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AvHaMika BMICTy MiHepaJibHUX eJIEMEHTIB
Y KIiCTKOBiW TKaHMHiIi HW)XHbOI Wenenm
eKCnepuMeHTaNIbHUX TBapUH YNPOAOBXK
3aro€EHHSA WTYy4YHOro aedexry,
3anoOBHEHOro oktakanbuindocearom

InoHa YennaHoBa, 3opsiHa MacHa, Hatanis AMbapoBa

JIbBIBCbKUK HaLiOHa/IbHUM MEANYHWNI YHIBEPCUTET
imeHi flannna anvybkoro, JlbBiB, YkpaiHa

BcTtyn. Npobnema KicTKOBOi TpaBMu Ta BiAHOBMEHHS LifliCHOCTI
KiCTOK, 30KpeMa — 3 KiCTKOBMMK AedeKTaMn pi3Hoi nokanisawii,
dopMn Ta po3MipiB € 0COBAINBO aKTyanbHOK Yy Cy4acHin me-
OVUMHI. 3Ha4YHe Micue cepef 3arajibHOro nepesiky KiCTKOBUX
TpaBM 3aMMaloTb TPaBMK LLenen.

Meta. 3’dcyBatu 0CO6/MBOCTI MOCTTPaBMATU4HOI AMHAMIKK
BMICTY MiHepanbHUX efleMeHTIB Y KiCTKOBIA TKAHUHWU HUXHbOI
Lwenenu nicas 3anoBHEHHSA KICTKOBOro AedekTy OCTEOTPOMHU-
MW MaTepianamMn Ha OCHOBI OKTakanbLindocdaTy.

Martepianu i meTogn. [locnigKeHHs BUKOHaHe Ha 65-Tu cTtaTte-
BO3pinux, 6e3nopoaHMX Kponumkax-camusx, macow 2.5-3.0 kr,
BikOM 67 MicsauiB. EkcnepuMeHTanbHMX TBapuH 6yno nogineHo
Ha Tpu rpynu no 20 KPONMUKIB y KOXHIiN: nepla rpyna — KOH-
TponbHa — AedeKT KiCTKOBOI TKaHMHM 3arotoBaBCcs Nia Kpos's-
HUM 3ryCcTKOM; Apyra rpyna — gedekT 3anoBHOBaAN HAaTUBHUM

JDKEHHS.
© Bci asTopw, 2024 okTakanbuiidochatom (OK®-H); TpeTa rpyna - aedekT 3a-
= NOBHIOBANM OKTakasnbUindochaToM 3 XiTO3aHOM, aKTUBOBaHUM
aonasaHHAM amniumniHy (OK®-H-XiTozaH-AMmniuunniH). M'ate

iHTAKTHUX TBapwH 6ynn BUKOPUCTAHO AN BUBYEHHS HOPMasabHOrO MiHepanbHOro Cknagy Kicr-
KoBOi TKaHMHKU (KT) HWxHbOI wenenu (HL) kponuka. 3a AonoMoro aToMHo-abcopbuinHoro Ta
€MICIMHOro CnekTpasibHOro aHanisy BuM3Ha4danum BMICT N'ATU MiHepanbHUX eneMeHTiB (Kanbuii,
docdop, MarHin, HaTpin, kani). KoHTponb 3aiincHioBanu yepes 7, 14, 21, 28, 35, 56 Ta 84 pobu.

Pe3ynbtaTn. BctaHoBNEHO, WO BMICT Kanbuito i pocdopy B KT HLL B 060X ekcnepnMeHTanbHUX rpy-
nax ynpoAoBX BCiX TEPMiHIB eKCrepuMeHTy 6yB HMXUUIA, HDK Y KOHTPONI, ane BULLMIA Bif NOKA3HWKIB
HopMu. Ha 84-Ty noby ekcnepuMeHTy NOKasHWMKM KasnbLito Ta pocdopy B 060X eKcnepuMeHTanbHUX
rpynax 6ynu 6inbwot Mipoo HabnuXeHUMU 40 HOPMM, HiXK Y KOHTPOAi. MNOKa3HUKK BMICTYy MarHito
Ta HaTpito B KT nicng 3anoBHEHHS KiCTKOBOro aedekty matepianoMm OK®-H Ha KiHeub ekcrnepuMeH-
Ty iCTOTHO He BIApI3HANNCA BiA, KOHTPOJIIO, a Npwu 3anoBHeHHi MatepianoM OK®-H-XiTo3aH-AMniun-
NiH — NnoBepTanucsa A0 HOPMU. 3@ TaKUX YMOB, YNPOAOBX eKCNepuMeHTY B 060X eKCrnepuMeHTabHUX
rpynax noKa3HMKK BMICTY HaTpitlo 6ynun BULLMMMK, HXK Y KOHTPOAi, 32 BUHATKOM 84-i 106u npu 3ano-
BHeHHI aedekTy MaTtepianoMm OK®-H-XiTo3aH-AMniunniH. MNoKa3HMKM MarHito 4eMOHCTPyBann Heoa-
HaKOBY AMHaMIKy B KOXHili eKCnepuMeHTanbHil rpyni — npu BukopucrtaHHi OK®-H BoHW 6ynn Bumn-
MW 3@ HOPMY i 3HAYEHHS Y KOHTPOJ1i YNPOAOBX YCbOro eKCrepuMeHTy, a Npu BUKOPUCTAHHI MaTepiany
OK®-H-XiTo3aH-AMMiUMNIH — BULWMMM Bif KOHTPOIIO TiNbkM A0 21-i gobu. BMICT Kanito ynpoaosx
YyCbOro eKcrnepmMeHTy B 060X eKCrepuMeHTanbHUX rpynax 6yB HMXKYMM, HiX Y iHTaKTHUX TBapuH 3
HOpMasibHMMU MOKa3HUKaMW Ta y KOHTponi. BogHouac, y pasi BukopuctaHHsa Mmatepiany OK®-H Ha
84-Ty noby aocnigxyBaHWin NnapameTp 3aNULLIAaBCs ICTOTHO HMDKYMM, HIXK Y IHTaKTHUX TBapuH; Npu BuU-
KopucTaHHi matepiany OK®-H-XiTo3aH-AMMiUMNiH — NOBEPTaABCA A0 HOPMasIbHOMO 3HaYEHHS.
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Dynamics of mineral element content

in mandibular bone tissue of experimental
animals during the healing of an artificial
defect filled with octacalcium phosphate

Ilona Chelpanova, Zoryana Masna, Nataliya Ambarova

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine.

Introduction. The problem of bone trauma and the regenera-
tion of bone integrity, particularly with bone defects of varying
locations, shapes, and sizes, is highly relevant today. Those
affecting the jaws are especially significant among the many
types of bone injuries.

Objective. To determine the features of post-traumatic dy-
namics of mineral elements’ content in the lower jaw’s bone
tissue after filling the bone defect with osteotropic materials
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based on octacalcium phosphate.

Materials and Methods. The study was conducted on 65 sex-
ually mature, non-pedigreed male rabbits weighing 2.5-3.0 kg,
aged 6-7 months. Experimental animals were divided into three support for their study.
groups of 20 rabbits each: Group I - control — bone tissue defect

healed under a blood clot; Group II - the defect was filled with © All authors, 2024
native octacalcium phosphate (OCP-N); Group III - the defect

was filled with octacalcium phosphate with chitosan activated by

the addition of ampicillin (OCP-N-Chitosan-Ampicillin). Five intact animals were used to study the
normal mineral composition of the rabbit’s mandibular bone tissue (MBT). The content of five mineral
elements (calcium, phosphorus, magnesium, sodium, and potassium) was determined using atomic
absorption and emission spectral analysis. Data from the first control group was collected after 7, 14,
21, 28, 35, 56, and 84 days.

Results. It was established that the calcium and phosphorus content in the MBT in both exper-
imental groups throughout all experiment periods is lower than the first control group data but
higher than the normal values for intact animals. On the 84th day of the experiment, calcium and
phosphorus levels in both experimental groups were closer to the normal parameters for intact
animals than in the first control group. The magnesium and sodium content in the MBT after
filling the bone defect with the OCP-N material at the end of the experiment didn't differ signifi-
cantly from the first control group. In contrast, when filled with the OCP-N-Chitosan-Ampicillin
material, it returned to the parameters for intact animals. During the entire experiment, sodium
levels in both experimental groups were higher than the first control group data, except on the
84th day when the defect was filled with the OCP-N-Chitosan-Ampicillin material. Magnesium lev-
els showed different dynamics in each experimental group — when using OCP-N, they were higher
than the parameters for intact animals and the first control group throughout the experiment.

In contrast, when using the OCP-N-Chitosan-Ampicillin material, they were higher than the first
control group data only until the 21st day. The potassium content throughout the experiment in
both experimental groups was lower than normal values for intact animals and data of the first
control group. However, when using OCP-N material on day 84, the studied parameter remained
significantly lower than in intact animals; when using OCP-N-Chitosan-Ampicillin, it returned to
normal values for intact animals.
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BucHoBKkM. MiHepanbHuin cknag KT 3MIHIOETLCS MiCNA KiCTKOPYMHIBHOI TPaBMM BHBCMIAOK ICTOTHOrO
36inbLIeHHs NOKa3HWUKIB BMICTYy KanbLito, hochopy Ta MarHito, siKi 3amwaTbCs BULLMMU, HIX Y iHTaK-
THWUX TBapWH, A0 84-TOi 406U eKcrnepuMeHTy. MeHL IHTEHCMBHOIO € AMHAaMiKa BMICTY HATpito Ta Kanito,
NOKa3HMKM AKNX Ha 84-Ty Aoby ekCnepMMeHTy NOBepTatTbCs A0 HOPMasibHUX MOKa3HUKIB. [pn BUKO-
PUCTaHHI N9 3an0OBHEHHS KICTKOBOIo AedeKTy OCTEOTPONHMX MaTepianiB Ha OCHOBI OKTakasnbLindoc-
daTy, AMHaMiKa BMICTY B KICTKOBIlM TKaHWHI AOCNIAKYBaHMX MiHEpaNbHUX e/1eMeHTIB € HEOAHAKOBO
Ta BiAMIHHOK BiA NMOKa3HMKIB rpynn KOHTPOO. [pn 3anoBHEHHI KICTKOBOro AedeKTy OCTeOTPOnHUM
mMaTepianoM OK®-H-XiTo3aH-AMNiUnAiH NOKa3HMKK BMICTY KanbLito, pocdopy, MarHito, HaTpito Ta Ka-
nito Ha 84-Ty poby nicnsg HaHeCeHHs TpaBMW BiAHOBIOKOTHCA A0 HOPMAsibHUX MOKA3HUKIB.

KnroyoBi croBa: Kponuku, KiCTKOBa TKaHWHA, HMXHSA Wesena, MiHepasbHi efieMeHTn, penapa-
TUBHWM OCTEOreHe3, OCTeOoNIacTMYHI MaTepiann, okTakanbuindocoar.

BcTtyn 30ATHOCTI aKTUBHO iHAYKYBATU YTBOPEHHSA HOBOI
Ocobnunee Micue cepepn 3arasbHOro rnepersiky KicTkn [18]. Agxe penapaTMBHWIA OCTeoreHes
KiCTKOBMX TpaBM 3aliMaloTb TpaBMu wWenen. [e- MOXHa BBa)aTW MOBHOLIHHMM NnLLUE TOAi, KON
heKTH iX KICTKOBOI TKAHVUHM MOXYTb MaTu Pi3HUM BiAHOBMNIOETLCA He Tiibkn 06'eM, ane i SKicHi
06’eM Ta NOXOMAXKEHHS | YacTo NPU3BOASTb A0 ec- BN1ACTUBOCTI KICTKOBOI TKaHWUHW, 3yMOBJIeHi ii Mi-
TETUYHUX 3MiH, pO3/1aAiB MOBHOI Ta XYBaslbHOI HepanbHUM ckiagom [19].

apTUKYNALii, KOBTaHHSA, HOCOBOIro AMXaHH4, WO

Hagae npobnemi couianbHOro 3HayeHHs [1-4]. MeTo10 [0CnigXeHHA cTana KinbKicHa ouiHKa
HaTenep icHylTb pi3Hi cnocobwu BiAHOBNEHHS MOCTTPaBMATUYHOI AMHAMIKK BMICTY MiHepasb-
06'eMy KiCTKOBOI TKaHWHU, 30KpeMa — 3 BUKO- HUX E/IEMEHTIB Y KiCTKOBI/ TKaHWHi HWXHbOI
pUCTaHHAM MaTepianis ANg KiCTKOBOI MIacTUKK. Lwenenu nicnis 3anoBHEHHS KiCTKOBOro aedek-

Ona 3akpuTTa KiCTKOBUX AedeKTiB BenmKoro Ty OCTEOTPOMHMMW MaTepianaMm Ha OCHOBI OK-
06'eMy 3a3BMYal BUKOPUCTOBYIOTb ayTOSOriUHYy Takaneuindgocdary.
KICTKY, SIKy BBaXalTb «30/10TUM CTaHO4APTOM>»

Yy Cy4acHi KiCTKOBIM MnnacTuui, OCKifIbKM BOHa MaTepianu i meToamn

MiCTUTb OCTEOreHHi KNiTUHWU, a il CTPYKTypa ciy- JocnigxeHHs BUKOHaHe Ha 65-Tn ctaTteBo3pinunx,
rye npupoaHMM kKapkacoM. [lpoTe, He3Ba)karo- 6e3nopoaHNX Kponmkax-camusax, macoto 2.5-3.0
UM Ha CBOI nepesaru, Us MeToAMKA MAE MeBHi Kr, BiKOM 6 — 7 Mmicauis. TBapuHu nepebysanu B
Heponikn [5-7]. Ons 3MeHLWeHHS YyCKIagHEeHb yMoBax BiBapito JIbBiBCbKOr0 HaLlioHasIbHOro Me-
npu Manux Ta cepefHix aedekTax 4acTo BMKO- OVUYHOro yHiBepcuTeTy iMeHi JaHwna ManuubKo-
PUCTOBYIOTb a/IbTEPHATUBHI KiCTKOBI 3aMiHHUKMW. ro i BCi npoueaypm WoA0 iX yTPUMaHHS, A0rNs4y,
[lo nepeBar CMHTETUYHMX MaTepianiB HasexaTtb MapKyBaHHS Ta iHLWIi MaHinynauii MM NpoBoAMIIN
OCTEOKOHAYKTWUBHI B/1aCTUBOCTI, MOXJIMBICTb pe- 3 AOTPUMAHHSM MOJIOXeHb «EBPONENCHKOI KOH-
30pbyBaTMCA OpraHiaMOM i BUBINbHATU pEYOBU- BeHLUii Npo 3axmMcT XpebeTHuX TBapuH, Ki BU-
HUW, WO CNpuUsiioTb POPMYBaHHIO KiCTKOBOI TKa- KOPUCTOBYIOTbCA A1 eKCrepuMeHTaslbHUX Ta
HUHK [8; 9]. LUnpoke 3acTocyBaHHS OTpUManu iHWKX HaykoBux uinen» (Crtpacbypr, 1985),
pi3HOMaHITHI 6iokepaMiyHi MaTepiann Ha OCHOBI «3aranbHnX eTUYHMUX NPUHLUMUMIB EKCMEPUMEHTIB
docdaty kanbuito, AKi CnpusalTb pereHepaduii Ha TBapuHax», yxsaneHux lepwmm HauioHanb-
KiCTKOBOI TKaHUHW, Aatouu ih 3MOry NpoOHUKaTU HWUM KOHrpecoM 3 b6ioetnku (Kuig, 2001), 3akoHy
i poCTM B Kapkac, o pobuTb iX ineansHUMK Ans YkpaiHu N¢ 3447 - IV «[1po 3axuCT TBapwH Big
NiKyBaHHA Manux i cepeaHix KiCTKOBUX Aedek- YXOPCTOKOrO MOBOMKEHHA» 3riAHO 3 AUPEKTU-
TiB, CMHYC-NI(PTMHIY Ta HAPOLLYBaHHS KiCTKOBOI Boto Paan €C 2010/63/EU npo AOTPUMaHHS no-
TKaHWHM ans 3ybHux imnnanTtaTie [11-14]. Kpim CTaHOB, 3aKOHIiB, aAMIHICTPAaTUBHUX MONOXEHb
TOro, mMartepianM Ha OcCHOBi docdaTty KasnbLito JepxaB €C 3 NUTaHb 3aXUCTy TBApWH, SKi BUKO-
MOXHa ¢dopMyBaTW B rpaHynboBaHi abo nacro- PUCTOBYIOTbCA 3 HAYKOBOIO METOH0.

noaibHi dopmu, aki 3abesnedyoTb NoKpalleHy

dopMyBanbHy 34aTHICTb i CKOPOYYKOTb Yac Ha- ExkcnepuMeHTanbHMin aedekT B Mix3y6Hi Aai-
HeceHHs nig 4Yac XipypriyHmx npoueayp [15- NAHLUI KOMIPKOBOI 4YacCTUHU HUXHbLOI LWenenu
17]. OpHak ui MaTepianu MalOTb OBMEXeHHS MoaesitoBanu nig Hapkosom TioneHaToM («bpo-
Npu 3aCTOoCyBaHHi y BeNUKMX AedeKkTax yepes dapma», YkpaiHa) BHYTpPILUHbOOYEPEBMHHO 3
BiACYTHICTb OCTEOIHAYKTMBHUX BNACTUBOCTEN — po3paxyHKy 25 Mr/kr macu Tina TBapuHu. Ha
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Conclusions: The mineral composition of bone tissue undergoes significant changes following a
bone-destructive injury, characterized by a substantial increase in calcium, phosphorus, and mag-
nesium levels. Such levels persist until the 84th day of the experiment, exceeding those observed in
intact animals. The dynamics of sodium and potassium content are less pronounced, with their levels
returning to normal values for intact animals by the 84th day of the experiment. The use of osteocon-
ductive materials based on octacalcium phosphate for filling bone defects leads to diverse dynamics of
mineral element content in bone tissue, differing from the first control group. When the bone defect
is filled with the osteoconductive material OCP-N-Chitosan-Ampicillin, calcium, phosphorus, magne-
sium, sodium, and potassium levels return to normal values by the 84th day after injury.

Keywords: rabbits, bone tissue, lower jaw, mineral elements, reparative osteogenesis, osteo-
plastic materials, octacalcium phosphate.

Introduction. Among the spectrum of bone considered complete when the volume and
injuries, jaw injuries hold a prominent posi- the qualitative properties of bone tissue are
tion. Defects in the jaw’s bone tissue can vary restored, which are determined by its mineral
in size and origin, often leading to aesthetic composition [19].

alterations, disruptions in speech and chew-

ing function, swallowing, and nasal breath- Aim. The aim of this study was to determine
ing. This presents a significant social concern the features of the post-traumatic dynamics
[1-4]. Various methods exist for restoring of the content of mineral elements in the bone
bone tissue volume, including using materials tissue of the lower jaw after filling the bone
for bone grafting. Autologous bone grafts are defect with osteotropic materials based on oc-
typically employed to address large bone de- tacalcium phosphate.

fects, and they are considered the gold stan-

dard in bone grafting due to the presence of Materials and Methods. The study was

osteogenic cells and their inherent structural conducted on 65 adult, non-pedigree male
role as a natural scaffold. However, despite its rabbits weighing 2.5-3.0 kg and aged 6-7
advantages, this technique has certain draw- months. All animals were housed in a vivari-
backs [5-7]. Alternative bone substitutes are um, and procedures for cleaning, inspection,
frequently used to minimize complications marking and all other manipulations were
for smaller and medium-sized defects. Syn- carried out following the provisions of the
thetic materials offer advantages such as os- “European Convention for the Protection of

teoconductive properties, bioresorbtion and Vertebrate Animals Used for Experimental
the release of substances that promote bone and Other Scientific Purposes” (Strasbourg,
formation [8, 9]. A wide range of bioceramic 1985), the “General Ethical Principles of Ex-
materials based on calcium phosphate have periments on Animals” adopted by the First
been developed and widely used to promote National Congress on Bioethics (Kyiv, 2001),
bone regeneration. These materials allow the Law of Ukraine No. 3447-IV “On the Pro-
bone tissue to penetrate and grow into the tection of Animals from Cruel Treatment”

scaffold, making them ideal for treating small under the Directive of the Council of the
and medium-sized bone defects, sinus lifts, European Union 2010/63/EU on compliance
and bone augmentation for dental implants with the regulations, laws, and administra-
[10-14]. tive provisions of the EU Member States on

the protection of animals used for scientif-
Furthermore, calcium phosphate-based ma- ic purposes. Animals in the first control and
terials can be shaped into granular or paste- experimental groups, under general anes-

like forms, enhancing formability and reducing thesia by intraperitoneal injection of Thio-
application time during surgical procedures pental ("Brofarma”, Ukraine) at a dosage of
[15-17]. However, these materials face lim- 25 mg/kg body weight, were subjected to
itations in large defect applications due to the a bone-destructive injury in the form of a
lack of osteoinductive properties — the ability shaft 4 mm deep and 3 mm wide at the level
to actively induce the formation of new bone of the edentulous segment of the mandibu-
[18]. However, bone regeneration can only be lar body using a dental drill.
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piBHI 6e33y60i AiNSHKM KOMIpKOBOI 4acCTUHU
HWKHbBOI LWefienn 3a 4oNOMOro CToOMaTooriy-
Horo 6opa cTBoptoBann gedekT rMnbuHo 4 MM
Ta AgiaMeTpom 3 MM.

EkcnepuMeHTanbHMX TBapuH 6ys10 NoAisieHo Ha
Tpu rpynu no 20 KponMKIiB y KOXHIiA: nepLua
rpyna — KOHTpO/bHa — AedeKT KiCTKOBOI TKaHW-
HM 3arotoBaBCH Mig KPOB'SSHUM 3ryCTKOM; Apyra
rpyna — aedekT 3anoBHOBaAM OCTEOTPOMHUM
maTepianom CompactBoneB (Dentegris, Hi-
Me4y4yMHa), OCHOBHMM KpUCTasiyHUM MaTepi-
asioM SIKOrO0 € HATMBHWIM OKTakanbuiidocdaT
(OK®-H); TpeTta rpyna — aedeKT 3anoBHOBaNu
MaTepiasoM OK®-H 3 XiTo3aHOM, akTMBOBaHUM
AoaaBaHHAM amniumniny (KuiBMegnpenapar,
YkpaiHa) (OK®-H-Xito3aH-AMniumnin). M'aTb
IHTAKTHMX TBapWH 6y/10 BMKOPUCTAHO ANS BU-
BYEHHSI HOPManbHOro0 MiHEepanbHOro ckiagy
KiICTKOBOI TKaHWUHU HWXXHBLOI LLlesienn Kponuka.

JocnigxeHHsa MiHepanbHOro ckiagy KiCTKOBOI
TKaHWHM MNPOBOAMAM LUNAXOM aTOMHO-abcop-
6buUinHOro Ta eMiCinHOro crnekTpanbHOro aHa-
Ni3y, BMKOHAHOrO Ha aToMHO-abcopbuiiHoOMy
cnektpodoTomeTpi AAS-1N (Carl Zeiss, Jena,
HiMeuunHa) i3 BUKOPUCTAHHAM MoOnyM’s npo-
naH-6yTaH-noBiTpsa. Bu3Hayanu BMICT N'aTn Mi-
HepanbHUX enemMeHTiB — Kanbuito (Ca), docdo-
py (P), marnito (Mg), HaTpito (Na) Ta kanito (K).
BMicT MarHito BM3Ha4yanm aToMHO-abcopbuin-
HWUM MEeTOAOM; BMICT KasibLilo, HATpilO Ta Kanito
— @aTOMHO-eMiCiiHUM MeToAoM; BMICT docdopy
- (oTOMEeTpuyYHMM MeToAoM nicns nobyaoswu
rpaaytoBanbHOro rpadika ta cnocobom aoba-
BOK [20]. BM3HaueHHS BMICTy efleMeHTiB 34i1-
CHIoBann 4epes 7, 14, 21, 28, 35, 56 Ta 84
Ao6u nicns xXipypriyHoro BTpyYaHHs.

Ona pocnigXeHHA niagnopsaaKyBaHHA OTpuMa-
HUX AAHWUX HOPMAsIbHOMY 3aKOHY pO3MoAiny Bu-
KOPWUCTOBYBA/IM aHani3 rictrorpamuv po3noainy,
NOKa3HMKK KoedilieHTIB acuMeTpii Ta eKCTUHK-
uii, kputepin LWanipo-Yinka. Pe3ynbTaTtn KOXHOI
rpynn Ha pi3HMX eTanax ekcrnepumeHTy 6ynu
nignopsAKoBaHi HOpMasibHOMY 3aKOHY pO3MoAi-
ny, ix nogaHo y surnaai M+SD, ne M - cepenHe
apudmeTnyHe, SD — cTaHOApTHE BiAXWUNEHHS
cepenHboro. [ng BM3HayYeHHs iCTOTHOCTI 3MiHU
B AMHaMILi Y KOXHi eKcnepuMeHTasnbHil rpyni
BMKOPUCTOBYBaN 04HOAKTOPHUI AMCnepCin-
HuI aHanis (ANOVA). ina BU3Ha4eHHs Biporia-
HMX BIAMIHHOCTEN MiX cepeAHiMU NOKAa3HUKaMU
HOPMM Ta MOKA3HUKaMW MepLloi KOHTPOJIbHOI i
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ABOX eKCrnepuMeHTaslbHUX rpyn y AnHamiui Ta
A1 MOPIBHAHHA AaHMX MepLloi rpynm KOHTPO-
JII0 3 KOXHOK eKCrepUMeHTasIbHOK rpyroo Ha
O[IHAKOBUX TepMiHax AOCIAXEHHA BUKOPUCTO-
ByBanu t-kputepin CrblogeHTa. PisHUUO MiX
rpynamm BBakann AoctosipHot npu p<0.05.
CTaTUCTMYHUIA aHani3 NpoBOAUAM i3 BUKOPUC-
TaHHAM nporpamMHoro 3abesnedeHHs RStudio
v1.2.5042 Ta IBM SPSS Statistics 26. MNocni-
AOBHICTb CTaTUCTUUYHUX npoueayp MnpoBoAMIN
BiANOBiAHO A0 pekoMeHaauin [21].

Pe3synbTatn

Mpu 3anoBHEHHI AedeKTy KPOB'SHMM 3ryCTKOM
y TBapWH nepLoi rpynu (KOHTposb) yepes 7 aib
nicng HaHeCeHHs TpaBMU BMICT KanbLlito 3po-
CTaB yTpu4i Yy MOPIBHAHHI 3 HOpManbHUMK MNO-
Ka3HMKaMW IHTaKTHUX TBapUWH Ta CsAraB MaKcu-
ManbHOro 3HayeHHs (41.15+2.03 mr/r) Ha 21-y
[oby ekcnepuMeHTy, NepPEBULLYIOYM NOKA3HUKMU
HopMKM Ha 194.7 % (p < 0.01). Ha Takomy ca-
MOMY piBHi, 3 HE3HAYHUMWN KOJIMBAHHAMMU, BMICT
Kanbuito 3anmwasca go 35-i gnobu. Yepes 56
Ai6 nicns HaHeceHHs TpaBMW AOCNIAXKYBaHUMN
NOKa3HWK NepeBMLLYBaB MOKa3HUKN HOPMU Ha
104.4 % (p<0.01) i npoaoBXyBaB 3HMXYyBa-
TUCS [0 KiHUS eKCrNepuMEeHTY, 3a/MLatymnch,
OAHaK, Ha 84-y noby y 1.5 pasu BULLUUM, HiX
y iHTakTHMX TBapwH (19.34+0.98 wm™r/r npo-
™ 13.9940.28 wmr/r). Bmict docdopy Takox
3poCTaB i cAraB MakCMMasibHOrO 3HAaYeHHS Ha
28-Mmy noby ekcnepumeHTy (15.24+0.98 mr/r),
NeEpPeBULLYIOYM MOKA3HUKN HOPMWU [IHTaKTHUX
TBapuH Ha 41.3 % (p < 0.01). MNpu ubomMy aun-
HaMika 3Ha4yeHb UbOro ejieMeHTa YrnpoAOBX
BCbOro eKCnepuMeHTy 6yna noMipHoto i Ha 84-
Ty 406y A0OCNiAXYBaHMA NOKA3HUK 3HUXXYBABCH
0o 13.91+0.79 mr/r, ane 3anuwascs Ha 28.1 %
(p<0.05) BuwnM, HixX Yy HOpMI (Tabn. 1).

Moka3HMK BMICTY MarHito y KOHTPOSbHIN nepLuii
rpyni 3anuwascs 6e3 3MiH Ha 7-My goby ekcne-
PUMEHTY, a TakOX He3Ha4yHO 36inbluyBaBcs Bif
14-710i pobu i caraB MakCKMMasibHOro 3HaYeHHs
(3.19£0.22 wmr/r) Ha 56-Ty poby, nepesuLly-
04N MOKA3HWKM HOpMK Ha 36.3 % (p < 0.01).
Yepes 84 nobu nicna HaHeCeHHs TpaBMU BMICT
MarHito B KT HL 3anuwascd BUWMM Big HOp-
MaslbHUX TMOKAa3HWKIB [IHTaKTHUX TBapuH Ha
22.1 % (p<0.05). Bmict HaTpito i kanito B KT
HLL Ha 14-Ty poby 3poctaB A0 MaKCMMasibHOro
3HayeHHs (2.21+0.11 mr/r), nepesuLLyOun Mo-
Ka3HMKN HOpMM Ha 14.3 % (p < 0.05). Ha 21-y
noby pocnigxyBaHUA MOKA3HWK 3HUXXYBABCH Ta
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Experimental animals were divided into three
groups of 20 rabbits each: Group I (first con-
trol group): Bone tissue defect healed un-
der a blood clot. Group II: Defect filled with
osteoconductive material CompactBoneB
(Dentegris, Germany), the main crystal-
line material of which is native octacalcium
phosphate (OCP-N). Group III: Defect filled
with OCP-N material with chitosan, activat-
ed by adding ampicillin (Kyivmedpreparat,
Ukraine) (OCP-N-Chitosan-Ampicillin). Five
intact animals were used to study the nor-
mal mineral composition of the rabbit man-
dible.

The mineral composition of bone tissue was
studied using atomic absorption and emis-
sion spectral analysis, performed on an
atomic absorption spectrophotometer AAS-
1N (CarlZeisslJena, Germany) using a pro-
pane-butane-air flame. The content of five
mineral elements (calcium (Ca), phosphorus
(P), magnesium (Mg), sodium (Na), and po-
tassium (K)) were determined and studied.
The magnesium content was determined
by the atomic absorption method; the cal-
cium, sodium, and potassium content - by
the atomic emission method; the phospho-
rus content — by the photometric method af-
ter constructing a calibration graph and by
the method of additions [20]. The element
content was determined 7, 14, 21, 28, 35,
56 and 84 days after the experimental in-
tervention.

The analysis of the distribution histogram,
skewness and kurtosis coefficients, and the
Shapiro-Wilk test were employed to investi-
gate the conformity of the obtained data to
the normal values for intact animal distri-
bution law. The results of each group at dif-
ferent stages of the experiment conformed
to the normal values for intact animal dis-
tribution law and are presented as M£SD,
where M is the arithmetic mean. SD is the
standard deviation of the mean. To deter-
mine the significance of changes in the dy-
namics within each experimental group, a
one-way analysis of variance (ANOVA) was
used. To determine probable differences
between the average values of the normal
values for intact animals and values of the
first control group and experimental groups
in dynamics and to compare data of the first
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control group with each experimental group
at the same time points of the study, Stu-
dent’s T-test was used. The difference be-
tween groups was considered significant at
p<0.05. Statistical analysis was performed
using RStudio v1.2.5042 and IBM SPSS Sta-
tistics 26 software. The sequence of statisti-
cal procedures was performed according to
the recommendations [21].

Results

In the first (control) group of animals, follow-
ing 7 days after injury and the subsequent fill-
ing of the defect with a blood clot, calcium lev-
els tripled compared to normal values in intact
animals. These levels reached a maximum of
41.15 £ 2.03 mg/g on day 21 of the experi-
ment, exceeding normal values by 194.7% (p
< 0.01).

Calcium levels remained at this level, with mi-
nor fluctuations, until day 35. Fifty-six days
after injury, the measured value exceeded
normal values by 104.4% (p < 0.01) and con-
tinued to decrease until the end of the exper-
iment. However, on day 84, it remained 1.5
times higher than in intact animals (19.34 +
0.98 mg/g vs. 13.99 + 0.28 mg/qg).

Phosphorus levels also increased, reaching a
maximum on day 28 of the experiment (15.24
+ 0.98 mg/g), exceeding normal values in in-
tact animals by 41.3% (p < 0.01). The dy-
namics of this element throughout the ex-
periment were moderate, and on day 84, the
measured value decreased to 13.91 * 0.79
mg/g but remained 28.1% (p < 0.05) higher
than normal (Table 1).

The magnesium content in the first control
group remained unchanged on day 7 of the
experiment. It slightly increased from day
14 onwards and reached a maximum value
(3.19+0.22 mg/g) on day 56, exceeding the
normal values for intact animals by 36.3%
(p<0.01). Eighty-four days after the injury,
the magnesium content in the first control
group remained higher than normal values
for intact animals by 22.1% (p<0.05). The
sodium and potassium content in the first
control group increased to a maximum val-
ue (2.21+0.11 mg/g) on day 14, exceeding
normal values for intact animals by 14.3%
(p<0.05). On day 21, the studied parame-
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3anuwaBsca 6e3 3MiH [0 KiHUS eKCNepuMEHTY.
BMicT HaTpilo cAraBs MakcMMasibHOrO MoKasHWKa
Ha 21-wy poby (2.53+0.12 Mr/r) Ta ynpoaoBx
HaCTYMHUX TEPMIHIB eKCNePUMEHTY MaB He3Hau-
HY TEHAEHUII0 A0 3HWXXEHHS, MNoBepTalynchb A0
HOpManbHUX MokKasHukie (2.33+0.25 Mr/r) Ha
84-1y noby (Tabn. 1).

Micna 3anoBHeHHs KicTKkoBoro pgedekTty ocre-
OTpONHMM MaTtepiasioM OK®-H nokasHMKKN BMICTY
Kanbuito, docdopy, MarHito Ta HaTpito 3pocTanu,
a Kanito HaBnaku — 3HWXyBanucd. BMICT KasbLito
CcAraB MakcuMMasnbHOro 3HadeHHs (18.23+0.76
Mr/r) Ha 7-My Aoby eKcnepumeHTy, nepeBuLLy-
toum HopMy Ha 30.3 % (p < 0.05), npote 3anu-
LWIABCS HMXYUM Big KOHTposto Ha 120.8% (p <
0.01). Mo4ynHatoum 3 14-Toi o6 AoCNigXKYyBaHWM
NMOKa3HMK MaB TeHAEHLi0 A0 3HWKEHHS, fuvile
He3Ha4yHO MEepeBULLYIOUN MOKA3HMKWU HOPMWU Ha
84-ty noby (14.37+0.60 mr/r). MakcumanbHOro
3HauyeHHsa (12.76+0.26 Mr/r) nokasHWK BMICTY
docdopy caraB Ha 14-Ty noby ekcnepuMeHTy,
Ha 18.2 % (p < 0.05) nepeBuLLyOYN MOKA3HU-
KN HOpMMK, ane 3anuwascs Ha 17.3 % (p<0.05)
HUXUYMM, HDK Y NepLUin KOHTPOSbHIM rpyni. Ha-
Jani NoKasHMK NOCTYNOBO 3HMXKYBaBCA A0 84-Toi
no6bu (11.59+0.57 mr/r), 3anuwaruncb, ogHak,
BULLMM Bi NOKa3HWKIB HOpMM (Tabn. 2).

Micnsa 3anoBHeHHs aedekTy MaTepianom OK®-H
BMICT MarHito 3poctaB A0 MakCUMasibHOro piBHA
(4.48+0.24 mr/r) Ha 21-wy poby, nepesuLLy-
IOUM 3HAYEHHA HOPMAasibHUX MOKa3HWUKIB iHTaK-
THUX TBapuH Ha 90.6 % (p < 0.01), BennunHy
nepLUOi FpyNu KOHTPOA — Ha 44.1 % (p<0.01).
YnpoaoBX HacTynHUX TEepMIiHIB eKcrnepuMeH-
Ty cnoctepirann TeHAEHUI0 A0 3HMXKEHHS na-
paMeTpa, npoTe yepe3 84 fo6U CnocTepexeHb
BiH 3anuwascsa Ha 29.8 % (p < 0.05) Buwum,
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HiXK Yy iHTakTHUX TBapuH (3.05+0.15 Mr/r npotu
2.35+0.45). NokasHMKM BMICTy HaTpito 3pocTa-
v go 14-toi nobn ekcnepuMeHTy, Mic/is 4oro no-
MipHO 3HWXXYBaJINCS | 3HOBY 3poCTanu Ha 28-My
Aoby A0 MakcuMManbHOro 3HaveHHs (3.34+0.12
Mr/r), NepeBMLLYIOYN NOKA3HUKN HOPMK Ha 47.0
% (p<0.01) Ta NOKa3HWKM NepPLUOI FPYMnu KOHTpP-
onto — Ha 27.3 % (p < 0.05). MoynHaroum 3 35-
TOI Ao6n [ocnigKyBaHWN MOKa3HUK 3HUXKYBaB-
C41, @ Ha 3aBEpPLUEHHS EKCMNEPUMEHTY 3auLlaBcs
BUWMKMM Big HopmanbHoro (2.63+0.17 Mr/r) Ha
16.1 % (p<0.05) Ta nepesBuLLyBaB MOKA3HUKMU
nepLuoi rpynu KoHTponto Ha 13.3 % (p < 0.05).
BwmicT kanito B KT HL Ha 7-my poby nicns imn-
nanTauii OK®-H pi3ko 3HMXYyBaBCs A0 MiHiManb-
HOro 3HauyeHHs (1.25+0.09 mr/r), wo Ha 35.2
% (p < 0.05) Hux4e Big NOKA3HWUKIB HOPMU Ta
Ha 25.1 % (p < 0.05) Hmxue Big KOHTpoOno. Ha
84-Ty poby ekcnepuMeHTy AOCAIAXYBaHWA Mo-
Ka3HUK 3a/MWAaBCA HWXKXYUM Bif HOPMasibHUX
MOKAa3HUKIB IHTAKTHMUX TBapWH Ta MNepLlol KOH-
TponbHOI rpynu Ha 23.0 % (p<0.05).

Y TBapwH, SIKMM KICTKOBUI AedeKT 3anoBHI0-
Banu MatepiasioM OKO®-H-XiTo3aH-AMMIUWAIH,
TaKOX CrnocTepirasin 3poCTaHHA BMICTYy Kab-
uito, ocdopy, MarHito, HaTPitO Ha T/ 3HMXKEH-
HS BMICTY Kanitlo Yy KiCTKOBIM TKaHWHI HWKXHbBOI
Lwenenu, NpoTe ix AguHaMika 6yna Aewo iHwWoto,
HDK Yy TBapWH ApYyroi eKcnepuMeHTasibHOI rpy-
nu. Bmict kanbuito B KT HL, nicns 3anoBHEHHS
KiCTKOBOro AedeKkTy OCTeOTPONHUM MaTepianom
OK®-H-XiTo3aH-AMniumniH pi3ko 36inbwyBas-
Csl YNpOAOBX Meplmnx 7-Mun Ai6 ekcnepumeHTy
(28.75+1.74 Mr/r), nepeBuLLyOUN MOKa3HUKMU
HopMn Ha 105.7 % (p<0.01), ane 3anuwascs
Ha 39.4 % (p < 0.05) HuxuMM, HiIX Yy nepulin
rpyni KOHTponto. Hagani pocnigxysaHuin no-
Ka3HWK NpOoAOBXYBaB 3pOCTaT i Ha 28-My f06y

Tabanys 1
BmicTt miHepanbHux enemeHTiB B KT HLLl kponuka B HOpMi
Ta nicns 3aroeHHA aedekTy nig KPoB'AHUM 3ryctkom (Mr/r)
EnemeHTn

Mepwa rpyna (KOHTPOsIbHA), TEPMIHM Ca P Mg Na K
[MOKa3HMKM HOPMW iIHTaKTHUX TBapuH 13.99+0.28 10.83+0.66 2.35+0.45 2.27+0.33 1.93+0.11
7 ni6 40.06+1.87 | 14.36%1.23 2.38+0.34 2.25+0.12 1.68+0.45
14 ni6 38.2+2.08 14.96+1.01 2.72+0.33 2.35+0.32 2.21+0.11
21 poba 41.15+2.03 | 14.29+0.35 3.11+0.25 2.53+0.12 1.96+0.12
28 ni6 38.65+1.17 | 15.24+0.98 3.13+0.48 2.42+0.22 1.95+0.14
35 ai6 35.62+1.05 | 14.93+0.78 3.12+0.17 2.38+0.23 1.95+0.11
56 Ai6 28.47+1.11 | 14.37+0.85 3.19+0.22 2.38+0.45 1.96+0.12
84 nobu 19.34+0.98 | 13.91+0.79 2.87+0.47 2.33£0.25 1.95+0.12
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ter decreased and remained unchanged un-
til the end of the experiment. Sodium con-
tent reached a maximum value on day 21
(2.53+£0.12 mg/g) and had a slight tendency
to decrease over the subsequent experiment
periods, returning to normal values for in-
tact animals (2.33+0.25 mg/g) on day 84
(Table 1).

After filling bone defect with the osteotropic
material OCP-N, calcium, phosphorus, mag-
nesium, and sodium levels increased, while
potassium levels decreased. Calcium con-
tent reached a maximum value (18.23+0.76
mg/g) on day 7 of the experiment, exceeding
normal values for intact animals by 30.3%
(p < 0.05), but remained 120.8% lower
than the data of the first control group (p
< 0.01). From day 14 onwards, the studied
parameter showed a tendency to decrease,
only slightly exceeding normal values for in-
tact animals on day 84 (14.37+0.60 mg/g).
Phosphorus content reached a maximum
value (12.76+0.26 mg/g) on day 14 of the
experiment, exceeding normal values for
intact animals by 18.2% (p<0.05), but re-
mained 17.3% lower than the first control
group data (p < 0.05). Subsequently, the
parameter gradually decreased until day 84
(11.59+£0.57 mg/g), remaining higher than
normal values for intact animals (Table 2).

After filling the defect with OCP-N materi-
al, magnesium content increased to a max-
imum level (4.48+0.24 mg/g) on day 21,
exceeding normal values for intact animals
by 90.6% (p < 0.01) and the first control
group by 44.1% (p<0.01). Over the sub-
sequent experiment periods, a tendency
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towards a decrease in the parameter was
observed. However, after 84 days of obser-
vation, it remained 29.8% (p<0.05) higher
than in intact animals (3.05+0.15 mg/g ver-
sus 2.35+0.45). Sodium content increased
until day 14 of the experiment, then it de-
creased moderately and rose again on day
28 to a maximum value (3.34+0.12 mg/qg),
exceeding normal values for intact animals
by 47.0% (p < 0.01) and the first control
group by 27.3% (p<0.05). Starting from day
35, the studied parameter decreased, and
by the end of the experiment, it remained
16.1% (p < 0.05) higher than normal val-
ues for intact animals (2.63+0.17 mg/g)
and 13.3% (p < 0.05) higher than the first
control group data. The potassium content
in the rabbit mandibular bone tissue (MBT)
on day 7 after implantation of OCP-N sharply
decreased to a minimum value (1.25+0.09
mg/g), which is 35.2% (p<0.05) lower than
normal values for intact animals and 25.1%
(p < 0.05) lower than the data of the first
control group. On day 84 of the experiment,
the studied parameter remained lower than
normal values for intact animals and the first
control group by 23.0% (p<0.05).

In animals where the bone defect was filled
with OCP-N-Chitosan-Ampicillin material, an
increase in calcium, phosphorus, magne-
sium, and sodium content and a decrease in
potassium content in the mandibular bone
tissue were also observed. However, their dy-
namics differed somewhat from those of the
previous experimental group. The calcium
content in the rabbit mandibular bone tissue
(MBT) after filling the bone defect with the
osteotropic material OCP-N-Chitosan-Am-

Table 1
Mineral element content in rabbit mandibular bone tissue in the norm
and after filling of a defect under a blood clot (mg/g)
First (control) group, terms Elements
Ca Mg Na K
Normal values for intact animals 13.99+0.28 10.83+0.66 2.35+0.45 2.27+0.33 1.93+£0.11
7 day 40.06+1.87 14.36+1.23 2.38+0.34 2.25+0.12 1.68+0.45
14 days 38.2+2.08 14.96+1.01 2.72+0.33 2.35+0.32 2.21+0.11
21 days 41.15+2.03 14.29£0.35 3.11+0.25 2.53+0.12 1.96+0.12
28 days 38.65+1.17 15.24+0.98 3.13+0.48 2.42+0.22 1.95+0.14
35 days 35.62+1.05 14.93+0.78 3.12+0.17 2.38+0.23 1.95+0.11
56 days 28.47+1.1 14.37+0.85 3.19+0.22 2.38+0.45 1.96+0.12
84 days 19.34+0.98 13.91+0.79 2.87+0.47 2.33+0.25 1.95+0.12
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CcsiraB MakKCUMasbHOro 3HadeHHs (33.86+1.21
Mr/r), wo Ha 142.6 % (p < 0.01) nepeBuwyBa-
710 NOKa3HMKM HOpMU, ane Ha 13.2 % (p < 0.05)
MOCTYyNasiocs NMOKAa3HWKaM MepLUol KOHTPObHOI
rpynu. MoumHaroum Big 35-Toi 406K BMICT Kanb-
uito B KT 3HMXyBaBcs i Ha 84-Ty noby ekcne-
PUMEHTY MepeBMLLYBaB MOKa3HUKU [HTaKTHUX
TBapuH Ha 24.3 % (p < 0.05), 3anuwanunch
HWXKYMM Bif 3HAaYEHb NEepLUOl KOHTPOJIbHOI rpy-
nu Ha 11.2 % (p < 0.05) (tabn. 3).

BmicT dpocdopy nigiiMaBcst A0 MaKCMMasibHOro
nokasHuka (12.89+0.39 mr/r) Ha 14-Ty poby
E€KCMepUMEHTY, MEPEBULLYIOUYM MOKA3HUKKN iH-
TakTHMX TBapuH Ha 19.0 % (p < 0.05), TBapuH
nepLuoi KOHTPOSIbHOI rpynu — Ha 16.3 % (p <
0.05). Ha 84-ty noby pocnigxyBaHuin nokas-
HMK OMYCKABCS HUXXYE HOPMaNbHUX NOKA3HUKIB
(10.36+0.28 mr/r npotn 10.83+0.66 mr/r).

lMoka3sHukKn BMicTy MarHito B KT HLL noctyrnoso
3pocTanu ynpoAoBX TPbOX TWXKHIB nicng imn-
nanTauii matepiany OK®-H-XiTo3aH-AMMiUMAiH,
CArato4m MakKCcMMarsibHOro 3Ha4YeHHS, WO Nnepesu-
LLyBa0 NOKa3HUKN HOPMU IHTaKTHUX TBapuH Ha
48.5 % (p < 0.01) Ha 21-wy poby (3.48+0.25
Mr/r), niCns 4oro MOCTYMNOBO 3HWKYBAsUCS i Ha
84-Ty noby nosepTanuca 40 HOPMasbHUX 3Ha-
YeHb, 3anuMwar4mcb Ha 19.2 % (p<0.05) Hux-
UMMM Big NOKA3HMKIB NepLUOl KOHTPOJIbHOI Fpynu.
Moka3HMKK BMICTy HaTpito Manu cnabo BMpasHy
AVHaMiKy, 3poCcTaloym A0 MaKCMMasibHOro nokKas-
Huka (3.10+£0.04 mr/r) Ha 21-wy poby ekcne-
PUMEHTY, LLIO NepeBuULLYBaB HOpPMaJsibHi NOKa3HMN-
kn Ha 37.4 % (p < 0.05), a nokasHuKK nepLuoi
KOHTPOSbHOI rpynu — Ha 19.1 % (p < 0.05).
Ha 84-ty noby napameTp noBepTaBCs A0 PiBHS
2.38+£0.26 Mr/r, Wo CTaTUCTUYHO He 6yno Bia-
MiHHUM Bif, HOpMasibHUX NOKa3HWKIB. BMICT Kanito
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B KT HLL 3HM>XyBaBCSa NOPIBHAHO 3 HOPMaslbHUMM
NOKa3HMKaMM Ta 3HAaYEHHAMW MNepLUOi KOHTPOJIb-
Hoi rpynn Ha 46.5 % (p < 0.01) pgo 28-i aobu
ekcrnepuMeHTy (1.04+0.10 mr/r) i oo 84-Toi fO6M
3HOBY 3pOCTaB, He BiAPI3HAKYUCH ICTOTHO BIf
HOpManbHUX NokasHukiB (1.89+0.13 Mr/r npotu
1.93+0.11 Mmr/r y iHTaKTHUX TBapviH).

O6roBopeHHA

PesynbTatn npoBeAeHOro rnopiBHAHHA MOKa3HU-
KiB BMICTY KanbLito, hocdopy, MarHito, HaTpito Ta
kanito B KT HLL kKponuka nicnsg HaHeCeHHS KicT-
KOpPYMHIBHOI TpaBMM Ta 3arnOBHEHHS KiCTKOBOIO
AedeKTy KpOB'SHWM 3ryCTKOM, OCTEOTPOMHUMU
maTepianamMm OK®-H abo OK®-H-XiTo3aH-AMni-
LUMNiH Aany 3MOry KOHCTaTyBaTu Pi3HY AMHAMIKY
Ta pi3Hi CTyneHi ii IH-TEHCUBHOCTI 419 KOXHOro 3
[OCHIAKYBaHUX MiHEpasibHUX eNeMeHTIB Yy TBa-
pUH 060X eKcnepmMeHTaslbHUX Ta KOHTPOSIbHOI
rpyn. OTpuMaHi AaHi 3acBiguytoTb edeKkTUBHe
BiAHOBNEHHA MiHepasibHOro ckKagy KiCTKOBOI
TKaHWHM Mpu KopekKLUii KicTkoBux aedekTiB Ma-
NnX i cepeaHix po3Mipis, WO CYTTEBO AOMOBHIOE
AaHi npo nepebir pereHepalii KiCTKOBOI TKAHWHU
Lenen B CTOMaToOMOriYHiM npakTmui [11-14]. Y
npoueci BUKOHaHHSA poboTn 6yno BCTAHOBNEHO,
LLIO MOKAa3HWKM KanbLito i poccopy B 060x ekcne-
pUMEHTaNbHUX rPpynax ynpoaoBX BCiX TEPMiHiB
eKCNepuMEHTY BYNIN HMXKYMMU, HDK Y KOHTPOSb-
Hi rpyni, ane BULWMMW BiA NOKA3HUKIB HOPMMU.
Ha 84-Ty noby ekcnepMMeHTy NOKa3HUKWU Kalb-
uito Ta dochopy B 060X ekcnepmMeHTanbHUX
rpynax 6ynu 6amxymMmm Ao HOpManbHMX NoKas-
HUKIB IHTAKTHUX TBAPWH, HXX Yy TBApWH MepLuoi
KOHTPOJIbHOI rpynu. MNOKa3HWKK BMICTY MarHito
Ta HaTpito B KT nic/isg 3anoBHEHHSA KiCTKOBOIo Ae-
dekTy octeoTponHuM MaTtepianom OK®-H Ha «i-
Helb eKCNepuMeHTY He BiApi3HAINCS ICTOTHO Bif
3HAYeHb KOHTPOJIbHOI IPYMun, a Npu 3arnoBHEHHI

Tabanys 2
BmicTt miHepanbHux enemeHTiB B KT HLLl kponuka B HOpMi
Ta nicnsa 3anoBHeHHA Aedekty matepianom OK®-H (Mr/r)
[pyra rpyna, TepMiHu Enemery
Ca P Mg Na K

[MOKa3HMKM HOPMW IHTaKTHUX TBapuH 13.99+0.28 10.83+0.66 2.35+0.45 2.27+0.33 1.93+0.11
7 ni6 18.23+0.76 | 11.88+0.16 3.62+0.21 3.15+0.14 1.25+0.09
14 ni6 15.85+0.87 | 12.76+0.26 3.52+0.38 3.33+0.30 1.67+0.14
21 poba 15.38+0.75 | 12.29+1.38 4.48+0.24 3.10+0.16 1.52+0.22
28 ni6 15.584+0.95 | 11.57+1.16 3.94+0.35 3.34+0.12 1.56+0.09
35 ai6 14.65+0.57 | 11.95+1.29 3.98+0.16 2.93+0.14 1.58+0.12
56 Ai6 14.75+0.98 | 11.85+1.13 3.44+0.21 2.76£0.17 1.30+0.09
84 nobu 14.37+0.60 | 11.59+0.57 3.05+0.15 2.63+0.17 1.49+0.10
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picillin increased sharply during the first 7
days of the experiment (28.75+1.74 mg/g),
exceeding normal values for intact ani-
mals by 105.7% (p < 0.01), but remained
39.4% (p<0.05) lower than the first control
group. Subsequently, the studied parameter
continued to increase and reached a maxi-
mum value (33.86+1.21 mg/g) on day 28,
which exceeded normal values for intact an-
imals by 142.6% (p < 0.01) but was 13.2%
(p<0.05) lower than the first control group.
Starting from day 35, the calcium content
decreased, and on day 84 of the experiment,
it exceeded normal values for intact animals
by 24.3% (p < 0.05), remaining lower than
the first control group by 11.2% (p<0.05)
(Table 3).

Phosphorus content rose to a maximum value
(12.89+0.39 mg/g) on day 14 of the experi-
ment, exceeding the values of intact animals
by 19.0% (p < 0.05) and the first control group
by 16% (p<0.05). On day 84, the studied
parameter dropped below the normal values
for intact animals (10.36+£0.28 mg/g versus
10.83+0.66 mg/g). The magnesium content
in the rabbit mandibular bone tissue (MBT)
gradually increased over three weeks after
the implantation of OCP-N-Chitosan-Ampicillin
material, reaching a maximum value exceed-
ing normal values for intact animals by 48.5%
(p<0.01) on day 21 (3.48+0.25 mg/g), after
which it gradually decreased and returned
to normal values for intact animals on day
84, remaining 19.2% (p < 0.05) lower than
the first control group data. Sodium content
showed a weak dynamic, rising to a maximum
value (3.10+0.04 mg/g) on day 21 of the ex-
periment, which exceeded normal values for

Original research: Basic sciences

intact animals by 37.4% (p<0.05) and the
first control group by 19.1% (p < 0.05). On
day 84, the parameter returned to 2.38+0.26
mg/g, which was statistically no different from
the normal values for intact animals. Potassi-
um content in the MBT decreased compared to
the normal values for intact animals and the
first control group by 46.5% (p < 0.01) until
day 28 of the experiment (1.04+0.01 mg/g).
It increased again by day 84, not significant-
ly different from the normal values for intact
animals (1.89+0.13 mg/g versus 1.93+0.11
mg/g in intact animals).

Discussion

The results of the conducted comparison of cal-
cium, phosphorus, magnesium, sodium, and
potassium levels in the rabbit mandibular bone
tissue after a bone-destructive injury and filling
the bone defect with a blood clot, osteotropic
materials OCP-N or OCP-N-Chitosan-Ampicillin,
allowed us to establish different dynamics and
different degrees of its intensity for each of the
studied mineral elements in animals of both
experimental and first control groups. The ob-
tained data confirm the effective restoration of
the mineral composition of bone tissue during
the correction of bone defects of small and me-
dium sizes, which significantly supplements
the data on the course of bone tissue regen-
eration in the jaws in dental practice [11-14].
During the work, it was established that calci-
um and phosphorus levels in both experimen-
tal groups throughout all experiment periods
were lower than in the control group but higher
than normal values for intact animals. On day
84 of the experiment, calcium and phospho-
rus levels in both experimental groups were
closer to normal values for intact animals than

Table 2
Mineral element content in rabbit mandibular bone tissue in the norm
and after filling the defect with OCP-N material
Second group, terms Elements
Ca Mg Na K
Normal values for intact animals 13.99+0.28 10.83+0.66 2.35+0.45 2.27+0.33 1.93+£0.11
7 day 18.23+0.76 11.88+0.16 3.62+0.21 3.15+0.14 1.25+0.09
14 days 15.85+0.87 12.76+0.26 3.52+0.38 3.33+0.30 1.67+0.14
21 days 15.38+0.75 12.29+1.38 4.48+0.24 3.10+0.16 1.52+0.22
28 days 15.58+0.95 11.57+1.16 3.94+0.35 3.34+0.12 1.56+0.09
35 days 14.65+0.57 11.95+1.29 3.98+0.16 2.93+0.14 1.58+0.12
56 days 14.75+0.98 11.85+1.13 3.44+0.21 2.76+0.17 1.30+0.09
84 days 14.37+0.60 11.59+0.57 3.05+0.15 2.63+0.17 1.4940.10
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Tabanys 3

BmicTt miHepanbHux enemeHTiB B KT HLLl kponuka B HOpMi
Ta nicns 3anoBHeHHA aedekTy MatepiasioMm OK®-H-XitosaH-AMniuunin (Mr/r)

TpeTsa rpyna, TepMiHu Enement
Ca P Mg Na K

[MOKa3HMKM HOPMW iIHTAaKTHUX TBapuH 13.99+0.28 10.83+0.66 2.35+0.45 2.27+0.33 1.93+0.11
7 ni6 28.75+1.74 12.36+0.98 3.17+0.13 2.60+0.11 1.34+0.09

14 pni6 30.13+1.95 12.89+0.39 3.17+0.15 2.85+0.33 1.27+0.45

21 poba 30.38+2.15 12.29+1.18 3.48+0.25 3.10+0.04 1.12+0.16

28 ni6 33.86+1.21 12.39+1.02 3.03+0.18 2.74%+0.18 1.04+0.10

35 ni6 30.29+0.75 11.55+1.25 2.67+0.22 2.56+0.33 1.39+0.33

56 ni6 28.53+1.24 11.53+0.98 2.55+0.14 2.73+0.27 1.66+0.11

84 pnobu 17.36+0.38 10.36+0.28 2.40+0.21 2.38%0.26 1.89+0.13

maTepianoMm OK®-H-XiTo3aH-AMNiuMniH — Big-
HOBJIOBANUCh A0 HOPMasibHUX MOKa3HMKIB. [Mpn
LbOMY Ha BCiX TEpMiHax CNoCTeEpPeXeHHs B 060X
eKCnepuMeHTanbHUX rpynax MOKa3HUKK BMICTY
HaTpito 6yNn BULLMMU, HIXX Y NEPLLIN KOHTPOJSIbHIN
rpyni, 3a BMHATKOM 84-i obu Npu 3anoBHEHHI
nedekty MaTepianiom OK®-H-XitozaH-AMnMiun-
NiH. TlOKa3HMKK MarHito Manu HeoaHaKoBY AuU-
HaMiKy B KOXHill eKCnepuMeHTasnbHin rpyni: npu
BUKOPUCTaHHI OK®-H BOHM 6ynu BULLNMHK, HiX B
IHTAKTHMX TBapuVH i Y NepLUii KOHTPOJIbHIM rpyni,
yrnpoaoBX BCbOro €KCnepuMeHTY, a Npu BUKO-
puctaHHi Matepiany OK®-H-XiTozaH-AMnium-
NiH — BULLMMU BiZ NOKA3HMKIB NepLUOi KOHTPOS1b-
HOi rpynu Tinbkn A0 21-i 4obn ekcnepuMeHTy.
BMicT Kanito ynpoaoBX BCbOrO €KCNEPUMEHTY B
060X eKkcnepuMeHTanbHUX rpynax 6yB HUMXKUYUM,
HiXK B IHTAKTHMX TBApWH Ta NepLUi KOHTPOJIbHIl
rpyni. BogHo4dac y pasi BUKOPUCTAHHSA N4 3arno-
BHEHHS1 KiCTKOBOro aedekty matepiany OK®-H
Ha 84-Ty noby AocnioKyBaHMN MOKA3HMK 3ann-
LLIABCH iCTOTHO HWMXKYMUM, HIX Y IHTaKTHUX TBapWH,
a Npuv BUKOPWUCTaHHI MaTepiany BiH noBepTaBscs
[0 HOPMaJsiIbHOr0 3HAaYeHHS.

OTxe, OTpUMaHi pesynbTaTM NpoBeAEeHOro A0-
CNigXXeHHS 3acBia4Ynan iCTOTHO BULLY edeKTMB-
HICTb BUKOPUCTAHHSA OCTEOTPOMHOro Matepiany
OK®-H-XiTo3aH-AMNiunNiH AN 3anOBHEHHS
KicTKOBUX AedeKTiB Lwenen 3 MeTol ONTUMI-
3auii npoueciB penapaTMBHOINoO oCTeoreHesy
Yy MNOPIBHSAHHI 3 KPOB'SSHUM 3ryCcTKOM Ta OCTe-
OTponHMM MaTepianoM OK®-H. Came 3acTtocy-
BaHHA KoMb6iHauii OK®-H-Xito3aH-AMniunniH

3abe3neyvye BiAHOBNEHHS Y KiCTKOBIN TKaHWHI
yepe3 84 nobu nicna HaHeCeHHs TpaBMU PiBHIB
BMICTY KanbUito, docdopy, MarHio, HaTpito Ta
Kanito y KifIbKOCTAX, MakKCUMasbHO Habnmxe-
HUX OO0 HOpManbHUX MOKa3HWKIB. Pe3ynbTatu
rMnpoBeAeHOro A0CNIAXEHHSA CNiBCTaBHI 3 AaHU-
MU HWWX aBTOpiB MpO Te, WO 3aCTOCYBaHHA
KoMbBiHOBaHMX MaTepianiB Ta aHTUBIOTUKIB AN
BiJHOB/IEHHS KiCTKOBOIT TKAHWUHW B AiNsIHKaxX ae-
deKkTy nokpalwye pesynbTaTi penapaTMBHOrO
ocTeoreHesy Ta MiHepanisauii [22; 23].

BucHoBKkM

MiHepanbHWI CKNag KiCTKOBOI TKAHWMHW 3MiHIO-
€TbCS NiCNS KiICTKOPYNHIBHOI TpPaBMM 32 paxyHOK
iCTOTHOrO 36iNnblUEHHS MOKAa3HWKIB BMICTY Kalb-
uito, docdopy Ta MarHito, ki 3anMLWaOTbCs BU-
LWMMK, HiXK Y IHTaKTHMX TBapuWH, Ao 84-Toi nobu
eKkcrnepumeHTy. MeHLW iHTEHCUBHOIO € AMHaMIKa
BMICTYy HaTpIitO Ta Kasito, NOKa3HUKN AKUX Ha 84-
Ty o6y eKkcnepMMeHTy MOBepTalTbCs A0 HOp-
MasibHUX MOKA3HUKIB IHTaKTHUX TBapwuH. [lpu
BUKOPWUCTaHHI A5 3arnoBHEHHA KICTKOBOro Ae-
(eKTy OCTeOTpPOMHUX MaTepianiB Ha OCHOBI OK-
TakanbuidocdaTy, AMHaMiKa BMICTY B KiCTKOBIM
TKAHWHI AOCNIAXYBaHUX MiHepasibHUX efieMeH-
TiB € HEOAHAKOBOK Ta BIAMIHHOIO BiA MOKa3HU-
KiB KOHTPOJbHOI rpynu, Ae 3aro€HHs Binbdysa-
NOCb MiA KPOB'SHUM 3ryCcTKOM. [pyn 3anoBHEHHI
KiCTKOBOro AedeKTy OCTeOTPONHUM MaTepianom
OK®-H-XiTo3aH-AMMIUMAIH MOKa3HUKN BMICTY
KanbLito, pocdopy, MarHito, HaTpito Ta Kasito Ha
84-T1y poby nicns HaHeceHHs TpaBMM BiAHOBIIO-
FOTbCH A0 HOPMasibHMUX MOKa3HMUKIB.
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Table 3

Mineral element content in rabbit mandibular bone tissue in the norm and after filling
the defect with OCP-N-Chitosan-Ampicillin material

Elements
Third group, terms Ca P Mg Na K
Normal values for intact animals 13.99+0.28 10.83+0.66 2.35+0.45 2.27+0.33 1.93+0.11
7 day 28.75+1.74 12.36+0.98 3.17+£0.13 2.60+0.11 1.34+0.09
14 days 30.13+1.95 12.89+0.39 3.17+0.15 2.85+0.33 1.27+0.45
21 days 30.38+2.15 12.29+1.18 3.48+0.25 3.10+0.04 1.12+0.16
28 days 33.86%1.21 12.39+1.02 3.03+0.18 2.74+0.18 1.04+0.10
35 days 30.29+0.75 11.55+1.25 2.67+0.22 2.56+0.33 1.39+0.33
56 days 28.53+1.24 11.53+0.98 2.55+0.14 2.73+£0.27 1.66+0.11
84 days 17.36+0.38 10.36+0.28 2.40+0.21 2.38+0.26 1.89+0.13

in the control animals. Magnesium and so-
dium levels in the MBT after filling the bone
defect with the osteotropic material OCP-N at
the end of the experiment didn’t differ signifi-
cantly from the first control group, while filling
with the material OCP-N-Chitosan-Ampicillin
restored them to normal values for intact an-
imals. At the same time, at all terms of the
study in both experimental groups, sodium lev-
els were higher than in the first control group,
except for day 84 when filling the defect with
the material OCP-N-Chitosan-Ampicillin. Mag-
nesium levels had different dynamics in each
experimental group: with the use of OCP-N,
they were higher than in the normal values
for intact animals and the first control group
throughout the experiment, while with the use
of OCP-N-Chitosan-Ampicillin material, they
were higher than the first control group data
only until day 21 of the experiment. Potassium
content throughout the experiment in both ex-
perimental groups was lower than normal for
intact animals and the first control group data.
While using the OCP-N material to fill the bone
defect, the studied parameter remained signifi-
cantly lower than in intact animals on day 84.

In contrast, when wusing the OCP-N-Chi-
tosan-Ampicillin material, it returned to normal
values for intact animals. Thus, the results of
the conducted study demonstrated significant-
ly higher effectiveness of using the osteotropic
material OCP-N-Chitosan-Ampicillin for filling
bone defects in the jaws to optimize regener-

ative processes compared to a blood clot and
the osteotropic material OCP-N. Specifically,
using the OCP-N-Chitosan-Ampicillin combina-
tion ensured the restoration of calcium, phos-
phorus, magnesium, sodium, and potassium
levels in bone tissue to values closest to nor-
mal levels for intact animals 84 days after the
injury. The results of this study are consistent
with data from other authors, suggesting that
the application of combined materials and an-
tibiotics for bone tissue restoration in defect
areas improves the results of its regeneration
and mineralization [22; 23].

Conclusions

The mineral composition of bone tissue
changes after bone-destructive injury due to
a significant increase in calcium, phospho-
rus, and magnesium levels, which remained
higher than in intact animals until day 84 of
the experiment. Sodium and potassium levels
show less intense dynamics, returning to nor-
mal levels for intact animals on day 84 of the
experiment. When using osteotropic materi-
als based on octacalcium phosphate to fill the
bone defect, the dynamics of the studied min-
eral elements content in bone tissue are dif-
ferent and differ from the first control group.
Filling the bone defect with the osteotropic
material OCP-N-Chitosan-Ampicillin results in
restoring calcium, phosphorus, magnesium,
sodium, and potassium levels to normal levels
for intact animals on day 84 after injury.
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