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AHani3z aAMHaMiku MiHepanbHOro cknaay
KiCTKOBOI TKAHMHM Ha TNi ONioigHOro BNJIMBY

Poctucnae Corynko, 3opsiHa MacHa

JIbBIBCbKUM HALiOHAa/IbHUIA MEANYHNI YHIBEPCUTET iMEHI
LHaHunna Manuybkoro, J/IbBiB, YKpaiHa

Bctyn. CyyacHa HayKkoBa MeAu4yHa NniTepaTypa MiCTUTb YnC-
NIeHHi AaHi woao ocobnnBocTen CTpyKTYpHOI nepebynosu Ki-
CTKOBOI TKaHWHU Ta AMHAMIKW i1 MiHEpasibHOro cKnaay y BiKo-
BOMY acrekTi, a TakoX nig BrnjMBOM pPi3HOMaHITHMX €K30- Ta
€HAOreHHNX YMHHKUKIB. OgHaK AaHUX, AKi CTOCYIOTbCS 3MiH Y
MiHEpasibHOMY KOMMOHEHTI KiCTKOBOI TKAHMHW 3a YMOB TpWu-
Basioro OnioiAHOrO BMNAMBY B AOCTYMHIN niTepatypi Mn He

(IHaHCOBUX BIAHOCKH, AIKi MOT/M 6 PO3TNsAa- BUSIBUIN, XO4Ya LUMPOKE 3aCTOCYBaHHA oOMioigiB y KAiHiWi gk
TUCS SIK MOTEHUIVHWUIA KOHMNIKT iHTepeciB. . L
npenapaTiB 3He6oNOBaNbHOI Aii pobuTb NpobneMy 0cob6MBO

BHecok aBTOpiB: aKTyanbHOI.

Inea: 3. MacHa
[ocnipxeHHs i HanncaHHa cratTi: P. Corysiko.
;e‘,}jarg’lj;””” Ta OCTATO4HE SATBEPKEHHS: MeTta JoCniaXeHHS — BUBUUTU AMHaMIKY MiHEpPAsbHOrO cknaay

KiCTKOBOI TKaHMHW LWypa 3a Tp1Banoro BnanBy onioiay.

Martepian i meTtoau. [locnigxeHHs BMKOHaHe Ha 40 cTaTeBo3pinmx 6e3nopogHmnx Lypax-caMusax
macoto Tina 180-200 r i Bikom 3,5 Micau,.

OnioigHy 3anexHicTb MogentoBanu, woaeHHo (1 pa3 Ha Aoby B 04HaKOBMIN NMPOMIXOK Yacy) BBO-
OS4YM HApKOTUYHUIA aHanbretuk HanbydiHy. HanbydiH BBOAMNM BHYTPILUHLOM'A30BO 3@ TaKOK
cXeMow: 1-1 TmxaeHb — 8 Mr/kr, 2-n TxaeHb — 15 Mr/kr, 3-n TxaeHb — 20 Mr/Kr, 4- TUXXAEHb
- 25 mr/kr, 5-1 TvokpaeHb — 30 Mr/kr, 6-1 TMxaeHb — 35 mMr/kr.

[na BU3HAYEHHS MiHEpPaANbHOIMo CKNaAy KiCTKOBOT TKAHUHU HMXHbBOI LLenenu Lwypa BUKOPUCTOBYBa-
N1 MeToA aToMHo-abcopbuinHoro cnekTpanbHoro aHanizy (AACA), wWo Aano 3mMory BUSBUTU B A0O-
CNifXXyBaHMX 3pa3kax BMIiCT BOCbMU MiHEpanbHUX enemMeHTiB (Kanbuin, docdop, MarHin, HaTpin,
Kanin, 3anis3o, CTpOHUiN, uUMHK). KOHLEeHTpauito AOCNIAXYBaHUX €/IeMEHTIB Yy 3pa3kax KiCTKOBOI
TKaHWHM 3a3Havanu y Mr/r. JocnigXeHHs MiHepanbHOro cknagy KiCTKOBOI TKaHWUHU HUXKHbBOI Lie-
nenu NpoBOAMAN LLOTMXKHS BNPOAOBX 7 TUXHIB EKCNEPUMEHTY — 6 TUXHIB BXMBaHHSA HaNbydiHy i
yepes TUXAEHb Nicna Moro BiAMiHM (N0 5 TBapMH Ha KOXHOMY TEpPMiHi eKCnepuMeHTy); we 5 TBa-
PUH CTaHOBW/IN KOHTPOJIbHY rpyny.

Pe3synbtatn. Pe3ynbTaTv aTOMHO-abcopbuiliHOro crnekTpasibHOro aHanildy KiCTKOBOI TKaHWHMU
Tifla HUXKHBOI Wenenu wypa Aanan 3Mory BU3HAUYNTU KiNbKiICHUI BMICT HOTUPbOX MaKpOENIEMEHTIB
(Ca, P, Mg, Na) i yoTupboXx MikpoenemeHTiB (K, Fe, Sr, Zn), ixHi NUTOMi YaCTKN B CKnaji MiHe-
pasibHOro KOMMOHEHTA KiCTKOBOI TKaHWHW B iIHTaKTHUX TBAPWH, Ha TNi BXUBaHHS HanbydiHy Ta
nicns moro BiAMiHWU.

Ha Tni BxuBaHHSA HanbydiHy Ta nicng noro BiAMIHM MUTOMI YaCTKWM AOCAIAXYBaHMX Makpo- Ta
MiKpOesieMeHTIB Y CKiaAi MiHepasbHOro KOMMOHEHTa KiCTKOBOI TKAHWUHU HUXXHbLOI LLenenu Lypa
MaloTb BUpPaXeHY AMHAMIKY — MUTOMi YaCTKU KasbLito, 3ani3a CTPOHLII0 Ta LMHKY 3pOCTaloTb, 3a-
NNWAKTLCA BULLE HOPMU | Nicnsa BiAMiHWM HanbydiHy, a NnuToMi YacTkn ocdopy, HaTpito, MarHio
Ta Kanito BNPOAOBX CEMU TUXHIB EKCNEPUMEHTY € HUXYNUMU, HIXX Y IHTAKTHUX TBApUH.
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Introduction. Modern scientific medical literature contains e Zoriana Masna, 2019

numerous data on the peculiarities of structural transformation
of bone tissue and the dynamics of its mineral content in the | ORCIDIDS

age aspect, as well as under the influence of various exo- and htzps://orcid?org'/oooo_ooo1_9293_6321
endogenous factors. However, data on changes in the mineral Zoriana Masna

component of bone tissue under conditions of long-term opioid hetps://orcid.org/0000-0003-2057-7061
exposure have not been identified in the available literature, Disclosures. The authors have no
although the widespread use of opioids in the clinic as drugs | Potential conflicts of interest to disclose.

with analgesic effect makes this topic especially important. Author Contributions:
Conceptualization: Z. Masna.

- . . Data curation: R. Sohyjko
The aim of our research was to study the dynamics of mineral Writing - original draft: R. Sohyjko.

content of rat bone tissue under prolonged opioid exposure. writing - review & editing: Z. Masna.

Materials and methods. The study was carried out on 40 sexually mature outbred male rats
with a body weight of 180-200 g and aged 3.5 months.

Opioid addiction was modeled by the daily (once a day with identical intervals) injections of
an opioid analgesic nalbuphine. Nalbuphine was injected intramuscularly using the following
pattern: 1t week - 8 mg/kg, 2" week - 15 mg/kg, 3@ week - 20 mg/kg, 4" week - 25 mg/kg, 5t
week - 30 mg/kg, 6" week - 35 mg/kg.

To determine the mineral content of the bone tissue of rat’s mandible, the method of atomic
absorption spectral analysis (AASA) was used, which made it possible to detect eight mineral
elements (calcium, phosphorus, magnesium, sodium, potassium, iron, strontium, zinc) in the
studied samples. The concentration of researched elements in bone tissue samples was specified
in mg/g. The research of mineral content of the mandible was performed weekly during 7 weeks
of the experiment - 6 weeks of nalbuphine intake, and then one week after its withdrawal (5
animals per each experimental period); 5 other animals were attributed to the control group.

Results. The results of this study allowed to determine the quantitative content of all investigated
elements in the bone tissue at each stage of the experiment and indicate the presence of their
expressed dynamics.

Results of the atomic absorption spectral analysis of bone tissue of the rat’s mandible body
allowed to determine the quantitative content of four macro-elements (Ca, P, Mg, Na) and four
microelements (K, Fe, Sr, Zn) and their specific shares in the mineral content of bone tissue in
intact animals on the background of nalbuphine intake and after its withdrawal.

On the background of nalbuphine intake and after its withdrawal, specific shares of the studied
macro- and microelements in the mineral component of bone tissue of the rat’s mandible have
expressed dynamics - specific shares of calcium, iron, strontium, and zinc grow and remain
higher than in norm after nalbuphine withdrawal, while specific shares of phosphorus, sodium,
magnesium, and potassium are lower than in intact animals during seven weeks of the experiment.
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OunHamika abCoNtTHUX NOKA3HUKIB AOCNIAXKYBAHNX MiHEPANbHUX €1IEMEHTIB Ha TNi BXXMBAHHSA Han-
6ydiHy Ta nicna Moro BiAMIHM € iHLWOK, HXX AMHaMIKa IXHIX MUTOMUX 4YaCTOK. Bnpoaosx wwectu
TUXHIB BXWBaHHS HanbydiHy abCcontoTHi NoKasHMKK BMICTY Kanbuito, docdopy, MarHito, HaTpito,
LMHKY Ta 3ani3a 3poCTaloTb, 3aJMLWIAKYUCL BULLLE HOPMUM | NicNa MOro BiAMIHW; KiNbKiCTb Kasito
3HMXKYETBLCS | 3aIMIAETLCS HUXYOKO Big HOPMM i Nicnsa BiAMIHWM HanbydiHy, a KiNbKiCTb CTPOHUIiO
TaKOX 3HMXYETbCS, ane MiHiManbHO, i Nicna BiAMIHM HanbydiHy Ma€ Take caMe 3HAYEeHHS, K i B
IHTaKTHUX TBapWH.

BucHOBKMW. Pe3ynbTaTv NpoBeAeHOro AOCIAXKEHHS Aany 3MOry BU3HAUMUTN abCONOTHUN KinbKic-
HUI BMICT BCiX AOCNIAXXYBaHUX e/1IeMEHTIB Ta iXHi MUTOMI YaCTKM B KiCTKOBIiN TKaHMHI HUXXHbBOI Lie-
Jlerny Ha KOXHOMY 3 eTaniB eKCNepuMeHTYy Ta 3acCBiA4YuaM HAsABHICTb BMPaXXeHo! ANHAMIKK, Pi3HOI
O19 KOXXHOro 3 A0CNIAXYBAaHMX NMOKA3HUKIB.

KnroyoBi csioBa: MiHepanbHi eNeMeHTU, HUXHSA Wwenena, wyp, onioigu.

Bctyn. CyyacHa HaykoBa MeAW4Ha fiTepaTty- Jocnig)XeHHa € 4aCTUHOK MIAHOBOI HAYKOBOI
pa MiCTUTb YMC/eHHi gaHi wono ocobnmeBoc- poboTn kadeap HopMasbHOI aHaTOMIl Ta one-
Tel CTpYyKTYypHOi nepebynoBu KiCTKOBOI Tka- paTUBHOI Xipyprii 3 TonorpadiyHO aHaTOMIE
HWUHMU Ta AMHaMIKW I MiHepanbHOro cknaay «CTpyKTYypHa oOpraHi3auis, aHrioapxiTeKToHi-
rnicng TpasM, y Npoueci pereHepadil, a Takox Ka Ta aHTPOMOMeTpMYHi 0Cco6NMBOCTI OpraHiB
nig BMJMBOM pPi3HUX €K30- Ta eHAOreHHWUX Yy BHYTPIiWHbLO- Ta no3ayTpobHOMY nepiogax
ymHHMukiB [5, 9, 10, 11, 12, 13, 21]. Bigo- pO3BUTKY, 3@ YMOB €K30- Ta eHAonaToreH-
MO, WO obuaBa acnekTn KiCTKOYTBOPEHHS - HUX (paKTopiB», HOMEp AepXKaBHOI peecTpaLlii:
CTPYKTYpPHUI i BiOXiMiYHMIA — nepebyBatoTb y 0115U000041, axka BUKOHYETbCS Y JIbBIBCbKO-
TicHOMy MopdO-dYyHKLIOHaNbHOMY 3B'A3Ky. Y MYy HauioHanbHOMY MeAWYHOMY YHIBEPCUTETI
LUbOMY BMNAAKY MeXaHiuHi BNacTUBOCTI KiCTKU iMmeHi JaHwuna Manuubkoro 3rigHO 3 AepiXXaB-
nepebyBatoTb Yy NpsAMili 3anexHOCTi Big CTy- HVUM MJaHOM Ta Mporpamor Brnpoaosx 2015-

neHsa ii MiHepanizauii [19]. XiMiuyHnM cknapg 2020 pokis.
KiCTKM  CbOroAHi BMBYEHWI [0BONI ['PYH-

TOBHO. Pe3ynbTtaTu UYUCNEHHUX KAIHIYHUX Ta Bci gocnigxeHHa nposeAeHi  3rigHO 3 Noso-
eKCrnepuMeHTanbHNX A[O0CigXeHb CBig4vaTb, XXEHHSAMWN EBPOMENCbKOi KOHBEHLT LWOoAO0 3aXu-
O CTPYKTYpa i AKIiCTb KiCTKOBOI TKAHWHU 3a- CTy XpebeTHUX TBapUH, SKNX BUKOPUCTOBYIOTb
3HalOTb CYTTEBUX 3MiH MPU CUCTEMHUX MeTa- B €eKCnepuMeHTanbHUX Ta IHWWX HayKOBUX
6oniyHMX po3nagax i uykposomy aiaberti, nig uinax (Crpacbypr, 1986), OupekTtuBu Paau
OI€EI0 TOKCUYHUX PEeYOBWH Ta Mpu rinogvHamii €sponun 86/609/EEC (1986), 3akoHy Ykpai-
[5, 8]. OpHak gaHuX, SIKi CTOCYHOTbCS 3MiH y HU N2 3447-1IV «[1po 3axuCT TBapuH Bi4 XOp-
MiHepasibHOMY KOMMOHEHTI KiCTKOBOI TKaHW- CTOKOro rnoBoOAXeHHA». Ha npoBeaeHHs [0-
HW 3a yMOB TpMBaJIOro onioigHOro BMJINBY B CNiAXEHHSA OTPMMAaHO A03Bif1 KOMICIT 3 NUTaHb
OOCTYMNHIA niTepaTypi MW He BUSABWUAM, XO4a €TUKN J1bBIiBCbKOr0O HaLioHanbHOro MeaAn4yHoro
LWMPOKe 3aCTOCyBaHHA onioigiB y KIiHILI AK yHiBepcuteTy iMeHi JaHuna MNanuubkoro (npo-
npenaparis 3HebontoBanbHOI Aii pobuTtb Npo- Tokon N2 3 Big 16 6epe3Hsa 2015 p.).

6nemy ocobnmeo akTyanbHot [2, 7, 18, 20].
OnioigHy 3anexHicTb MozentBaau, WOAEHHO

ToMy MeTOI HalKnX AOCNIAXEHb CTano BUBYMU- (1 pa3 Ha poby B 04HAKOBUI MPOMIKOK 4Yacy)

TV OWHAMIKY MiHepanbHOro cksaay KiCTKOBOI BBOASYM HAPKOTWUYHY aHanbreTmky Hanbydi-

TKAHWHM LWypa 3a TpMBaIoro Br/nBy onioiay. Hy. HanbydiH BBOAWIN BHYTPILLHBOM 'A30BO 3@
TaKol CxeMow: 1-M TuxaeHb — 8 Mr/kr, 2-n

Martepianu Ta mMetogu pocnimxeHHs. [ocni- TXKAEHb — 15 Mr/kr, 3-i TwxxaeHb — 20 Mr/kr,

[)KEHHS BMKOHaHe Ha 40 crateBo3pinux 6e3no- 4-n TxaeHb — 25 mr/kr, 5- TmxxaeHb - 30

pPOAHUX Llypax-camusx Mmacoto Tina 180-200 r i Mr/kr, 6-n TmxaeHb — 35 mr/kr [16].

BikoM 3,5 micaui. JocnigHnx TBapuH yTpuMyBasu

B YMOBax BiBapito JIbBiBCbKOIro HaLlioOHasIbHOro Me- [ns BU3HAUEHHS MiHepasibHOro CKiiaAy KiCTKOBOI

AVYHOro yHiBepcuteTy iMeHi JaHuna ManumubKoro. TKaHVHW HWKHbBOI LWenenn Lypa BUKOPUCTOBY-
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The dynamics of absolute indices of the researched mineral elements on the background of
nalbuphine intake and after its withdrawal differs from the dynamics of their specific shares.
During six weeks of nalbuphine intake, absolute levels of calcium, phosphorus, magnesium,
sodium, zinc, and iron increase, remaining above the norm after its withdrawal; the amount of
potassium decreases and remains lower than in norm after nalbuphine withdrawal, while the
amount of strontium decreases, though minimally, and after nalbuphine withdrawal, it returns to
the same level as in intact animals.

Conclusions. Results of the study allowed to determine the absolute quantitative content of
all researched elements and their specific shares in the mandible bone tissue at each stage of
the experiment and showed expressed dynamics, which is different for each of the researched
indices

Key words: Mineral elements, mandible, rat, opioids.

Introduction. Modern scientific medical The research is a part of the planned scientif-
literature contains numerous data on the ic work of the departments of normal anato-
peculiarities of structural reconstruction of my and operative surgery with topographical
bone tissue and its dynamics [5, 9, 10, 11, anatomy “Structural organization, angioar-
12, 13, 21]. It is known that both aspects of chitectonics and anthropometric features of

bone formation - structural (mineral content organs in the intra- and extrauterine periods
after trauma, in the process of regeneration, of development, under conditions of exo-en-
and also under the influence of various exo- dopathogenic factors”, the state registration
and endogenous factors) and biochemical - number: 0115U000041, which is executed in
are in close morpho-functional connection. Danylo Halytsky Lviv National Medical Uni-

In this case, the mechanical quality of versity according to the state plan and pro-
the bone is in direct dependence from the gram during 2015-2020.

degree of mineralization [19]. The chemical

content of the bone has been studied quite All studies were conducted in accordance
thoroughly today. The results of numerous with the provisions of the European
clinical and experimental studies showed Convention for the protection of vertebrate
that the structure and quality of bone tissue animals used for experimental and other
undergo significant changes at systemic scientific purposes (Strasbourg, 1986),
metabolic disorders and diabetes mellitus, Council Directive 86/609 / EEC (1986), Law
under the influence of toxic substances and of Ukraine No. 3447-1V “On the Protection of
hypodynamia [5, 8]. However, we did not Animals from ill-treatment. ™ The permission
find data on changes in the mineral content of the Ethics Committee of the Danylo
of bone tissue under long-term opioid Halytsky Lviv National Medical University
exposure in available literature, although (protocol No. 3 dated March 16, 2015) was
the widespread use of opioids in the clinic as obtained for the study.

pain relief agents makes the problem very

important [2, 7, 18, 20]. Opioid dependence was modeled daily (1

time per day at the same time interval) by
The purpose of our research is to study the injecting narcotic analgesics of nalbuphine.
dynamics of the mineral content of rat bone Nalbuphine was injected intramuscularly with
tissue at the long-term influence of the opioid. the following scheme: week 1 - 8 mg / kg,

week 2 - 15 mg / kg, week 3 - 20 mg / kg,
Materials and methods of research. The week 4 - 25 mg / kg, 5 week - 30 mg / kg,
study was performed on 40 sexually mature, week 6 - 35 mg / kg [16].
outbred male rats with a body weight of 180-

200 g and age 3.5 months. Experimental To determine the mineral composition
animals were kept at the vivarium of the of the bone tissue of the rat’s mandible,
Danylo Halytsky National Medical University. the method of atomic absorption spectral
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Ba/IM MeToA aToMHO-abcopbuiliHoro cnexkTpasnb-
Horo aHanisy (AACA), Lo Aano 3Mory BUSBUTU B
[OCMiAXKYBaHUX 3pa3Kax BMICT BOCbMW MiHepasb-
HUX eneMeHTiB (3 HMX YOTUPWU MaKpOENEMEHTU:
kanbuin (Ca), dgocdop (P), marHin (Mg), Ha-
Tpin (Na) Ta 4otTupu MikpoenemeHTu: kanin (K),
3aniso (Fe), ctpoHuin (Sr), uwmHk (Zn)). Oocni-
[)KEHHS BMKOHYBanM Ha aTOMHO-abcopbuinHo-
My cnektpodotomeTpi AAS-1N (Carl Zeiss Jena,
HimeuumHa), BMKOpPWUCTOBYBanu MoOAyMm’s npo-
naH-6yTaH-noBiTps, CywwunbHOi wadun 2B-151
(YkpaiHa), aHanitM4yHmMx Baris Apyroro knacy
ToYHoCTi Mapkun XAS 100/C (RADWAG, lMonbLua).

KoHueHTpauito 4oCNiAXYyBaHUX eNeMeHTIB Yy 3pas-
Kax KiCTKOBOI TKaHWHW 3a3Hadvanu y mr/r. Jocni-
[)KEeHHSA MiHepasibHOro Ckiagy KiCTKOBOI TKaHWHU
HWXXHbOI LWenenun npoBoanan LWOTUXHSA BRNPOLOBXK
7 TWXKHIB eKCNepuMeHTy — 6 TUXHIB BXMBaHHSA
HanbydiHy i yepe3 TMXAeHb MiCNs MOro BigMiHM
(no 5 TBapuH Ha KOXHOMY TEPMiHi eKCrnepuMeH-
Ty); Wwe 5 TBapuH CTaHOBWN KOHTPOJSIbHY rpyny.

OTpuMaHi pesynbTaTv ornpauboByBanu 3 BUKO-
PUCTaHHAM CTaHAAPTHUX CTaTUCTUYHUX PYHK-
Ui enekTpoHHMX Tabnuub Excel (Bepcia 7) i 3a
[OMOMOrol MakeTta npuKIagHUX nporpam Aans
CTAaTUCTUYHOrO aHanizy AaHumx Meamko-6ionoriy-
HMX obcTexeHb Biostat Ta Statistica (StatSoft
Inc., CLLWA). [nsa KOXHOro napameTpa BuM3Ha4a-
NN cepefHe apuUdMeTMUYHE 3HA4YeHHs, Aucnep-
Cito Ta AOBipYMiA iHTEpBas 3a PiBHI 4OCTOBIPHOCTI
P=95%.

Pe3synbTaTtn. Pe3ynbtaTtv nposeneHoro AocChni-
J)KEHHSA MiHepasibHOro ckfaay KiCTKOBOI TKaHU-
HU Tisla HUXKHbBOI LWesienu LWwypa B HOPMI, a TaKoX
BMNPOAOBX LUECTU TUXKHIB BXMBaAHHS HanbydiHy
Ta micns Moro BiAMIHWM Aann 3MOry BU3HAYUTU
KiNbKICHMI BMICT BCIX AOCMIAXYBaHUX efleMeH-
TiB Y KiCTKOBIli TK@HWHI Ha KOXHOMY 3 eTanis
EeKCrepuMeHTy Ta 3acBifuuaM HAABHICTb IXHbOI
BUPAXXEHOI AMHAMIKW.

30KkpeMa, nia 4Yac gocnigxeHHs 6yno susaBne-
HO, LLO B YCiX 3pa3kax KiCTKOBOI TKaHWHW ce-
pes 4oTMpbox MikpoenemeHTiB (Ca, P, Mg, Na)
Halbinbla NMTOMa YacTKa HaneXuTb KasbLito
(45% B iHTaKTHUX TBapwH, 75-72-73-75-71-
70% BNpOAOBX LUECTU TUXKHIB BXUBaHHS Has-
6yiHy i 71% nicng noro BigMiHu) (puc. 1-8).
Y uboMy BMMaaKy Hambinbw MNWUTOMI 4YacTKu
Kanbuito 6ynrn BNpoAOBX MepLIoro Ta YeTsep-
TOro TUXHIB EKCNEPUMEHTY.
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Puc. 1. NMUTOMMIA BMICT MiHEpPaNbHUX MaKpOeeMEHTIB Y
KICTKOBI TKaHWHI Tisla HYXKHBOI Lenenun iHTakTHOro wypa
3a AaHWMW aTOMHO-abcopbUiMHOrO CneKkTpasibHOro aHanisy

L6 4%_ 5%
< mCa

mpP
Na

759, WMg

Puc. 2. MUTOMMI BMICT MiHEpPaNbHUX MaKpoOesieMEHTIB
y KiCTKOBI TKaHWHI Tina HUXHbOI Wesenu Lwypa yepes
TUXAEHb ONiOiAHOro BMN/IMBY 3a AaHWUMW aTOMHO-abcopb-
UiiHOro CneKkTpasibHOro aHanisy

Jewo meHwot (38% B iHTAaKTHMUX TBapwuH, 16-
18-18-17-19-19% BNpPOAOBX LWECTU TUXHIB
BXWBaHHA HanbydiHy i 20% uepe3 TUXAEHb
nicns noro BiAMiHWM) € NUTOMa 4acTtka ¢oc-
dopy. HanmeHwnmMmm nmutomi vyactkm docdopy
6ynn BNpOAOBX MEPLUOro Ta YeTBepTOro TUX-
HiB ekcnepuMeHTy (puc. 1-8).

HaiMmeHwnMK cepen AocnifxyBaHWX MiHepanb-
HUX MaKpoesieMEHTIB € MUTOMI YaCTKW HATpito Ta
MarHito, sKi B iIHTAaKTHUX TBApWH CTaHOBNATb 8%
i 9%, BiANOBIAHO. BNpoaoBX LWeCTn TUXHIB eKc-
NnepuMeHTy NMTOMa 4YacTka HaTpilo CTaHoBWIa
4-5-4-4-4-5%, a marHito - 5-5-5-4-6-6% (pwuc.
1-8). Micnga BigMiHM HanbydiHy NUTOMI YacTKK
HaTpit0O Ta MarHit 3poCTarTb, NOPIBHAHO 3 HOP-
MO0, YABIdi i cTaHoBNATE 8% 4114 HaTpito i 9%
ONS MarHito.

MopiBHAHHA MUTOMUX YaCTOK AOC/IAXYBaHUX
mikpoenemeHTiB (K, Fe, Sr, Zn) 3acBiguunno, wo
B iIHTaKTHUX TBapuH HanbinbLwow byna yacTtka
Kanito, ska crtaHoBuna 79%. YacTtku 3anisa,
CTPOHLO Ta UMHKY B iHTAaKTHUX TBapuH 6ynn
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analysis (AASA) was used, which allowed
to detect the contents of eight mineral
elements in the samples studied (of
which four macroelements: calcium (Ca),
phosphorus (P), magnesium (Mg ), sodium
(Na) and four microelements: potassium
(K), iron (Fe), strontium (Sr), zinc (Zn)).
The investigations were carried out on
an atomic absorption spectrophotometer
AAS-1N (Carl Zeiss Jena, Germany), using
propane-butane-air flame, drying cabinet
2B-151 (Ukraine), analytical scales of the
second grade of accuracy of the brand XAS
100 / C (RADWAG, Poland).

Concentration of the investigated elements in
bone tissue samples was indicated in mg / g.
Investigations of the mineral composition of the
mandible were performed weekly for 7 weeks
of the experiment - 6 weeks of nalbuphine use
and one week after its withdrawal (5 animals
per experiment period); 5 more animals were
in the control group.

The obtained results were processed using
the standard statistical functions of the
Excel spreadsheets (version 7) and using
the application package for the statistical
analysis of data from the biomedical surveys
Viostat and Statistica (StatSoft Inc., USA).
For each parameter, the arithmetic mean
value, the variance and the confidence
interval at the level of reliability of P = 95%
were determined.

Results. The results of the study of the
mineral composition of the bone tissue of
the rat mandible body in the norm, as well
as during the six weeks of nalbuphine use
and after its withdrawal, made it possible
to determine the quantitative content of all
investigated elements in the bone tissue at
each stage of the experiment and indicate the
presence of their expressed dynamics.

In particular, during the study, it was found
that in all bone tissue samples among the four
microelements (Ca, P, Mg, Na), the largest
specific share belongs to calcium (45% in
intact animals, 75-72-73-75-71-70% for six
weeks of nalbuphine use and 71% after its
withdrawal) (Fig. 1-8). In this case, the most
specific shares of calcium were during the first
and fourth weeks of the experiment.
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9%

8% 45%

®Ca
mp
Na

= Mg
38%

Fig. 1. Specific share of mineral elements in bone tissue
of the mandible body of an intact rat according to atomic
absorption spectral analysis

L6% 4% 5%
< ®Ca

mpP
Na

750, "Mg

Fig. 2. Specific shares of mineral elements in the bone
tissue of the mandible body of the rat after a week of opioid
intake according to atomic absorption spectral analysis

Somewhat lower (38% in intact animals,
16-18-18-17-19-19% during six weeks of
nalbuphine use and 20% in a week after its
withdrawal) is a proportion of phosphorus.
The least specific shares of phosphorus were
during the first and fourth weeks of the
experiment (Figs 1-8).

The smallest among of the investigated
minerals are the specific shares of sodium
and magnesium, which in intact animals make
up 8% and 9%, respectively. During the six
weeks of the experiment, the specific share of
sodium was 4-5-4-4-4-5%, and magnesium
5-5-5-4-6-6% (Fig. 1-8). After the nalbuphine
withdrawal, the specific share of sodium and
magnesium, in comparison with the norm,
is doubled to 8% for sodium and to 9% for
magnesium.

Comparison of specific shares of investigated
microelements (K, Fe, Sr, Zn) showed that in
intact animals the greatest part belongs to
potassium, which was 79%. The proportions
of iron, strontium and zinc in intact animals
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3HAYHO MeHLWWUMHK i cTaHoBMAN 12%, 5% i 4%,
BianosigHo (puc. 9).

500 5%

18% ®Ca
mp
" Na

m Mg

72%

Puc. 3. MnToMUIA BMICT MiHEpanbHUX MaKpOeneMeHTIB y
KiCTKOBIM TKaHWHI Tina HWXHbBOI Wenenu wypa 4yepes ABa
TUXHI onioiAHOro BNAMBY 3@ AaHUMMKM aTOMHO-abcopbuin-

HOroO CreKTpasbHOro aHanisy

4% 5%

18%

HCa
mp
= Na

730, "Me

Puc. 4. MnToMUIA BMICT MiHEpanbHUX MaKpOeNeMEHTIB y
KICTKOBI/ TK@HUHI TiNa HMXHbBOI LWenenu wypa 4Yepes Tpu
TWXXHI onioigHOro BNAMBY 3a AaHMMKM aTOMHO-abcopbuili-

HOrO CreKTpasbHOro aHanisy

4% 4%

17%

mCa
mp

= Na
75% ®Mg

Puc. 5. MnTOMMI BMICT MiHEpanbHUX MaKpoeneMeHTIB
y KiCTKOBIV TKa@HWHI Tina HMXHbBOT LWenenu wypa yepes
YOTUPU TUXHI OMNioiAHOrO BNAMBY 3a AaHWMMW aTOMHO-ab-
copbUiNHOro cnekTpanbHOro aHanisy
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4% 6%

19% mCa

mPpP

= Na
0 =M

71% g

Puc. 6. MnTOMMI BMICT MiHEpanbHUX MaKpOeneMeHTIB

y KiCTKOBI/ TKa@HWHI Tina HMXHbBOT Wenenu wypa yepes

n'saTb TUXKHIB ONiOIAHOro BNAMBY 3a AaHWMW aTOMHO-ab-
copbUitHOro cnekTpanbHOro aHanisy

5% 6%

19%

®Ca
mp

= Na
70% m Mg

Puc. 7. MnTOMMI BMICT MiHEpanbHUX MaKpOeneMeHTIB
Yy KiCTKOBIiW TKaHWHI Tifla HUXHbBOI Wenenu wypa vyepes
WiCTb TMXXHIB OMioiAHOro BNAMBY 3@ AAaHMMU aTOMHO-ab-

copbUitHOro cnekTpanbHOro aHanisy

4%

5%

20% mCa
mp
" Na

Puc. 8. MnToMMi BMIiCT MiHEepanbHUX MaKpOeneMeHTIB

y KiCTKOBIM TKaHWHI Tina HMXHbBOT LWenenu wypa yepes

TUXAEHb NiCASA BiAMIHM OMiOIAHOrO BMNANBY 3a AaHUMMU
ATOMHO-abCcopbUIiHOrO CcnekTpanbHOro aHanisy

5% 4%

12% .K

m Fe
W Sr

79%, ®WZn

Puc. 9. NMuToMKUIA BMICT MiHEPanbHUX MIKPOESIEMEHTIB Y
KiCTKOBI TK@HWHI Tifla HMXXHbBOI LWEeNenu iHTakTHOro wypa
3a AaHWMK aTOMHO-abcopbLUiHOrO CnekTpasibHOro aHanisy
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were significantly smaller - 12%, 5% and 4%,
respectively (Fig. 9).

59, 5%

18%

®mCa
mp
" Na

720, ®Mg

Fig. 3. Specific shares of mineral macroelements in the

bone tissue of the rat’s mandible body after two weeks

of opioid intake according to atomic absorption spectral
analysis

4% 5%

18%

HCa
mp
= Na

730, " Me

Fig. 4. Specific shares of mineral macroelements in the

bone tissue of the rat’s mandible body after three weeks

of opioid intake according to atomic absorption spectral
analysis

4% 4%

17%

mCa
mp

= Na
75% ®Mg

Fig. 5. Specific shares of mineral macroelements in the

bone tissue of the rat’s mandible body after four weeks

of opioid intake according to atomic absorption spectral
analysis
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4% 6%
= Na

lgb
71% ™ Mg

Fig. 6. Specific share of mineral macroelements of the bone
tissue of the rat’s mandible body after five weeks of opioid
intake according to atomic absorption spectral analysis

®Ca
mPpP

HCa

5% 6%
mp
" Na

19%
70% m Mg

Fig. 7. Specific share of mineral macroelements in the

bone tissue of the body of the rat’s mandible after six

weeks of opioid intake according to atomic absorption
spectral analysis

4% 5%

20% ®Ca
mp

= Na
71% = Mg

Fig. 8. Specific shares of mineral macroelements in the
bone tissue of the body of the rat’s mandible a week
after the opioid withdrawal according to the data of the
atomic absorption spectral analysis

5% 4%

12% .K

m Fe
= Sr

79%, WZn

Fig. 9. Specific shares of mineral microelements in the
bone tissue of the body of the mandible of an intact rat
according to atomic absorption spectral analysis
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BrnponoB ceMun TUXHIB eKCnepuMeHTy AMHa-
MiKa MUTOMUX YaCTOK AOCNIAXYBAaHUX MiKpO-
enemeHTIiB 6yna pi3HOW i XapaKTepHow Ans
KOXHOro 3 Hux (puc.9-16).

Ha Tni BxuBaHHA HanbydiHy nMTOMa YacTka Ka-
Nnito 3HWXKyBanacb A0 53-44-49-21-46-44% |
Mana HarHuX4e 3HaYEeHHS BNPOAOBX YETBEPTOro
TUXHA eKCcrnepuMeHTy. Yepes TvxxaeHb nicns sig-
MiHW HanbydiHy NMTOMa YacTka Kanito CTaHoBuNa
46% (B iHTaKTHWUX TBapuH - 79%) (puc. 9-16).

MuToMa yacTka 3ani3a, dKa B iIHTaKTHUX TBapuH
ctaHoBuna 12%, Ha OHi BxXMBaHHSA Hanby-
iHy 3HaYHO 3pocTana i CTaHOBMAA BNPOAOBXK
LWEeCTU eKCrepuMeHTasibHUX TUXHIB 27-39-30-
63-37-41% 3 HaMBULWKMM 3HAYEHHSM Ha 4YeT-
BepTOMY TWXHI. [licnsa BigMiHM HanbydiHy nun-
TOMa 4acTka 3ani3a 3anuwanacb binblie Hix
BTPWMYi BULLOIO BiA HOPMAJIbHOrO MOKA3HMKA i
ctaHoBuna 38% (puc. 9-16).

1% 53%

9%
27% ®m/n

Puc. 10. NMuTOoMMN BMICT MiHEpPaNbHUX MiIKpPOENEMEHTIB
Yy KiCTKOBI TKaHWHI Tifla HUXXHbBOT LWesienu wypa yepes
TUXAEHb OMioiAHOro BM/IMBY 3a AaHMMK aTOMHO-abcopb-
LiIHOrO CNeKTpasibHOro aHanily

12%

5% 44%  wi
mFe

Sr

399/ m/7n

Puc. 11. NMuToMMin BMICT MiHEpPaNbHUX MiKpPOENEMEHTIB Y
KiCTKOBIi TK@HWHI Tifla HUXXHbOI LWenenu wypa 4vyepes 2
TUXXHI OMioigHOro BN/JIMBY 3a AaHMMKM aTOMHO-abcopbuin-
HOrO CreKTpasibHOro aHanisy

HaliMeHwnMuM y BCiX AOCNIAXYBaHMX 3pa3kax
6ynn 4acTKM CTPOHLI Ta UMHKY, SKi B HOpPMI
ctaHoBunn 5% Ta 4%, sianosigHo (puc. 9).
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Mig yac ekCnepMMeHTy NMTOMa YacTka CTPOH-
uito 3pocrtana i craHosuna 9-5-8-6-6-6%, 3
HalBULLMM MOKa3HMKOM BMNPOAOBX MNEepLIoro
TUXKHA €KCNepuMeHTY, a Micasg BiAMIHU BXU-
BaHHS HanbydiHy — 6%, nuwe He3HayHo ne-
peBULLYOYMN MOKA3HMK HOpPMU (puc. 9-16).

MnToMa YyacTKka UMHKY Ha T/i BXWBAHHA Has-
6ydiHy 3pocTtana y 2-3 pa3u, MOPIBHAHO 3
HOpMOlO cTaHoBuna 11-12-13-10-11-9%, ca-
ratym MakCMManbHOrO 3Ha4yeHHs BMNPOAOBX
TPETbOro TUXHSA eKCNepUMeHTY, a nicng BiAMi-
HU HanbydiHy 3annwanack BABIYI BULLOK, HIX
B iIHTaKTHMX TBapuH — 10%.

13%

mK
mFe
Sr

30% m/n

Puc. 12. NMutoMnit BMICT MiHEpanbHUX MiKpOENEeMeHTIB Y
KiCTKOBI TKaHWHI TiNla HUXHbBOI Wenenu wypa vyepes Tpu
TUXXHI OMioigHOro BN/IMBY 3a AaHMMKM aTOMHO-abcopbuin-

HOrO CreKTpasibHOro aHanisy

B1MBUYEHHA AMHAMIKM MiHepasibHOro ckiagy Ki-
CTKOBOI TKAHWHW Tifla HWXHbLOI Lenenu wypa
BMPOAOBX LUECTM TUXHIB BXWBAHHSA HanbydiHy
i yepes TMXKAEHb Nicna Moro BiAMiHWM Aano 3mMo-
ry 3’acyeatm, wo abCcontoTHi NOKa3HMKKU BMicC-
Ty OOCMIAXYBaHUX MakKpo- Ta MiKpOesieMeHTIiB
MalTb BUpPaXeHy AWHAMIKY, XapakKTepHy Ansg
KOXXHOro efieMeHTa 30KpeMa i BigMiHHY Big Au-
HaMiKM iXHiX MMTOMUX YacTok (puc.17-20).

21%

10%

6%

mK
m Fe
Sr

63% " Zn

Puc. 13. MNMuTOMMIA BMICT MiHEpaNbHUX MiIKpOENeMEeHTIB
y KiCTKOBI/ TKaHWHI Tina HUXHbOI Wesenn Lwypa yepes
YOTMPU TUXHI onioigHOro BNAMBY 3a AaHMMU aTOMHO-ab-
copbuinHOro cnekTpanbHOro aHanisy
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During the seven weeks of the experiment,
the dynamics of the specific shares of the
investigated microelements was different and
characteristic of each of them (Fig. 9-16).

On the background of the nalbuphine use a
specific share of potassium decreased to 53-
44-49-21-46-44% and had the lowest value
during the fourth week of the experiment.
One week after the nalbuphine withdrawal a
specific share of potassium was 46% (in intact
animals - 79%) (Figures 9-16).

The specific share of iron, which in intact
animals was 12%, increased significantly with
the use of nalbuphina to 27-39-30-63-37-
41% during the six experimental weeks, with
the highest values on the fourth week. After
the nalbuphine withdrawal, the proportion of
iron remained more than three times higher
than in norm and was 38% (Figures 9-16).

11% 539

9%
1 E
27% m/n

Fig. 10. Specific share of microelements in the bone
tissue of the rat’'s mandible body after a week of opioid
intake according to atomic absorption spectral analysis

5% 127 44% myx
®Fe

Sr

399/ m7n

Fig. 11. Specific share of microelements in the bone
tissue of the body of the rat’'s mandible after 2 weeks
of opioid intake according to atomic absorption spectral
analysis

The smallest specific shares in all studied
samples belong to strontium and zinc, which
were 5% and 4% in norm, respectively (Fig.
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9). During the experiment, the specific share
of strontium increased and was 9.5-8-6-6-6%,
with the highest index during the first week
of the experiment, and after the nalbuphine
withdrawal - 6%, only slightly exceeding the
norm (Figures 9-16 )

The specific share of zinc on the background of
the nalbuphine intake increased in 2-3 times,
compared with the norm was 11-12-13-10-
11-9%, reaching the maximum value during
the third week of the experiment, and after
the nalbuphine withdrawal remained twice as
high as in intact animals - 10%.

13%

mK
mFe
Sr

30% m/n

Fig. 12. Specific shares of microelements in the bone
tissue of the body of the rat’s mandible after three
weeks of opioid intake according to atomic absorption
spectral analysis

The study of the dynamics of the mineral
content of the bone tissue of the rat’s mandible
body during six weeks of nalbuphine use and
one week after its withdrawal made it possible
to find out that absolute indices of the content
of the studied macro-and microelements have
an expressed dynamics characteristic for each
element and different from their dynamics of
their specific shares (Fig. 17-20).

10%

mK
m Fe
Sr

63% =Zn

Fig. 13. Specific share of micro elements in the bone

tissue of the rat’s mandible body after four weeks of

opioid intake according to atomic absorption spectral
analysis
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11%

6% 46%

lFe
Sr

0
37% mZn
Puc. 14. NMuToMnin BMIiCT MiHEpanbHUX MiKpOeNeMeHTIB
y KiCTKOBIV TKaHWHI Tina HMXXHbBOT LWenenu wypa yepes
n'saTb TUXKHIB ONiOIAHOro BNAMBY 3a AaHMMK aTOMHO-ab-
copbUiHOro cnekTpanbHOro aHanisy

o, 9% 0
6% 44% " K

m Fe
Sr

41% m/n

Puc. 15. NMuTOoMMIn BMICT MiHEpPanbHUX MiKpOENEMEHTIB
Yy KiCTKOBIi TKaHWHI Tifla HUXXHbBOT LWesienu wypa yepes
WICTb TMXXHIB OMiOIAHOrO BNANBY 3@ AAHMMK aTOMHO-ab-
COpbUIMHOro CnekTpasbHOro aHanisy

6 10%

0

46%

mK
m Fe
Sr

38% ®m/n

Puc. 16. NMuTOMMIA BMICT MiHEpPaNIbHUX MiKpOEeNeMeHTIB

Yy KiCTKOBIiM TKaHWHI Tifla HUXXHbOT LWesenu Lwypa yepes

TUXAEHb Nicng BIAMIHM 0NiOiAHOro BNAMBY 3a AAHUMMU
aTOMHO-abcopbUifNHOro crnekTpanbHOro aHanisy

BMicT KanbLito B KiCTKOBIN TKaHUHI Tina HMXHbOI

Lenenu pisko 3poCcTaE yepes TUXAEHb Bif Mno-
YaTKy EKCNEePUMEHTY, CAratodnm MakCUMasibHOro
3HAYEeHHA Ta NEepeBMLLYHOYN HOPMY B YOTUPHU
pasn (58,2333+0,1242 mr/r). BnpoaoBx Lwe-
CTW TUXKHIB €KCMepPUMEHTY BMICT KasbLito 3anu-
WaETbCA B 3-4 pasu BULLUUM, HIK Y iHTaKTHUX
TBapuWH, a nicng BiAMiHM HanbydiHy nepeBuLLyE
HopMy BTpudi (44,3733+0,1368 mr/r) (puc. 17).

KinbkicTb ¢ocdopy BANPOAOBXK €KCNEPUMEHTY
3MIHIOETbCA HE3Ha4yHo, CAralym Makcumanb-
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HOro 3Ha4YeHHS Ha LWOCTOMY TWMXHI BXWBAHHSA
HanbydiHy (14,8466+1,6163 Mr/r) i 3HMXY-
touncb nicns noro BigMiHn (12,59004+13,9378
Mr/r), NpoTe 3anuLAETbCA BULLOK, HIX B iH-
TaKTHUX TBapuH (puc. 17).
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Puc. 17. OuHaMika BMiCTy KanbLito Ta pocdopy B KicTko-
Bill TKA@HWHI Tifla HUXXHbBOT LWesienu LWypa BNpoAOBX LLECTH
TUXHIB onioigHOro BNAMBY Ta Micns Moro BigMiHM

KinbKiCTb MarHito Ta HaTpitlo B KIiCTKOBIN TKa-
HWUHI HWXXHBOT LWenenu TakoX 3pOoCTaE Ha Ti
BXWBaHHA HanbydiHy, npoTte AuHaMika ix-
HbOroO BMICTY HepiBHOMipHa. Makcumanb-
HUX MNOKAa3HUKIB Ki/IbKICTb MarHito Ta Ha-
TPil0 CAra€ Ha LWOCTOMY TUIXKHI €KCMepuMeHTy
(4,43674+1,4408 mr/ri 3,6600+0,2113 wmr/r,
BiAMOBIAHO), @ Mmicna MOro BigMIHWM  3HUXY-
€TbCH, 3anMLWIAOYNCH AELO0 BULWLOK, HIX Y
KoHTponi (3,0467+2,4226 wMr/r MarHito Ta
2,733340,9246 mr/r HaTpito) (puc. 18).
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Puc. 18. InHamika BMICTy HaTpitO Ta MarHito B KiCTKOBI#
TK@HWHI Tina HUXXHbLOI Wesenu Lwypa BrpoAoBX LLEeCTH
TUXXHIB ONiOIAHOro BNIMBY Ta NiCNs MOro BiAMIHM

BnpoaoBX neplioro TUMXKHA BXWBaHHS  Hasl-
OydiHy BMIiCT Kanito 3HWXYETbCS OGinblue HiX
YyABiYi, MNOPIBHAHO 3 IHTAKTHMMW TBapWHaMMU
(1,2467+0,0248 Mr/r), a MiHiManbHOIO NOKa3HM-
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11%
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37

0
A m/n

Fig. 14. Specific shares of microelements in the bone tissue
of the body of the rat’s mandible after five weeks of opioid
intake according to atomic absorption spectral analysis

9% 0
6% 44% . K

m Fe
Sr

41% m/n

Fig. 15. Specific shares of microelements in the bone
tissue of the rat’s mandible body after six weeks of opioid
intake according to atomic absorption spectral analysis

6% 10% 46%

0 mK
mFe

Sr
38% mZn

Fig. 16. Specific shares of microelements in the bone
tissue of the rat’'s mandible body a week after the opioid
withdrawal on the data of the atomic absorption spectral

analysis

The content of calcium in the bone tissue of
the mandible body increases significantly in a
week from the beginning of the experiment,
reaching the maximum value and exceeding
the norm in four times (58,2333 + 0,1242 mg
/ g). During the six weeks of the experiment,
calcium content is 3-4 times higher than
that of intact animals, and after nalbuphine
withdrawal exceeds the norm in three times
(44,3733 + 0.1388 mg / g) (Fig. 17).

The amount of phosphorus changes slightly
during the experiment, reaching the maximum
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value at the sixth week of nalbuphine use
(14,8466 + 1,6163 mg/ g) and decreasing after
its withdrawal (12,5900 + 13,9378 mg/ g), but
remains higher than in intact animals (Fig. 17).
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Fig. 17. Dynamics of calcium and phosphorus content in
the bone tissue of the rat’s mandible body during the six
weeks of opioid intake and after its withdrawal

The amount of magnesium and sodium in the
bone tissue of the mandible also increases
with the use of nalbuphine, but the dynamics
of their content is uneven. The maximum
amount of magnesium and sodium reaches
at the sixth week of the experiment (4,4367
+ 1,4408 mg / g and 3,6600 + 0,2113 mg
/ g, respectively), and after its withdrawal
decreases, remaining slightly higher than in
the control group (3,0467 + 2,4226 mg / g of
magnesium and 2,7333 + 0,9246 mg / g of
sodium) (Fig. 18).

4.5
4

2 == Na
1 ——Mg

Fig. 18. Dynamics of the content of sodium and
magnesium in the bone tissue of the rat mandible body
during six weeks of opioid intake and after its withdrawal

During the first week of nalbuphine
use, potassium content decreases twice
compared to intact animals (1.2467 +
0.0248 mg / g), and the minimum index
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ka (0,5600+0,0497 Mr/r) carae Ha 4eTBepTOMY
TWXKHI ekcnepuMeHTy. [licns BigMiHM HanbydiHy
KiNbKIiCTb Kasito B KiCTKOBI TKaHWHI 4OCHIAXKY-
BaHOI AiNAHKN 3a/IMWLAETLCA HUXKYOKO BiJ HOPMU
yagivi (1,4933+0,0379 mr/r) (puc. 19).

KinbKiCTb UWMHKY B KIiCTKOBiA TKaHWHIi Ha Thi
BXWBaHHA HanbydiHy 3pocTag, carawuu
HaMBULOIrO 3HAYeHHA Ha ApPYroMy TUKHI
ekcnepumeHty (0,450040,0497 wmr/r), a
nicng BiAMiHM HanbydiHy 3anuwaeTbCcsa yaBidi
BULWOI, HiX y Hopmi (0,3267+0,2609 mr/r)
(puc. 19).

3,5
3 __*

2,5 \
2

125 %Aﬁ.v‘; +H
1

" r-/'\l¥—I~l——l :
0 I T T T T T T T 1

R S e
& & & \‘I‘

& &S
*& «*‘3& «‘I"‘& ‘3& ‘Q‘g& «*1"*& &

Puc. 19. nHamika BMICTy Kanito Ta UMHKY B KiCTKOBIW
TKAHWHI Tifla HUXKHBbOT LWenenu wypa BNpoA0BX LWeCTH
TUXHIB onioigHOro BNAMBY Ta Micns Moro BigMiHM

BMicT 3anisa B KiCTKOBIiN TKaHWHI BNPOAOBX
LWEeCTN TUXHIB eKCMNepUMEHTY € BULLUM, HIiX
3a YMOB HOPMM, MaKCMMallbHOro MNOKa3HWU-
ka (1,7267+0,0625 mr/r), akuii nepeBuLLyE
HOpMY MaliXxe B 4YOTMPU pasun, CAra€ 4vepes
YOTUPW TUXKHI BXMBAHHS HanbydiHy, a nicns
MOoro BiAMIHM 3aNMWAETbCA BTPUYi BULLKUM,
Hi)K B iHTakTHMX TBapuH (1,2333+0,3126
mr/r) (puc. 20).

KinbKiCTb CTPOHLUIO Ha T/Ai BXMWBaHHA Han-
6ydiHy 3anuwaeTbcs Hanbinbw crabinbHOO
cepel AOCNIAXYBaHUX Makpo- Ta Mikpoerne-
MEHTIB, HE3HAYHO 3HMXYIUYUCb NnLle BMNpo-
[OBX TPEeTbOro, YeTBEpPTOro Ta LWOCTOro TUX-
HiB ekcnepuMeHTy. MiHiManbHOro 3HayeHHs
(0,17674+0,1120 M™r/r) NOKAa3HMK BMICTy
CTPOHLiIO B KiCTKOBIii TKAHWHI CAra€e Ha 4yet-
BEPTOMY TUXHI BXWBaHHSA HanbydiHy, a nic-
ns NOoro BiAMIHWM  KiNbKiCTb AOCAiIAXKYBAHOIo
e/leMeHTa B KiCTKOBIilA TKAHWHI € TAaKOK X, AK
B iHTakTHMX TBapuH (0,2000+0,1242 wmr/r)
(puc. 20).

52

Original research: Basic sciences

Puc. 20. AnHamika BMICTy 3ani3a Ta CTPOHLIi0 B KiCTKOBIl
TKaHWHI Tifa HUXHbLOI Wesienu Lypa BNpoAOoBX LLIECTH
TUXHIB OMNioiAHOro BNIMBY Ta Micns MOro BigMiHM

O6roBopeHHs. HesynbTaTn NpoBeAeHOro A0-
CNigXXeHH4 3acBig4vyroTb, WO Ha Tai TpMBanoro
BXMBAHHSA npenapariB onioigHol AiT BUPAXKeHi
3MiHW BiABYBalOTbCS He NuLe B TKaHMHaX MO3-
Ky, NediHku, NigwnyHKoBOi 3an03um, Miokapay,
HMPOK Ta iHWMX BHYTPILWHIX opraHis [1, 3, 4,
6, 14, 15, 17], 9K ue onMcaHo B YNCIIEHHUX Ji-
TepaTypHUX AxXepenax, a N y KICTKOBIN TKaHu-
Hi — 30KpeMa B 1i MiHepasbHOMY KOMMOHEHTI,
wo Tpeba 6paTtn A0 yBarnm Ansg NpuUsHayeHHs
Ta NpoBeAeHHS KypCiB JliKkyBaHHSA, 3aCTOCOBY-
toun npenapatu uiei rpynu [20].

MpoBeaeHMn aHania AMHAMIKM LWiNTbHOCTI Ki-
CTKOBOI TKaHWHW HMXHbLOI wWwesienn Ta 1i MiHe-
panbHOro cknagy BMAPOAOBX CEMUTUXHEBOIO
eKcnepuMeHTanbHOro nepioay Aas 3MoOry 3po-
61T Taki BUCHOBKM.

1. Pe3ynbTaTt atoMHO-abcopbLUinHOro cnekTpanb-
HOrro aHanizy KiCTKOBOI TKAHWHU Tifla HUXKHbLOI Le-
nenu wypa Aanu 3MOry BM3HAUUTU KisTbKICHWI
BMICT 4OTUPbOX MakpoenemeHTiB (Ca, P, Mg, Na)
Ta 4oTUpbOX MikpoenemeHTiB (K, Fe, Sr, Zn) i ixHi
NUTOMI YaCTKU B CKNagi MiHepasbHOro KOMMoHeH-
Ta KICTKOBOI TK@HWHU B IHTAKTHUX TBApPUWH, Ha Thi
BXWBaHHSA HanbydiHy Ta nicns 1oro BiaMiHM

2. Ha tni BXuBaHHA HanbydiHy abcontoTHi no-
Ka3HWKWM BMICTy Kanbuito, gocdopy, MarHito,
HaTpilo, UMHKY Ta 3asi3a 3pocTalTb, 3anau-
LWAK4YNCb BULLE HOPMW i MNicis MOro BiAMIHK;
KiJIbKICTb Kasito 3HUXYETbCA | 3a/IMLWIAETLCA
HUXKYO0 Big HOpMM i nicns BiAMiHW Hanbydiny,
a KiNbKiCTb CTPOHLIO TaKOX 3HWUXYETbCH, ane
MiHiManbHo, i nicna BigMiHM HanbydiHy Mae
TakKe caMe 3HaYeHHS, 9K i B IHTaKTHUX TBapUH.
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(0.5600 + 0.0497 mg / g) reaches at
the fourth week of the experiment. After
nalbuphine  withdrawal, the amount
of potassium in the bone tissue of the
investigated area remains twice as low
(1.4933 + 0.0379 mg / g) (Fig. 19).

The amount of zinc in bone tissue on the
background of the nalbuphine use increases,
reaching the highest value in the second
week of the experiment (0,4500 + 0,0497
mg / g), and after the nalbuphine withdrawal
remains twice as high (0,3267 + 0,2609 mg

/ g) (Fig. 19).
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Fig. 19. Dynamics of potassium and zinc content in the
bone tissue of the rat’s mandible body during the six
weeks of opioid intake and after its withdrawal

The content of iron in bone tissue during the
six weeks of the experiment is higher than in
the norm, the maximum (1,7267 + 0,0625 mg
/ g), which exceeds the norm almost in four
times, reaches after four weeks of nalbuphine
use, and after its withdrawal remains three
times higher than in intact animals (1,2333 +
0,3126 mg / g) (Fig. 20).

The amount of strontium with the nalbuphine
use remains the most stable among the
studied macro-and microelements, slightly
decreasing only during the third, fourth
and sixth weeks of the experiment. The
minimum value (0,1767 + 0,1120 mg / g)
of the strontium content in the bone tissue
reaches at the fourth week of the nalbuphine
use, and after its withdrawal, the amount of
the element in the bone tissue is the same
as in intact animals (0,2000+ 0,1242 mg /

g) (Fig. 20).
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Fig. 20. Dynamics of iron and strontium content in the
bone tissue of the body of the mandible of the rat during
the six weeks of opioid intake and after its withdrawal

Discussion. the results of the study show that,
onthebackdrop of prolonged use of opioid drugs,
expressed changes occur not only in the tissues
of the brain, liver, pancreas, myocardium,
kidneys and other internal organs [1, 3, 4, 6,
14, 15, 17 ], as described in humerous literary
sources, but also in bone tissue - in particular,
in its mineral component, which must be taken
into account in the medicine prescriptions and
conducting the treatment courses, using drugs
of this group [20].

The analysis of the density dynamics
of bone tissue of the mandible and its
mineral composition during the seven-week
experimental period made it possible to draw
the following conclusions.

1. Results of atomic absorption spectral
analysis of bone tissue of the body of the rat's
mandible allowed to determine the quantitative
content of four macroelements (Ca, P, Mg, Na)
and four microelements (K, Fe, Sr, Zn) and
their specific shares in the mineral component
of the bone tissue in intact animals, with the
use of nalbuphine and after its withdrawal

2. On the background of the nalbuphine use
absolute values of calcium, phosphorus,
magnesium, sodium, zinc and iron increase,
remaining above the norm and after its
withdrawal; the amount of potassium
decreases and remains lower than in norm
and after the nalbuphine withdrawal, and the
quantity of strontium is also reduced, but
minimally, and after the nalbuphine withdrawal
has the same value as in intact animals.
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3. AMHaMika NMUTOMUX YaCTOK AO0CAIAXKYBaHUX
€/IEMEHTIB Ha TNi BXUBaHHSA HanbydiHy Ta nic-
N1 MOro BiAMIHW € IHLWOW, HiXX AMHaMika horo
KiNnbKIiCHUX abCOMOTHUX MOKAa3HUKIB — MUTOMI
YaCTKM Kasblito, 3ani3a CTPOHLUII0 Ta UMHKY
3pOCTalTh i 3a/IMLWLAKTLCA BULLLE HOPMU i Nicna
BiAMiHN HanbydiHy, a NUTOMi YacTku docdo-
py, HaTpilo, MarHito Ta Kanito BNpOAOBX CEMMU
TUDKHIB €KCNEPUMEHTY HUXYi, HIXX B IHTaKTHUX
TBApWH.

Original research: Basic sciences

3. Dynamics of specific shares of the studied
elements on the background of the nalbuphine
use and after its withdrawal is different from the
dynamics of its quantitative absolute indicators
- the specific shares of calcium, iron of strontium
and zinc grow and remain higher than norm
and after nalbuphine withdrawal, and specific
shares of phosphorus, sodium, magnesium
and potassium during the seven weeks of the
experiment are lower than in intact animals.
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