa iHMOKCUKAYis, CYKUUHAmM 3ai30, CYKUUHAmM YUHKA, HUXCHA wesnerna, amomMHa emicis.

38’A30K ny6niKauii 3 n1aHOBMMU HAyKOBO-40CNIA-
HUMK poboTamu.

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

Bctyn.

dyHAaMEHTANIbHO 33434et0 AepKaBHOI Npupoao-
OXOPOHHOT MONITUKM € OXOPOHA HAaBKOINLLHbOTO cepes-
OBMLLA B iHTEpPecax 3axMCTy 340pOB’s HacesieHHs, 30-
Kpema, 3MeHLUEHHA PU3UKY HECMPUATINBUX HaACNiaKiB
HeraTMBHOIo BMN/MBY 3abpyAHEHHA PISHUX NPUPOLHMUX
06’eKTiB Ha NtoauHy [1]. Ua gisnbHicTb cTae Bce Binblu
AKTYa/ZIbHOIO | OTPMMYE 3pOCTatode BU3HAHHA Yy Mipy
TOro, AK MUTAHHA HAaBKOJIMLLHbOIO CepefoBuLLA Ta OXO-
POHM 340p0OB’A 3aliMatloTb Bce Hinbll BaXK/iMBe Micue
B MOANITULI AK B rnobanbHOMY, TaK i B EBPOMENCbKoMyY
KOHTEKCTI.

OOHUMK 3 HalHebe3neyHilwmnx, TPUBANO AitoUMX i
CTIMKMX NOJIOTAHTIB € BaXKi meTann, Hanbinbll TMNOBI
TEXHOTeHHi acouiauii AKX npeactaBneHi ceuHUem Pb,
kagmiem Cd, Hikenem Ni, a TakoX 0n10BOMm Sn, Kobanb-
Tom Co, pTyTTiO Hg, cypmoto Sb i Bicmytom Bi [2, 3]. Ha-
pa3i HanbiNbLW NOWMPEHMMM TOKCUKAHTAMM HAaBKOIMLL-
HbOrO CepesoBULLA B FPYNi BaXKKMX MeTanis € CoNi pTyTi,
KaZMito Ta CBUHLIO, AKI NPU HagXOAXKEHHI B OpraHiam
CCaBL,iB CTUMY/IOIOTb OKUC/IOBAJIbHUIM CTPEC i KOHKYPY-
10Tb 3 BioreHHMMM MeTanamu (LMHK, mapraHeupb, Mifb,
3ani30, Ka/bLiili TOLLO) 3a 3B'A3yBaHHA 3 aKTUBHUM LEH-
Tpom bHaraTbox 6inkis i GepmeHTiB, BUKAMKaOUM Nopy-
WeHHsA iX dyHKuin [4, 5].

Kagmii, HakonuuyouMcb B OpraHiami, YAHUTb Npsa-
MW YM OnocepeKOBAHUIN HErAaTUBHMIA BNJIMB NPAKTUY-
HO Ha BCi OpraHu, asie HalbiNbLL 3HaYHi 3MiHW BUK/INKAE
Y PEenpoayKTUBHIN, eHOOKPUHHIN, iMYHHIA cucTemax,
KPOBI, HMPKaX i KiCTKOBIM TKaHMHI, iHAYKYOUYM AereHepa-
Lito abo HaBiTb TpAHCMYyTaL,it0 KNiTUH [6, 7]. KnlouoBum
MONEKYNAPHUM MEXaHI3MOM, AKUIA NIEXUTb B OCHOBI
Cd-iHAayKOBaHOI LUTOTOKCUYHOCTI, BBAXKAETbCA OKUC/IO-
Ba/IbHWI CcTpec.

AK 3a3HayvatoTb Zhang et al. (2019) Ta V. Unsal et al.
(2020), kKagmii, Ha BigMiHY Bif iHLLIMX BaXKKUX MeTanNiB,
34aTHUI reHepyBaTU cynepokcuaHuii O2-, riapoKcunb-
HMN HO- Ta HITPOKCMAHUIN paguKanu nulie onocepes-
KoBaHo [8, 9]. docnigxeHHa M. Watanabe et al. (2003)
TaKOX MOKasann MoXnmBsicTb Cd-iHAyKOBaHOro yTBO-
PEHHSA HepaAMKaibHOro nepoKcmay BoaHwo H202, akuit
€ BaXK/IMBUM [KEpesioM BilbHUX pafiMKanis B peakLiax
deHToHa [10]. Komnnekc AocnigskeHb, BUKOHAHUX B
nepwomy asaauAatmpivdi XXI ctonitra, nokasas, Wo oa-
HIEIO 3 BAXK/IMBUX «MilLEHEWN» HEFATUBHOTIO BMN/ANBY Kaja-
MitO € KICTKOBO-XPALLOBA TKaHWHA: TPMBaJIa eKCNo3unLia
TOKCMKAHTA Ha OpraHiam npu3BoauTb A0 36inblUeHHA
KPUXKOCTI CKeleTa Ta 3HMXKEHHA MIHepPabHOT LWiNbHOCTI
KicTok [11, 12]. JocnigsKeHHs in vivo Ha eKcnepumeH-
Ta/lbHUX TBAPWHAX MOKA3a/aW, WO XPOHIYHWIA BNAUB
KagMilo 3MeHLIYe miHepanisaujio Tin xpebuis, 3miHto-
toum ix GiomexaHiuHi BnacTMBOCTI Ta pobasun ix cnpuin-
HATAMBIWMMKM a0 Aedopmauii Ta pyrHyBaHHA. Takox
NPOAEMOHCTPOBAHO, O KaaMil 3MEHLUYE eKcnpecito
MapKepiB octeobiactuuHoi gudepeHuiauii (Runx2, oc-
TeoKanbUMH), BiNKiB MNO3aKNITUHHOI KiCTKOBOI MaTpu-
Ui (konareH Tuny I) Ta depmeHTiB, WO HGepyTb y4acTb y
npoueci miHepanisau,ii (nyxHa ¢pocdartasa ALP), 3miHio-
toum npouec GopMyBaHHA Ta MiHepanisauii KicTok. Pe-
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3ynbTaTn gocnigxkeHb D. Garcia-Mendoza et al. (2019)
Ta J. Rodriguez et al. (2016) 3abe3neunnn gokasu Toro,
LLLO XPOHIYHMI BNAIMB KaAMit0 3MeHLIYe 06’ em KicTKM Ta
36i/1bLUYE aKTUBHICTb TapTPAT-PE3UCTEHTHOT KMCNOT Ppoc-
¢dartasm (Tartrate-Resistant Acid Phosphatase, TRAP) y
cybxoHApanbHOMY Lapi BE/IMKOFOMINKOBOI KicTKM [13,
14, 15], wo cBiAYMTb NPO iHAYKYBAHHA OCTeOMNeHii nocu-
NleHHAM pe3opbuii KicTKOBOI TKaHUHK. Mpu LuboMy cro-
cTepiranoca 36i/blEHHS BiACOTKY }KMPOBOTO KiCTKOBOTO
MO3KY, WO CBig4YMA0 NPO KaamieBy Aenpumadito gude-
PEeHLit0OBaHHA Me3eHXiManbHUX KNiTUH 40 ocTeobnacTiB
LIIAXOM CTUMYNIOBAHHA aAuUNOreHesy.

MerTa gocnigKeHHs.

MpoBeaeHHA Ta aHani3 MiKPOENEMEHTHOro CKaaay
KICTOK, @ Came, HMXKHbOT LLesenn ekcnepumeHTanbHNX
TBapWH 3a AaHWUMM NONieNIeMEHTHOTO aHanisy.

O6’eKT i meTOAM AOCNIAXKEHHA.

EKcnepumeHTanbHi  JOCNioXKEHHA npoBeAeHi Ha
6innx cTaTeBO3piNMX LLypax-camuax AiHii Wistar (pos-
naigHuK «Jani-2001» micto Kuis, YKpaiHa). YTpumaHHn
eKCnepMMeHTaIbHUX TBAPUH 34iMCHIOBANOCA BiAMNOBIA-
HO [0 CaAHITapHO-TiriEHIYHMX HOpMm BiBapito [Hinpos-
CbKOr0 AeprKaBHOIo MeAuyHoro yHisepcutety (44MY),
M. [IHiNpo: TemnepaTypHUIA pexmm nositpa 22+2°C, Bo-
norictb He meHwWw 50%, caitamit / TemHUA umkn 12 / 12
roguH, i*ka ta nutTa ad libitum.

TBapMHU MicNsA TPAHCMOPTYBAHHA Ta KapaHTUHY (2
TUXHI) Bynn 300pOBI, aKTUBHI, A0Bpe CNOXUBANU ixKy,
He Manu yLWKOAXKEHb Ha LWKiPAHMX MOKPMUBAX Ta ByXax.
MNig yac yTpMMaHHA, eKCnepumMeHTy Ta OonepaTUBHOIO
BWUJTYYEHHA TBAPUH 3 EKCNEPUMEHTY MU AOTPUMYBAIUCh
YCiX eTUYHUX HOPM NMOBOAMKEHHA 3 1abOPATOPHUMM TBA-
puHamu [16].

MogentoBaHHA BNANBY CONAMM KaaMito Ta pO34mHa-
MW CYKUMHATIB MeTaniB, Ha OpraHiam camu,is i mopdore-
He3 KiCTOK Yy LypiB NPOBOAM/IM 33 HACTYMHUM MJIAHOM.
Yci pocnigni TBapuHM Byam Hamu posaineHi Ha 7 rpyn:
pocnigHa rpyna Ne 1 (4 Ne 1) — wypu, AKMm i301b0oBa-
HO BBOAMN PO3YUH XI0pMAY Kaamito B 4o3i 2,0 mr/Kr;
pocnigHa rpyna Ne 2 (4 No 2) — wypwu, aKMM BBOAUAN
PO3YMH Xxnopuay Kaamito B A03i 2,0 mr/kr B KombiHaw,i
3 PO3YMHOM CYKUMHATYy UMHKY B 403i 5 mr/Kr; gocnia-
Ha rpyna Ne3 ([ Neo 3), AKMM BBOAUAN PO3UYMH XJ0pPU-
Ay Kagmito B A03i 2,0 mr/Kkr B KombiHauii 3 po3ynHoOm
CYKLMHaTy 3ani3a B £o3i 10 mr/kr; gocnigHa rpyna Ne 4
(4 Ne 4) — wypu, SKMM i301bOBAHO BBOAUAN PO3YMH
auertaty cBuHUO B A03i 12,0 mr/kr; gocnigHa rpyna
Ne 5 (4 Ne 5) — wypu, AKMM BBOAMAN PO3YMH aueTaTy
cBMHUIO B A03i 12,0 mr/Kkr B KombiHauji 3 po34MHOM
CYKLMHATY UMHKY B A03i 5 mr/Kkr; gocnigHa rpyna Ne6
(4 Ne 6), AKMM BBOAMAMN PO3UYMH aLLeTaTy CBMHLIO B A03i
12,0 mr/Kr B KOMBiHaLLii 3 pO34YMHOM CYKLIMHATY 3ani3a B
003i 10 mr/Kr; Ta KOHTposibHa rpyna N7 (K Ne7)— wypw,
AKUM BBOAMAN Bi3i0NOFIYHNI PO3UMH.

AK Npu i30N1b0BaHOMY BM/IMBI BAXKKUX METaniB, Tak
i Npu BNAMBI B KOMbGiHALji 3 CyKUMHATaMU UMHKY abo
3ani3a, obcAr BBeAeHHA He nepesuuysas 0,5 ma, wo
He NpU3BOAUTbL A0 PO3TATYBaHHA LAYHKY AOCAIAHOrO
ypa i He NPUBHOCUTL NOBIYHOrO edeKTy MexaHiuHOro
BMNNBY.

BW3HaueHHA 0CcOo6/MBOCTEN HAKOMWYEHHA Kaamito,
CBUHLLIO B KiCTKax LLypiB Npu i301b0OBaHOMY BBeZAEHHI
Ta 32 YMOB KOpPEKL,ii CyKUMHaTaMU LMHKY Ta 3ai3a npo-
BOAMAW 3@ JOMNOMOrO NoJlieIeMeHTHOro aHanisy bio-

NoriYHMX MaTepianis, 06’eKTiB METOAOM aTOMHOI emicii
3 eNeKTPOoAYyroBOK aToMisaLieto. Buuie 3asHayeHi BU-
MipIOBaHHA NpoBoAnANCA B [lep:KaBHOMY NiANPUEMCTBI
«YKpaiHCbKUI HAYKOBO-A0CNIAHUN iHCTUTYT MeAULNHU
TpaHcnopTy MiHicTepcTBa OXOpoHWM 340poB’A YKpai-
HU (M. Opfeca) 3riLiHO 4OroBopy MPO HayKOBO-TBOpYE
cniBpobiTHMUTBO (2018p.). ATOMHO-eMiCitHMI aHani3
i3 AyroBoo aTOMi3aL,i€l0 A0O3BOIAE NPOBOANUTM AKICHWUI
Ta KiZIbKICHWI enemeHTHUMI aHaniz npob NpakTUYHO
byab-aKkoi npupoamn. CyTb aTOMHO-eMICiiHOrO meTtoay
aHanisy nonarae B HactynHomy. CnewianbHO NigroToB-
NleHa npoba MicTUTbCA B JIYHKY HA OA4HOMY 3 A,BOX rpadi-
TOBWX eneKkTpoais. EnekTpuyHa gyra mixx enekrpogamm
npusBoAMTbL A0 BMMNApPOBYBaHHA Ta aTomisauii npobu,
aToMW, 3 AKMX CK/lagasaca aHanisosaHa npoba, nig gieto
BMCOKOi TeMNepaTypu NOMMMHAOTb EHEpPrito Ta Nepexo-
OATb y 30yaKeHuUI cTaH. Y 36yaKeHOMy CTaHi KOXeH
aTOM 3HaxoAUTbCA NPUBAM3HO 1 MKC, Nicna Yoro 3HoBy
NOBEPTAETLCA A0 OCHOBHOTO CTaHy, BUAINAIOYM OAMH
abo KinbKa KBaHTIB eHeprii (GoTOHIB). KoxKeH XimiyHui
eNeMeHT BUAiNAE GOTOHM 3 NEBHOK LOBKUHOI XBWUI.
CnekTpomeTp Y/NIOB/IIOE CBIT/I0, WO NOXOAUTb Bif, BOJb-
TOBOI A4yry, i po3Kiagae Moro 3a AoNomorot aAndpak-
LiMHUX rpaT. Y uboMy GOTOHM 3 Pi3HUMM AOBNKUHAMM
XBW/Ib BiLOKPEMAIOIOTLCA APYr Bif Apyra. 3'aBnseTbcA
MOXKMBICTb BUMIPATU, CKiIbKM BUNPOMIHIOETbCA POTO-
HiB i3 AOBXMHOI XBWAI, LLO BiNOBIAAE KOXKHOMY XiMiy-
HOMY eneMeHTy. AK HacNiAoK, MOXHa 3p0bUTH BUCHO-
BOK NPO Ki/IbKiCTb TOrO Y iHLWOro XiMiYHOrO enemeHTa
aHanisoBaHoi Npobwu.

MigroToBKa 3paskKiB i BUMiptOBaHHA BMiCTy MeTanis B
KiCTKax nposoaunaca signosigHo ao ACTY 30823-2002.
B AKOCTi pO3YMHHMKA BMKOPUCTOBYBasacA CTaHAAPTHA
cnekTpanbHa bydepisyroya cymiw no ACTY 30823-2002.
KinbKicHe BMMiptOBaHHA BMICTy MeTaiB B 3pa3Kax npo-
BeAEeHO Ha aTOMHO-eMicCiiHOMY criekTpomeTpi Emac-200
CCD (nosipenuit 30.11.2017, cBigouTBo npo noBipKy
4706-®T). ATomHo-emiciliHnin cnektpomeTp EMAC-200
CCD € cy4acHUM aHaNITUYHUM NPUNALOM, YNPABNAETLCA
Komn’toTepom i BCi HeobxiaHi po3paxyHKK BUpobAse ca-
MOCTIMHO 3@ MiHiManbHOI yyacTi onepaTtopa. KinbkicHe
BM3HAYEHHSA B aHaNi30BaHUX 06’eKTax NPOBOAM/IOCH Ha
LOBXWHI XBUAI: Kaamito 228,802 Hm, cBuHL0 — 283,305
HM, UWHRY, — 213,856 HM, 3ani3a — 238,204 HM.

B Hawomy ekcnepumeHTi 6yn10 NPUIAHATO pilleHHA
LLOAO NPOBEAEHHA aHani3y HaKoMUYeHHA KagMmito, AK
MapKepa XPOHIYHOI IHTOKCMKaLil LWMPOKO PO3NOBCHO-
OXEHWUMM eKOMOJIIoTaHTaMM, a TaKOXK LMHKY i 3anisa,
AK eNeMeHTIB, AKi BONOAII0Tb BUPAXKEHUMWN aHTaroHic-
TUYHUMW BNACTUBOCTAMM MO BiAHOLIEHHIO A0 CMOAYK
Kagmito. LIMHK Ta 3anizo BXog4ATb A0 CKAagy MiKpo-
e/IeMEeHTHUX CUCTEM OpraHi3my nauHW, 6anaHc AKKX
MOPYLUYETLCA B MepLUy Yepry B YMOBaX iHTOKCMKaLLl
BaXKKMMM meTanamu. [1na aHanisy HakonnuyeHHA Mu BU-
KOPMCTOBYBA/IN KiCTKM CaMLLiB LLYPiB BCiX Mig80CAIAHNX
rpyn Ha 15-i Ta 30-# pobi ekcnepumeHTy. KicTku ans
BM3HAYEHHA MIKPOENIEeMEHTHOro CTaTycy He MignAaranu
¢ikcauii 3rigHo BMMor npoboniarotosku, a Bigpasy 3a-
MOPOXKYBaiacb i BXe€ B 3aMOPOXKEHOMY CTaHi A0CTaB-
nAanacb A0 YKPaiHCbKOro HayKOBO-A0CNIAHOIO iIHCTUTYTY
MeANLMHU TPAHCNOPTY ANA NOAANbLINX AOCNIAXKEHb.

BignosigHO A0 MeTM Ta 3aBAaHb AOCAIOXKEHHA
MW NPOBOAMIN MOPIBHAHHA BMICTY KaAMIitO B KiCTKax
(HMXKHA Wwenena) Npu i301bOBAHOMY BBELEHHI XN0pK-
[OM KagMilo Ta KOMbBIHOBAaHOMY BBEAEHHI xiopuay

346

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

KaZMito 3 CyKUMHaTamM 3ai3a abo LMHKY B XPOHIYHOMY
eKCNepMMEHTI Ha Lypax.

EKcnepumeHTanbHi AocnigxeHHa 6yno nposeaeHo 3
OOTPUMAHHAM BMMOT TYMaHHOIO CTaB/IeHHA A0 Niano-
CNiAHUX TBAPWH, pernameHToBaHUX 3aKOHOM YKpaiHu
«Mpo 3aXMCT TBAPMH Bif, *KOPCTOKOro NOBOAKEHHA» (N2
3447-IV Big, 21.02.2006 p.) Ta EBPONENCHKOK KOHBEHLLi-
€10 NPO 3aXMUCT XPeBETHUX TBAPUH, AKI BUKOPUCTOBYIOTb-
cA AN AOCNIAHUX Ta iHWKWX HayKoBUX Linel (Ctpacbypr,
18.03.1986 p.).

Pe3ynbTatu gocnigyKeHHA Ta ix 06roBopeHHs.

LocnigKyroum i NOPiBHIOKYM PiBEHb KaaMito B KiCT-
KaX HUMKHbOI LWenenu i CTerHOBOI KiCTKKM, CAig, 3a3Haum-
TH, LLLO Y*>Ke B KOHTPO/IbHIW rpyni Ui 3pa3kn Manu cyTTeBy
Pi3HMLIIO B NOKa3HMKax. Ha noyaTKy ekcnepumeHTy pi-
BEHb KaZMit0 B HUXKHIM Wweneni 6y y 3,7 pasiB BULLMA 32
TaKWI B CTEMHOBIN KicTLi. My BBaXKaEMO, LLLO TaKa Pi3HU-
LA NMOACHIOETLCA pi3HO popmoto, ByaoBOtO i PyHKL,iO-
Ha/ZIbHUM HaBaHTAXKEHHAM KiCTOK.

Pe3ynbTaT nonienemMeHTHOro aHanisy AoBenu, Lo
piBEHb KaAMil0 B HWMMKHIW LWeneni KOHTPOJIbHOI rpynu
OOCNiAHUX TBapWUH MaB TeHAeHLUito Ao 36inblieHHA
BMPOAOBXK eKcnepumeHTy, To6To 30-TM 4i6. Ha 14-ty
006y B KOHTPOJIbHIA Tpyni HaKOMWYEeHHA KagMmito
HUXHbBOIO LLENeno AOCNAIAHUX TBApPWH CTAHOBUIO
0,3362+0,0434 mKr/r, Ha 20-Ty 006y NOKa3HMK 3poCTaB
Ao 0,411740,0933 MKr/r, a HanpUKiHLi eKcnepumeHTy
6yB MakcumanbHum 0,4830+0,0208 mKr/r. B rpyni i3o-
NbOBAHOrO BMN/MBY X10PUAOM KaAMito BXe Ha 14-Ty
006y BBEAEHHA PiBEHb HAKOMUYEHHSA Kaamito 36inbLuy-
BaBcA y 2,5 pasiB y NOPiBHAHHI 40 KOHTpoAt. Jocutb
HeouviKyBaHMM By/10 36iNblUeHHA PiBHIO KaaMito B rpyni
KOMBIHOBaHOrO BBEAEHHA KagMito 3 CyKLMHATOM 3ai-
33, e B 3pa3Kax HUKHbOI Lienenn HaKonuYeHHA Kaja-
Mit0 NepeBULLYBAIO He SINLLE KOHTPOJIbHI MOKa3HUKK,
ane i rpyny i30nb0BaHOro BBeAEHHA Kaamito (pwuc.).
KombiHoBaHe BBeAEHHS KagMito 3 CYKLMHATOM LIMHKY
HEeA0CTOBIPHO 3HUXKYBasO abcopbLuito KagMmito KicTKo-
BOIO TKAHMHO HA LLbOMY TEPMIiHi AOCAIAXKEHHSA.

AHani3 pesynbraTiB nonienemeHTHOro metoga Ha
20-1y foby nNpoaemMOHCTPYBaB NiABULLEHHA PIBHIO Ha-
KOMWYEHHA KaaMito y rpyni i301b0OBaHOro BBeAEHHSA Ta
B rpyni KombiHaujii KagMmito 3 CyKUMHATOM 3ani3a, AK i
Ha 14-Tin pobi ekcnepumeHTy (puc.). PiBeHb Kagmito B
KICTKOBIM TKaHMHI HUXHbOI Wenenn B rpyni KOmb6iHo-

MOpPiBHAHHA AaHMX 3 PiBHIO HAKOMWYEHHA KagMito
HUXHbO LWenenot Ha 30-Ty goby ekcnepumeHTy y
BCIX rpynax TaKOX [0BE/I0 3HUXKEHHA PiBHIO MNOKAa3HMKY
JMLie NPV BUKOPWUCTaHHI KombiHauii 3 uuHKom (pwmc.).
Ha uen TepmiH gocnigxeHHs piBeHb HaKOMUYEHHA Kaa-
Mil0 Y MOPIBHAHHI A0 KOHTPOAK 3pocTaB y 9,7 pasis
(mocToBipHicTb pisHKLi p=0,001), a B rpynax KombiHoBa-
HOro BBEeAEHHA AOCTOBIPHO 3HWMKYBABCA. HalHWMKUMIA
piBEHb KagMito BU3HAYABCA NPU KOMBIHOBAaHOMY BMIMBI
3 CYKLMWHATOM LMHKY.

TaKMM YMHOM, aHasi3 OTPMMAHMUX Pe3ynbTaTiB 3 Ha-
KOMWYEHHA KaAMil0 HMMKHbOIO LLEeNeno MpoAeMOH-
CTPYBaB, WO CYKUMHAT LUMHKY 3HUXKYE PiBEHb KagMmito B
KICTKOBI/ TKaHMHI NpM KOMBIHOBaHOMY BHYTPILUHbOLU-
JIYHKOBOMY BBEeEHHi B XPOHIYHOMY eKCMepuMeHTi Ha
ypax.

AHanisyoum 3MiHM KanbLieBOro H6anaHcy HUMKHbOI
wenenu wypis Ha 14-ty goby eKcnepumeHTy, MU He
BW3HAUYMIM JOCTOBIPHOI Pi3HML Yy BCiX 3pa3Kax, Lo A40-
cnigxyBanuchb (puc.). TakKMM YMHOM, Ha MOYaTKY eKc-
NnepMMeHTaZIbHOro BBeAEHHA A0CNIAXKYBAaHUX PEYOBUH
3HaYMMMX 3CYBIB MO YTPUMaHHIO KasbLjieBoro H6anaHcy
KiCTKOBOI TKAHMHW HUKHbOI LWenenu He BUHWUKanNo.

AHani3 Ta NOPiBHAHHA AAaHUX NONI€NIEMEHTHOTO aHa-
ni3y Ha 20-Ty o6y ganu HacTynHi pe3ynbtati. AK i Ha
nonepeAHbOMY TEPMiHi JOCAIAMKEHHSA, PiBEHb KanbLiito
HeAOCTOBIPHO 3HMMKYBABCA Yy BCiX rpynax. AHa/iOr4YHO
Ha 30-Ty goby AocnigKeHHA TAaKOX He BM3HAYanoCb
LOCTOBIPHOT Pi3HWL BNAMBY AOCNIOKYEMUX UYUHHMU-
KiB Ha piBeHb Ka/bLil0 HWXHbOI Wwenenu. B KoHTponi
piBeHb Kanbujlo cTtaHoBuB 234,76+10,02 mr/r, B rpyni
i3onboBaHoOro BnmeBy — 238,65+13,57 mr/r, npu Kom-
6iHOBaHOMY BBeAEHHi KaAMito 3 CyKUMHATOM 3asi3a —
210,24+15,15 mr/r, a B KOMBiHaLLii 3 CYKUMHATOM LMHKY
—215,70+14,62 mr/r. MoKHa BU3HAUYUTN TEHAEHLIO [0
3HUKEHHS PiBHIO Ka/ibL,ito B KiCTKOBIM TKAHWHI HUMKHbOIT
Lenenu npu i30/1bOBaHOMY BMJIMBI X10PUAOM KaaMito
Ha BCiX AOCNIAXKYEMUX TEPMiHAX, ane AOCTOBIPHOI Pi3HM-
Li MM He oTpMmanu. B rpyni KombiHOBaHOro BBeAEHHSA
KagMit0 3 CYKLMHATOM LMHKY BM3HAYAETbCA TEHAEHL,A
00 BiflHOB/MIEHHA PiBHIO KasbLito B6aMKYe 40 KOHTPO/b-
HUX MOKa3HMKIB, a/ie TaKoXK 6e3 A0CTOBiIPHOI Pi3HML.
BBefeHHA KaaMmilo 3 CYKLUMHATOM 3ani3a He cnpuano
BiJHOB/IEHHIO PiBHIO Ka/bLiit0 B TKAHMHAX HUXHbOI Le-
Jlenu i MOKa3HWKKM L€l rpynn Ha BCiX TPbOX TEPMiHaX Ha-

BaHOrO BBEAEHHA KagMito

B KoHTpone

B Xnopua Kaamio

i Kapmiii +
CYKUMHAT 3anisa

AEHHA TaK i [0 rpynu Kom- | 4 ¢

Kagmiit +
CYKLMHAT LIMHKY

6iHOBaHOro BNAMBY KaAmito
3 CYKUMHATOM 3ani3a. Takum 1
YMHOM, BM3HAUMNaCh TeH- | g -
OEHUIA 00 3HUXKEHHA piBHIO

3 CyKUuMHaTOm 3anisa 6ys 5 47
HEeAOCTOBIPHO HMMKYMM 33 . L7
rpyny i301b0BaHOro BBeAEH- ’
HA KagMmito. 4 1%
A kombiHoBaHe BBeAeH- K L~
HA UWMHKY 3 KagMmiem p[o- ! »
ctoBipHO (p<0,001) 3HMKY- 3
Bano. piBeHb 'HaKOMMYeHHsA 25 17
KagMilo y NOpPIBHAHHI AK A0 v
rpynu i301bOBaHOIO  BBe- 2 -
/4“
d

HaKOMWYeHHA KagMmilo TKa- 0 g
HUHOIO  HUWMKHBOI  Lienenm 14 poba

20 poba 30 goba

npv KombiHOBaHOMY BMNAUBY
3 LMHKOM.

PUcyHOK — [IMHamiKa HaKOMMUYeHHs Kaamito (MKr/r) B KiCTKOBIi TKQHWUHI HUKHDBOI LWenenu LWypis
B niagocnigHux rpynax Ha 14-ty, 20-ty Ta Ha 30-Ty A06Y eKcnepumeHTy.
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6MKaNNCh A0 MNOKA3HUKIB rPynu i30/1b0BAHOIO BMJIMBY
KaaMieM. TaKMM YMHOM, Ha BigMiHY Bifg, NOKa3HWUKIB NO
Ka/bLit0 CTErHOBOI KiCTKM, Ha BanaHc KanbLito HUXHbOT
wenenu AOCNIAKYBaHI PEYOBUHUN BNNBY HE MasN.
MopiBHAHHA B rpynax pe3y/ibTaTiB NofiesIeMeHTHOro
aHani3y LWoAO0 HAKOMUYEHHA LMHKY CTPYKTYPaMMU HUXK-
HbOI LWeNenn WypiB NpM XPOHIYHOMY BNAMBI X10pUAOM
Kaamito B A03i 2,0 Mr/Kr npu i301b0BaHOMY Ta KOMBI-
HOBaHOMY 3 CyKLMHaTaMW 3ani3a abo LWMHKY BBEAEHHI
nokasanu HactynHe. Ha 14-Tin nobi BBeAeHHA piBeHb
UMHKY (303,9+15,4 mKr/r) npu i301b0BaHOMY BBEAEHHI
Kagmito goctosipHo 3pocTtaB (p<0,05) B nopiBHAHHI 40
KoHTpo/o (280,9+14,4 mKr/r). Taki NMOKasHMKK Biapi3-
HAIOTbCA Bif, aHANOTYHUX Y pe3yabTaTax BM/MBY Ha pi-
BEHb LMHKY CTErHOBOI KiCTKM, Ae BU3HA4Yanoch Bigpasy
3 14-Toi O6N eKCNepPUMEHTY 3HUMKEHHA PIBHIO LMHKY.
PiBeHb LMHKY B rpyni KOM6iHOBaHOro BBeAEHHS Kaamito
3 CYKLUMHATOM 3ani3a Ha LbOMy TEPMiHi He MaB AOCTO-
BiPHOI pi3HMLi 3 KOHTponem. B rpyni kombiHoBaHOro
BNMBY KaZMilo 3 LLUHKOM MPOrHOo30BaHO 36inbluyBaB-
CA piBeHb LbOro MikpoenemeHTa (puc.). PiBeHb LMHKY B
[LaHil rpyni eKcnepumeHTy NepeBuLLyBaB AaHi He auLle
KOHTPONbLHOI rpynu, ane i rpynu i301b0BaHOro BMNAU-
BY XN0PMAOM KaZMito. [JMHamiKa pPiBHIO HAaKOMWYEHHA
HUXKHbOIO LEeNeno LMHKY B rpyni i30/1b0OBaHOro BNAW-
BY KaAMIEM B MOAA/bLLIOMY KapAMHANAbHO 3MiHIOBABCA.
Ha 20-Tiit go6i ekcnepumMeHTy NOKa3HWKU HaKomnu-
YEHHA LMHKY KICTKOBOK TKAaHWHOK HUXKHbLOI Lienenu
3MiHIOBA/IM CBiMt HanpAmOK. Cnig, 3ayBaXkuUTu, WO Ha
LbOMY TepMiHi AOCNIAMKEHHA BM3HAYaNOCb B KOHTP-
O/IbHIN TPyNi 3HWMKEHHA PiBHIO UMHKY (puc.). B rpyni
i30/1b0BAHOr0 BBEAEHHA KagMito piBeHb LMHKY Mo4vaB
[OCTOBIPHO 3HMMKATUCA Y MOPiBHAHHI Ao 14-Toi pobw.
[MOKa3HMK 3HMMKABCA HUXKYE KOHTPONbHUX MOKA3HWKIB
20-Toi nobwn, ane 6e3 AOCTOBIPHOI pi3HMLI i CTaHOBUB
(240,5+11,4 mkr/r). A B rpyni Kom6iHOBaHOro BBEAEHHSA
KaZAMito 3 CYKUMHATOM 3ani3a piBEHb LMHKY TPUMABCA
Ha piBHi HEAOCTOBIPHOIO MepeBULLEHHA KOHTPOJbHUX
noKasHukis (273,2111,3 mkr/r). MosHa 3pobuTn Bu-
CHOBOK, L0 BBEAEHHA CYKLMHATY 3a/i3a B KOMbiHaLii 3
XI0PMAOM KaZmito CTabifibHO NiATPUMYE PiBEHb LUHKY
B KiCTKOBII TKAHMHI HUXKHbBOI LWenenu wypa npu XpoHiy-
HOMY eKCNepUMEHTI B 3a3Ha4YeHUX A03ax. PiBeHb LNMHKY
B rpyni KOMbGiHOBAHOrO BBEAEHHA KaAMilo 3 CyKUMW-
HaTOM UMHKY 6YyB O4YiKyBaHO BMCOKMM i NepesuLLyBaB
KOHTPONbHI MOKa3HUKW. o gaHomy MiKpoenemeHTy
pe3ynbTaTi B Uil rpyni HamMu He cniBcTaBAsAUCH (puc.).
HanpuKiHUi eKcnepMmeHTalIbHOro  AO0CAIAMKEHHS,
To6TO Ha 30-Ty A06Y, AaHi NonieNleMeHTHOro aHasisy
NoKasann HacTynHe. B KOHTPO/IbHIM rpyni piBeHb LIMHKY
cknagas 273,2+13,05 mKr/r, TOBTO MOKasHUK He MaB

OOCTOBIpPHOT pi3HMLi 3 AaHumm 20-Toi Aobwu, a B rpyni
i301b0BaHOrO BN/AMBY KaAMIEM KiNbKiCTb LMHKY byna
[OCTOBIPHO HUKY0oW (240,5+11,4 MKr/r) AIK 32 KOHTp-
O/IbHi NMOKA3HMKK TaK i 3a NOKa3HUK Ha 20-Ty Aoby eKc-
nepumeHTy. TO6TO XPOHiYHE BHYTPILLIHbOLLIYHKOBE i30-
NIbOBaHe BBEAEHHA X/10pMAy KaAMilo Npu3BOAMTb A0
3HMKEHHSA PIBHIO LMHKY B KiCTKOBi TKAHWHI HUMKHbOI
Lesenu LypiB BNPOAOBK BCbOro Nnepioay BBeAEHHA.

B rpyni KombiHOBaHOro BBEAEHHA KagMito 3 CYKUMU-
HAaTOM 3a/li3a Ha LbOMY TEpPMiHi piBeHb UMHKY no4as
3HUXKYBATUCb, HE3BAXKatOUM Ha MOro 6iNbll BUCOKUNA
piBEHb Yy MOPIBHAHHI 40 rPynM IHTOKCUKALIT KaaMmi-
em Ha 20-Ty poby. KinbKicTb UMHKY BM3Hayanacb Ha
piBHi 226,7+13,03 MKr/r, WwWo 6y10 OAOCTOBIPHO HUKYe
(p<0,045) 3a TaKkuMIt NoKasHWUK 20-Toi fo6U. MOpPiBHAHHSA
Ta HanNi3 OTPMMAHUX Pe3yabTaTiB 3 HAKOMUYEHHA LIMHKY
HUXKHbOIO LLENEenol eKCnepuMeHTaNbHUX TBApWUH Ae-
MOHCTPYE, L0 BNPOAOoBXK neplmnx 20-Tm 4i6 cykumHat
3a/1i3a NigTPMMYE piBEHb LIMHKY B Hii1, ane Ha 30-Ty goby
OAaHWI NOKA3HMK He MaB A0CTOBIPHOI Pi3HMLi 3 NOKas-
HUKOM Tpynu i301b0BaHOr0 BBEAEHHA Kaamito. B rpyni
KOMbiIHOBAHOro BBEAEHHA KaAMilO 3 CYyKLIMHATOM LIMHKY
piBEHb OYiKyBaHO OyB HalBULLUM.

TaKMM 4YMHOM, AK MOKa3ano MNOPIBHAHHA Ha 20-Ty
Ta 30 poby AoCNiAKEHHA, XPOHIYHE BBEAEHHA XN0pU-
Ay Kaamito B go3i 2,0 Mr/Kr NpU3BOANUTb A0 3HUMKEHHA
PiBHIO LIUHKY B KiCTKOBI TKAHWHI HUKHbOT LLLenenu B no-
PiBHAHHI A0 KOHTPOJIbHUX NOKa3HMKIB. MoXHa 3p0buTtu
BUCHOBOK, LLO MPUCYTHICTb KaAMit0 NPU3BOAUTb 40 He-
CTaui LMHKY B OpraHiami 4OC/iAHUX TBAPUH.

BucHoBKM.

TakMM 4YMHOM, BWMXOAAYM 3 BULLEBMKIALEHOTO,
MOHa 3p06UTU BUCHOBOK, L0 XPOHIYHE BHYTPILLHbOLL-
NIYHKOBE BBEeAEHHA xiopuay Kaamio B gosi 2,0 mr/
KI NPU3BOAMUTb A0 3HUMKEHHA PIBHIO LIMHKY B KiCTKOBIMN
TKaHWHI HMXKHbBOI LWenenn B NOPIiBHAHHI A0 KOHTPO/b-
HUX NOKa3HWKIB AK Ha 20-Ty, TaK i Ha 30-Ty 406y ao-
cnigeHHA. CyKUMHAT UUMHKY 3HMXKYE pPiBEHb KaaMilo B
KICTKOBI TKAHWHI HUXKHbBOI Leneny npu KoOMbiHOBaHO-
MY BHYTPILUHbOLU/IYHKOBOMY BBEAEHHI B XPOHIYHOMY
eKCNepMMEeHTi Ha LWypax. Bnpogos:k 30-Tn 4ib ekcnepwm-
MEHTA/IbHOTO AOCANIAXKEHHA HEe BU3HA4anoCb AOCTOBIp-
HOI Pi3HMLi BNAMBY AOCNIOKYEMUX YNHHUKIB HA PiBEHDb
KaNbL,it0 HUXKHbBOI Wenenu.

MepcnekTMBM NOAANBLUNX AOCNIAMKEHD.

MonAratoTb y NPOAOBXKEHHI HaykoBoi pobotn 3
BCTAHOBJIEHHA BCiX MOMJ/IMBUX KOPEKTOPiIB TOKCMYHOTO
BM/IMBY TEXHOTEHHWUX MONIOTAHTIB HA OPraHi3m NOLMHU.
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EKCNEPUMEHTANBHE AOCNIAMXKEHHA HAKOMUYEHHA KAAMIIO B HUMKHINM LLENENI LLYPIB 3A YMOB KO-
PEKLIT CYKLIUHATAMM LIUHKA TA 3ANI3A

Hedbopgosa O. O., LleBueHko O. C.

Pe3tome. BpaxoBytoumM WNPOKY PiSBHOMAHITHICTb iCHYHOUYMX GopM Kagmito (po3mipu, disnKo-ximiuHi BNacTUBOCTI
Ta iH.), BU3Ha4YeHHA MOPdOMOTIYHMX 3MiH NPW eK30reHHOMY BIJ/IMBI € aKTyaIbHUM 3aBAaHHAM. Kagmii, Hakonuuyto-
UnCb B OpraHiami, MPAMO Y1 onocepeaKoBaHO HEraTMBHO BM/IMBAE NPAKTUYHO Ha BCi OpraHu, ase Halbinbl 3HaYHI
3MiHW BiH BUK/IMKAE B PENPOAYKTUBHIN, EHAOKPUHHINM, IMYHHIN cMcTemax, KPOBi, HUPKaX i KICTKOBI TKaHWHI, BUKAU-
Kaloum gereHepalito abo HaBiTb TPAHCMYTaL,it0 KAITUH.

Mema 0ocnidiceHHA: NPOBECTU Ta JOCNIANTU MIKPOENEeMEHTHUI CKAAA, KiCTOK, @ CAmMe HUXKHbBOI Lenenu ekcne-
PUMEHTa/IbHUX TBAPWUH 3@ AAHUMM MONIeIEMEHTHOrO aHanisy.

06’ekm i MemoOu. BusHaueHHA 0COBIMBOCTEN HAaKOMUYEHHS KaZMito B KiCTKax LLypiB Npu i301b0BaHOMY BBe-
OEHHI Ta B YMOBax KOpeKL,ii CyKLUMHATaMM LIMHKY Ta 3a/i3a NpOBOAUAM 332 AONOMOrol0 NoaieeMeHTHOro aHanisy
bionoriyHMx maTepianis, 06’€KTiB METOAOM aTOMHOI eMiCii 3 eNeKTPOoAYroBUM PO3MUAEHHAM.

Pe3ynemamu. Ha noyaTKky eKcnepumeHTy piBeHb KaaMito B HUMKHIN Weneni 6yB y 3,7 pa3u BULLMIA, HiK Y CTETHO-
Bil1 KicTui. M1 BBaXaeMO, L0 LA BIAMIHHICTb NOACHIOETLCA pPi3HOO popmoto, 6ya0BOHO Ta GPYHKLLIOHAIbHUM HaBaH-
Ta)KEHHAM KiCTOK. Ha 14 noby B KOHTPO/bHIN rpyni HaKOMUUYEHHA KaAMito B HUXKHIW weneni niaaocnigHnx TBapuH
craHosuio 0,3362+0,0434 mkr/r, Ha 20 o6y NoKasHUK niasuwmeca Ao 0,4117+0,0933 MKr/r, a HaNnpPUKIHL eKkcne-
PUMEHTY BOHa cTaHOBMAA Makcumym 0,4830+0,0208 mKr/r. Y rpyni i301b0BaHOro BNANBY X10pUAY KaAMIlO BXe Ha
14-1y noby BBEAEHHA PiBEHb HAKOMMYEHHA KaZMito 3pic y 2,5 pasu NopiBHAHO 3 KOHTpoem. JOoCUTb HECMOAIBAaHUM
BUABMIOCA NiABULLEHHA PiBHA KaAMito B rpyni KOMBiHOBaHOro BBEAEHHA KagMito 3 CyKLIMHATOM 3a/i3a, e B Npobax
HUXKHbOI LLEeNen HaKOMMYEHHA KaZMito NepeBuLLyBasio He TiZIbKM KOHTPOJIbHI MOKAa3HMKMK, @ 1 rpyny i301b0BaHOroO
BBEAEHHA KaaMili. AHani3 pesynbTaTiB nosieneMeHTHoro metoay Ha 20 Aoby nokasas NigBULLEHHA PiBHA HAaKoNu-
YEeHHA KagMito B rpyni i30/1b0OBAHOMO BBEAEHHSA Ta B rpyni KOMbGiHaLLiT KaZMmito 3 CYKLMHATOM 3aNi3a, a TaKoX Ha 14
006y pocniany. PiBeHb KaZimito B KiCTKOBi TKAHMHI HUMKHbBOI Wenenu B rpyni KOMBGiIHOBAaHOMO BBEAEHHA KaZMito 3 CYK-
LMHaATOM 3ani3a byB HeAOCTOBIPHO HUMKYMM, HiXK Y rpyni i301b0BaHOro BBeAEHHA Kaamito. KombiHoBaHe BBeAeHHA
LMHKY 3 Kaamiem aocTtoBipHo (p<0,001) 3HMKyBaNO piBEHb HAKOMMYEHHA KaAMito AK Y rpyni i30/1b0BaHOTO BBEAEH-
HS, TaK i B rpyni KOM6iHOBaHOro BBEAEHHSA KagMito 3 CYKLMHATOM 3aAi3a. TaKUM YNHOM, BCTAHOBIEHO TEHAEHLL10 A0
3HMXKEHHA PIBHA HAKOMUWYEHHA KagMilo B TKaHMHI HUXKHBOI Lenenu npyu NnoegHaHHI 3 LMHKOM. MOPIBHAHHA AaHWX
Npo piBeHb HAaKOMUYEHHA KaZMito B HUXKHIW weneni Ha 30 goby eKcnepuMeHTY B YCiX rpynax TaKoX 3acBigvymno
3HMMEHHA PiBHA MOKa3HWKa NMLIe NPU 3acToCcyBaHHI KOMbBiHaLji 3 UMHKOM. 3a uel nepiog AOCNIAMKEHHA pPiBeHb
HAKOMWUUYEHHs KagMito NOPiBHAHO 3 KOHTpoem 36inblimnBca y 9,7 pasa (gocToBipHicTb pisHMui p=0,001), a B rpynax
KOMBiHOBaHOro BBeAEHHA AOCTOBIPHO 3HU3MBCA. HAaMHUKUNI piBEHDb KaAMit0 BUSHAUYEHO NPU NOEAHAHHI 3 LIUHKOM
CYKLMHATOM.

BucHo8KU. XpOHiYHe BHYTPILLUHBbOLW/YHKOBE BBEAEHHS KagMmito xiopuay B £03i 2,0 Mr/Kr npussoamuTb 40 3HU-
YKEHHA PiBHA LMHKY B KiCTKOBIM TKAHUHI HUMXKHbOI LLenenn nopiBHAHO 3 KOHTPO/IbHUMM NOKA3HMKaMK AK Ha 20, Tak i
Ha 30 poby pocnigxeHHs. LIMHKY CyKUMHAT 3HUMKYE pPiBEHb KaAMit0 B KICTKOBIl TKAHUHI HUMKHbBOT LLenenu npy Kom-
6iHOBaHOMY BHYTPILLHbOLW/YHKOBOMY BBEAEHHI B XPOHIYHOMY EKCMEPUMEHTI Ha LLypaXx.

KniouoBsi cnoBa: KagmieBa iHTOKCMKALLiA, CYKLMHAT 3ai3a, CYKLUMHAT LMHKA, HAXKHA LWenena, aToOMHa eMicisi.

EXPERIMENTAL STUDY OF CADMIUM ACCUMULATION IN THE LOWER JAW OF RATS UNDER CONDITIONS OF
CORRECTION WITH ZINC AND IRON SUCCINATE

Nefodova O. O., Shevchenko O. S.

Abstract. Given the wide variety of existing forms of cadmium (size, physicochemical properties, etc.), determin-
ing morphological changes during exogenous exposure is an urgent task. Cadmium, accumulating in the body, has a
direct or indirect negative effect on almost all organs, but it causes the most significant changes in the reproductive,
endocrine, immune systems, blood, kidneys and bone tissue, inducing degeneration or even transmutation of cells.

Purpose of work: conducting and analyzing the microelement composition of bones, namely, the lower jaw of
experimental animals according to the data of polyelement analysis.
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Object and methods. Determination of the features of cadmium accumulation in the bones of rats during iso-
lated administration and under the conditions of correction with zinc and iron succinates was carried out using
polyelement analysis of biological materials, objects by the method of atomic emission with electric arc atomization.

Results. At the beginning of the experiment, the level of cadmium in the lower jaw was 3.7 times higher than that
in the femur. We believe that this difference is explained by the different shape, structure and functional load of the
bones. On the 14th day, in the control group, the accumulation of cadmium in the lower jaw of the experimental
animals was 0.336210.0434pug/g, on the 20th day, the indicator increased to 0.4117+0.0933ug/g, and at the end of
the experiment, it was a maximum of 0.4830+0.0208 ug/g. In the group of isolated exposure to cadmium chloride
already on the 14th day of administration, the level of cadmium accumulation increased by 2.5 times compared to
the control. Rather unexpected was the increase in the level of cadmium in the group of combined administration
of cadmium with iron succinate, where in the samples of the lower jaw, the accumulation of cadmium exceeded
not only the control indicators, but also the group of isolated administration of cadmium. Analysis of the results of
the polyelement method on the 20th day demonstrated an increase in the level of cadmium accumulation in the
group of isolated administration and in the group of the combination of cadmium with iron succinate, as well as on
the 14th day of the experiment. The level of cadmium in the bone tissue of the lower jaw in the group of combined
administration of cadmium with iron succinate was unreliably lower than the group of isolated administration of
cadmium. The combined administration of zinc with cadmium significantly (p<0.001) reduced the level of cadmium
accumulation in comparison to both the group of isolated administration and the group of combined exposure to
cadmium with iron succinate. Thus, a tendency towards a decrease in the level of cadmium accumulation in the
tissue of the lower jaw was determined when combined with zinc. Comparison of data on the level of cadmium ac-
cumulation in the lower jaw on the 30th day of the experiment in all groups also proved a decrease in the indicator
level only when using a combination with zinc. During this period of the study, the level of cadmium accumulation
compared to the control increased by 9.7 times (reliability of the difference p=0.001), and in the groups of combined
administration it significantly decreased. The lowest level of cadmium was determined when combined with zinc
succinate.

Conclusions. Chronic intragastric administration of cadmium chloride at a dose of 2.0 mg/kg leads to a decrease
in the level of zinc in the bone tissue of the lower jaw compared to control indicators on both the 20th and 30th
day of the study. Zinc succinate reduces the level of cadmium in the bone tissue of the lower jaw with combined
intragastric administration in a chronic experiment on rats.

Key words: cadmium intoxication, iron succinate, zinc succinate, lower jaw, atomic emission.
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