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PE3IOME

AxTyanbHicTb. [JoCniaXeHHS KICTKOBOI TKaHWHW BKMOYAE ABa HaMpsiMKW — BUBYEHHS
3aKOHOMIPHOCTEN CTPYKTYPHOI nepebynoBu Ta 3'ACyBaHHSA [AOWHAMIKM  MiHepanbHOro
cknagy. KicTkoBa TkaHuWHa MO pi3HOMY pearye Ha BMMB €K30r€HHWX Ta E€HAOTeHHUX
UYMHHWKIB, MNpOTE 3aBXAW CMOCTEepPiraeTbCs MOPYLUEHHS MIKPOapXiTEKTypU KiCTKW,
i WinbHOCTI Ta MiHEepanbHOro cknaay.

MeTa po60TH — OOCHIAKEHHS | MOPIBHAHHA 3MiH LUINMbHOCTI Ta MiHepanbHOro cknagy
KICTKOBOI TKaHUHU Ha TIi eKCrnepuMeHTanbHOro LlyKpoBOro Aiabety Ta npu Tpvsanomy
onioigHOMYy BrMBi.

Marepianu Ta meTtoau. [locnigXeHHs1 BUKOHaAHe Ha 25 Binux cTaTteBo3pinmx HEMiHinHMX
ypax-camusix, Baroto 160-270 r, Bikom 5-7 micsAuiB. TpuBanicTb €KCNEPUMEHTY —
6 TuxHIB. |HCyniHO3anexHy dopmy uykposoro fiabety | Tuny mogentoBann BBeOAEHHAM
cTpenTo3oTouuHy. MogentoBaHHS TpMBanoro BNAMBY OMiOiQy Ha OpraHiaM 34ilcCHI0Banu
LnAXom BBeAeHHs npenapaty «Hanbydin» (Pycan ®apma NT[, IHAis). LWinbHiCTb KicTkun
BM3HaAYanuM Ha anapati AnA  AeHTanbHoi  pagiosisiorpadii. OguHuMus Bumipy —
YMOBHa OAMHWUSA cipocTi. MiHepanbHuiA cknmag AOChiAXyBanu LUMSXOM MPOBEAEeHHS
aToMHO-abcopbLiiHOro crnekTpanbHOro aHamnisy dparmMeHTiB KiCTKM Ha aToOMHO-abcopb-
LiINHOMY CNeKTPOdOTOMETPI i3 BUKOPUCTaHHAM NonyM’st nponax-byTaH-nosiTps. Jocnimky-
Banu BMICT KanbLijito,dpocdopy Ta marHito. KoHUeHTpauitio enemeHTiB BkadyBanu y Mr/r.
Pe3synbraTi Ta ix obroBopeHHs. [laHi pagiosisiorpadiyHOro AOCMiMKEHHS nokasanw,
Lo MpWU eKCnepuMeHTanbHOMY LIyKpOBOMY AiabeTi LWiMbHICTb KICTKOBOI TKaHWHWU Tina
HWKHBOI LLENenn 3HWXKYETbCS, a Mpy TPUBAanoMy BXMBAaHHI OMioigy — MiABULLYETLCS.
BHWKEHHS LUINbHOCTI CBIAYMTL MPO PO3BUTOK OCTEOMEHii, BHACMIAOK 3HWKEHHSA BMICTY
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AAS LUTYBAHHS:

KanbLilo Ta nokasHuka Ca/P npu 3pocTaHHi Noka3HuKiB BMICTy choccopy i MarHito Ta
nokasHuka Mg/Ca. [ligBuLLEHHS LWiNbHOCTI 3ymoBneHe 36inblueHHSM abconTHOro
BMICTY B KiCTKOBIIn TKaHuHi Ca, P Ta Mg, Ta nokasHuka Ca/P, wo niaTBepaxye niaBuLLEeHy
MiHepani3auito KiCTKW, MPUCKOPEHHS MeTaboniyHNX NpoLeciB KO CTUMYMIOE NiABULLEHHS
BMicTy Mg. Cepeq ycix AocnigXyBaHUX eneMeHTIB Nnuwe CniBBiAHOLWEHHS abCcomnoTHNX
nokasHukis BmicTy Ca cniBnagae i3 cniBBiHOLEHHAM MOro NMMTOMUX YacTOK Ta MOKa3HUKIB
WinbHocTi KicTkW. MNonibHe cniBBiAHOLIEHHS BCTAHOBMNEHO AN nokasHuka Ca/P.
BUCHOBKWU. 3HMXKEHHS LLUINBHOCTI KICTKOBOI TKAHWHM Tifla HWXHbOI Lienenu Ha Tni
eKcrnepuMeHTarnbHOro LyKpoBoro AiabeTy BiporidHO HacTae BHACMIAOK 3HWKEHHS BMICTY
KanbLilo Ta nokasHuka Ca/P npu 3pocTaHHi Noka3HuKiB BMICTy chocdopy i MarHito Ta
nokasHuka Mg/Ca, a nigBMLLEHHS LWiNbHOCTI KICTKOBOI TKaHWHW Ha Tni TpMBanoro
BXMWBaHHS npenaparty onioigHoi Aii 3ymosneHe 36inblweHHsM BMicTy B Hin Ca, P Ta Mg,
a Takox nokasHuka Ca/P.

Anamosuy 0.0., CacboHos A.C., Kpuseuskuit B.B., Kopaisk O.W., Coryiiko PP, Manstos €.B., KouapeHko M.B.
[MopiBHANBHWIA aHanNi3 3MiH LLiNbHOCTI Ta MiHeparnbHOro cknaay KicTKoBOT TKaHWHW Ha Tr1i eKCnepuMeHTanbHOro LlyKpoBOro
niabeTy Ta TpuBanoro onioigHoro BNAuBY. YkpaiHcbkul padionoeidHull ma oHkonoziyHul xypHan. 2021. T. 29. Ne 4.
C. 39-47. DOI https://doi.org/10.46879/ukroj.4.2021.39-47
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ABSTRACT

Background. The study of bone tissue includes two directions — the study of patterns of
structural reconstruction and clarification of the dynamics of mineral composition. Bone
tissue reacts differently to the influence of exogenous and endogenous factors, but there
is always a violation of the bone microarchitecture, its density and mineral composition.
Purpose. Investigation and comparison of changes in bone density and its mineral
composition on the background of experimental diabetes mellitus and long-term
opioid influnce.

Materials and methods. The study was performed on 25 white sexually mature nonlinear
male rats, weighing 160-270 g, aged 5-7 months. The duration of the experiment was
6 weeks. Insulin-dependent form of type | diabetes mellitus was simulated by the
administration of streptozotocin. Simulation of the long-term effects of opioids on the body
was carried out by administering preparation Nalbuphine (Rusan Pharma LTD, India).
Bone density was determined by the means of dental radiovisiography apparatus.
The unit of measurement is the conventional unit of grayness. The mineral composition
was investigated by atomic absorption spectral analysis of bone fragments on an atomic
absorption spectrophotometer using propane-butane-air flame. The content of calcium,
phosphorus and magnesium was investigated. The concentration of the elements was
expressed in mg/g.

Results. The data of radiovisiographic research showed that in experimental diabetes
mellitus the density of the bone tissue of the mandible body decreases, and in the
cases of long-term opioid use — increases. The decrease in density indicates the
development of osteopenia, due to a decrease of calcium quantity and of the Ca/P index
on the background of increasing levels of phosphorus and magnesium and Mg/Ca index.
The increase in density is due to an increase in the absolute content in bone tissue of
Ca, P and Mg, and Ca/P index, which confirms the increased mineralization of bone,
the acceleration of metabolic processes of which is stimulated by the Mg content
increase. Among all the studied ele-ments, only the ratio of absolute indicators of Ca
content coincides with the ratio of its specific shares and bone density indicators.
A similar ratio is determined for the Ca/P index.

Conclusions. The decrease in bone density of the mandible on the background of
experimental diabetes mellitus is likely to develope due to calcium content and Ca/P index
decrease with increase in phosphorus and magnesium content and Mg/Ca index; and
an increase in bone density on the background of long-term use of opioid drugs is caused
by the increase in Ca, P and Mg content, as well as Ca/P index.

VV, Kordiyak OY, Sohuyko RR, Paltov YeV, Kotsarenko MV.

Comparative analysis of changes in density and mineral composition of bone tissue on the background of
experimental diabetes mellitus and opioid influence. Ukrainian journal of radiology and oncology. 2021;29(4):39-47.
DOI: https://doi.org/10.46879/ukroj.4.2021.39-47

38’30k pO060TH 3 HOYKOBMMU NPOrPAMAMM,

NAGHAMU | TEMOMU

Cratta € pparmeHTOM nNnaHoBOI HaykoBOI poboTu
Kadpeapn HopmanbHOi aHaToMmil i Kadeapn onepaTuBHOI
Xipyprii 3 TonorpagiyHolo aHaTomieto J1bBIBCbKOro Hauio-
HanbHOro MeanyHoro yHiBepcuteTty iM. [laHuna Manvubkoro

Relationship with academic programs,
plans and themes

The article is a fragment of the planned scientific work
of the Department of Normal Anatomy and the Department
of Operative Surgery and Topographic Anatomy «Structural
organization, angioarchi-tectonics and anthropometric
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OopraHisauid, aHrio-apxiTeKToHika Ta aHTPOMNOMETPUYHI
0COBMNMBOCTI OpraHiB y BHYTPIWHBO- Ta MNo3ayTpobHOMY
nepiogax po3BWTKY, 3@ YMOB BMMMBY €K30- Ta €HAOTEHHMX
dakTopiB». Homep gepxxaBHoi peecTtpadii 0115U000041,
TepMiH BuMKOHaHHA 2015-2019 pp., KepiBHUK — OOKTOP
Mean4Hux Hayk, npodgecop 3.3. MacHa.

BCTYN

[ocnigXeHHs KiCTKOBOI TKaHWHW TpaguLUinHO BeaeTbes
Yy [BOX OCHOBHMX HamnpsiMKax — BUBYEHHSA 3aKOHOMipHOC-
Tew 1i CTPYKTYpHOi nepebynoBM Ta 3'siCYBaHHS AMHAMIKM
MiHepanbHOro cknagy Sk y BiKOBOMY acnekTi, Tak i Ha Tri
mMeTaboniyHMX NopyLleHb, 3yMOBIEHUX €K30- Ta eHAOreH-
HAMW YMHHMKaMK. Pi3Hi gocnigHWKWM HaronowyTb, WO
obuaBa acneKkTn KiCTKOYTBOPEHHS — CTPYKTYpHWiA i Bio-
XiMIYHUA — 3HaxXoAATbCs B TiICHOMY MOPMOdYHKLUiOHamnb-
Homy 3B'A3ky [1, 2]. Ak cBigyaTb uucneHHi gxepena
HayKkoBOi niTepaTypu, KiCTKOBa TKaHWHa 3MIHIOETbCA
3 BIKOM, MO pPi3HOMY pearye Ha BMAMB 30BHILUHIX YMWH-
HUKiB, (pOHOBI naTonorii, TpaBMM TOLLO, NPOTE 3aBXau
CMoCTepIiraeTbCa MOPYLUEHHS MIKPOapXIiTEKTYPU KiCTKOBOI
TKaHWHMW, 1T WINbHOCTI Ta MiHepanbHoro cknagy [3—11].

[MaTonorii KiCTKOBOI cMCTEMMU, 30KpeMa — OCTEOMNopo3,
3aBOal0Tb 3HAYHOI EKOHOMIYHOI Ta MeauKo-couianbHOT
wkoau. NopyLueHHs NOKOMOTOPHOro amnaparty HeraTtMBHO
BMNMIMBAKOTb Ha AKICTb XUTTA MaUIEHTIB, MalTb BUCOKUN
CTyniHb iHBanigmsauii [6, 7, 9]. 3axBoptoBaHHA KiCTOK
HOCATb MOMIETIONOrNYHNIA XapakTep, OAHAK OCHOBHUMW iX
NaTOreHeTUYHNMN MeXaHi3MaMn € MOpyLEeHHS B OOMiHi
KanbLilo Ha piBHI 3aCBOEHHS Ta AEMnOHYBaHHS B KiCTKax.
Kanbuin nocigae ocobnvee wMicue cepen MiHepanbHUX
eneMeHTiB, HeoOXigHVX ANst HOpManbHOro pyHKLIOHYBaHHS
noacebKoro opraHiamy. Came kanbuin, 99 % sKoro MicTuTbeA
B KICTKOBII TKaHWHI, Bigirpae pornb nNnacTtuyHoro matepiany
ans nobynosu ckeneta, 3abesnevye TBEPOICTb Ta MILHICTb
KiCTOK. B KiCTKOBI TKaHMHi MICTUTbCS SIK BiNlbHUN KanbLii,
TaK i MOro KpucTaniyHi cnonyku: kanbuin-gpocdart, kapbo-
HaT KanbLito, Cnomnykn 3 ¢pTOpoMm, XIOPOM, OpraHiYHUMM
kucrnotamu. OCHOBHY Macy MiHepanbHOro KOMMOHEHTa
KiCTKOBOI TKaHMHM cknagae gocdat kanbuito [10, 11].

[o MmiHepanbHWX enemeHTiB, WO OPMYIOTb Heopra-
HIYHWA MaTPUKC KICTKOBOI TKaHWHW, HanexaTb TaKoX
docdop i MarHin, ski BigirpatoTb porb KNOYOBUX EMEMEHTIB
y perynauii miHepanbHoro meTtaboniamy KiCTKOBOI TKa-
HWHW, BNIIMBAOTb Ha NPOLIECK KICTKOBOro peMoaentoBaHHsS.
Ha gymKky pi3HMXx JocnigHuKiB, NOBHOLIHHO (PYHKLiOHYyBaTH
KICTkKOBa CMUCTEMa MOXe 5uvwe 3a YMOBM MNEBHOrO
cnieeigHoweHHs Ca/P 1a Mg/Ca [12, 13].

LlykpoBuii fiabeT cborogHi Ha3MBaKTb «HeiHeKLiiHOK
enigemieto» XXI ctonitta. Moro YCKIMaAHEHHsA, Bpaxaroin
pi3Hi opraHuM Ta TKaHUHW OpraHi3my, CTalTb MPUYUHOID
iHBanignaauii noHaa 50 % xBopux. 3MiHK, LLIO PO3BMBaAOTLCS
B TKaHMHaX Ta opraHax Ha Tni LyKpoBoro fiabeTy BUBYEHI
CbOrOfHi 4OCTaTHBO MUBOKO, NPOTE AOCHIMKEHHS 3MiH Y
KiCTKOBII TKaHMHI 3anuwatoTbcs pparmeHTapHmumm [14, 15].

ToTanebHa dhapMakoTepanis i 4yacto HeobGrpyHToBaHe
Ta OEe3KOHTPONbHE BXWBAHHS fikapcbkux 3acobis, sKki
MatoTb 3Hebormtolody fito, fK i BXMBAHHS HapKOTUYHKX
npenapartis, 30Kpema — OnioigiB, AWHAMIYHO 3pocTae
BMPOAOBX OCTaHHiIX pokiB. TpuBanui BNnvMB npenapartis
Ha opraHiam, 6€3yMOBHO NPOSABNSAETLCA Y BUrNA4i Mmopdo-
NOFYHUX 3MiH Ta 3HWXEHHS PYHKLIOHaNbHOI CPOMOXHOCTI
opraHiB Ta cucTeMm, B TOMY YMUCAi i CTPYKTYp OMOpPHO-
pyXoBOro anapary, 30Kkpema — KiCTKOBOI TKaHWHK [16].

features of the organs during pre- and postnatal deve-
lopment under the influence of exogenous and endo-
genous factors» state registration number 0115U0041
Danylo Halytsky Lviv National Medical University of the
Ministry of Health of Ukraine according to the state plan
and program for 2015-2019. Led by Doctor of Medical
Sciences, Professor Z.Z. Masna.

INTRODUCTION

The study of bone tissue is traditionally conducted
in two main directions — the study of the patterns of its
structural reconstruction and clarification of the dynamics
of mineral composition both in age aspect and on the
background of metabolic disorders caused by exogenous
or endogenous factors. Different researchers emphasize
that both aspects of bone formation — structural and bio-
chemical — are in close morpho-functional connection [1, 2].
According to numerous sources of scientific literature,
bone tissue changes with age, responds differently to
external factors, background pathologies, injuries, etc.,
but there is always a violation of the microarchitecture
of bone tissue, its density and mineral composition [3—11].

Pathologies of the skeletal system, in particular —
osteoporosis, cause significant economic and medicosocial
damage. Disorders of the locomotor system negatively
affect the quality of life of patients and cause a high
degree of disability [6, 7, 9]. Bone diseases have a poly-
etiological character, but their main pathogenetic mecha-
nisms are disorders in calcium metabolism at the level of
its assimilation and deposition in bones. Calcium occupies
a special place among the mineral elements necessary for
the normal functioning of the human body. It is calcium,
99 % of which is contained in bone tissue, that plays the role
of a plastic material for building a skeleton, provides hard-
ness and strength of bones. Bone tissue contains both free
calcium and its crystalline compounds: calcium phosphate,
calcium carbonate, compounds with fluorine, chlorine,
organic acids. The main amount of the mineral component
of bone tissue belongs to calcium phosphate [10, 11].

Mineral elements that form the inorganic matrix of bone
tissue also include phosphorus and magnesium, which
play a key role in the regulation of mineral metabolism of
bone tissue, affect the processes of bone reconstruction.
According to various researchers, the bone system can
function properly only if a certain ratio of Ca/P and Mg/Ca
is preserved [12, 13].

Diabetes is today called the «non-infectious epidemic»
of the XXI century, its complications, affecting various
organs and tissues of the body, cause disability in more
than 50 % of patients. Changes in tissues and organs on
the background of diabetes have been studied precisely
today, but studies of changes in bone tissue remain
fragmentary [14, 15].

Total pharmacotherapy and the often unwarranted
and uncontrolled use of analgesics, as well as the use of
narcotic analgesics, in particular opioids, have been
growing rapidly in recent years. Prolonged effect of
medicines on the body, of course, manifests itself in
the form of morphological changes and reduced
functional capacity of organs and systems, including
the structures of the musculoskeletal system, in
particular — of bone tissue [16].
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MeToto Halwoi poboTM cTano AOCNIMKEHHSA | MmopiB-
HAHHS 3MIH LWiNbHOCTI Ta MiHEpanbHOro CKnagy KiCTKOBOI
TKaHWHW Ha TNi eKCnepuMeHTarnbHOro LyKpOBOro aiabety
Ta npuv TpuBanomy onioigHoOMy BMMBi.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

[ocnigkeHHs BUKOHaHe Ha 25 6inux cTaTteBo-3pinux
HEMiHIMHMX LWypax-caMmusax, macot Tina 160-270 r, Bikom
5—7 micsauiB. Yci TBapuHU 3Haxogunucb B YMOBaXx BiBapito
Ha CTaHOApPTHOMY XapyoBOMY pauioHi. Bci gocnimkeHHs
nNpoBOAMMMCS i3 AOTPUMAHHAM MONOXeHb «EBponen-
CbKOi KOHBEHLii Npo 3axucT xpebeTHMX TBapwH, SKi BMKO-
PUCTOBYIOTLCS ANSt eKCNEePUMEHTarnbHMX Ta iHLWMX HayKo-
Bux Uuinen» [Ctpacbypr, 1985], «3aranbHux eTUYHKX
NPUHUMNIB €KCNEPUMEHTIB Ha TBapuHax», yxBaneHux ep-
wum HauioHanbHum KoHrpecom 3 Gioetukm [Kuis, 2001],
3akoHy YkpaiHu Ne 3447-IV «[po 3axucT TBapuH Big
YKOPCTOKOTO MOBOKEHHS.

[o3Bin komitety 3 GioeTukn JIbBIBCbKOro HawlioHanb-
HOro Megu4yHoro yHiBepcuteTy iM. [OaHuna [anuubkoro
MiHicTepcTBa oxopoHu 300poB’st Ykpainu (npotokon Ne2
Big 24.02.2014 poky; npotokon Ne6 Big 24.06.2019 p.).

TeapuH 6yno nogineHo Ha Tpu rpynu: 1 rpyna — iHTaKTHi
TBapuHu (5); Il rpyna — TBapuHM 3 eKCnepuMeHTarbHUM
uykpoBum giabetom (7 + 3 koHTponbHi); Il rpyna — TBapyHM
3 MOAENbOBaHO OMiOIAHO 3aNeXHICTIO (7 + 3 KOHTPOMbHI).

TpuBanicTe eKkCNnepuMeHTy — 6 TVXHIB.

IHcyniHO3anexHy dopmMy LykpoBoro Agiabety | Tuny
MOJentoBanM  OQHOPAa30BMM  BHYTPILUHbOOYEPEBEHHUM
BBEAEHHSAM CTPEnTOo30TOUUHY @ipMm «Sigma» 3 pos-
paxyHky 7 mr Ha 100 r macu Tina (NpWrotToBneHoMy Ha
0,1 M unTtpatHomy Bydepi, pH = 4,5). Po3BUTOK LlyKpOBOIro
niabeTy KOHTpPOMOBanu 3a 3pOCTaHHAM PIiBHS TOKO3N B
KPOBi, $SIKy BMMIpIOBanu [rMOKO300KCMAA3HUM METOOO0M.
[ocnigXeHHss npoBoauny Ha TBapuHax 3 piBHEM [IIOKO3M
noHaza 13,48 mmonb/n [17].

MogentoBaHHS TpMBanoro BMfMBY OMNioigy Ha OpraHiam
Ginoro wypa 3aiicHoBany WNAXoM LWoaeHHoro (1 pas Ha
[o0y B 0QHAKOBUI MPOMDKOK Yacy) BBeO4EHHSA HanbydiHy
(Pycan ®apma JNTH, IHgia). lMpenapat BBOOUNM BHYT-
PiLLHLOM'SI30BO 32 TaKOK CXeMO: 1-I TxAeHb — 8 MI/KT,
2- TKAOeHb — 15 mr/kr, 3-1 TekaeHb — 20 Mr/Kr, 4- TUX-
neHb — 25 mr/kr, 5-n TxaeHb — 30 Mr/kr, 6-1 TWXKOEHb —
35 mr/kr [18].

[nsi BUBHAYEHHS LWiNbHOCTI KiCTKOBOI TKAHWHWN HUKHBOT
wenenu TBapyH eKCNEPUMEHTarbHUX i KOHTPOMbHOI rpyn
npoBedeHo ix papioisiorpadiyHe AOCHiAXEeHHS Ha ana-
pati ana geHTtanbHoi pagiosisiorpadii dipmmu Siemens 3
nporpamHnm 3abe3neveHHam Trophy Radiology (puc. 1),
OAMHUUS BUMIpPY LWINMbHOCTI TKAHWH — YMOBHA OOWHULS
cipocTi (YOC).

MiHepanbHWiA cknag KiCTKOBOI TKaHWMHW OOCHiaKyBanm
LUMSIXOM MPOBEOEHHST aTOMHO-abcopOLUiiHOro cnekTparnb-
Horo aHanidy (AACA) dparMeHTiB KiCTKOBOI TKaHUHM
Tina HWKHBOI Lenenu Lypa BWKOHAHOrO Ha aTOMHO-
abcopbuinHomy cnektpodotomeTpi AAS-1N (Carl Zeiss
Jena, HimeuyumHa) i3 BMKOpPUCTaAHHAM MONyM’'s MponaH-
6yTaH-nosiTpsa. OocnigxyBanu BmicT kanbuito (Ca), doc-
dopy (P) Ta marnito (Mg). KoHueHTpauito gocnigkyBaHnx
€rneMeHTIB y 3paskax KiCTKOBOI TKaHUHW BKka3yBanu y mr/r.

LLlinbHICTE KICTKOBOI TKAHWHW HWXKHBOI LLEenenn Bu3Ha-
Yanu B3[O0BX NiHIN NpoBeAeHUX Yepe3 CerMeHTU BErUKUX
KyTHiX 3y6iB, B3OOBX BEPXHbOIO Kpaw KOPEHS pi3us Ta B
OinsHui KyTa wenenu 3 06ox cTopiH y 25-40 Toykax. 3abip
KICTKOBOI TKaHVWHW Ansi NPOBEAEHHS aTOMHO-abcopbuin-

The objective of our work was to study and compare
changes in density and mineral composition of the bone
tissue on the background of experimental diabetes
mellitus and long-term opioid exposure.

MATERIALS AND METHODS

The study was performed on 25 white mature nonlinear
male rats, body weight 160-270 g, aged 5-7 months.
All animals were in the vivarium on a standard diet.
All studies were conducted in compliance with the provi-
sions of the «European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes» [Strasbourg, 1985], «General Ethical
Principles for Animal Experiments», adopted by the First
National Congress on Bioethics [Kyiv, 2001], Law of
Ukraine Ne 3447-IV «On protection of animals from
cruel treatment».

Permission of the Committee on Bioethics of Danylo
Halytskyi Lviv National Medical University of the Ministry
of Health of Ukraine (Protocol Ne2 from 24.02.2014;
Protocol Ne6 from 24.06.2019).

Animals were divided into three groups: | group — intact
animals (5); Group Il — animals with experimental diabe-
tes mellitus (7 + 3 controls); Group Ill — animals with
simulated opioid dependence (7 + 3 controls).

The duration of the experiment was 6 weeks.

Insulin-dependent form of type | diabetes mellitus was
simulated by a single intraperitoneal injection of strepto-
zotocin from «Sigma» at the rate of 7 mg per 100 g of
body weight (prepared on 0.1 M citrate buffer, pH = 4.5).
The development of diabetes was monitored by glucose
increase in blood, which was measured by glucoseoxi-
dase method. The study was performed on animals with
glucose levels above 13.48 mmol/l [17].

Simulation of the long-term effects of opioids on the
body of white rats was carried out by daily (1 time per day
at the same time) Nalbuphine administration (Rusan
Pharma LTD, India). The drug was administered intramus-
cularly according to the following scheme: | week — 8 mg/kg,
Il week — 15 mg/kg, lll week — 20 mg/kg, IV week —
25 mg/kg, V week — 30 mg/kg, VI week — 35 mg/kg [18].

To determine the bone density of the mandible in
animals of experimental and control groups, their radio-
visiographic examination was performed by the means
of dental radiovisiograph from Siemens with Trophy Radio-
logy software (Fig. 1), the unit of measurement of tissue
density is the conventional unit of grayness (CUG).

The mineral composition of bone tissue was studied
by atomic absorption spectral analysis (AASA) of bone
fragments of the rat mandible performed in an AAS-1N
atomic absorption spectrophotometer (Carl Zeiss Jena,
Germany) using a propane-butane-air flame. The content
of calcium (Ca), phosphorus (P) and magnesium (Mg)
was investigated. The concentration of test elements
in bone samples was indicated in mg/g.

The bone density of the mandible was determined
along the lines drawn through the segments of big corner
teeth, along the upper edge of the root of the incisor
tooth and in the corner of the mandible from both sides
in 25 — 40 points. Bone harvesting for atomic absorption
spectral analysis was performed in 4 — 6 points of every
mandible. The values of indexes were calculated as
arithmetic mean of obtained measurements.

The study belongs to the «description of case series»
category. The descriptive statistics of studied values
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Puc. 1. BUsHa4yeHHs LLiNbHOCTI KICTKOBOT TKAHUHWU HWXKHBOI LLEENenu Lwypa npy paaiosisiorpadivHOMyY OOCHIMKEHHI
Fig. 1. Bone density determination of the rats mandible by radiovisiographic examination

HOro CreKTpanbHOro aHanidy 3ailcHioBanu B NPOeKLi Linx
e MiHIN y 4—6 ToYKax KOXHOI Lienenu. 3Ha4yeHHs NoKasHU-
KiB po3paxoByBanu sik cepegHe apudmetuyHe opepxka-
HUX BUMIpIB.

[ocnigXeHHs HanexuTb A0 KaTeropii «onuc cepii Bu-
nagkie». ONMcoBi CTaTUCTUKM NapameTpiB, WO BUBYANMUCS,
6yno po3paxoBaHO 3a [OMOMOIOK EMEKTPOHHWUX Tabnuub
Excel (Bepcisi 7) Ta npegcrtaeneHo y Burnagi Mtm, npe M —
cepefHe BMOipkoBe, M — CTaHA4APTHE BiAXUINEHHS.

PE3YABTATU TA iX OBFOBOPEHHS

3a paHuMmn  pagioBisiorpadiyHoro - OOCniaXeHHs
BCTAHOBIIEHO, WO LWiNbHICTb KICTKOBOI TKaHWHU Tina
HWXKHBOT LWenenn iHTakTHOro Lypa B HOPMi CTaHOBUTb
75,33 £ 14,00 YOC, Ha Tni uykpoBoro fiabeTy 3HMKYeETbCA
no 70,75 + 12,36 YOC, a Ha Tni 6-TMXKHEBOro BXWBaHHA
HanbydiHy — 79,50 £ 24,33 YOC (p < 0,05) (puc. 2).
90
80
70
60

50

40 75.3
30

20
10
0

YMOBHiI oguHULi cipocTi
Conventional unit of grayness

were calculated by the means of Excel -electronic
spreadsheets (version 7) and was presented by the
formula Mtm, where M is the sample mean, m is stan-
dard deviation.

RESULTS AND DISCUSSION

According to the radiovisiographic study, the bone
density of the mandible body of an intact rat is normally
75.33 + 14.00 CUG, on the background of diabetes it de-
creases to 70.75 + 12.36 CUG, and on the background of
6-week nalbuphine use it increases to 79.50 £ 24.33 CUG
(p < 0,05) (Fig. 2).

=

—H

79,5
70,8

pyna 1
Group 1

['pyna 2
Group 2

Ipyna 3
Group 3

Puc. 2. LLinbHICTb KICTKOBOI TKAHWHW Tifla HUXKHBOI LLENenu y iIHTaKTHOro Lypa
Ha TNi eKcnepMMeHTanbHOro LlyKpoBoro AdiabeTty Ta nicnsi LUeCTUTUXHEBOTO BXMBaHHSA npenaparty onioigHoi aii (YOC)
Fig. 2. The bone density of the body of the mandible in an intact rat
on the background of experimental diabetes mellitus and after 6 weeks of use of the drug of opioid action (CUG)

lMpoBegeHun aHania MiHepanbHOro ckragy KiCTKOBOI
TKaHWHM Tifna HWXKHBOT LWenenu iHTakTHOro Lypa 3acBigyns
BMICT KanbLito B kinbkocti 14,01 + 0,31 mr/r, dpoccopy —
11,56 + 0,28 mr/r Ta marhito — 2,79 + 0,53 mr/r (tabn. 1).
CniBBigHoweHHa Ca/P ctaHoButb 1,21 + 0,06, a cnis-
BigHoweHHa Mg/Ca — 0,2 + 0,04 (Tabn. 2). Ansa o6’exTuBi3a-

The conducted analysis of the mineral composition of
the bone tissue of the mandible of an intact rat showed
a calcium content at the level of 14,01 + 0,31 mg/g,
phosphorus — 11,56 + 0,28 mg/g and magnesium —
2,79 + 0,53 mg/g (Tabl. 1). The Ca/P ratio is 1,21 + 0,06,
and the Mg/Ca ratio — 0,2 + 0,04 (Tabl. 2). To objectify the
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uii oTpyMaHux pesynesratiB Hamu Oyno BU3HAYEHO NMUTOMI
YacTKuM OOCniAXyBaHUX MiHeparbHUX erneMeHTIB B KiCTKO-
Bill TKAHUHI HWXKHBOI LWenenwu wypa (Tabn. 1).

obtained results, we determined the specific shares of
the studied mineral elements in the bone tissue of the
mandible of rats (Tabl.1).

Ta6nuus 1. Mutomi yactkm Ca, P Ta Mg B KiCTKOBI TKAHWUHI HXHBOT LLENEeNu iHTakTHOrO LLypa,
Lypa 3 LyKpoBUM AliabeTom Ta Ha Thi 6-TUXXHEBOro OnioigHOro BNMBYy
Table 1. Specific shares of Ca, P and Mg in the bone tissue of the mandible of an intact rat,
a rat with diabetes and on the background of six weeks of opioid influence

Ca P Mg
AGBcontoTHe AGBcontoTHe AbBcontoTHe
3Ha4eHHs (Mr/r) % 3Ha4eHHs (Mr/r) o 3Ha4eHHs (Mr/r) o
Adsolutevalue ° Adsolutevalue ° Adsolutevalue °
(mg/g) (mg/g) (mg/g)

Hopma
Norm 14,01 £ 0,31 49,39+ 1,11 11,56 £ 0,28 40,78 £ 0,99 2,79 £ 0,53 9,83+ 1,89
LL.prOBI/II/I nla§eT 12,39 + 0,13 41,7 +£0,7 12,74 + 0,19 42,7 +0,7 4,757 + 0,337 15,6 £0,9
Diabetes mellitus
Onioiaxui Bnnua 52,75 + 1,44 73,29 + 2,07 14,85 + 0,16 20,71+ 0,7 4,44 + 0,21 6,1+ 0,01
Opioid influence

Tabnuus 2. MNMopiBHAHHSA cniBBigHOWEHHSA noka3HukiB Ca/P Ta Mg/Ca B KiCTKOBI TKaHWHI Tifa HWKHBOI Lwenenu
y iHTaKTHOrO LLlypa Ha Tri eKCNepyMEHTarnbHOrO LlyKpOBOro AiabeTy Ta npu 6-TMXKHEBIN ONiOiAHIA 3aneXHOCTi
Table 2. Comparison of the ratio of Ca/P and Mg/Ca in the bone tissue of the mandible in an intact rat
on the background of experimental diabetes mellitus and on the background of 6 weeks opioid influence

Cal/P Mg/Ca
Hopma / Norm 1,21 £ 0,06 0,2+0,04
Llykposui piabet / Diabetes mellitus 0,97 + 0,02 0,4 £0,02
OnioigHa 3anexHicTb / Opioidinfluence 3,55+0,13 0,1+ 0,01

Ha Ttni 6-TWXHEBOro eKcnepuMeHTanbHOro LyKpOBOrO
niabeTy BMICT KanbLito B KICTKOBI/ TKaHWHI 3HWXYBaBCS J0
12,39 + 0,13 mr/r, a horo nutoma Yactka — ao 41,7 £ 0,7 %.
AGCOnIOTHI NOKasHWKK i MMTOMI YacTkn docdopy i MarHito
3poctanu 0o 12,74 + 0,19 (42,7 £ 0,7%) i 4,757 +0,337 mr/r
(15,6 £ 0,9%) BignosigHo (Tabn. 1). MNokasHuk Ca/P cTa-
HoBwmB 0,97 * 0,02, a nokasHuk Mg/Ca 0,4 + 0,02 (tabn. 2).

Ha Tni 6-Tv>kHEeBoro BXMBaHHSA OMiOigHOro aHanbreTuka
«HanbydiH» B KiCTKOBiA TkaHWHi 30inblyBanuck abco-
MNIOTHI NMOKa3HMKKN BCiX TPbOX AOCHIAKYBAHUX MiHEpanbHMX
ereMeHTIB — KifnbKiCTb KanbLito cTaHoBuna 52,75 + 1,44 wmrrr,
BMicT cpoccopy — 14,85 + 0,16 mr/r, a BMIiCT MarHito —
4,44 + 0,21 mr/r (tabn. 1). 3pocTaB i NOKa3HUK CniBBiLHO-
weHHsa Ca/P po 3,55 + 0,13, a noka3Huk Mg/Ca 3HuxyBaB-
ca po 0,1 + 0,01 (tabn. 2). AHani3a guHaMiku NUTOMUX
YacToK AOCHiAKyBaHMX MiHEparbHUX eneMeHTiB 3acBigyunB
30inbLUEHHS YacTkK KanbLito 40 73,29 £ 0,7 % i 3MeHLLEeHHS
yactok cocdpopy i marHito go 20,71 + 0,7% i 6,0 + 0,01 %
BignosigHo (Tabn. 1).

MpoBeaeHe NopiBHAHHA aOCONOTHMX MOKA3HWKIB BMICTY
JocrnigxXyBaHUX MiHeparnbHUX eneMeHTiB Ta iX NUTOMUX
Y4aCTOK B KICTKOBI TKaHWHI Tifa HUXHbOI LLLenenu iHTakTHUX
TBapwH Ha TNi LyKpPOBOro AiabeTy Ta Ha Tni 6-TUXXHEBOro
onioigHoOro BNMMBY 3acsigvmno, Wo cepea TPboX AOCHiAXY-
BaHMWX €NeMEHTIB Iulle MOKa3HWKM Kanblilo MalTb
CNiBBiAHOLLEHHS, NoAidbHe A0 CrniBBiOHOLEHHS NMOKa3HUKIB
LWiNbHOCTI KICTKOBOT TKaHuHM (Tabn. 1). Mpu uboMy nokas-
HUku Ca/P 3MIHIOETbCA TaKOX MOAIOHO [0 MNOKa3HUKIB
LWinbHOCTI KiCTKOBOI TkaHuWHKU, a Mg/Ca mae npoTunexHe
cniBBigHoLWeHHS (Tabn. 2).

SHWXKEHHS LWiNbHOCTI KICTKOBOI TKAHWMHU Ha Tni ekcrne-
pYMEHTanbHOro LiyKpoBOro fiabeTy € HesanepeqyHum nig-
TBEPIKEHHSIM PO3BUTKY OCTEOMEHIl, WO NiATBEPAXYETLCS
i pesynstatamu AACA — abconioTHWIA MOKa3HUK BMICTY

On the background of six weeks of experimental
diabetes mellitus, the calcium content in bone tissue decre-
ased to 12,39 + 0,13 mg/g, and its specific share — up to
41,7 £ 0,7%. Absolute indicators and specific shares of phos-
phorus and magnesium increased to 12,74 + 0,19 mg/g
(42,7 £ 0,7 %) i 4,757 + 0,337 mg/g (15,6 = 0,9 %) res-
pectively (Tabl. 1). The Ca/P index was 0,97 + 0,02, and the
Mg/Ca index was 0,4 + 0,02 (Tabl. 2).

On the background of 6-week use of the opioid analge-
sic «Nalbuphine» the absolute values of all three studied
mineral elements increased — the content of calcium was
52,75 + 1,44 mg/g, phosphorus — 14,85 + 0,16 mg/g, and
the magnesium — 4,44 + 0,21 mg/g (1abn. 1). The Ca/P
ratio also increased to 3,55 +0,13, and the Mg/Ca ratio
decreased to 0,1 + 0,01 (Tabl. 2). Analysis of the dynamics
of the specific shares of the studied mineral elements
showed an increase in the specific share of calcium to
73,29 + 0,7% and a decrease in the shares of phospho-
rus and magnesium to 20,71 + 0,7 % and 6,0 £ 0,01 %
respectively (Tabl. 1).

A comparison of the absolute indicators of the content
of the studied mineral elements and their specific shares
in the bone tissue of the mandible of intact animals on the
background of diabetes and 6 weeks of opioid exposure
showed that among the three studied elements only
calcium has a ratio similar to the ratio of bone density
(Table 1). In this case, the indicators of Ca/P also change
similarly to the indicators of bone density, and Mg/Ca has
the opposite ratio (Table 2).

Bone density decrease on the background of experi-
mental diabetes is indisputable confirmation of the deve-
lopment of osteopenia, which is confirmed by the results
of AASA — absolute calcium is reduced, as well as Ca/P,
which also indicates an increase in demineralization of
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KanbLilo 3HWXKYETbCS, AK i nokasHuk Cal/P, wWwo Takox
CBiQYMTE MPO HAPOCTaHHA SBULL AeMiHepani3auil KicT-
KOBOI TKaHWHU HWXHbOT wWenenu [12]. MNMpu ubomMy cnocTe-
piraeMo 3pocTaHHA abConTHMX MOKa3HMKIB docdopy
i marHito, sk i nokasHuka Mg/Ca. Likaso, wo L.I. JlitoBka,
B.A. bepesoBcbkuin [13] 3a3HavaloTb, WO Ginbll BUCOKE
3HayeHHs1 cniBeigHoweHHss Mg/Ca kopentoe 3 HM3bKO
4acTOTO MpPOSBIB  OCTEONOpo3y, OcCKinbkn came Mg
crnpusie 3acBoeHH0 Ca Ta BiTaMiHiB, HeobxigHUx ans disio-
NOriYHOrO pemoaerntoBaHHs KicToK. Pe3ynbrati Hawunx go-
cnigxeHb HaTOMICTb 3aCBiAYYHOTh, WO NpU LYKPOBOMY Aia-
OeTi ABULLIa OCTEONEHiIi B KICTKOBI TKAHMHI CNOCTepirarTbCA
HaBiTb MPU BUCOKOMY MOKa3HWUKY cniBeigHoweHHs Mg/Ca.
Ha Tni TpuBanoro BXMBaHHA OMiOIQHOrO aHarnbreTuka
WiNbHICTE KICTKOBOI TKaHMHW 3pocTana, a pesynbratu
AACA 3acsiguunu 36inblwieHHa abcontoTHOro BMICTY B
KICTKOBIM TKaHWHi BCiX TPbOX OOCAIAXYBaHUX MiHEpanbHUX
enemeHTiB. Mpu ubomy nokasHuk Ca/P 3pocTaB, LU0 TakoX
niaTBepaXye MigBuLLEHY MiHeparnisauito KiCTKOBOI TKa-
HWHW, NPUCKOPEHHA MeTaboMiYHNX NPOLECIB B sKi 3a6e3-
nedye nigBuLeHHs BMICTY Mg, CTUMYynOYM aKTUBHICTb
ocTeobnacrTis i niaBuLLytoumn octeoreHes [12, 13].

BUCHOBKMU

1. Ha Ttni ekcnepumeHTanbHOro uykpoBoro giabety
WiNbHICTb KICTKOBOI TKAQHWHW Tina HWKHBLOI LUuenenn mae
TEHOEHLII0 A0 3HWXKEHHS, a Ha TNi TPUBArNoro BXWBAHHS
aHanbreTrka onioigHoi Aii — A0 NiABULLEHHS.

2. Ha Tni uykpoBoro pgiabery B KiCTKOBI TKaHWHI
BIpOMiAHO  3HMXKYIOTBCS  MOKa3HWKM  BMICTY  KarnbLiito,
3poCTaloTb MOKa3HUKM BMICTY doccopy Ta MarHito; Ha
TNi OnioiAHOro BMMMBY MOKAa3HWKM BMICTY KarnbLito, doc-
dopy Ta MarHito 3pocTarTb.

3. TeHAeHLUilo OO0 3HWXKEHHS LWiNbHOCTI KICTKOBOI TKa-
HWHW TiNa HWXKHbLOI Lenenu Ha Tni eKCnepuMeHTanbHOro
LyKpoBOro pfiabety MOXHa BBaXaTu NiATBEPAKEHHAM
PO3BMTKY OCTEOMEHIl, WO 3YMOBMEHO 3HWKEHHAM BMICTY
Kanbuito Ta nokasHuka Ca/P npu 3pocTaHHi NOKasHWKiB
BMiCTy dpocchopy i marHito Ta nokasHuka Mg/Ca.

4. TeHpeHuis 0O NIABULIEHHS LWiNbHOCTI  KiCTKOBOI
TKaHWHW TiNa HWXKHBOI LWenenu Ha Thi TPUBarnoro BXwu-
BaHHA HanbydiHy o04eBMAHO 3yMOBrneHa 36iMblUEHHAM
abconiTHOrO BMICTY B KiCTKOBIM TkaHuHi Ca, P 1a Mg,
a Takox nokasHuka Ca/P, wo nigTBepaXxye niaBULLEHY
MiHepani3auito KiCTKOBOi TKaHWHW, MPUCKOPEHHS MeTabo-
NiYHMX NPOLECIB B SAKIN CTUMYNIOE NiaBULLEHHSA BMICTY Mg.
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mandibular bone [12]. At the same time, an increase in
the absolute values of phosphorus and magnesium is
observed, as well as the Mg/Ca index. Interestingly,
I.G. Litovka, V.Ya. Berezovsky [13] noted that a higher
value of the Mg/Ca ratio correlates with a low incidence
of osteoporosis, because it is Mg that promotes the absorp-
tion of Ca and vitamins necessary for physiological
bone remodeling. The results of our research, on the
other hand, show that in diabetes mellitus, the phenome-
non of osteopenia in bone tissue is observed even at
a high Mg/Ca ratio.

On the background of long-term use of opioid
analgesics, bone density increased, and the results
of AASA showed an increase in the absolute content
in bone tissue of all three studied mineral elements.
The Ca/P index increased, which also confirms the
increased mineralization of bone tissue, acceleration
of metabolic processes in which increases the content
of Mg, stimulating the activity of osteoblasts and
increasing osteogenesis [12, 13].

CONCLUSIONS

1. On the background of experimental diabetes
mellitus, the bone density of the mandible tends to
decrease, and on the background of long-term use of
opioid analgesics — to increase.

2. On the background of diabetes mellitus in bone
tissue calcium index is likely to decrease, whereas phos-
phorus and magnesium content increases; on the back-
ground of the opioid effect Ca, P and Mg indexes increase.

3. The tendency of decrease in the density of the bone
tissue of the mandible body on the background of expe-
rimental diabetes mellitus can be considered as confir-
mation of osteopenia development, which is caused by
the decrease in calcium content and Ca/P index on
the background of increasing levels of phosphorus and
magnesium and Mg/Ca index.

4. The tendency of increase in the bone density of
the mandible on the background of long-term use of the
opioid drug «Nalbuphine» is obviously caused by the
increase of absolute content of Ca, P and Mg, as well as
Ca/P index in bone tissue, which confirms increased
bone mineralization, acceleration of metabolic processes
which stimulates an increase in Mg content.
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Prospects for further research

Further study of the peculiarities and patterns of the dyna-
mics of bone density and mineral composition on the back-
ground of pathological conditions in the experiment will let to
develop and implement into practice the methods for correcting
changes in bone tissue in patients with chronic metabolic
disorders, with background pathologies and with medical or
narcotic dependence.
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