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Llenb: M3yumnTb CTPYKTYPHYHO OPraHW3aLmMio NPUMEHAEMOro B CTOMATONOMMKU KOMMIEKCHOTO TMAPOKCcUAa meau-Kanbums (TMK) B BogHoM cycneHsuu, a
TaK¥Ke HOBOro NPOTUBOMMKPOBHOro HaHoMnpenapata Ha ocHoe MK v ruaposons HaHovacTUL, Meau 1 okenaa meam (11).

Matepuan u metoabl: uccnenosany npenapat «Kynpan» npounssoactea «Humanchemie GmbH» (fepmaHus). HenocpeacTseHHO nepea uccneaosa-
HUEM ero pasBoAUAN WU AUCTUANMPOBAHHOKN BOZLOM, UN TMAPO30IEM HAHOYACTULL Meay 1 okcuaa meay (I1) B cooTHowerum 1:2. Tnaposonb nony-
Yyanu B nabopatopum Kadeppbl pusndeckoit xummum HUTY MUCKUC meToa0M KOHAEHCAUMM HU3KOTEMMNEPATYPHOM NAa3Mbl B UCKPOBOM paspsage. Ana
MCCNeL0BaHNUA CYCMEH3UIA MCNOMb30BaM NPOCBEYNBAIOLLMIA SNEKTPOHHBIA MUKpocKkon «LEO 912 AB OMEGA» (Karl Zeiss).

Pesynbratbl: npu passegeHun TMK rugposonem HaHoyacTuy, Meau v okeupa meau (I1) obpasyetcs cnoxHas HaHopasmepHas KOMMO3WULMOHHaA
CTPYKTYpa. HaHouyacTuubl AvcnepcHol $asbl NPOHMKAKOT BHYTPb MOBEPXHOCTHbIX CNOEB YacTuy, MK, AaBnAoWmMXca KpucTannoruapatamm okeuga
meau (I1) v okecnaa Kanbuma.

3akntoueHmne: 06HapyKeHHbI GeHOMEH NO3BOIUT Pa3paboTaTb HOBYIO TEXHOIOTMIO HAHOMMIMPErHaLMK AeHTUHA KOPHA 3yba Npu SHAOAOHTUYECKOM
1 NapoLOHTONOTMYECKOM SIeYeHUH, He TPeBYIOLLYIO AONOAHUTENbHbIX 3N1EeKTPOGOPETUYECKMX BO3AENCTBUIA.

KntoueBble cnoBa: 3H0000HMUSA, MAPOOOHMO02Us, HAHOMEXHOM02UU, 2UOPOKCUO MEeOU-KAbYUSA, S1EKMPOHHAA MUKPOCKOMUA.
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MUKPOBHOro HaHonpenapaTta Ha OCHOBE rMAPOKCMAA MeAnKanbuma. BecmHuk AsuyeHHbl. 2021;23(4):532-41. Available from: https://doi.org/10.25005/2074-
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Objective: To study the structural arrangement of the copper-calcium hydroxide (CCH), a commercially available dental paste used in aqueous
suspension, as well as a new antimicrobial nanodrug based on CCH and a hydrosol of copper nanoparticles and copper (1) oxide.

Methods: Dental paste Cupral® manufactured by "Humanchemie GmbH" (Germany) was investigated. Immediately prior to the study, it was diluted
with either distilled water or a hydrosol of copper nanoparticles and copper (Il) oxide in a ratio of 1:2. The hydrosol was obtained in the Department
of Physical Chemistry laboratory at the National University of Science and Technology "MISiS", using the method of condensation of low-temperature
plasma in a spark discharge. The microstructure of the obtained samples was analyzed using a transmission electron microscope (TEM), LEO 912 AB
OMEGA (Carl Zeiss, Oberkochen, Germany).

Results: Dilution of CCH with a hydrosol of copper nanoparticles and copper (I1) oxide results in forming a complex nanosized composite structure.
Nanoparticles in the dispersed phase penetrate the surface layers of CCH particles, which are crystalline hydrates of copper (I1) oxide and calcium oxide.
Conclusion: The discovered phenomenon could be helpful in the design of a new technology of nanoimpregnation of the tooth root dentin in
endodontic and periodontal treatment, which does not require additional electrophoresis.
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BBEAEHMUE INTRODUCTION

B nocneaHune rogpl uccnegosaTensammn bbina AoKasaHa CBA3b In recent years, some studies have found the link between
MEKAY XPOHUYECKMMM CTOMATOreHHbIMM oYaramu MHdeKumn 1 pas-  chronic stomatogenic foci of infection and the development of
BUTMEM ObLLE/ COMATMYECKOM naTo/orMuM: MMKPOOHblE TOKCUMHbI,  general somatic pathology: microbial toxins, particles of bacterial
yacTUUpbl BaKTepuasbHbIX KNETOYHbIX CTEHOK M uBble MUKpoopra-  cell walls and living microorganisms penetrating the bloodstream,
HM3Mbl, MPOHMKAA B KPOBEHOCHOE PYCNO, MPOBOLMPYIOT M3MeHeHnss  provoke changes in the structure of vessel walls, which leads to
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B CTPYKTYpe CTEHOK COCYA0B, YTO NPUBOAMT K Pa3BUTUIO aTepOCKe-
po3a [1-3]. Ero cucTemMHble OCNOXKHEHMA, @ TaK¥Ke ayTOUMMYHHble U
annepruyeckme peakuunm MOryT MPUBOAUTb K CHUXKEHMIO KauecTBa
KU3HU Ntogeid. B nogasnstowiem 60NbLIMHCTBE CTy4aEeB, OfOHTOTEH-
Hble o4arv UHbeKLMn popmupytoTca B 061acTU anukanbHoro (npwu
anuKaNbHOM MEPUOLOHTUTE) UM KPaeBoro (Npu NapoAoHTWTE) na-
poaoHTa. B nepsom ciyvae uHbEKLMA cnocobHa AUTENbHO Nepcu-
CTMPOBATb B CUCTEME KOPHEBbIX KaHanoB 3yba M MHOrOUMCNEHHbIX
[EeHTUHHbIX TPpybouKax, a BO BTOPOM — B MyBUHE NaTONOrMYeCcKUX
NapofOHTa/IbHbIX KapPMaHOB M CTPYKTYpax LieMeHTa KopHA. AKaje-
MMKOM B.K. JleoHTbeBbIM C c0aBT. (2011) B NpocTpaHCTBaxX AEHTUHA
KOpHs 3yba Ha rybuHe 300-1000 MKm 06HapyKeHbl bakTepuanbHble
KONOHWW, ANIMTENBHO COXPaHAIOLLME CBOKO aKTUBHOCTb [4]. Yepes cu-
CTEMY [eHTUHHbIX TPybOYEK MaToreHbl MOTYT NOMaAaTh TyAa Kak co
CTOPOHbI KOPHEBOW CUCTEMBI 3y6a Npu My/IbNUTE U NEPUOAOHTUTE, TaK
1 CO CTOPOHbI NapPOAOHTaNbHbIX KapMaHoB, 0bycnasMBas passuTue
3HA0-NAaPOAOHTaIbHOTO CUHAPOMA.

Mo HekoTOpbIM AaHHBIM, 3bGEKTUBHOCT TPAAULMOHHOMO 3H-
[LOAOHTUYECKOTO IeYEeHUs, HECMOTPA Ha MHOXECTBO Pa3paboTaHHbIX
WHCTPYMEHTOB M OPUIMHA/bHBIX NMPUCNOCcObneHui, He npesblllaeTt
53-64% pnsa ogHOKOpHeBbIX M 39-40% AnA MHOFOKOPHEBbIX 3y60B.
NoTpebHoCTb B NepeneynsaHnm 3y6os noyt B 2,5 pasa npesblluaet
noTpebHOCTb B MX NEPBUYHOM fleyeHnm [5]. MaposoHTabHbIE oYaru
MHOEKUMM TaKkKe cnocobHbl AAWUTENbHO CYLLEeCTBOBATb, MOCKObKY
CMMNTOMATMKA NPU XPOHUYECKOM NapOLOHTUTE MOXKET ObiTb HE Bbl-
pakeHa U CBOEBPEMEHHOE leYeHNe He BCerga BO3MOXKHO.

CoBpemMeHHble 3HAOAOHTUA WM MAPOAOHTONOTUA CTOAT Nepes
npobaemolt NPOSIOHIMPOBAHHOIO NPOTUBOMMKPOBHOrO BO3AENCTBUA
Ha MHOEKUMOHHbIE Oyaru, CKpbITble B TPYAHOAOCTYMHbIX HaHOPas-
MepPHbIX CTPYKTYpax B rybuHe TBEPAbIX TKaHel 3yba. OaHowW U3 nep-
BbIX YAa4HbIX MOMbITOK TAaKOTO BO3AENCTBUSA CTaNa pa3paboTka Hemel-
Kum npodeccopom A. Knappwost MeToaMK1 UMNperHaLyum KopHeBbIX
KaHaNoB M NapOAOHTa/IbHbIX KAapMaHOB KOMMAEKCHBIM MOHHbBIM
npenapaTtom — rmapokeuaom megu-kansuma (TMK, Kynpan®) [6]. B
SHAOAOHTUM TEXHONOMMA 3aK/KOYAETCA B NPOBEAEHUM [03UMPOBaAH-
Horo anekTpodopesa MMK («aenodopesa») c NOMOLLBIO UCTOYHUKOB
MOCTOAHHOTO 3NEKTPUYECKOro TOKa. B nmapofoHTonornyeckoi npak-
ke TMK BBOAMTCA B NApOLOHTaNbHbIE KapMaHbl HAa NMPOMUTAHHbIX
XNI0NYaTOBbYMaKHbIX HATAX — 3Ta NpoLeaypa Noayynna Ha3BaHue «Ky-
npan-kiopetax» [7]. Kak nokasana MHOroneTHAA NpaKTUKa, UCMONb-
3o0BaHue MMK aBnseTcA nepcneKTMBHBIM HaMpaBieHWeM B KOMMIEKC-
HOM Tepanuu 3HAO0-NAPOLOHTANbHLIX MopaxeHui [8-10]. OgHako
npeasoXeHHble MeToabl TPe6YIOT AON0NHUTENBHOTO 060pYA0BaHMUA
(UCTOUHMKOB 3NEKTPMYECKOTO TOKA, rasbBaHUYECKUX LITUADTOB, HU-
Tel), NpeanonaratoT, Kak MUHUMYM, TPY BU3WTA K Bpady, a JieueHue
anutca B cpeaHem 20-30 aHei.

Konnektueom uccnegosatenent us HUTY «MUCKC» (Mocksa)
B 2017 rogy 6bina ony6/MKoBaHa CTaTbA, ONMCbIBaOWAA aHTMOaKTe-
pWanbHyO aKTUBHOCTb MATEPMA/IOB A1A MIOMOMPOBAHNUSA KapUO3HbIX
nonoctei, MoAUGULMPOBAHHbBIX HAHOYACTMLLAMMU METANIOB U KX OK-
cvpos [11]. Tokcukonornyeckne npoduaM HaHOUACTULL, B TOM Yncne
meam, okenaa meay (I1) v cepebpa, oLeHUBaNMCL paHee B MHOMOUMC-
NEHHbIX UCCNEA0BaAHMAX Ha Kpbicax [12], ambpuoHax pbib-3e6p [13],
KNETOYHbIX NUHUAX ¢nbpobnactos [14] M TPEXMepHbIX KynbTypax
KepaTuHoumuToB [15]. HeraTuBHbIX LMTONOrMYECKUX U BUOXMMMYe-
CKUX peaKLuit oTMeYeHo He 6bli1o. OfHaKO JaHHbIE O BO3MOMXKHOCTU
MCMONb30BAHMA HAHOMPENapaToB B 3HAOAOHTUM U NAPOLOHTONOTUN
M UX KOMBMHALMK C y¥Ke CYLLeCTBYIOWMMM MaTepuanamu KpaviHe
CKyZHbI. B HayuHOW nMTepaType OTCYTCTBYIOT U aKTyaslbHble CBeeHMA
0 CTPYKTYPHOW OpraHm3auum u ¢pu3nMKo-xummyeckux ceoicteax FMK.
3T0 orpaHMuMBaeT BO3MONKHOCTU [a/bHEMLWEro U3yveHus, cosep-

the development of atherosclerosis [1-3]. Its systemic complica-
tions, autoimmune and allergic reactions can lead to a decrease
in the quality of life of people. In most cases, odontogenic foci
of infection are formed in the apical (in apical periodontitis) or
marginal (in marginal periodontitis) periodontium. In the former
case, the infection can persist for a long time in the root canal sys-
tem and numerous dentinal tubules. In the latter case, it is locat-
ed deep in pathological periodontal pockets and root cementum
structures. Academician Leontiev VK et al (2011) in the spaces
of the root dentin at a depth of 300-1000 um, bacterial colonies
were found that retain their activity for a long time [4]. Through
the system of dentinal tubules, pathogens can get there from the
tooth root system in pulpitis and periodontitis and periodontal
pockets, resulting in endoperiodontal syndrome development.

According to some reports, the effectiveness of tradition-
al endodontic treatment, despite the many advanced tools and
unique devices, does not exceed 53-64% for single-rooted and 39-
40% for multi-rooted teeth. In addition, the incidence of endodon-
tic retreatment is almost 2.5 times higher compared to the one of
primary treatment [5]. Periodontal foci of infection can also exist
for a long time since the symptoms of chronic periodontitis may be
vague; therefore, timely treatment is not always possible.

Modern endo-periodontics are facing the problem of pro-
longed antimicrobial action on infectious foci hidden in hard-to-
reach nanostructures deep in the hard dental tissues. One of the
first successful attempts at such an intervention was the develop-
ment by the German professor A. Knappwost of a technique for
impregnating root canals and periodontal pockets with a complex
ionic preparation — copper-calcium hydroxide (CCH) or Cupral®
[6]. The technology involves carrying out dosed electrophoresis
of CCH and is called depophoresis using direct electric current
sources. In periodontal practice, CCH is introduced into peri-
odontal pockets on impregnated cotton threads - this procedure
is called "cupral-curettage" [7]. As long-term observations have
shown, the use of CCH is a promising area in the combination
therapy of endo-periodontal lesions [8-10]. However, the pro-
posed methods require additional equipment (sources of electric
current, galvanic pin elements, threads), involve at least three pa-
tient visits, and an average treatment duration of 20-30 days.

In 2017, a research team from NUST "MISiS" (Moscow)
published an article describing the antibacterial activity of den-
tal filling materials for carious cavities modified with metal oxide
nanoparticles and their oxides [11]. The nanoparticles toxicity of
copper, copper (ll) oxide, and silver have been previously evalu-
ated in numerous rat models [12], zebrafish embryos [13], fibro-
blast cell lines [14], and three-dimensional keratinocytes cultures
studies [15]. No adverse cytological and biochemical reactions
were noted. However, data on the potential nanodrugs use in
endodontics and periodontics, and their combination with al-
ready existing materials are incredibly scarce. The scientific liter-
ature also lacks up-to-date information on the structural arrange-
ment and physicochemical properties of CCHs. This limits the
possibilities for further study, improvement, and implementation
of nanoimpregnation technologies in endodontic and periodontal
treatment protocols.

PURPOSE OF THE STUDY

to study the structural arrangement and properties of the
antimicrobial CCH used in endodontics and periodontology and a

533



Rumyantsev VA et al Copper-calcium hydroxide nanodrug

AVICENNA BULLETIN
Vol 23 * Ne 4 » 2021

LeHCTBOBaHUA U BHeApPeHUA HaHOMMMNpPerHaunoHHbIX TEXHO/IOTUIA B
NPOTOKO/bl 3HAOAOHTUYECKOIO U NAapPO40HTONOTNMYECKOrO IeHEHUA.

LLENb UCCNEAOBAHMA

M3yunTb ¢ NOMOLLBIO MPOCBEUMBAIOLLEN 3NEKTPOHHON MUKPO-
CKOMUM CTPYKTYPHYHO OpraHW3aLmio 1 CBOWCTBa NPOTUBOMUKPOBHOO
npenapara rmapoKcuaa Meau-Kaablims, UCNoNb3YeMOro B SHAOAOH-
TUW U NAPOLOHTO/IOMMU, @ TaKKe HOBOTO NMPOTMBOMUKPOBHOTO HaHo-
npenapaTa Ha OCHOBe r’MAPOKCUAA MeAU-KaNbLMA U TMAPO030As HaHO-
yactvu, meam v okenaa meawm (I1).

MATEPUAN U METOADbI

B nccnepoBaHmm yyacTBoBan npenapat rmMapoKcnaa Meau-Kanb-
una (Kynpan®) npoussoactea «Humanchemie GmbH» (fepmanus).
HenocpepcTBeHHO nepep, uccnefoBaHWEM €ro passBoAMAN AUCTUA-
NIMPOBaHHO BOAOW B cOOTHOWeHKM 1:2. HoBbIi NpenapaT Ha ocHoBe
MK cosganu nyTém ero passegeHuns 40 COCTOAHMA CYyCNeH3nn rngpo-
30/1eM HAaHOYACTUL, Meay U oKeuaa meawm (I1) B TOM e COOTHOLIEHMH.
MMApo30nb HaHoYacTuL, Mean u okenaa meam (ll) pasmepamm 0,5-3
HM nonyyann B nabopatopun Kadeapbl Ppusmyeckoin xumum Haum-
OHA/IbHOTO UCCNeA0BaTENIbCKOMO TEXHONOTUYECKOrO YHUBEPCUTETA
«MWCUC» (MockBa) METOLOM KOHAEHCALWWU HU3KOTEMMEPATYPHO
NAa3mbl B UCKPOBOM paspase.

MpoBOAMAM NPOCBEUYMNBAIOLLYIO I/IEKTPOHHYIO MUKPOCKONUIO
¥ MMKPOCKOMUIO B KTEMHOM Mone». [lna uccnefoBaHus CycneH3ui
MCM0Nb30BasM NPOCBEUYMBAIOLLMI INEKTPOHHBIA MUKpOocKkon «LEO
912 AB OMEGA» (Karl Zeiss, Germany) ¢ aHepreTuyeckum ¢ub-
Tpom u cuctemolt Kennepa (yckopatowee HanpsaxeHue: 60, 80,
100, 120 kB, o6nacTb ocBelieHma: 1-75 MKM, anepTypa OCBELLEHNA
0,02-5 munampagmaH, paspeLueHe no IHeprum ynpyroro paccen-
BaHuA: 1,5 3B, 061acTb M3MEPEHUA SHEPTUUN HEYNPYroro paccensa-
Hua: 0-2500 3B).

Mony4yeHHble CycneH3wuu, coaepKaliue MeKoAUCNEepPCHble Ya-
ctmupl TMK, aucneprmposanu B yNbTpa3ByKOBOM BaHHe B TeyeHue 10
MUHYT C YacToToi 22 Kl 3aTemM HEeCKO/IbKO Kanesib 0bpasLioB nome-
WanMCb Ha NNEHKU-NOANONKKN U3 NOMBUHUAGOPMANA U NepeHoCH-
Cb HAa NPeaMETHbIE HUKeNeBble CETKM ToNWMHOM 20 HM, Aname-
Tpom 3,05 MM 1 CTOPOHOM AYeiikn 40 MKM.

Bcero 6bin0 caenaHo 32 cHMKa cycneHsun MK B guctunnmnpo-
BaHHOM Bogae U 48 cHUMKOB 06pasLoB cycneHsun TMK B rugposone
HaHoYacTUL, Mmeay v okenaa meau (11).

MccnepoBaHve HocMNo onucaTenbHbI xapaktep. CraTuctuue-
CKUI aHanW3 BKJ/IKOYAN BbIUMC/IEHME U3 BAPMALMOHHbIX PALOB Cpea-
HEero 3HayeHMA pPasMepoB YacTWL, U CTaHAAPTHON OWKOKK cpeaHei
BE/INYMHDI.

PE3YNbTATbI

Pe3ynbTaTbl UCCNEA0BaHMA NPeLCTaBAeHbl Ha pUCyHKax. Ha puc.
1A BUAHO, YTO Ha NOBEPXHOCTM NAEHKM U3 NONNBUHUADOPMANA nocne
HaHeceHua cycneHsmmn MK, npurotoBAeHHOW Ha AUCTUANMPOBAHHOW
BOAE, NpoM3oLLia aAre3na ABYX arperatoB 4actvu,. Kaxaplii Takow
arperaTt COCTOMT M3 HECKO/IbKUX AeCATKOB cdhepuyeckmx Yactuy, TMK
pasmepom o1 200 go 900 Hm. OCHOBHOE KONMYECTBO YaCTUL, UMeeT
pasmepbl 287+23,4 HM. OHM NpeaCcTaBAEHbI IMHENHBIMM LLEENOYKaMM,
MEXIY KOTOPbIMW yCTaHaBaMBaeTca AMPOY3MOHHBIM KOHTAKT ¢ pas-
HOW CTEMNeHbH CIMAHMA HAHOYACTML,

B xoze uccnefoBaHUA ONPeAEeNeHo, YTo CTeneHb CAUAHWUA Ha-
NPAMYIO 3aBUCUT OT BPEMEHM, NPOLUEALIEro OT MOMEHTA NOAYYEHNUs
cycneHsuy FTMK: 4yem 6onbLuee Bpems NpoLU/io OT 3TOr0 MOMEHTa, TeM
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new antimicrobial nanopreparation based on CCH and a hydrosol
of copper nanoparticles and copper () oxide using transmission
electron microscopy.

METHODS

The study involved the preparation of CCH (Cupral®) manu-
factured by Humanchemie GmbH (Germany). Immediately prior
to the study, it was diluted with distilled water in a ratio of 1:2.
As a result, a new drug based on CCH was created by diluting it
for suspension with a hydrosol of copper nanoparticles and cop-
per (Il) oxide in the same ratio. A hydrosol of copper and copper
() oxide nanoparticles with a size of 0.5-3 nm were obtained in
the laboratory of the Department of Physical Chemistry of the
National Research Technological University "MISiS" (Moscow) by
the method of low-temperature plasma condensation in a spark
discharge.

Transmission electron microscopy and dark field microsco-
py were conducted. To study the suspensions, a transmission
electron microscope (TEM), LEO 912 AB OMEGA (Carl Zeiss,
Oberkochen, Germany) equipped with the in-column OME-
GA-energy filtering system and Koehler lllumination system for
high image contrast was used. The TEM technical data are as
follows:

1. Acceleration voltage: 60-120 kV

Area illumination (TEM): 1 um to 75 um
llluminating aperture: 0.02 to 5 mrad
Elastic energy resolution: 1.5 eV

Energy loss range: 0 to 2500 eV

v wN

The obtained suspensions containing finely dispersed parti-
cles of CCH were treated for 10 minutes in an ultrasonic bath for 10
minutes (22 kHz). Then, several drops of samples were placed on
polyvinyl formal films as substrates and transferred to nickel grids
20 nm thick, 3.05 mm in diameter with a hole width of 40 um.

A total of 32 photographs of a suspension of CCH in distilled
water and 48 photographs of samples of a suspension of CCH in a
hydrosol of copper nanoparticles and copper (1) oxide were taken.

Descriptive research was conducted. Statistical analysis in-
cluded determining the average particle size and the standard
error of the mean.

RESULTS

The results of the study are presented in the following fig-
ures. In Fig. 1A, adhesion of two aggregates of particles, after ap-
plying the CCH suspension prepared in distilled water, occurred
on the surface of the Polyvinyl formal (PVF) film. Each aggregate
consists of several tens of spherical CCH particles ranging from
200 to 900 nm. However, most particles are in the size range of
287+23.4 nm. They are represented by linear chains, between
which a diffusion contact is established with varying degrees of
coalescence between nanoparticles.

During the study, it was determined that the degree of fu-
sion directly depends on the time elapsed from the moment the
CCH suspension was obtained: the more time has passed from
this moment, the more nanoparticles merge into chains, forming
CCH particles with a size of 300 to 400 nm, on average 36214 .6
nm (Fig. 2).
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60bLUe CIMBAKOTCA HAHOYACTULbI B LEeMOYKM, 06pasysa yactuupl TMK
pa3mepom ot 300 ao 400 HMm, B cpeaHem 362+14,6 HMm (puc. 2).

B TéMHOMNONbHOM M306pakeHUM Ha puc. 1B BUAHO, 4TO YacTu-
ubl TMK umetoT cBeTnbii 06080K. CKopee Bcero, 3To CBA3aHO C TeM,
YTO OHM NpPeACTaBNAT coboM KpucTannoruapatbl okenaa meau (1) u
OKCMAa KanbLmA. 3TO XOPOLUO BUAHO U Ha pucyHKe 1C, rae onpegens-
eTcA, u4To YacTuubl FTMK cocTosT 13 6onee MenKMxX YacTuL, KpUcTanno-
ruapaTos okcuaa meaym (11) u okenaa KanbLys co CPpeaHUM Pasmepom
1243,2 um.

Ha pucyHke 1D BuaHo, uto B cycneHsum FMK Takxe BcTpeyatoT-
CA OTAENbHble arperMpoBaHHble YacTULpl, He CodepKalle KpucTan-
nornapatbl okenaa meau (Il) M okcuaa KanbLmMa U NpeAcTaBAeHHble
amopoHbIMM hazammn OKCMAOB 3TUX MeTannoB. Takue arperatbl CO-
CTOAT 13 Bonee MenKMX YacTuL, co cpesHUM pasmepom 411,6 HM K
MMeIoT HemnpasuabHyto Gopmy.

B xoge vccnenoBaHuA 6bin0 0BHapyeHo, YTo BO3aencTBUE
3N1EKTPOHHOrO Myyka Ha cycneHsuio MK npuBoanMno K pocty Kpu-
CTanNornapaToB okcuaa meam (Il) U oKeuaa KanbLma B HECKONBKO
pas: ¢ 1243,2 Hm 8o 61+7,3 Hm (puc. 3A). IToT addekT obycnosneH
3NEeKTPOHHbIM HarpeBOM KpPWUCTaNI0rMapaToB, CNOCOBCTBYIOLWMM KO-
anecLeHUMn coceAHMX KpuctannornapaTtos ¢ obpasosaHuem bonee

Puc. 2 3asucumocmes cpedHux pasmepos Yacmuy, TMK om spemeHu,
npowedwezo om MomMeHma npueomosneHus cycneHsuu. Ocb abc-
yucc — 8pems (MuHymsl); oce opouHam — cpedHul pazmep yacmuy,
MK (Hm)

Bpess (i)

Fig. 2 Dependence of the average size of CCH particles on time
elapsed from the moment of preparation of the suspension. X-axis —
time (min), Y-axis — average particle size of CCH (nm)

Puc. 1 BodHas cycneH3us audpokcuda medu-kansyusa (TMK). A: aepe-
2amel yacmuu MK, ceemsonosnsHoe uzobpaxceHue; B: aepecamsi
yacmuy MK, mémHononsHoe uzobpaxceHue; C: Kpucmanau4yeckas
aza okcudos medu (Il) u Kanbuus, ceemsaononsbHoe u3obpaxeHue;
D: amopepHas ¢aza okcudos meou (Il) u Kanbyus, MEMHoONObLHOE
u3obpaxeHue

Fig. 1 An aqueous suspension of CCH. A: CCH particle aggregates,
bright-field image; B: aggregates of CCH particles, dark-field image;
C: crystalline phase of copper (Il) and calcium oxides, bright-field
image; D: amorphous phase of copper (Il) and calcium oxides, dark-
field image

The dark-field image of Fig. 1B shows that CCH particles
have a light rim. Most likely, this is because they are crystalline
hydrates of copper (Il) oxide and calcium oxide. This is also seen
in Fig. 1C, where the CCH particles consist of smaller particles of
crystalline copper oxide (ll) and calcium oxide with an average
size of 12+3.2 nm.

Fig. 1D shows that in the CCH suspension, individual ag-
gregated particles do not contain crystalline hydrates of copper
(1) oxide and calcium oxide and are represented by amorphous
phases of oxides of these metals. Such aggregates consist of
smaller particles with an average size of 4+1.6 nm and of irreg-
ular shape.

During the study, it was found that the effect of an electron
beam on a suspension of CCH led to the growth of crystalline
copper oxide (ll) and calcium oxide several times: from 12+3.2
nm to 61+7.3 nm (Fig. 3A). This effect is due to the electronic
heating of crystalline hydrates, which promotes the coalescence
of neighbouring crystalline hydrates with the formation of larger
particles (Fig. 3B). As a result, such intermediate particles contin-
ue to merge, forming even larger ones.

When copper nanoparticles and copper (Il) oxide hydrosol
was added to CCH instead of distilled water, the particle depo-

Puc. 3 Cmpykmypa yacmuu, MK nocne 8030elicmsus 31ekmpoHHo20
Ny4Ka 8 C8emMs0N0AbHOM U306paXeHuU

Fig. 3 Structure of GMC particles after exposure to an electron beam
in a bright-field image
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KPYMHbIX YacTuL, (puc. 3B). B AanbHeWwem Takne NPOMEKYTOUHbIE Ya-
CTULLbI MOTYT NPOAOKATL CIMBATLCA, 0bpasys ele bonee KpynHble.

Mpu pobasneHnn kK TMK BMECTO AUCTUANMPOBAHHOM BOAbI TW-
[P030/s HaHoYaCTUL, Meaun U okenaa meay (Il) KapTuHa ocaxpeHus
4acTuL, Ha NOBEPXHOCTb NNEHKM 13 NOAMBUHUNGOPMANS KapanHanb-
HO MEHANACb — KOZIMYECTBO OCAKAEHHBIX HA NOMMEPHYIO NAEHKY Ya-
CTWL, YBENIMYMBANOCH HAa HECKOIbKO NOPAAKOoB (puc. 4A v 4B).

Ha pwc. 5A n 5B B1AHO, YTO Npy f,06aBAEHWUM TMAPO30AA HAHO-
4acTuL, Konnyectso Yactuy, MK B ogHOW GNOKKYNE YBEIMUYUBAOCD,
KaK M CTeneHb KOHTaKTa Mexay Humu. Ha pucyHke 5C 3aduKcmpoBa-
HO, YTO HaHoYacTULbl Mean M okcnaa megm (Il) NPoOHUKanM BHYTPb
KpucTannoruapaTtoB okcmaos meaym (Il) M okenaa Kanbumsa B NoBepx-
HOCTHbIX cosx yactuy, TMK. Mpryém oTmeyeHO, YTO BO3AeNCTBUE
3/1EKTPOHHOIO MYYKa y)Ke He MPUBOAWAO K CINAHMIO KpucTannorngpa-
TOB, KaK B Cay4yae ¢ passefeHnem MK AUCTMAAMPOBAHHOM BOAOWA.
Ba)KHbIM ABNAETCA (aKT, YTO HaHOYACTULBI Meay U okeuaa meaym (1)
KOHLEHTPMPOBaNMCb Ha NoBepxHOCTM YacTul, MK, n nocnesHue npu
3TOM NPAKTUYECKM HE YKPYMHANMUCH.

He MeHee Ba)KHbIM SIBNAETCA Hannume «CBOBOAHBIX», He yya-
CTBOBABLUMX B arperaLyy HaHo4acTmL, meam u okeraa meawm (I1) (puc.
5D).

OBCYXAEHUE

B xoze vccnefoBaHMsA Bbl10 YCTaHOBNEHO HEM3BECTHOE paHee
ABneHve 0bpasoBaHnA KoMNo3numin HaHovactuy, MK npu ero pas-
BeEHWUW rMapo30JeM HaHOYACTUL, Meay M okeuaa meay (I1). HaHo-
yacTuubl AucnepcHoi ¢asbl, BCNEACTBME CBOMX MasblX pPa3mepoB
(0,5-3 HM) 1 BbICOKOW YA€/bHOM NOBEPXHOCTHOW SHEPruM, NPOHUKa-
0T BHYTPb chepuueckux yactvy, FMK, umetowmx cpesHuin pasmep
287423,4 HM 1 06pa30BaHHbIX KPUCTANIOMMAPATAMM OKCUAA Meau
(1) n okenaa Kanbuus. ITo NPUBOAUT K 0B6PA30BAHUIO CNOKHOMN HaHO-
pa3MepHOI KOMNO3ULMOHHOW CTPYKTYpPbI, cocToALLel u3 Yactuy TMK,
OKPYKEHHbIX HAHOYACTULLAMM Meay U oKkeuaa meawm (I1).

MoBblWweHNe aaresnmBHbIX XapaKTEPUCTUK YaCTUL, OKCMA0B Meau
(Il) n okcuaa KanbLya — OCHOBHbIX CTPYKTYPHbIX 3nemeHToB MK —
MOXHO OODBACHWUTb aKTUBHOW agarynauuei HaHo4acTWL, Meau Co
3HaunUTeNbHO Honee KPYNHbIMM YacTUL@MM 3TUX OKCUAoB. MNpu aTom
BbICOKOIHEpPreTM4yeckmMe HaHovacTULbl Meau MPOABAAIOT, MO CYTH,
CBOWCTBA MOBEPXHOCTHO-aKTUBHOTO BELLLECTBA. 3TO NPUBOAUT K CHU-
XeHuto Koresuu B arperatax FMK. Moatomy npu passegeHun ruapo-
30/1eM HaHoYacTUL, Meau, aaresna n cmadnsaemoctb FMK Ha nnéHke

Puc. 4 3nekmpoHHas mukpogomozpagus nacmel MK, pa3sedéH-
Holi ducmunnuposaHHol 800oli (cneea) u pazeedéHHol audpo3zonem
HaHoYacmuuy meou u okcuda medu (I1) (cnpasa)

Fig. 4 Electron micrograph of GMC paste diluted with distilled water
(left) and diluted with hydrosol of copper nanoparticles and copper
oxide (Il) (right)
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sition pattern on the surface of a polyvinyl formal film changed
dramatically. The number of particles deposited on the polymer
film increased by several orders of magnitude (Figs. 4A and 4B).

Fig. 5A and 5B show that when the nanoparticles hydro-
sol was added, the number of CCH particles in one floccule in-
creased, as did the degree of contact between them. Fig. 5B
shows that copper and copper (Il) oxide nanoparticles penetrat-
ed the crystalline hydrates of copper (llI) oxides and calcium ox-
ide in the surface layers of CCH particles. Moreover, it was noted
that the effect of the electron beam no longer led to the fusion of
crystalline hydrates, as in the case of the dilution of CCH with dis-
tilled water. Therefore, it is essential that the copper and copper
() oxide nanoparticles were concentrated on the surface of the
CCH particles, and the latter practically did not become coarser.

Equally important is the presence of "free" nanoparticles of
copper and copper (ll) oxide that did not participate in aggrega-
tion (Fig. 5D).

DISCUSSION

In the study, a previously unknown phenomenon of the
formation of compositions of CCH nanoparticles when it is dilut-
ed with a hydrosol of copper nanoparticles and copper (Il) ox-
ide was established. Nanoparticles of the dispersed phase, due
to their small size (0.5-3 nm) and high specific surface energy,
penetrate spherical CCH particles (average size of 287+23.4 nm)

Puc. 5 CycneHsus 2udpokcuda medu-kaneyus (FMK) u eudpo3zond Ha-
Houacmuy medu u okcuda medu (Il). A, B: gnokkynel TMK e cmecu ¢
2udpo3onem HaHo4acmuy meou u okcuda medu (Il); C: nokkyna TMK
C HAHOYACMUYAaMU Meou, G2pe2uposasuiumMucs 8 e€ N08epXHOCMHOM
cnoe; D: HaHoyacmuyel medu u okcuda medu (Il), He ecmynuswiue 8
azpezayuro ¢ yacmuuamu MK

Fig. 5 Suspension of CCH and hydrosol of copper nanoparticles and
copper (l1) oxide. A, B: CCH floccules mixed with a hydrosol of copper
nanoparticles and copper () oxide; C: CCH floccule with copper
nanoparticles aggregated in its surface layer; D: nanoparticles of
copper and copper oxide (Il) that did not enter into aggregation with
particles of CCH
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3HAUYUTENbHO BO3PACTAOT. MI3MeHeHWe are3nBHbIX XapaKTEPUCTHK U
ynopaA04MBaHue CTPYKTYpHOM opraHu3aumum yactuu, TMK npu passe-
JEHUM TMAPO30/IEM HAHOYACTUL, MEAM NO3BOAUT A0OUTLCA Ny4LLeit
CMauYMBaEMOCTU AEHTUHA, ero PaBHOMEPHOW MMMpPErHaLum Komou-
HMPOBAHHbIM NpPenapaTom.

Kpome Toro, Hannumne He y4acTBytOLLMX B arperaLyoHHOM Npo-
LlecCe HaHOYacTUL, MeaW MOoTeHUManbHO obecneynT co3gaHve Ha
BHYTPEHHEl NOBEPXHOCTU KOPHEBOTO KaHaa UM Hapy»KHOM NoBepx-
HOCTM KOpPHA 3y6a BbICOKO MaccOBOI KOHLEHTPaLMKU AMcCnepCHOM
basbl, NPOABAAIOLLEN BblparKeHHble aHTMOaKTepuanbHble CBOWCTBA
[16, 17]. PaHee wuccnepoBaTeNAMM YiKe M3y4anacb BO3MOMKHOCTb
KOMOUHMPOBaHUA BOAHbIX PAcTBOPOB HAHOYACTUL, METAN/IOB, Mpe-
e Bcero, HaHovacTu, cepebpa, Meu U LUMHKA, € NpenapaTtamu AN
BPEMEHHOTO MIOMBMPOBaHUA KOPHEBBIX KaHanoB 3y60B Ha OCHOBE
ruapokenaa Kanbums (MK) [18]. Tak, nMAoTHbIM NabopaTopHbIiA 3Kcne-
pumeHT Javidi M et al (2014) Ha yaanéHHbIX 3ybax NPOAEMOHCTPUPO-
Ba/l aHTMOAKTEPMA/IbHBIVA NOTeHLMan Takoh cmecn [19]. Heckonbko
nccnegoBatenbckux rpynn m3 Mpana v Kutaa nonyumnun noxoxue
pesynbTathl Ha mogensx buonnéHku E. faecalis [20, 21]. C 2020 roga
Balto H et al paboTtaloT Hag KOMMNIEKCHbIM NPEnapaToM Ha OCHOBe
BHYTPUKaHanbHOro MeamkamenTa K «UltraCal®» u 0,02% BoaHoM cy-
CneH3nm HaHovacTuL, cepebpa amameTpom 10 Hm [22]. BaxkHO, yTO B
akcnepumenTe Afkhami F et al (2017) meTogom cnekTpodoTOMETpUN
6b1710 NOKa3aHo, 4YTo Ao6aBAEHME HAHOYACTUL, METANIOB K NacTam
[NA BPEMEHHOro N10MbUPOBaHNA KOPHEBbIX KaHANIOB He BbI3bIBAET
M3MEHeHMA LiBeTa 3an1oMbupoBaHHbIX 3y6oB [23]. MoxKHO npeano-
JIOXUTb, YTO 06Pa30BaHNE KOMMO3ULIMOHHBIX CTPYKTYP HaHouYacTwL,
MeAu, OKCMAa Meau € Xumudeckn bonee 6anskumm yactuuamm MK
obecneuunt ewgé bonbluee AENOHUPOBAHWUE U NOC/EAYIOLLEE BbICBO-
6oXaAEHVE AaKTMBHbIX HAHOYACTUL, — AJ/1A MPOBEPKM 3TOW TMUMOTEe3bl
HeobxoayMbl AanbHelwme NabopaTopHbIe U KAMHUYECKME UCCNeao-
BaHUA.

Kpome Toro, yuntbiBas nosnyyeHHble AaHHble, MOXHO Npej-
NONIOMKUTb, YTO Harpes Yactuu, TMK B BOAHOM pacTBope, KOTOpbIi
HensbexHO NPOUCXoAUT BO Bpemsa «aenodopesar» nog BAUAHMEM
[LOCTaTOYHO CMNbHOTO TOKa (OKosmo 1 MA), cnocobeTeyeT paspylue-
HUIO TMAPATHBIX 060/I0YEK, YCKOPEHHOM arperauum Kpuctanaoru-
[paToB OKCMAO0B METaN/oB, BO3HUKHOBEHUIO KOAry/lsALMOHHBIX, 3,
B JanbHenwem — AMdOY3HbIX KOHTAKTOB MEXAY MUKpoYacTuua-
MK c 0bpa3oBaHMeEM KpPYMHbIX YacTul. Takve Gonblume YacTuupl
He BCerfa MOryT NPOHUKaTb B AEHTUHHbIE TPYOOUKM KOpPHA 3y6a K
nepemeLLaTbca B HUX NOA, AeWCTBUEM INEKTPUYECKOTO Noas. ITUm
apdekTom 0b6bACHAETCA bonee HU3Kan 3pPeKTUBHOCTL Aenodopesa
MK no cpaBHeHMIO C MeToZamMM TPaAHCMOPTa YacTul, He mpeano-
NaraloWwmmm CUNbHBIX 3/1EKTPOMArHUTHbIX BO3AENCTBUM — B NepBYIo
oyepeab, C MeToaoM ranbBaHopopesa MMK ¢ npumeHeHMEM BHY-
TPUKaHaNbHbIX LWUTUPTOB, BbINOJHEHHbIX U3 Fa/IbBAaHUYECKM NapPHbIX
METanN0B 1 NO3BOAAIOLLMX FEHEPUPOBATb TOK CuIoW 0Kkono 0,1 MKA
[24, 25]. Kpome Toro, paHee npeanpUHUMANUCL NOMbITKK KOMOU-
HauuMK Wwaaawero pexnma «genodopesa» MK c 06paboTtkoi aeH-
TUHA KOPHSA 3yHa NYYKOM XONI0AHOW aproHOBOWM MAa3Mbl, UMEIOLLEN
TemnepaTtypy okono 40°C [26].

Cmecb TMK ¢ rugpo3onem HaHoYacTUL, Meaun U OKCuaa meam
(1) okaszanacb yctoitumsee, 4em cycneHsua FMK B AUCTUANAMPOBAHHOM
Boge. B xoae HacToALLero nccneaoBaHUA 3aMeveHo CoXpaHeHue auc-
MepPCHOCTU CMECU M OTCYTCTBUE KOANECLEHLMMU KPUCTaNNormapaTos
Npw Harpese 3/1IEKTPOHHBIM My4YKOM. ITO ABNEHME MOXKET 0becneymnTb
6051ee BbICOKYO 3OPEKTUBHOCTb 3NEKTPOGOPETUYECKUX METOLOB aH-
TUCEeNTUYeCcKo 06paboTKM KOPHEBbIX KaHaNoB 3yboB B CyYae, eciun
BMecTo BogHoM nacTbl TMK 6yaeT Mcnonb3oBaTbes npenapar Ha oc-
HOBe rMAP030/A HAHOYACTUL, MeAM.

formed by crystalline hydrates of copper (ll) oxide and calcium
oxide. This creates a complex nanosized composite structure
of CCH particles surrounded by copper and copper (ll) oxide
nanoparticles.

An increase in the adhesive characteristics of copper (Il)
oxides and calcium oxide particles, the main structural elements
of CCH, can be explained by the active adagulation of copper
nanoparticles with much larger particles of these oxides. At the
same time, high-energy copper nanoparticles exhibit, in fact, the
properties of a surfactant resulting in a decrease in cohesion in
CCH aggregates. Therefore, when copper nanoparticles are dilut-
ed with a hydrosol, the adhesion and wettability of CCHs on the
film increase significantly. Thus, changes in the adhesive charac-
teristics and ordering of the CCH particles structural arrangement
when copper nanoparticles are diluted with a hydrosol will make
it possible to achieve better wettability of dentin and its uniform
impregnation with the combined preparation.

In addition, the presence of copper nanoparticles not par-
ticipating in the aggregation process will potentially ensure the
creation of a high mass concentration of a dispersed phase on
the inner surface of the root canal or the outer surface of the
tooth root, which exhibits pronounced antibacterial properties
[16, 17]. Previously, researchers have already studied the pos-
sibility of combining aqueous solutions of metal nanoparticles,
primarily silver, copper, and zinc nanoparticles, with preparations
for temporary root canal filling based on calcium hydroxide (CH)
[18]. Thus, a pilot laboratory experiment by Javidi M et al (2014)
on extracted teeth demonstrated the antibacterial potential of
such a mixture [19]. Several research groups from Iran and China
have obtained similar results on E. faecalis biofilm models [20,
21]. Since 2020, Balto H et al have been working on a complex
preparation based on the CH-based intracanal medication Ultr-
aCal ® and a 0.02% aqueous suspension of silver nanoparticles
with a diameter of 10 nm [22].

Furthermore, the spectrophotometry-based experiment by
Afkhami F et al (2017) showed that adding metal nanoparticles
to pastes for the temporary filling of root canals does not cause
a change in the colour of the filled teeth [23]. Therefore, it can
be assumed that forming copper and copper oxide nanoparticles
composite structures with chemically closer MMC particles will
provide even greater deposition and subsequent release of active
nanoparticles. However, further laboratory and clinical studies
are needed to test this hypothesis.

In addition, considering the data obtained, it can be as-
sumed that the heating of CCH particles in an aqueous solution,
inevitably occurring during "depophoresis" influenced by a suffi-
ciently strong current (about 1 mA), contributes to the destruc-
tion of hydrate shells, accelerated aggregation of metal oxides
crystal hydrates, and the appearance of coagulation, and, later,
diffuse contacts between microparticles with the formation of
the large particle. Such large particles cannot always penetrate
the dentinal tubules of the tooth root and move into them under
the influence of an electric field. This effect explains the lower
efficiency of CCH depophoresis than particle transport methods
that do not involve strong electromagnetic effects. First of all, the
CCH galvanophoresis method using galvanically paired metals in-
trachannel pins allowing to generate a current of about 0.1 A
[24, 25]. In addition, earlier attempts were made to combine the
sparing mode of "depophoresis" of MMC with the treatment of
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C Apyroit cTopoHbl, 06HapyKeHHbI peHOMEH NO3BOUT paspa-
60TaTb HOBYI TEXHONOTMIO HAHOMMIMPErHaLLMK AEeHTUHA KOPHA 3yba
NP1 3HAOAOHTUYECKOM IEYEHWUM NYNbNUTA U ANUKAbHOTO NePUOAOH-
TWTa, @ TaKkKe NapofoHTUTA. [Py 3TOM AN1A peann3aLmmy METOAUKU He
notpebyeTcs LONOAHUTENBHOMO 06OPYAOBAHUA — TPAHCMOPT aKTUB-
HbIX MOHOB MOKET NPOUCXOAMTb 3@ CHET OCMOTUYECKOTO W 3/IEKTPO-
KMHETUYECKOTO NOTEHLMaNa HaHoYacTuL, meam u okeuaa meau (I1).
B 3TOM C/lyyae, HeOBXOLMMOE KONMYECTBO MOCELLEHUI NaLUEHTOM
CTOMATO/IOrMYeCcKoro KabuHeTta ByaeT MUHUMANbHBLIM, BNIOTb 0 Of-
HOCEaHCHOTO NIeYeHUA.

3AKNIOYEHUE

B xoze vccneoBaHMA 31EKTPOHHO-MUKPOCKOMMYECKMX CBOMCTB
rMAPOKCUAA Mefn-KanbLMA — Npenapata, UCrnonb3yeMoro AN Ae3nH-
beKummn KopHeBbIX KaHanos 3y60B U MapOAOHTA/IbHbIX KAPMaHOB, —
6b111 ycTaHOBANEHBI Cheaytolye GaKTbl:

MpOTUBOMUMKPOBHBIM NpenapaT rMAPOKCUL, Mefu-KanblLua B
BOZHOM CyCneH3WW NpeACTaBNeH arperaTaMi MMKpPOYacTUL, pasme-
pamu 40-60 MKm. Takue arperaTtbl, B CBOK o4epespb, 0b6pa3oBaHbl
chepuyeckumu Yactuuamm pasmepamm ot 200 o 900 Hm, B cpegHeM
287+23,4 um.

Chepurueckne yacTuUbl TMAPOKCUAA MeAaW-KanbuLma obpasy-
I0TCA NYTEM KOaNecueHUMW KpucTannoruapatos okcuga meam (1)
M OKCMZA KanbLmA, UMELWMX cpeaHnii pasmep 1213,2 Hm. Momu-
MO KPUCTaNNOrMapaTos, HAHOYACTULLbI MOTYT BbiTb NPEACTaBAEHbI
aMmopdHbIMM GOPMaMM OKCULOB METANN0B CO CPELHUM Pa3mepom
4+1,6 HM.

JloKanbHbI Harpes CycneH3nu MMApPOKCUAa Meau-KanbLma nyy-
KOM 3/1eKTPOHOB BO BPEMA 3/1EKTPOHHO-MUKPOCKOMMYECKOro Mcce-
[l0BaHMA cnocobCcTByeT Koarperaumm coceiHUX KpUCTanaornapaTos ¢
06pasoBaHvem 6onee KpynHbIX YacTuL, pasmepamm ot 50 fo 70 Hm, B
cpepHemM — 61+7,3 Hm.

BnepBble Npu 3N1EKTPOHHO-MMKPOCKOMUYECKOM WU3yYEHWUW HO-
BOTO NPOTMBOMMKPOGHOrO npenapaTta, npeacTaBasaoLero coboi
coeAMHeHve ’MapoKeMaa Mean-KanbLma ¢ rmapo301emM HaHoYacTuL,
meam 1 okenga mepu (I1) pasmepamu 0,5-3 HM, OTKPLITO ABNEHME 06-
Pa30BaHWA CI0XKHON HAHOPA3MEPHOM CTPYKTYPbI.

the dentin of the tooth root with a cold argon plasma beam at a
temperature of about 40°C [26].

A mixture of CCH with a hydrosol of copper and copper (I1)
oxide nanoparticles proved to be more stable than a suspension
of CCH in distilled water. In addition, this study noted the mixture
dispersion maintenance and the absence of crystalline hydrates
coalescence on electron beam heating. This phenomenon can
increase the efficiency of electrophoretic methods of antisep-
tic root canals treatment if, instead of an aqueous CCH paste, a
preparation based on copper nanoparticles hydrosol is used.

On the other hand, the discovered phenomenon will make
it possible to develop a new technology of nanoimpregnation of
the tooth root dentin in the endodontic treatment of pulpitis and
apical periodontitis and periodontitis. At the same time, no addi-
tional equipment is required to implement the technique — the
transport of active ions can occur due to the osmotic and elec-
trokinetic potential of copper and copper (Il) oxide nanoparticles.
As a result, the patient's dental visits frequency will be signifi-
cantly reduced, up to a single treatment session.

CONCLUSION

In the analysis of the electron microscopic properties of
copper-calcium hydroxide, a drug used to disinfect dental root ca-
nals and periodontal pockets, the following data were obtained:

The antimicrobial drug copper-calcium hydroxide in an
aqueous suspension is represented by aggregates of microparti-
cles with a size of 40-60 microns. Such aggregates, in turn, are
formed by spherical particles ranging in size from 200 to 900 nm,
averaging 287+23.4 nm.

Spherical particles of copper-calcium hydroxide are formed
by coalescence of copper (Il) oxide and calcium oxide crystalline
hydrates, having an average size of 12+3.2 nm. In addition to
crystalline hydrates, nanoparticles can be represented by amor-
phous forms of metal oxides with an average size of 4£1.6 nm.

Local heating of copper-calcium hydroxide suspension by
an electron beam during electron microscopy contributes to the
coaggregation of neighbouring crystalline hydrates with the for-
mation of larger particles ranging in size from 50 to 70 nm, on
average —61+7.3 nm.

For the first time in a new antimicrobial drug study with
the electron microscope, which represents a compound of cop-
per-calcium hydroxide with copper and copper (ll) oxide nanopar-
ticles hydrosol with a size of 0.5-3 nm, the phenomenon of the
formation of a complex nanosized structure was discovered.
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