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tissue diseases, dysmenorrhea and abnormal uterine bleeding are the most common menstrual disorders, caused by
immune dysregulation, autoimmune processes, and inflammation. The modern approach to the treatment of such
patients consists in the development of an individual treatment plan, taking into account concomitant diseases,
current laboratory findings, pathological features of the onset of the disease and the course of menstrual cycle
disorders. Treatment consists of prescribing hormonal (synthetic and natural estrogens, gonadotropin-releasing
hormones, progesterone and gonadotropin-releasing hormone analogues) and non-hormonal agents (nonsteroidal
anti-inflammatory drugs, tranexamic acid), as well as non-drug treatment (lifestyle modification, physical activity,
rational nutrition). To date, there is no unified terminology and generally accepted criteria for diagnosing and
assessing the severity of UCTD. Diagnostic methods and criteria for UCTD are not standardized compared to other
connective tissue diseases. Management of patients with connective tissue diseases and menstrual dysfunction is a
complex issue, the answer to which is based on the assessment of gynecological problems (menstruation, fertility,
sexuality) and a multidisciplinary approach involving specialists from other branches.

Key words: menstrual cycle irregularities, women of reproductive age, undifferentiated connective tissue
dysplasia, abnormal uterine bleeding, dysmenorrhea.
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The article presents an analysis of scientific literature on the impact of heavy metal compounds on bone and
cartilage tissue. The most common environmental toxicants in the group of heavy metals are mercury, cadmium and
lead salts, which, when ingested, accumulate in the body, provoke a hypoxic state and compete with biogenic metals
for binding to the active site of many proteins and enzymes, causing a violation of their functions. Modern scientific
research has shown that chronic cadmium intoxication creates an imbalance in the process of bone remodelling, in-
ducing the development of osteopenia and osteoporosis. The ability of the toxicant to accumulate in the extracellular
bone matrix has been experimentally determined, leading to its bioaccumulation and an increase in the half-life of
the metal from the body. The accumulation of cadmium in bone tissue leads to a decrease in calcium and zinc levels,
which disrupts the basic processes of ossification and negatively affects cartilage and joint tissue. Understanding the
mechanisms of osteo- and chondrotoxicity of cadmium will help to find adequate therapy methods for cadmium-
induced osteoporosis and prevent the negative impact of the toxicant on bone and cartilage tissue. Studies of the
accumulation level of trace elements in bones and their changes under the influence of negative factors are also
relevant. It is perspective not only to determine the accumulation level of heavy metal salts but also to search for
possible bioantagonists of heavy metal salt accumulation.

Key words: bone tissue, femur, lower jaw, microelements, dyselementoses, cartilage tissue, rats, heavy metals,
cadmium, zinc, iron, influence, accumulation.

Connection of the publication with planned re-
search works.

The work was carried out in accordance with the sci-
entific theme of DSMU “Morphological and functional
features of organs and tissues under the influence of
external and internal factors”, state registration number
0120U105219.

Introduction.

Increasing rates of environmental pollution in indus-
trialised countries require studying the impact of envi-
ronmental factors on human health. One of the most
widespread and dangerous environmental pollutants
is heavy metals, which, when ingested by the human
body, lead to acute and delayed complications, change
the balance of trace element systems, cause diseases or
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complicate their course. Heavy metals are long-lasting
and persistent ecopolutants, the most typical anthro-
pogenic associations of which are represented by lead,
cadmium, nickel, tin, cobalt, mercury, antimony and bis-
muth [1-5]. 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, disrupt-
ing their functions [5-9].

Cadmium is a naturally occurring element with a rel-
atively low content in the Earth’s crust; it is not found in
the free state in the environment, but is present mainly
in the form of free complex compounds with inorganic
and organic ligand substances [8, 9]. This metal has a
low melting point, rapid ion exchange activity, high
electrical thermal conductivity, and corrosion and resis-
tance. When ingested, cadmium compounds have high
cumulative effects, which are poorly understood.

The aim of the study.

To identify the spectrum of morphological and bio-
chemical changes occurring in bone tissue of different
types after chronic exposure to heavy metals according
to the modern scientific literature.

Main part.

Cadmium enters the body in various ways: through
the respiratory and digestive systems, with water and
food. It can accumulate mainly in the liver, kidneys, and
bone systems. The biological half-life of cadmium varies
from 40 days in the blood to 20 years or more. The per-
missible limit of “safe” intake of cadmium is 7 ug/week/
kg body weight or 25 pg/kg body weight per month,
and the maximum dose is 60-70 pg per day according
to FAO/WHO [10].

It has been proven that cadmium accumulating in
the body has a direct or indirect negative impact on al-
most all organs, but the most significant changes are in
the reproductive, endocrine, immune systems, blood,
liver and bone tissue, inducing cell degeneration or even
transmutation [11-12]. Oxidative stress is considered to
be the key molecular mechanism underlying Cd-induced
cytotoxicity.

A number of scientific studies conducted at the be-
ginning of the XXI century showed that bone and carti-
lage tissue is one of the important “targets” of the nega-
tive impact of cadmium salts, and prolonged exposure
to the toxicant leads to increased fragility of skeletal
bones and decreased mineral density [13-17].

Bone tissue, as the main component of the body’s
skeleton, contains several types of cell clusters (osteo-
blasts, osteoclasts, osteocytes) and a calcified extracel-
lular matrix consisting of minerals, organic matter and
water. About 90% of the organic component of the ex-
tracellular bone matrix is type | collagen, which is syn-
thesised by osteoblasts and deposited in layers in ma-
ture bone [18, 19]. In 2009, a group of researchers led
by A. Engstrém suggested that Cd-induced bone dam-
age was not associated with the inactivation of active
vitamin D metabolites [20], while X. Chen et al. (2011)
and R.B. Jain (2020) found a correlation between the
prevalence of osteoporosis in itai-itai patients and the
development of renal dysfunction [21, 22]. This informa-
tion demonstrated the complexity of the mechanisms of
Cd-induced osteotoxicity, which required further devel-
opment and research. Modern studies have identified

and proved two mechanisms of action of cadmium com-
pounds on bone tissue —direct and indirect. The direct
mechanism involves the toxicant’s direct effect, which
causes bone cell disruption and leads to increased bone
resorption and weakening of bone calcification [22, 23].
An indirect mechanism is mediated by the development
of Cd-induced renal failure associated with increased
renal excretion of calcium and phosphorus, suppres-
sion of the production of active vitamin D metabolites,
and reduced calcium absorption in the digestive tract
[21, 22, 24-26]. The degree of bone remodelling among
residents exposed to chronic cadmium intoxication was
also associated with renal tubular dysfunction. Thus,
the study’s results by K. Nambunmee et al. (2010) indi-
cate a positive correlation between bone markers and
markers of proximal tubular dysfunction [27]. In 2005,
a group of researchers led by H. Horiguchi also reported
a significant increase in the bone resorption marker NTx
in the group with urinary cadmium excretion levels of
more than 3.5 pg/g creatinine compared to the refer-
ence group (excretion level of less than 2.5 pg/g) [28].

Studies in experimental animals have shown that
chronic exposure to cadmium reduces the mineralisa-
tion of vertebral bodies, changing their biomechanical
properties and making them more susceptible to defor-
mation and fracture [29]. It has also been shown that
cadmium reduces the expression of osteoblastic differ-
entiation markers, extracellular bone matrix proteins
(type I collagen) and enzymes involved in the minerali-
sation process (alkaline phosphatase ALP) [30, 31], alter-
ing the process of bone formation and mineralisation.

Another important potential “target” of the nega-
tive impact of cadmium compounds on the musculo-
skeletal system is articular cartilage, which consists of
chondrocytes, water, type Il collagen and proteoglycans.
The structure and composition of articular cartilage is
influenced by age, gender, genes, and the environment,
and collagen and proteoglycans provide the basis for the
cartilage matrix to maintain a stable metabolism and
normal physiological and biochemical functions [32, 33].
The main proteoglycan in cartilage is the high molecular
weight protein ACAN, which interacts with hyaluronic
acid to form high molecular weight polymers, resulting
in high elasticity [34]. Inflammation, damage, and de-
struction of articular cartilage are associated with early
degradation of collagen and proteoglycans produced by
chondrocytes and destruction of its molecular structure
[35]. Chronic exposure to cadmium compounds causes
degradation of the extracellular matrix of articular car-
tilage, which violates the normal functional status of
the joints [36, 37]. Several studies concerned only carti-
laginous articular tissue. On the 14th day of the experi-
ment, animals of the experimental group with isolated
chronic exposure to cadmium chloride showed signs of
histostructural changes at the microscopic level in ar-
ticular hyaline cartilage. The researchers proved signs
of inhibition of growth processes due to inhibition of
proliferative and differential activity of chondrocytes
with dystrophic changes. The analysis of histological
specimens of the femoral head with articular cartilage
and the mandible revealed resorption cavities, cell-free
compacta fields and uneven ossification of the underly-
ing substance [38, 39].

Thus, modern scientific research has shown that
bone tissue is constantly renewed, and the renewal
process involves the coordinated action of resorption,
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synthesis and mineralisation of the bone matrix. Vari-
ous scientific studies show that cadmium salts can cause
negative effects on bone tissue associated with bone
mass loss, bone structure disorders and reduced bone
strength.

Thus, modern scientific research has proven that
bone tissue is constantly renewed, and the renewal
process involves the coordinated action of resorption,
synthesis and mineralization of the bone matrix.
Multidisciplinary research shows that cadmium salts
can cause harmful effects on bone tissue associated
with bone mass loss, bone structure disorders, and
reduced bone strength.

Studies of the accumulation level of trace elements
in bones and their changes under the influence of
negative factors are also relevant. Researchers are
determining the accumulation level of heavy metal
salts and searching for possible bioantagonists of heavy
metal salt accumulation. Researchers at Dnipro State
Medical University conducted an experimental search
for cadmium antagonists among biometal succinates,
modeling isolated exposure to cadmium and combined
exposure to cadmium with iron and zinc succinates
in rats. The results of a chronic experiment with
intragastric daily administration to male rats showed
that the isolated administration of a solution of cadmium
chloride at a dose of 2.0 mg/kg in femur samples
increased the level of cadmium accumulation from
0.2065%0.0227 ug/g on the 14th day of the experiment
to 0.3837+0.0606 pg/g by the end of the experiment
(30 days). The obtained indicators have a high level of
significant difference with the indicators of the control
group. In the groups of combined exposure to cadmium
with zinc or iron succinates, the level of cadmium in the
bone significantly decreases, which makes it possible
to consider succinates as potential bioantagonists for
cadmium accumulation. Zinc succinate has a more
pronounced cadmium antagonism at all study periods
[40]. We studied not only the level of cadmium
accumulation but also the level of calcium retention by
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the bone and the effect of the studied substances on
the trace element status of the bone in the dynamics.
The analysis of the accumulation of trace elements in
the femur proved that isolated chronic exposure to
cadmium chloride solution in femur samples causes
a decrease in calcium and zinc levels. In the groups
of combined administration, the process of restoring
calcium and zinc levels close to control values was
determined [40]. The search for new potential cadmium
bioantagonists among biometal succinates and citrates
is promising and requires further experimental studies.

Conclusions.

Chronic cadmium intoxication creates an imbalance
in the process of bone remodeling, inducing the
development of osteopenia and osteoporosis. It
has been proven that the ability of the toxicant to
accumulate in the extracellular bone matrix causes its
bioaccumulation and leads to an increase in the half-life
of the metal from the body.

The accumulation of cadmium in bone tissue leads
decrease calcium and zinc levels, which disrupts the
basic processes of ossification and negatively affects
bone and cartilage joint tissue. Understanding the
mechanisms of osteo — and chondrotoxicity of cadmium
will allow us to find adequate methods of therapy
for cadmium-induced osteoporosis and prevent the
negative impact of the toxicant on bone and cartilage
tissue.

It is important to continue scientific research
to develop new effective protection and treatment
measures, as well as to ensure a healthy future for our
descendants. The urgency of solving this problem lies
in a comprehensive approach that includes medical,
biological and environmental aspects.

Prospects for further research.

We believe that further studies to determine the
level of accumulation of heavy salts in bone tissue, to
determine the imbalance of trace elements in it, and to
experimentally search for new possible bioantagonists
to heavy metals are promising.

BMNJIUB BAXXKUX METANIB HA MOP®O-dYHKLIIOHANTbHUMA CTAH
KICTKOBOI TKAHUHM

[ HiNpoBCbKMii aeprKaBHUN meaudHUIA yHiBepcuTteT (M. [JHinpo, YKpaiHa)
verashatornaya67 @gmail.com

B cmammi npedcmasaneHo aHani3 HayKosuX AimepamypHUX Oxcepes U000 8rausy CrioayK 8aHKUX Memarnie Ha
KicmKkosy ma XpAauw,08y MKaHUHU. Halibinbw nowupeHUMuU MoKCUKaGHMAaMU HOBKOAUWHbLO20 cepedosuwya 8 2pyni
BAMCKUX Memartie € cosni pmymi, KAOMito ma CBUHUO, AKI MPU HAOXOOHEHHI 8 0p2aHI3M HOKOMUYYHOMbCHA, TPOBOKYHOMb
2inoKcu4yHUli cmaH i KOHKYpytoMoe 3 6i02eHHUMU Memasnamu 3d 38 'A3y8AHHSA 3 AKMUBHUM UeHmMpom 6azameox binkKie
i hepmeHmis, BUKAUKAIOYU MOPYWEHHA ix pyHKUIl. B cy4acHUX HayKogux 00CNiOHceHHAX 008€0eHO, WO XPOHIYHA
iHMoKcukayis Kadmiem cmeoproe OucbanaHc y npoyeci pemooento8aHHA KICMKO80I MKAHUHU, iHOYKYH4YU pO38UMOK
ocmeorneHii ma ocmeonopo3y. EKcnepumeHmasnbHo 8u3HAYeHO 30amHIiCMb MOKCUKaHMA HAKONuU4yeamucsa y
M03AKAIMUHHOMY KiCMKOBOMY MAMPUKCI, wo npuzeodums 00 (io2o bioakymynauii i 0o 36inbweHHA nepiody
HaniesusedeHHs Mmemasy 3 opeaHizmy. HakonuyeHHs KaoMito 8 Kicmkogili mKaHUHI npu3eodums 00 3HUMEHHS
DIBHIO KanbYito ma YUHKY, Wo nopywye 6a308i npoyecu ocugikayii ma He2camueHoO 8rnau8ae Ha xpAw08y cyenobosy
MKAHUHY. PO3yMiHHA MeXaHi3mie ocmeo- i XoHOPOMOKcUYHOCMIi KaOMito 003801UmMb 3Halimu adeKksamHi Memoou
mepanii KadmiliiHOykoeaHo20 ocmeornopo3y ma rornepedumu HeaamueHUl 8MaU8 MOKCUKAHMA HA Kicmkosy |
XPAW08Y MKAHUHY. AKMYyasnbHUMU € | 00CAIOMEHHS PiBHIO HAKOMUYEHHA MiKpoeanemeHmis 8 Kicmkax ma ix 3miHu
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rpu enausi He2amusHUX YUHHUKI8. [lepcrieKmugHUM € He AuWe 8U3HAYEHHA PIBHIO HAKOMUYEeHHA conell 8aHKUX
memarnis, a i MOWYK Moxcausux 6ioaHmMa2oHicmie HaKoNu4YeHHsA conell BaXCKUX memasnis.

Knrouosi cnoea: KicmKosa MKaHUHA, CMe2Ho8a KicmKa, MikpoenemeHmu, ducenemeHmo3u, XpAau08a MKAHUHA,
wypu, 8axcki memanu, KadMili, UUHK, 3a/1i30, 87U, HAKOMUYEHHSA.

38’A30K ny6niKauii 3 n1aHOBMMWU HAayKOBO-A0CAIA-
HUMU poboTamu.

PoboTa BMKOHaHa BiAMOBIAHO A0 HayKOBOI TeMwu
OAMY «MopdodyHKLioHanbHi 0cob6aMBOCTI OpraHiB i
TKAHWH Nig, BNAMBOM 30BHILLHIX Ta BHYTPILWHiX $aKTo-
pis», N2 nepxaBHoi peectpauii 0120U105219.

Bcryn.

3pocTaHHA TemniB 3abpyAHEHHA HABKOAMULLUHbLOIO
cepefoBULLEA MPOMMCIOBO PO3BMHYTUX KpaiH BMMara-
I0Tb BUBYEHHA BMAWBY EKONOTiYHMX PaKTOpiB Ha CTaH
300poB’a AtoanHu. OaHMMM 3 HaWbinbw pPo3noBClo-
OXKEeHUX | Hebe3neyHnx 3abpyaHMKIB OOBKINNA € BaXKKI
MeTanu, AKi, NoTpanAlYM [0 OpraHismy AMHU,
npu3BOAATb A0 FOCTPUX Ta BIACTPOUYEHUX YCKIAAHEHD,
3MiHI0IOTb 6aNaHC MiIKPOENEMEHTHUX CUCTEM, CPUYM-
HAIOTb 3aXBOPIOBAHHA abo ycKNaAHWTL iX nepeobir.
BarKKi meTann € TPMBAO Ail0OYMMM | CTINKMMKM €KOMNOIH0-
TAHTAMM, Halbinbl TUNOBI TEXHOTEHHI acoujiaLii AKMX
NpPeAcTaBAeHi CBUHUEM, KAAMIEM, HiKenem, a TaKoX
0/710BOM, KOBaNbTOM, PTYTTIO, CYpMmoto i BicmyTom [1-5].
Hali6inbw NoWwWMpeHnMM TOKCUKaHTaMM HaBKOIMLLHBO-
ro cepefioBULLI@ B FPyMi BaXKKUX MeTanis € Coni PTyTi,
KaZAMito Ta CBUHLIO, AKI NPU HagXO4XKEHHI B OpraHiam
CCaBLiB CTUMY/IIOIOTb OKMUC/OBANIbHUI CTPEC | KOHKYPY-
t0Tb 3 BIOreHHUMMU MeTanamu (LMHK, MapraHeLb, Migp,
3ani30, Ka/bLiili Ta iH.) 3a 3B’A3yBaHHSA 3 aKTUBHUM LEH-
Tpom baraTbox BinKiB i pepmeHTiB, BUKANKAOUN MOPY-
LWeHHs X dyHKuin [5-9].

Kagmili € npupoaHNM enemeHTOM 3 BiHOCHO HU3b-
KMM BMiCTOM Y 3€MHi KOpi, Y BIIbHOMY CTaHi, B flOBKIN-
Ni He 3yCTpiYa€eTbCA, @ HAABHUIN NepeBaXKHO Yy BUMAL)
BiZIbHUX KOMMNAEKCHUX CMONYK 3 HEOPraHiYHMMM i opra-
HIYHMMW liraHAHUMK pevyoBUHamM [8, 9]. JaHuii meTan
Ma€ HW3bKY TeMMepaTypy MNAaBNEHHSA, WBWUAKY iOHHO-
06MiHHY aKTUBHICTb, BUCOKY €N1IeKTPUYHY TENIONPOBIA-
HiCTb Ta KOPO3iliHy Ta CTilKicTb. MpM noTpanaaHHI 40
OpraHiaMy CrnoayKu KagMmito MatoTb BUCOKI KyMYNATUBHI
34i6HOCTI, AKi € MaNo AoCNIAKEHUMMU.

MerTa gocnigyKeHHs.

Buasutn  cnekTp mopdonoriyHnx Ta HioximiuHmx
3MiH, WO BiAOYBalOTLCA B KiCTKOBIN TKAHWHI pi3HOro
TUNY MiCAA XPOHIYHOrO BN/IMBY Ba*KKMX MeTanis 3a Aa-
HMMM CYy4aCHOI HAyKOBOI NniTepaTypu.

OCHOBHa 4acTuHa.

Kaamiit notpannse go opraHiamy pisHUMM LWAAXaMM:
yepes AMxXanbHy CUCTEMY, TPAaBHY — 3 BOAOIO Ta iKelo i
340aTeH [0 KyMyAALii, AKa nepeBakHO BiabyBaeTbca y
neviHLi, HUPKax Ta KiCTKOBIM cuctemi. bionoriyHuii ne-
pioa, HaniBpo3nMaAy KagMito KonmeaeTbca Big 40 AHiB
B KpoBi 0 20 i 6inblwe pokis. [lonycTMma mexka «bes-
NEeYHOro» HaAXOAMEHHA KaAMil0 CTAHOBUTb 7 MKI/TUXK-
AeHb/Kr macu Tina abo 25 MKr/Kr macu Tina Ha micaub,
a MaKcumasbHa go3a — 60-70 MKr Ha AeHb 33 JaHUMKU
®A0/BOO3 [10].

JoBeaeHo, WO KagMii, HAKONMYYOYUCb B OpraHis-
Mi, YNHUTb NPAMMUIA YN ONOCEPEAKOBAHUIN HEraTUBHUI
BN/IMB MPAKTUYHO Ha BCi OpraHu, ane Hambinbll 3Ha-
YHi 3MiHW BUKNMKAE Y PENPOAYKTUBHINA, EHAOKPUHHIN,
iMYHHIN cucTemax, KpoBi, MeyiHLi i KiCTKOBIM TKaHUHI,
iHOYKYOUM gereHepauito abo HaBiTb TPAHCMYyTaLLitO KAi-
TMH [11-12]. KNtoYoBMM MONEKYAAPHUM MEXaHI3MOM,

AKUIN NexnTb B 0CcHOBI Cd-iHAYKOBaHOI LUTOTOKCUYHOC-
Ti, BBA’KAETbCA OKMUCNOBaNbHUI CTPEC.

PAapn, HayKoBUX [0CNIAXKEHb, BUKOHAHMX Ha NOYaTKy
XXI cToniTTA, NOKa3aB, WO OAHIEID 3 BaXKAMBUX «Mille-
Hel» HeraTMBHOrO BMN/IMBY CONEM KaZMito € KiCTKOBa Ta
XPALLOBA TKAHWMHM, @ TPMBAIa EKCMO3MLLiA TOKCUKAHTY Ha
opraHiam nNpusBoAuTb A0 36iNblUeHHA KPUXKOCTI KiCTOK
CKeNleTy Ta 3HUMKEeHHA MiHepasibHOI WinbHocTi [13-17].

KicTkoBa TKaHWHa AK OCHOBHUI KOMMNOHEHT CKeNeTy
OpraHiaMmy MIiCTUTb AeKiNbKa TUNIB KNITUHHMUX KNacTepis
(ocTeobnacTn, oCTEOKNACTU, OCTEOLUTU) Ta KaabUudi-
KOBAHMWIM MO3aKNITUHHUI MATPUKC, AKUMA CKNAAAETbCA 3
MiHepaniB, OpraHiYHMX peyosuH Ta Boan. bamsbko 90%
OpPraHiYHOro KOMMOHEHTA MO3aKMITUHHOIO KiCTKOBOTO
MaTPUKCY — LLe KonareH Tmny |, AKM CUHTE3YETbCA ocTe-
obnactamu i BigKNaAa€eTbCs Wapamu B 3pinin Kictui [18,
19]. B 2009 poui rpyna HayKoBUX AOCAIAHUKIB HA YONi
3 A. Engstrom npunyctunm, wo Cd-iHoyKoBaHe yLIKo-
[AMKEHHA KICTOK He noB’A3aHe 3 iHAaKTUBALLIEID aKTUBHUX
meTaboniTie BiTamiHy D [20], 3 iHworo 60Ky, X. Chen et
al. (2011) Ta R.B. Jain (2020) BCTaHOBMAWN HASIBHICTb KO-
penauiiHoro 3s’A3Ky MK MOLUMPEHICTIO OCTEONOPO3Y
naui€eHTiB 3 itai-itai Ta pO3BMTKOM peHanbHOT AUChYHKLT
[21, 22]. Us iHbopMmaLis npoaeMoHCTpyBaia CKAaAHICTb
mexaHiamis Cd-iHAyKOBaHOI OCTEOTOKCMYHOCTI, WO BU-
Mmaraso noganblumx po3pobok i gocnigxeHb. CydyacHi
OOCNIAXEeHHA BUABMAM Ta A0BENM ABa MexaHizmu Aaii
CNOMYK KaaMilo Ha KiCTKOBY TKaHWHY — NpsMWiIA i ono-
cepefKoBaHui. Mpamunii mexaHism nepenbayae 6esno-
cepefHili BNIMB TOKCUKAHTA, LLLO BUK/IMKAE NMOPYLUEHHSA
®YHKLUiOHYBAHHA KNITUH KiCTKOBOT TKAHWMHW | CNPUYUHSAE
nocuneHy pe3opbuito KicTKM Ta ocnabneHHs i Kanbumoi-
Kauii [22, 23]. Henpamuit mexaHi3am onocepesKoBYETbCA
po3BuTkom Cd-iHAYyKOBaHOi HMPKOBOI HEAOCTaTHOCTI,
acoLiioBaHOI 3 MOCU/IEHHAM HUPKAaMM EKCKpeLii Kab-
uito Ta dochopy, NPUrHIYEHHAM NPOAYKLIT aKTUBHMUX
meTaboniTie BiTamiHy D, a Takox ocnabneHHAm abcopb-
Lii KanbLito B TpaBHOMY KaHani [21, 22, 24-26]. CTyniHb
pemoaentoBaHHA KiCTKOBOI TKAHWHU cepes, MeLLKaHL,iB,
AKi 3a3HA/IM XPOHIYHOI IHTOKCMKALLT KaZMIieEM, TaKOX
6yna nos’AsaHa 3 AMCOYHKLIEID HUPKOBUX KaHa/bliiB.
Tak, pesynbtatn pocnigxeHHa K. Nambunmee et al.
(2010) BKa3yOTb Ha MO3UTUBHY KOPENALLIKD MiXK KiCTKO-
BMMM MapKepamu Ta MapKepamu MPOKCMMAJIbHOI Ka-
HanbueBoi anchyHKLii [27]. B 2005 poui rpyna gocnia-
HUKIiB Ha 4oni 3 H. Horiguchi Takox nosigomunn npo
3HaYHe 3POCTaHHA MapKepa KicTKoBOI pe3opbuii NTx y
rpyni 3 piBHeM ce4yoBOi eKcKpeuii Kaamito binbwe 3,5
MKr/T KpeaTuHiHy NOopiBHAHO 3 pedepeHTHO rPynoto
(piBEHb BUBEAEHHA enemeHTa MeHLle 2,5 mKr/r) [28].

JocnifreHHA Ha eKcnepMMeHTalbHUX TBAPUHAX Mo-
Kaszanu, WO XPOHIYHMI BMNIMB KaAMito 3MEHLUYE MiHepa-
nisauito Tin xpebuis, 3miHIOOUYM iX BiomexaHiuHi BracTu-
BOCTi Ta pob61aum ix cnpUNHATAKBIWLIMMMK A0 aedopmauii
Ta pyriHyBaHHA [29]. TaKoX NPOAEMOHCTPOBAHO, WO
KaZMili 3MeHLLYE eKCrpecito MapKepis 0cTe061acTUYHOI
andepeHuiauii, 6inKiB NO3aKNITMHHOI KiCTKOBOI MaTpu-
ui (konareH TMny |) Ta pepmenTis, WO HGepyTb yyacTb y
npoueci miHepanizauii (ny»kHa ¢ocdaTasa ALP) [30, 31],
3MiHOUYM npouec GOpMyBaHHA Ta MiHepanisau,i Kic-
TOK.
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LLle oaHi€l0 3 BaXKAMBMX MOTEHLIMHUX «MilleHen»
HeraTMBHOTO BMNJIMBY CMOAYK KaiMitO Ha OMOPHO-PYXOBY
CMCTeMy OpraHiamy € cyrio60Bi XpALLi, A0 CKAaLy AKUX
BXO4ATb XOHAPOUMTU, BOAA, KonareH Il Tmny Ta npote-
ornikaHW. Ha cTpyKTypy Ta ckaaz cyrnoboBoro xpswa
BM/IMBalOTh BiK, CTaTb, FEHM Ta 30BHILLHE CepefoBULLE,
a Ko/lareH Ta NpoTeornikaHu 3abe3neyyoTb OCHOBY, AKa
[03BOIAE MATPUKCY XpAWa NigTPMMyBaTU CTabibHUI
meTaboniam Ta HopmasnbHi ¢isionoriyHi Ta GioximiyHi
dyHKUi [32, 33]. OCHOBHMI NPOTEOMIKaH Yy XpALi — ue
BMCOKOMONEKYNApHUA 6inok ACAN, Ak B3aemogie 3
riaypoHOBOIO KMCNOTOLO, YTBOPIOKOYM BMCOKOMOEKY-
NApHI nonimepu, 06YMOBIOOYM BUCOKY €1aCTUYHICTb
[34]. 3ananeHHs, yWKOAKEHHA Ta AeCTpyKLia cyrnobo-
BOro XpAWA NOB’A3aHi 3 paHHbO Aerpajalliero Kona-
reHy Ta NPOTEOrNiKaHiB, WO NPOAYKYTbCA XOHAPOLM-
TamMu, Ta PyMHYBAHHAM MOrO MONEKYAAPHOI CTPYKTYPU
[35]. XpOHiyHMI BNANB CMONYKAMK KagMito CNPUYMHAE
Aerpafauito  MO3aKNiTUHHOTO MaTpuKcy cyrnobosoro
XpALA, WO NpM3BOAUTL A0 NOPYLUEHHA HOPMASIbHOrO
dyHKUioHanbHoro cratycy cyrnobis [36, 37]. Paa ao-
CNiAyKeHb CTOCYBa/IUCb TifIbKM XPALWOBOI Cyr1060Boi
TKaHWHU. Bxke Ha 14-Tiih nobi eKcnepumeHTy y TBapuH
[OCNIAHOI rpynK i30/1bOBAHOMO XPOHIYHOTO BMJINBY X10-
PUAOM KaZMito HAa MiIKPOCKOMIYHOMY PiBHi 3i CTOPOHM
cyrno6oBoro rianiHOBOro XpAWa BUABAAANCE O3HAKM
FiCTOCTPYKTYPHUX MepeTBopeHb. [JocnigHuWKM aosenu
NnofABY O3HaK ra/ibMyBaHHA POCTOBMX MPOLECIB 3@ paxy-
HOK NpPUrHiYeHHA nponipepatnBHOi Ta anudepeHUianb-
HOI aKTUBHOCTiI XOHAPOLMTIB 3 PO3BUTKOM Y HUX AUCTPO-
diYHMX 3MiH. AHani3 ricTonoriyHnx npenapartis roN0BKM
CTErHOBOI KiCTKM 3 CYyrnoboBMM XPALWEM Ta HUMKHbOI
wenenu A03BONUB BUABUTU TMOPOXKHUHKU pe3opbuil,
nona 6e3KNITUHHOI KOMMAKTU Ta HEPIBHOMIPHICTb OCU-
¢iKauii ocHoBHOI pevoBuHM [38, 39].

TaKMM YMHOM, B Cy4aCHUX HAaYKOBUX AOCAIANKEHHAX
[0BeAEeHO, WO KiCTKOBA TKAHMHA MOCTIMHO OHOBJIIOETb-
CA, a Npouec BiAHOBMEHHA BK/OYAE CKOOPAMHOBAHY
Aito pe3opbuii, cMHTe3y Ta MiHepanisauji KicTKoBoro
MaTpUKcy. PisHOCnpAmMOBaHi HayKoBi A0CANiIAKEHHA MNO-
KasyloTb, WO COMi KaAMito MOXYTb BUKINKATU HETaTUBHI
HacnigKW ons KicTKOBOT TKAHMHW, NOB’A3aHi i3 BTpaTolo
MaCK KiCTOK, NOPYLUEHHAM iXHbOi CTPYKTYPW Ta 3HUXKEH-
HAM MiLHOCTI KiCTOK.

AKTYaNbHUMM € | JOCNIAKEHHA PIBHIO HAKOMUYEHHA
MiKpOenemeHTiB B KiCTKax Ta iX 3MiHW Npu BNAMBI He-
raTUBHUX YMHHUKIB. JOCNIAHWKM NPOBOAATL He nuLle
BM3HAYEHHS PiBHIO HAKOMWUYEHHA CO/IEN BaXKKUX MeTa-
NiB, @ i NOWYK MOXAMBUX BiOAHTAroHICTiB HaKOMUYEeH-
HA conew Ba*KKMX metanis. [locnigHukmn JHiNnpoBCbKoOro
OEP’KaBHOTO MeAMYHOro YHiBepCUTEeTy MPOBENN eKc-
nepuMMeHTaNbHUIA MOLYK aHTAroHiCTiB Kagmito cepeg,
CYKUuMHaTiB biomeTanis, modeno4M i301b0BaHUI
BM/IMB KaZIMIEM Ta KOMGIHOBaHWI BMNAMB Kaamiem 3
CYKUMHATaMM 3ani3a Ta UMHKY Ha wypax. Pesynbratu
XPOHIYHOrO EeKCNepuMeHTY 3 BHYTPILIHbOLLIYHKOBUM

LWOAEHHMM cnocoboMm BBEAEHHA CamMLAM LLypiB npose-
MOHCTPYBanu, Lo Npu i30/1lbOBAHOMY BeZEHHI PO3UYMHY
xnopuay Kagmito 8 403i 2,0 Mr/Kr B 3paskax CTerHoBoi
KICTKM BifOyBa€eTbCA 36i/blUEHHS PIBHIO HAKOMUYEHHS
Kaamito 3 0,2065+0,0227 mKr/r Ha 14-Ty poby ekcne-
pumeHTy g0 0,3837+0,0606 MKr/r 40 KiHUA eKcrnepu-
meHTy (30 goba). OTpMMaHi NOKa3HUKN MaloTb BUCOKUIA
piBEHb AOCTOBIPHOI Pi3HULi 3 MOKAa3HMKAaMM KOHTPOJIb-
HOI rpynu. A B rpynax KOMGiHOBaHOro BN/MBY Kagmito 3
CYKUMHATaMK UMHKY abo 3anisa piBeHb BMICTY Kagmito
B KiCTLi JOCTOBIPHO 3MEHLLYETLCA, WO AAE MOXKAMBICTb
po3rnaaaTM CyKUMHaTM AK NOTEeHUinHI BioaHTaroHic-
TW WOAO0 HAKOMWYEHHA Kaamito. CyKUMHAT LMHKY MaEe
6iNblL BUPAXKEHUIM CTYyMNiHb AaHTArOHICTY KaAMito Ha BCiX
TepmiHax gocnigxeHHa [40]. JocniaxKysasca He nvwe
piBEHb HAaKOMWYEHHA KaaMito, ane i piBeHb yTPMMaHHA
KiCTKOO Ka/ibLLito Ta BNAMB OCNIAXKYBAHMX PEYOBUH Ha
MIKpOenemMeHTHMI CTaTyC KiCTKM B ANHAMILi. AHani3 Ha-
KOMWYEHHA CTErHOBOI KiCTKOK MiKpOenemeHTiB [0BiB,
LLLO i30/1bOBAHUI XPOHIYHUI BNAWB PO3YMHY XJ0pUAY
KaaMito B 3pa3Kax CTErHOBOI KICTKM BUK/IMKAE 3HUXKEHHA
PiBHIO Ka/ibLiito Ta UMHKY. B rpynax KombiHOBaHOro BBe-
OEeHHA BU3HAYaBCA NpoLec BiAHOBNEHHA PiBHIO Ka/bLiito
i LMHKY 6/1M3bKO 10 KOHTPOJIbHUX 3HaYeHb [40]. Mowyk
HOBMX NOTEHLiNHMX Bi0aHTAroHICTiB Kagmito cepen, CyK-
UMHaTiB Ta uMTpaTiB biomeTanis € NEPCNEKTUBHUM i No-
Tpebye NOAANbLUMX EKCNEPUMEHTANbHUX SOCNIAKEHD.

BucHoBKwu.

XpOHiYyHa iHTOKCMKAUiA Kaamiem cTBOpoe aucba-
JIAHC Yy npoueci pemogentoBaHHA KiCTKOBOI TKaHMHW,
iHOYKYOUM PO3BUTOK OCTeomneHii Ta octeonopo3sy. [o-
BeAEeHO, WO 34aTHICTb TOKCMKAHTA HAKOMuUYyBaTUCA Y
NO3aKNITUHHOMY KiCTKOBOMY MATPUKCi CNPUYUHSAE MOTO
6ioakymynauio i npussoauTb A0 36inblieHHA nepioay
HaniBBUBEAEHHA MeTany 3 opraHiamy.

HakonuyeHHA Kaamito B KIiCTKOBIM TKaHMHI NpuU3Bo-
OVTb 0,0 3HUXKEHHA PIBHIO Ka/bLilo Ta LMHKY, WO Nopy-
wye 6a3oBi npouecn ocmdikaLii Ta HeraTMBHO BN/MBAE
Ha KiCTKOBY i XpALLOBY Cyr/1060BY TKaHUHY. Po3ymiHHA
MEXaHi3MiB OCTe0 — i XOHAPOTOKCUYHOCTI KaaMmito Ao-
3BO/INTb 3HANTWU ageKBaTHIi meToau Tepanii KagMiniH-
[YKOBaAHOro OCTeonoposy Ta Nonepeamvt HeraTUBHUN
BM/IMB TOKCMKaHTa Ha KiCTKOBO-XPALLOBY TKAHWUHY.

BaxnmMBO NPOAOBIKYBATM HAYKOBI AOCANIAKEHHA ANA
pPO3pPO6KM HOBUX ePEeKTUBHUX 3aXOLiB 3aXUCTY Ta NiKy-
BaHHA, a TAKOX A/1a 3abe3neyeHHs 340p0OBOr0 ManbyT-
HbOMO HAWWX HalWaAKiB. HeBiaKNagHICTb BUpILLIEHHA
Liei npobnemu nonArae B KOMMJAEKCHOMY Migxoa, Wo
OXOMJIIOE K MeAWYHI, TaK i 6ionoriyHi Ta ekonorivHi ac-
NeKTu.

MNepcnekTMBKM NOAANBLUNX AOCNIAMKEHbD.

BBa*kaemo nepcnekTMBHUMM NOAANbLI AOCAIAKEH-
HA 3 BM3HAYEHHA PIBHIO HAKOMWYEHHA KiCTKOBOK TKa-
HUHOO BaXKKMX COMEeN, BU3HAUYEHHA gucbanaHcy Mikpo-
€/1eMeHTIB B Hilli Ta eKCNepuMeHTaIbHUI MOLUYK HOBUX
MOXKIMBUX BIOAHTArOHICTIB BaXKKMM MeTaslam.
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N

BM/IUB BAXKKUX META/IIB HA MOP®O-®YHKLIIOHATbHUIM CTAH KICTKOBOT TKAHUHU

LWaTopHa B. .

Pestome. OgHMMM 3 HAMBINbLI PO3MOBCIOAKEHNX | HEGE3NEeUYHMX 3abPYAHNKIB AOBKINNA € BaXKKi MeTanu, AKi, no-
TPanAYM 40 OpraHiaMmy, NpU3BOAATb 0 FOCTPUX Ta BiACTPOYEHUX YCKNAAHEHDb, 3MiHIOOTb HanaHc MiKpoenemeHT-
HUX CUCTEM, CMPUUYMHAIOTb 3aXBOPOBaHHA abo yCKnaaHITh iX nepebir. Halbinbll nowmMpeHnmMmmn TOKCUKaHTaMK
HaBKO/ZIMLLHbLOMO cepeaoBuLLa B rpyni BaXKKMX MeTasiB € COAI PTYTi, KAAMIIO Ta CBUHLLIO, AKI NPV HAaAXOOKEHHI B
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OpraHiam ccaBLiB CTUMYNIOOTb OKUC/OBANbHUIA CTPEC i KOHKYPYHOTb 3 BioreHHMMM MmeTafamu 3a 38’A3yBaHHA 3
AKTUBHUM LLeHTPOM HaraTbox 6ifKiB i GepMeHTIB, BUKAMKAIOYM MOPYLUEHHA iX GYHKLiN.

MeToto focniaKeHHA 6yN0 BUABNEHHA PIBHIO HAKOMUYEHHA Y KICTKaX Ba*KKMX MeTasiB Ta BU3HAUYEHHA CNEKTpYy
MOopPdOIOriYHMX Ta BioXiMiYHMX 3MiH, LLO BiAOYBaOTbCA B KiCTKOBIM TKAHMHI Pi3HOro TUMNY NiciA XPOHIYHOrO BN/NMBY
Ba*KKMX MeTaniB 3a A4aHMMM Cy4aCHOI HayKOBOI NiTepaTypu.

JoBeneHo, Wwo KaaMmill, HAKONUYYYUCb B OPraHi3mi, YAHUTb NPAMMUIA YU ONoCcepeSKOBAHNIN HEFAaTUBHWUI BNAMB
NPaKTUYHO Ha BCi OpraHu, asie HalbinbL 3HAYHI 3MiHM BUK/IMKAE Y PENPOAYKTUBHIN, EHAOKPUHHIN, iIMyHHIN cu1c-
Temax, KpoBi, MeyiHu,i i KiICTKOBil TKaHMHI, iHAYKYOUM gereHepaLiito abo HaBiTb TPAHCMYyTaL,i0 KNiTUH. KatoyoBmum
MOIEKYNAPHUM MEXaHi3MOM, AKUI NexnTb B 0cHOBI Cd-iHAYKOBAHOI LMTOTOKCMYHOCTI, BBAXKAETbCA OKMUCIHOBA/b-
HUM cTpec.

Pag, HayKoBUX eKcnepuMeHTaNbHUX AOCNIAMKEHDb, BUKOHAHUX Ha no4vaTky XX| cTONITTA, NOKa3as, WO O4Hi€El0 3
BaXKIMBUX «MilLIEHEW» HEraTUBHOTO BN/MBY COMEN KagMito € KICTKOBA Ta XPALLOBA TKAHWUHK, @ TPUBANA EKCMNO3MULLA
TOKCWMKAHTY Ha OpraHiam npu3BoOAMUTb A0 36iNblUEHHA KPUXKOCTI KiCTOK CKeleTy Ta 3HUMKEHHA MiHepasibHOI WiNbHOC-
Ti.

HakonnyeHHA KaAmito B KIiCTKOBIN TKaHWMHI NPU3BOANUTbL A0 3HUMKEHHA PIBHIO Ka/bLLilo Ta LMHKY, WO NOPYLIYE
6a308i Nnpouecu ocudikalii Ta HEraTUBHO BM/IMBAE Ha XPALLOBY CYr1060BY TKaHUHY. PO3yMiHHA MexaHi3MiB ocTeo — i
XOHAPOTOKCMYHOCTI KaaMito 403BOINTb 3HAMTU af4eKBaATHI MeToam Tepanii KaaMiliHAYKOBAaHOro 0CTeONopo3y Ta Mno-
nepeanT HeraTUBHWIM BNIMB TOKCMKAHTA Ha KiCTKOBO-XPALLOBY TKAHMHY.

Ba/IMBO NpOAOBIKYBaTM HAYKOBI AOCAIAKEHHA A7 PO3POOKMN HOBUX ePEKTUBHUX 3aX0AiB 3aXMUCTY Ta NiKyBaH-
HA, @ TaKOX A4 3abe3neyeHHA 340POBOro MalibyTHbOrO HalMX HallagKiB. HesigknagHicTb BUPILLEHHA Liei npo-
6nemu nonArae B KOMMJIEKCHOMY NiAXoA4i, Lo OXOMNJHOE AK MeANYHI, TaK i 6ionorivHi Ta eKonorivHi acnekTu.

Knto4oBi cnoBa: KicTKoBa TKaHWMHA, CTEFHOBA KiCTKA, HUXKHA Wenena, MiKkpoeneMeHTH, AUCENIEMEHTO3M, XPALLO-
Ba TKaHWHa, LWypK, BaXKKi MeTann, KagMiii, LMHK, 3a1i30, BNMB, HAKOMUYEHHS.

INFLUENCE OF HEAVY METALS ON MORPHO-FUNCTIONAL STATE OF BONE TISSUE

Shatorna V. F.

Abstract. One of the most widespread and dangerous environmental pollutants are heavy metals, which, enter-
ing the body, lead to acute and delayed complications, change the balance of trace element systems, cause diseases
or complicate their course. The most common environmental toxicants in the group of heavy metals are salts of mer-
cury, cadmium and lead, which, when entering the body of mammals, stimulate oxidative stress and compete with
biogenic metals for binding to the active center of many proteins and enzymes, causing disruption of their functions.

The purpose of the study was to identify the level of accumulation of heavy metals in bones and to determine
the spectrum of morphological and biochemical changes that occur in bone tissue of various types after chronic
exposure to heavy metals according to modern scientific literature.

It has been proven that 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, liver and
bone tissue, inducing degeneration or even transmutation of cells. Oxidative stress is believed to be the key molecu-
lar mechanism underlying Cd-induced cytotoxicity.

A number of scientific experimental studies carried out at the beginning of the 21st century showed that one of
the important “targets” of the negative impact of cadmium salts is bone and cartilage tissue, and long-term expo-
sure to the toxicant on the body leads to an increase in the fragility of the bones of the skeleton and a decrease in
mineral density.

The accumulation of cadmium in bone tissue leads to a decrease in the level of calcium and zinc, which disrupts
the basic processes of ossification and has a negative effect on cartilage joint tissue. Understanding the mechanisms
of osteo — and chondrotoxicity of cadmium will allow us to find adequate methods of therapy for cadmium-induced
osteoporosis and prevent the negative impact of the toxicant on bone and cartilage tissue.

It is important to continue scientific research to develop new effective protective measures and treatments, as
well as to ensure a healthy future for our descendants. The urgency of solving this problem lies in an integrated ap-
proach, covering medical, biological and environmental aspects.

Key words: bone tissue, femur, lower jaw, microelements, dyselementoses, cartilage tissue, rats, heavy metals,
cadmium, zing, iron, influence, accumulation.
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