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OO0HUM U3 NePCNeKMUBHBIX HANPABIEeHUN NPOPUIAKMUKY Kapueca 3y008 AGNIAem s peMUHepaIu3yiowas mepa-
nusl, HanpaeIeHHas Ha HOPMATUIAYUIO MUHEPATLHO20 COCMAsa 3y0HOU smanu. B pesyibmame Komniekcd, npogeoeH-
HbIX HAYYHO — IKCNEPUMEHMATbHBIX U KIUHUYECKUX UCCLe008AHUL, PA3pAOOMAaHbl 2ellb U NIeHKU IeKAPCMEEeHHbLe OIS
neuenus kapueca smanu. Llenv padomut — ucciedosanue pemuneparuzyiowel akmugHOCHU 1eKapCmeeHuvlx opm
071 1eueHust HauyaIbHo20 Kapueca smanu. Mamepuanst u memoovl. B kauecmsee akmueHuIX papmayesmuyeckux cyo-
CManyuil 8 1eKapcmeeHblx Qopmax ucnoawbsosanu — kanvyus xaopuo (OC 42-0006-5675-04 P.003964.01), kanus
Gocgpam osysamewennviti (PC 42-1297-79), nampus ¢pmopuo (@C.2.2.0013.15), ecnomozamenvhvlie seujecmea
— eeneobpazoeamenv Hampuu-kapooxcumemunyennonosy (nampui-KML]) C75 (TY 6-55-39-90), nnacmugpurxamop
enuyepun (@C.2.2.0006.15), 600y ouuwgennyro (@C.2.2.0020.15). Hccnedosanue pemunepanusyioweti akmusHoCmu
NPOBOOUNU MEMOOOM Onpedenienus Kanvyus u ocghopa 6 3one smanu in vitro. Konuuecmeennoe onpeoenenue Kanoyus
NPOBOOUNU MEMOOOM 0OPAMHO20 KOMNIEKCOHOMEMPULECKO20 MUMPO8aHUsl, hochopa — memooom Gomosanekmporo-
nopumempuu. Takdice nposedeHo 3MeKmpomMempuieckoe UCcie008anue in vivo nymem onpeoeieHus 31eKmponposo-
OHoCcmu smanu ¢ nomowwio annapama «/lenmacmy (L'eocoghm). Pesynomamot u oocysyncoenue. Memoo onpedenenus
Kanvyus u hocghopa 6 301e smanu in vitro 0CHO8AH HA 0301eHUl 3Y0a U NOCTEOVIOUWUM ONpedeNeHUeM 8 HeM KAlbyus U
Gocopa xumuueckumu u uHcmpymeHmanibHoiMu memoodamu. Ha ocnosanuu nonyuennvix pesyibmamos ycmauosie-
HO, YUMo 2elb U NIEHKU JIeKAPCIMBEHHbLE OIS IeUEHUs. KapUueca IMai, O0CHOBEPHO NOBLIUUAIOM COOEPIHCAHUE KATbYUSL
u gpocgpopa 6 amanu 3yoa. Ilpogedenroe snekmpomempuueckoe Uccied08anie NOOmMaEepousio NosbluleHue mMeepooCHU
CMPYKMYypbl SMAIU NOCAE NPUMEHEHUs NIEHOK J1eKaAPCHBEHHbIX, 6ClleOCmeue ee peMunepanusayuu. 3akaouenue. B
pe3yabmame npoeOEHHbIX UCCIeO08AHULL I VIVO U I VIlro YCIMAHOGIEHO, Ymo paspabomantvle 1eKapcmeentvle op-
Mbl OKA3bI8AIOM PeMUHEPATU3YIOWUL dPgexm u mo2ym 6vimb peKOMeHO08aHbL Ol NOGbIUUEHUS dDPeKmusHoCmU
NPOGUAAKMUKY U TeYeHUs. HAYATbHO20 Kapuecd SMAau.
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One of the most promising areas of dental caries prophylaxis is remineralizing therapy aimed at normalizing
the mineral composition of tooth enamel. As a result of a set of scientific, experimental and clinical studies, gels and
drug films for the treatment of enamel caries have been developed. The aim of this work is to study remineralizing
activity of dosage forms for the treatment of initial enamel caries. Materials and methods. As active pharmaceutical
substances in dosage forms, calcium chloride (FS 42-0006-5675-04 P.003964.01), potassium phosphate disubstituted
(FS 42-1297-79), sodium fluoride (PS.2.2.0013.15), auxiliary substances — gelling agent sodium-carboxymethylcel-
lulose (sodium-CMC) C75 (TU 6-55-39-90), plasticizer glycerin (PS.2.2.0006.15), purified water (PS.2.2.0020.15)
— have been used. Remineralizing activity was studied by the method of determination of calcium and phosphorus in
the enamel ash in vitro. The study of remineralizing activity was carried out by the method of determination of calcium
and phosphorus in the enamel ash in vitro. Quantitative determination of calcium was carried out by reverse complex-
ometric titration, and the one of phosphorus was carried out by photoelectrocolorimetry. The electro-metric study of
the enamel electrical conductivity was also carried out in vivo with the help of the Dentest device (Geosoft). Results
and discussion. The method of determination of calcium and phosphorus in the enamel ash in vitro is based on tooth
ashing and the subsequent determination of calcium and phosphorus in it by chemical and instrumental methods.
Basing on the results obtained, it has been established that gel and drug films used for enamel caries treatment signifi-
cantly increase the content of calcium and phosphorus in tooth enamel. The conducted electrometric study confirmed
the increase in the hardness of the enamel structure due to its remineralization after the use of drug films. Conclusion.
As a result of the studies conducted in vivo and in vitro, it has been established that the developed dosage forms have
a remineralizing effect and can be recommended for increasing the effectiveness of prevention and treatment of the

initial enamel caries.

Keywords: caries, enamel, gel, drug films, remineralization

BBEJEHMUME. [Ipo6iaema xapueca 3y0OB Ha Cero-
HSIIHUA JIEHb NPEJICTABISIET CEPhE3HYI0 MEIMIUHCKYIO
U colualibHylo mpobiemy. B crpykrype cromaronoru-
YeCKHX 3a00JIEBaHUI Kaphec W ero OCIOKHEHHs 3aHU-
MmatoT 95,5%. Ilporpeccupyromiee nopaxxeHue TBEPBIX
TKaHed 3y0a, OCJOXKHSIOLIEECs BOCIAJICHUEM ITYJIbIIbI
U OKOJIOBEPXYUIEUHBIX TKAHEH, CTAHOBUTCS NPUUMHOU
OCTpbIX OOJIeH, HepeKO IPUBOAUT K yTpaTe 3y0OB U MO-
JKET SIBUTHCSI NCTOYHUKOM 3a00JIEBaHUI ONOPHO-/IBUTa-
TEJIBHOTO ammapara ¥ BHyTpeHHHX opraHos [l, 2]. Ox-
HUM U3 TEPCHEKTUBHBIX HAIpaBICHUH MPOQUIAKTHKH
Kapueca 3y0OB SIBISIETCSl pEMUHEPAIU3YOLas Tepartusi,
HarpaBJIeHHAsl HA HOPMAaJIM3aI[I0 MHHEPAILHOTO COCTa-
Ba 3yOHOM 3Malli M 3aKJIF0YAIOIIAsCs B TPOPECCHOHAIb-
HOHM 00paboTke 3y0OB crienuaibHbIMU mpenaparamu. C
MOMOIIBIO PEMHUHEPAIIU3YIOIIEH Teparnud MOXXHO HAaChI-
TUTb AMaJlb MOHAMU Kaublus, Gpochopa, propuaa u 1p.,
YCTPaHUTh JEMUHEPAIM30BaHHbIE YYaCTKH 3yOHOU HMa-
JIKM, BBI3BAHHBIC ITPOLECCOM ACMHUHEpAIN3allun, a TAKKEC
BO3JICUCTBHEM MPO(HIAKTHYECKHX CPEICTB, IPEIOTBpa-
TUTH NOPAXKCHUE SMaJIH, O6ch'IOBJ'IeHHOC BbIMBIBAHUEM
MHUHEPAJIbHBIX DJICMCHTOB M3 TBEPABIX TKaHEH 3y0OB

[3-6]. B pe3ynbrare koMIiekca, IpOBEACHHBIX HAyuYHO
— DKCIEPUMEHTAJIbHBIX MCCIICI0BaHUI Ha Kadenape dap-
MareBTrieckoi Texronorun [1I'DA, pazpaboraHsl rejb
U IJICHKHU JIEKAPCTBEHHBIE YIS JICUSHUS] KapHeca dMaju
[7-12].

HEJBIO Hactosiieit paboThI SBISUIOCH UCCIICAO0BA-
HUE pPEeMHHEPAU3YIOIIEH aKTUBHOCTH JIEKAPCTBEHHBIX
(opM 1151 JIeueHHsT Ha4aIbHOTO Kaprueca dMaJIH.

MATEPHUAJIBI U METO/bI. [ns co3nanus
aNIUIMKAllMOHHBIX JieKapcTBeHHBIX (opm (JID) B ka-
YeCTBE AaKTHUBHBIX (apMaleBTHYECKHX CYOCTaHLUM
ucnonb3oBain — Kanbims xjaopun (OC 42-0006-5675-
04 P.003964.01), xamus Qocdar aBy3aMEHICHHBIM
(®C 42-1297-79), narpus ¢ropun (PC.2.2.0013.15),
BCIIOMOTATEeNIbHbIE BELIecTBA — rejieoOpa3oBareiib Ha-
TpHUH-KapOOKCUMETHIILIEIITIONO3Y (narpuii-KMLI)
C75 (TY 6-55-39-90), mnnactudukarop NIHLEPUH
(®C.2.2.0006.15), Boxy ounmiennyto (PC.2.2.0020.15).

HccnenoBanne peMHHEPAIN3YIOMIEH aKTHBHOCTH
MIPOBOIMIIM METOJIOM OTIpeNesieHus Kanblus u pocdopa
B 30JI€ AMAJHM i1 Vitro CO CTAaTUCTUYECKOH 00paboTKOM
MOJIy4eHHBIX pe3ynsTaroB cormacHo OdC.1.1.0013.15
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C WCIIOJIb30BAHUEM KPUTHYECKOTO 3HAYCHHUSI KPUTEPHS
CTbIOIEHTA U METOJIOM 3JIEKTPOMETPHUYECKOTO UCCIEO0-
BaHMSI IIyTEM ONPEICIICHHs DIEKTPOIPOBOAHOCTH dMaJIH
in vivo.

[IpoBenenue JaHHBIX HCCIETOBAHWH COOTBETCTBO-
BaJIO 9THYECKUM CTaH/apTaM OTBETCTBEHHOTO KOMHUTETA
10 IKCHEPUMEHTaM YelloBeKa (MHCTHTYIHOHAJIBHBIM H
HaIlMOHAIBHBIM) M XeJIbCMHCKOH aekiapauuu 1975 T,
nepecmotpernoit B 2000 rony. MccnenoBanus 000peHbI
JlokaneHbiM dTHUECKUM KomuTeToM GI'BOY BO III'MY
uM. akaj. E.A. Baruepa Munzapasa Poccun.

Ha ocHoBe wuH(OpMHPOBAaHHOTO JT0OPOBOIILHOTO
COINIacHs B MCCJICIOBAHKE TI0 ONPEJICIICHUIO KaJbIUS U
dbocdopa B 3051€ 3MaNH in Vitro BKIIOUCHBI BH3YaJIbHO
WHTAKTHBIE 3yObl (MOJISIPBI ¥ TPEMOJISIPBI HIDKHEH YelTto-
CTH), yAaJCHHBIE 110 OPTOJOHTHYECKHM U OPTOIIENYe-
CKUM TOoKa3aHusiM y Jui 20-35 net. YianeHHble 3yObl
XpaHWIN B TepMocTare mpu Temmeparype (37+2)°C B
pacTBope UcKyccTBeHHOU citonbl [13]. st mpoBeaeHust
HCCIIeJOBAaHNH OIBITHBIE 00pa3Iibl ObUTH pa3ziesIeHb! Ha 2
rpynmsl (1o 10 ombITHEIX 00pa3loOB B KAXIOH rpynre):
1 — resnb 7St JIGUCHHUS Kapreca dIMalu, 2 — IUICHKH JIeKap-
CTBEHHBIC ISl JICUCHUsI Kapueca dMalu.

Kaxnplit 3y0 mpenBapuTeIbHO OYUINAIN C UCTIOJb-
30BaHUEM IMIETKM W TACThl, HE cojepkameil ¢ropa, u
M3rOTaBJIMBAIIH MOTYIUIU(BI C TOMOIIBIO CIIEINAIEHOTO
000py/I0BaHUsI, OJJHA IOJOBHHA 3y0a CIIy’KHJIa KOHTPO-
JIEM W HE TI0JIaBaJlach JICYEHHIO, BTOpas MOJIOBHHA 3y0a
rojiBeprajiach MOJHOMY Kypcy JiedeHus. ExxenHeBHO B
TeueHuu 14 aHeit oquH pa3 B A€Hb TPOBOAWIN 15 MUHYT-
HBIC aNTUIMKAIMK ITyTEM HaHECEHUs Telis WM (PUKcaluu
TUICHOK JIEKapCTBEHHBIX Ha MOBEPXHOCTh 3yOHOH HMa-
JIM OTIBITHBIX 00pa3lloB, MPU TTOCTOSIHHOM TemIieparype
(3742)°C, B nepepbiBax M1y JedeHHUEM 3yObl HAXO/IU-
JIUCh B TEPMOCTATE B PACTBOPE MCKYCCTBEHHOM CITIOHBI.

Merton ompenenenus kaibius u (ochopa B 301€
9MaJH in Vitro OCHOBAaH Ha O30JICHHM 3y0a M IOCiemy-
IOLIMM OTIpeZieJIeHUEeM B HeM Kaiblius U ¢ocdopa Xu-
MUYECKUMH U WHCTPYMEHTAJbHBIMH MeTomamu [14].
Hccnenyembie 00pasibl 030J15UIH OTAEIBHO JIPYT O JIpyra
nipu temneparype 450-500°C B mydenbroi neun. [Tomy-
YEHHYIO 30J1y WCIIOJIB30BAIIN ISl ONPEIEIICHNST KaJIbIHsI
n docdopa. KommuecTBeHHOE ONpeeNeHNE KalbIHs
MIPOBOJIUII METOZOM OOpaTHOTO KOMIUIEKCOHOMETpHUYe-
CKoro TuTpoBaHus [15, 16].

Memoouxka: oxono 10,00 Mr (ToUHAst HaBECKa) 30JIbI
pactBopsitor B 0,5 M XJIOpHCTOBOAOPOAHOW KHCIIO-
THl KOHIEHTPUPOBAHHOM, TOCIJIE MOJIHOTO PacTBOPEHUS
307161 100aBIIsIrOT 10 M1 Bob! ountieHHoi u 5 mi 0,05 M
pacTBopa HaTpus dIeTaTa, MePEMENIHBAIOT U JOOABISIOT
aMMHUa4YHbIA Oy(epHBIi pacTBOp IpU HEepEeMEIIUBAHUH
no pH=12,5, ni1st UCKITIOUEHNS ONPEJIENICHNUS] COITYTCTBY-
IONIMX MOHOB MarHusi. VIHIMKaTtopoM CITy»KMJI KHCIIOT-
HO-XPOMOBBIH TeMHO-cuHui. 130bTOK 0,05 M pactBopa
Harpus dierara orturposbiBaioT 0,1 M pacTBopoMm mar-
Husl cynbdara. [lapamienbHO NMPOBOAT KOHTPOJBHBIH
OIBIT. AHAJIUTHYECKUM CHUTHAJIOM SIBIISUICS TIEPEXOJ
OKpacKM OT CHHEH 710 KpacHO-(puoseroBoi. Pacuer mpo-
LIEHTHOTO COJICPYKaHUsl KaJIbLUsI BEJIU 110 (hopMyie:
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_T*(V1-V2)<K+100 | e
a

C — konmuecTBO Kablys B % Ha 10 MT 30IIBL;

T — TUTp KanbLyst O HATPUS dAETATY, T/MIT;

V/V, — KOIMYeCTBO MJI THTPOBAHHOIO PacTBOPA,
MOLIEAIIET0 Ha TUTPOBAHME KOHTPOJIBHON/OIBITHOM
pOOBI, MIT;

K — ko3 duipieHT monpaBKyu K MOJISPHOCTH THTPO-
BAaHHOTO PacTBOPA;

100 — dakrop nepecyera B %,

a — uccieayeMast HaBecka 3071bl, T.

KomnuectBennoe omnpenenenue ¢ocdopa mposo-
TV METOZIOM (POTORIIEKTPOKOJIOPUMETPHH, IS TIOIY-
YEeHUsI OKPAILICHHOTO PacTBOPA MCIIOIB30BAIH PEAKIHIO
MOJIMOICHOBOM CHHM (CEPHOKHUCIIBIN PacTBOp MonnbaaTa
HATpHs B BOIHOM pacTBOpE THApasuHa cyibdara) [14].

Memoouxka: oxono 10,00 Mr (ToUHast HaBeCKa) 30JIbI
pactBopsitoT B 0,5 MII XJIOPHCTOBOIOPOIHON KHCIIOTHI
KOHIICHTPUPOBAHHOM 1 KOJIMYECTBEHHO Pa3BOMST B Mep-
HoI1 ko10e BMecTuMocThI0 250 Mi1. K 1 mit pacTBOpa 30161
J00aBIISIOT CMECh HaTpHsl MOJNO/1aTa B CEPHON KUCIIOTE
pactBopa 0,25% wu ruapasuHa cyibdara BogHOTO pac-
tBOpa 0,15% B coortHomeHnun 2,5:1, mepeMemnBaOT U
BBIICP)KUBAIOT HA KUITAIICH BOJSHOM OaHe B TeueHnn 10
MHHYT U OTPEJEISIOT ONTHYECKYIO INIOTHOCTD TP JUTH-
HE BOJIHBI 650 HM MPOTUB XOJIOCTOrO KOHTPOJISL. AHAIO-
ru4Ho nposoxdar uccienoBanue ¢ 0,001% crangapTHbIM
pactBopoM (hocdopa. Pacyer nporieHTHOTO copepKaHus
(dbocdopa BexyT 1o popmye:

_ A *0,01*250=+100 e
Act % 10

A — onrTrdecKas IIOTHOCTB HCCIIEAYEMOTO pacTBOpa;

A_, — OTITHYECKast INIOTHOCTH CTaHIAPTHOTO PAacTBOPA;

0,01 — comeprxanue dpocdopa B MT B | MIT cTaHmapTa;

10 — KOMMYECTBO MT 30JIBI B HCCIICAYEMOIl HaBECKe;

250 — 0O6BeM, B KOTOPOM PAacTBOPEHA HABECKA;

100 — daxrop mepecuera B %;

C — xomuectBo ocdopa B % Ha 100 1 301BI

ONEKTPOMETPUIECKOE HCCIIEIOBAHNE TIEHOK JIeKap-
CTBeHHBIX. Ha ocHOBe 100pOBOIEHOTO HH(POPMUPOBAHHO-
TO cOmIacusi B MCCIIEI0BAHNN MPHHIMAIN ydJacTue 45 ma-
IIMEHTOB C YCTAHOBJICHHBIM MAarHO30M KapHec 3Maju, 13
KOTOpHIX 30 TAIMEeHTOB HAXOMMIOCH B Bo3pacte 18-25 mer
u 15 B Bo3pacte ot 7 mo 16 ner. B menmom, nedeHno moa-
Beprock 78 3y00B (ppoHTaNBHON TpymIIEL. OTIeHKa KITMHA-
YECKHX JIAHHBIX TPOBOAMIACH HA OCHOBAHMH WHJIEKCHOM
OIICHKH COCTOSTHMS TUTHEHBI TIOJIOCTH PTa, HHTEHCHBHOCTH
kapueca (KITY), a11eKTporpoBOTHOCTH AMAITH U BUTATIBHO-
TO OKpAIIMBaHMs dMau 2% pacTBOPOM METHIEHOBOTO CH-
HEro (MHTEHCHBHOCTH OKPAIINBAHMS O4aroB AEMUHEpaIH-
3aLUK SMAJIH ONPEAEIISIIA IO KOHTPOJIBHOM I'paIlaliiOHHON
JIECATHUTIONBHON TTOTyTOHOBOH MmKaie) [17].

VYpoBeHb THUTHEHBI IMOJOCTH PTa BCEX MAIMEHTOB
P TIEPBUYHOM OOCIIEIOBAaHUN COOTBETCTBOBANl KpH-
TEPUSIM «XOPOLIMI» U «YIOBIETBOPUTEIbHBINY. [lanu-
SHTBI TPEIBSIBISUIN KaJ00bl HAa Hanu4ue OeNoro MsATHA
(KocMeTHYecKuit TeeKT) U TyBCTBO OCKOMHHEI, TaKXKe
OTMEYaJIach NOBBIIICHHAS TPOHNIIAEMOCTh SMAJIN IIPH €€
BUTAJILHOM OKPAIIMBAaHWN.
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[To uTOoraM HMCXOIHOTO OCMOTpa BCEM MHaIlEeHTaM
IpoBefieHa mpouenypa NIpo(ecCHOHANBHONH TI'HIHe-
HBI MOJIOCTH pTa, TAK)Ke MAaIlMeHTHI MPOLUIH 00yueHue
MpaBMWJIaM TUTMEHWYECKOrO yXoJa 3a MOJIOCTBI0 pTa U
METOUKE CaMOCTOSITEILHOTO HCIIOIb30BAHUS IUICHOK
JICKApCTBEHHBIX B aMOyJaTOpHBIX ycloBHsX. Peko-
MEHJIOBAJIUCH aNIJINKAIUK MJICHOK JIEKaPCTBEHHBIX Ha
BECTUOYIAPHYIO IIOBEPXHOCTH 3yOOB B 001acTH oyara
JeMUHepaIu3auy (KpaTHOCTh MpUMeHeHus — | pa3 B
JieHb, Ha HOoub). Kypc pemuHepanusymoomei Tepanuu ¢
HCIIOJIb30BaHUEM aNIUIMKALUN MICHOK JeKapCTBEHHBIX
cocTaBsl 1 Mecan u Gonee B 3aBUCUMOCTH OT BBIpa-

JKCHHOCTH KJIMHMYCCKHUX TposiBIicHUH. Bce manuen-
Thl HaXOIWJINCh Ha JUCIAHCEPHOM HaOmoaeHUu a0 1
rona. KoHtpons amektporpoBomHocTd 3mManu (DI13)
OCYIIECTBIISUIM ¢ TOMOIIbIO amnmapata «Jlenract» (I'eo-
codT).

PE3YJIBTATBI U OBCYXJIEHMUME. Uccnenoa-
HUE PEMHUHEPATU3YIONICH aKTHBHOCTH MTPOBOIMIN METO-
JIOM OTIpe/IeNIeHUs KaJIblinsl U pocdopa B 30J1€ dIMAIH CO
CTaTUCTUYCCKOM 00pabOTKOW MONTYUYCHHBIX PE3yIIbTaTOB
cornacHo ['® P® XIII uznanwus [18]. PeaynbraTs! uccie-
JIOBaHUSI PEMUHEPATU3YIOIICH aKTHBHOCTH METOIIOM in
vitro IpeCTaBJICHbI B Tabmuue 1.

Tabnuya 1 — Cooepicanue kanvyus u ocpopa (%) 6 301e Imanu 0o u noce nedenus zenem
U NIACHKAMU J1eKapCmeeHHbiMu 0J15 1e4eHUs Kapueca IMaau

Tpemapar ConeprkaHne Kaablus B 301€, % Coneprxanne ¢ocdopa B 301e, %
J0 JICUCHHUS HOCJIC JICUCHUS J0 JICUEHUS HOCJIC JICUCHUS
37,39+2,17 38,2142,72 23,88+0,78 24,70+0,45
36,57+1,32 40,6743,14 25,92+0,96 27,25+0,62

Iens 32,81+1,54 36,08+1,11 24,77+0,64 26,90+1,37
34,42+1,53 37,25+2,07 26,05+0,89 27,48+0,96
36,17+2,23 39,02+2,52 25,59+0,37 27,13+1,05
36,57+0,98 39,03£1,56 29,12+1,06 29,45+0,39

[Tnenkn 38,21+2,30 39,03+2,98 23,28+0,18 25,15+0,98
JE€KapCTBEHHbIC 31,16+1,62 39,6+2,45 26,38+0,71 26,68+0,59
35,12+1,44 38,06+1,17 25,68+0,67 26,72+0,41

37,39+2,01 38,21+2,27 23,88+0,65 24,70+0,54

Ha ocHOBaHMM NaHHBIX, IPEJICTABICHHBIX B TaOJIH-
e 1, ycTaHOBIIEHO, UTO pa3pabOoTaHHbIE JIEKAPCTBEHHbIC
(OpMBI IS JIeUeHNS Kapreca SMaln JOCTOBEPHO MOBbI-
IaroT cofiepykaHue Kanbiusa u gochopa B amanm 3yoda.
I'enb ¥ TUIGHKH JIEKapCTBEHHBIE TPOSIBIISIIOT COMOCTABH-
MYIO APYT C JPYTOM PEMHHEPAIN3YIOIIyI0 aKTHBHOCTB,
JIOCTOBEPHO TPEBBIMIAIONIYI0 KOHTPOJIbHBIEC MTOKA3aTEIN!,
1 MOTYT OBITh B3aMMO3aMEHSAEMBI NIPH IPUMEHEHUH 110
YCMOTPEHHIO JIEYAIIEro Bpaya.

OnekTpoMeTpuueckoe uccienoBanue. IlpenBapu-
TEJIbHBII OCMOTP MAIIEHTOB BBISBIII HAJIWYNE HA BECTH-
OyJISIpHOH TIOBEPXHOCTH 3y0OB (DPPOHTANBEHOW TPYIIITBI
oyaroByro aemuHepanmmzanuio sMamn (O[D) ¢ pazmmy-
HOW MHTEHCHBHOCTBIO MOpakeHus. [Ipn 30HANpOBaHUM
YCTaHOBJICHO, YTO HMaJIb B 00IaCTH 04aroB AEMHUHEPAIIH-
3aIM UMEJIa MAaTOBYIO U IIEPOXOBATYIO TOBEPXHOCTh. B
41,1% naOmroeHUT 04aru [eMUHEpaTH3aiy SMaJH CO-
cTaBuiy oT 1,5 10 2 MM, cpeaHsis CTeNeHb OKpalllBaHUs
0T 4 10 5 OanyIoB W CpeAHss BEIMYMHA OKPAIINBAHUS —
4,6 £0,21 mm. B 58,9% ciydasx BbIsBICHBI OoJiee KpyTI-
HBIE OYary JeMUHEPAIM3aLHH Mali pa3MepoM oT 3 10 4
MM (3 manuenTa mmenn O3 G6omnee 4,5 Mm). B aTux ciy-
Yasgx OTMe4eHa 1 00Jiee BBICOKAs CTENIEHb OKPAIIBAHHS
ot 6 1o 10 6aymIoB co cpemHeil BETMYMHON OKpaIIHBaHU
7,9 = 0,18 mM. JKamo0bI Ha MTOBBIIIICHHYIO 9yBCTBUTEIb-
HOCTB 3y00B B oonactu OO Ha XUMUYeCKHe U TeMIlepa-
TYPHBIE Pa3APAKUTENN MIPEABSIBISUIN 5 TAIIMEHTOB.

B pesynberate KypcoBOTO MPHMEHEHHS IUICHOK Jie-
KapcTBEHHBIX B TeyeHue 30 JHEH y BceX MAaLUEHTOB
OTMEYCHA TEHJEHNUS K YMEHBIICHHIO WHTEHCHBHOCTH

MOPAXEHUsI MOBEPXHOCTHOTO cJost amManu. B 26,7% na-
Omronernii (12 manueHToB) OKpAITMBAHUE IMAJH OTCYT-
cTBOBAJIO, B 44,4% Habmonennii (20 MarMeHTOB) BBISB-
JIeHA HU3Kas CTENeHb OKpalmuBaHus, B 28,9% ciryuyasx
(13 mammeHTOB) OTMEUeHa CpEAHsSS CTENEeHb OKpalll-
BaHUS. 3HAYUTEIFHO COKpaTwiuch pasmepsl O/ ¢ 4,5
MM 110 2,53 MM. O9aru AeMUHEepaTH3aliH CO CTETICHBIO
OKpammBaHus 6 6ayUIoB U Oosee He oOHapyskeHbI. [Tocne
MIPOXOXKICHHS Kypca JICUCHHS TTAIlUSHTHI He TIPEIbsIBIIS-
JIU 7Kallo0 Ha TOBBIIICHHYIO YYBCTBHUTEIBHOCTH, TaKKe
YYBCTBUTEIHHOCTH IMaJH OTCYTCTBOBAJIA MIPU 30HANUPO-
BaHUM OYara JCMHUHEPATH3aINH, YTO SBIISICTCS BaYKHBIM
KPUTEPHEM IPOSBICHIS PEMHHEPATH3YIONICH aKTHBHO-
CTH TUICHOK JIEKapCTBEHHBIX. [Ipn mampHeimem mpume-
HEHHH TUICHOK JIEKapCTBECHHBIX HAOMI0aI0Ch YMEHbIIIe-
HHE Pa3MEpOB OUAroB JACMUHEPATH3AIUN U WX TOTHOE
HCYE3HOBEHHE. Taxke y 4acTH IMAICeHTOB HCYe3a Ma-
TOBOCTh U IIEPOXOBATOCTH IMMOBEPXHOCTH dMaJH B 001a-
CTH 0YaroBOil IeMHHEpaJIHW3alld, MMOBEPXHOCTH CTaja
IIaKOM U OJIECTSIIEHN.

DIEKTPOMETPUIECKIE WCCICIOBAHHUS CBHICTEIh-
CTBYIOT O TOM, YTO IIPIMEHEHHE TUIEHOK JICKaPCTBEHHBIX
CIO0COOCTBOBAJIO CHIKEHHUIO JIEKTPOIPOBOAHOCTH dMa-
JIM ¥ TIOBBICWJIO CTENEHb MUHEpAIU3alUK dMaiu B 1,5-2
pasa. [Ipu ucxomnom obcenoBarnu obmactu O3 D110
cocraBisuia ot 3,6 MkA 10 2,5 MKA, a cinycrs 30 el
mocrne nedeHns D19 cumsmnacek mo 1,7-1,5 MkA. Tlpu
6oIree MPOAOIHKUTETHEHOM JICIEHUH 09aroBO JeMUHepa-
smzauuu smanu 11D ymensmnacs 1o 1,15-0,2 MxA.

Hcxonst w3 BBIMIE MPEICTABICHHBIX PE3YIIETaTOB
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MIPOBEJICHHOTO  3JIEKTPOMETPUUECKOTO HCCIIEJOBAHNS,
MOYKHO CJIeJIaTh 3aKJII0YEeHHE O OJIaronpusTHOM BO3ZCH-
CTBHH IIJICHOK JICKAPCTBEHHBIX Ha 3Malb 3y0a. B wacr-
HOCTH, peMHHepayu3ytomas >(PPEeKTUBHOCTh IIJICHOK
JIEKAPCTBEHHBIX TOATBEPANIACH MOBBIIICHUEM TBEPJIO-
CTH CTPYKTYpBI dMalli, YMEHBIICHHEM WHTEHCHBHOCTH
okpammBanus msiteH O/13, CHIKEHHEM YyBCTBHUTEIILHO-
CTH 3y0OB K Pa3ApayKUTEIISIM pa3IndHON TIPUPOJBI [0 e¢
MOJTHOTO MCYe3HOBeHMs. TakuM o0pas3oMm, pa3zpaboTaH-
HBIC TUICHKH JIEKAPCTBEHHBIE MOXKHO PEKOMEHJIOBAaTh K

WCIIONIb30BAaHHUIO B KauyecTBE JieueOHO-TpopUIaKTHyIe-
CKOTO CPE/ICTBA, CHOCOOCTBYIOIIETO YIYYIICHUIO COCTO-
SIHUSL TBEP/BIX TKaHeH 3y0a.

3AKJIIOYEHHME. B pe3synsrare NpoBeAEHHBIX UC-
CJIEIOBAHUM in Vivo U in vitro yCTaHOBJEHO, YTO pa3pa-
6otannbie JIO oka3pIBalOT peMUHEPATHU3YIOMHH (P PeKT
— HaCBIIAIOT 3yOHYIO dMajlb HOHAMH KaJbIHs U Gocdo-
pa, 4TO TTO3BOJIET PEKOMEH/I0BATh el U IJICHKH JIeKap-
CTBEHHBIC JUIS TIOBBIICHHS d(PPEKTUBHOCTH NPOQHIIaK-
THUKH 1 JICYCHUS HAYaJIbHOTO Kapreca dMalli.

INTRODUCTION. Nowadays, the problem of den-
tal caries is a serious medical and social problem. In the
structure of dental diseases, caries and its complications
occupy 95.5%. Progressive lesion of hard tooth tissues,
complicated by inflammation of the pulp and periapical
tissues, causes acute pains, often leads to loss of teeth and
can be a source of diseases of the musculoskeletal system
and internal organs [1, 2]. One of the most promising ar-
eas of dental caries prophylaxis is remineralizing therapy
aimed at normalizing the mineral composition of tooth
enamel which consists of professional dentistry with spe-
cial preparations. With the help of remineralizing thera-
py, it is possible to saturate enamel with ionsof calcium
and phosphorus, fluoride, etc., remove demineralized ar-
cas of tooth enamel caused by the process of demineral-
ization, and also by the influence of preventive measures,
prevent enamel damage caused by wash-out of mineral
elements from hard tooth tissues [3—6]. As a result of the
complex of scientific and experimental research carried
out at the Department of Pharmaceutical Technology of
Perm State Pharmaceutical Academy (PSPA), gel and
drug films for the treatment of enamel caries have been
developed [7-12].

THE AIM of this work is to study remineralizing ac-
tivity of dosage forms for the treatment of initial enamel
caries.

MATERIALS AND METHODS. As active phar-
maceutical substances in dosage forms, calcium chloride
(FS 42-0006-5675-04 P.003964.01), potassium phos-
phate disubstituted (FS 42-1297-79), sodium fluoride
(PS.2.2.0013.15), auxiliary substances — gelling agent
sodium-carboxymethylcellulose  (sodium-CMC) C75
(TU 6-55-39-90), plasticizer glycerin (PS.2.2.0006.15),
purified water (PS.2.2.0020.15) — have been used. Rem-
ineralizing activity was studied by the method of deter-
mination of calcium and phosphorus in the enamel ash
in vitro. The statistical processing of the obtained results
was performed according to GPA 1.1.0013.15 using the
critical value of Student’s t-test and the electrometric
method, by determining the electrical conductivity of the
tooth enamel in vivo.

These studies were carried out in accordance with
the ethical standards of the committee responsible for
human experiments (institutional and national) and the
1975 Helsinki Declaration, revised in 2000. The studies
were approved by the Local Ethical Committee of FSAEI
HE “Perm State Medical University” n.a. E.A. Vagner
(the Ministry of Health of the Russian Federation”).
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On the basis of the informed voluntary consent, vi-
sually intact teeth (molars and premolars of the lower
jaw), removed on orthodontic and orthopedic grounds in
individuals aged 20-35, were included in the study of de-
termination of calcium and phosphorus in the enamel ash
in vitro. The removed teeth were stored in the thermostat
at the temperature of 37 + 2°C in the solution of artificial
saliva [13]. For the study, the prototypes were divided
into 2 groups (10 test samples in each group): 1 — drug
gel for the treatment of enamel caries, 2 — drug films for
the treatment of enamel caries.

Each tooth was pre-cleaned by brush and fluo-
rine-free paste and half-sliced with the use of special
equipment. One half of the tooth served as atest sample
and was not subjected to treatment, the second half of the
tooth was subjected to a full course of treatment. For 14
days, once every day, 15-minute applications were made
by applying drug gel or fixing drug films to the surface of
the enamel of the test samples at the constant temperature
of 37 + 2° C. In the intervals, the teeth were in the ther-
mostat in the solution of artificial saliva.

The method of determination of calcium and phos-
phorus in the enamel ash in vitro is based on tooth ashing
and the subsequent determination of calcium and phos-
phorus in it by chemical and instrumental methods [14].
The test samples were ashed separately at 450-500° C in
the muffle furnace. The resulting ash was used to deter-
mine calcium and phosphorus in it.

Quantitative determination of calcium was carried
out by reverse complexometric titration [15, 16].

Methods: about 10.00 mg (accurately weighed quan-
tity) of ash is dissolved in 0.5 ml of concentrated hydro-
chloric acid; after complete dissolution of the ash, 10
ml of purified water and 5 ml of 0.05 M sodium edetate
solution are added andmixed up,then the ammonia buffer
solution is addedwhile stirring up to pH = 12.5 to exclude
the determination of concomitant magnesium ions. The
indicator is an acid-chrome-tanned dark blue colour. The
excess 0.05 M sodium edetate solution is titrated with 0.1
M magnesium sulfate solution.

At the same time, a control experiment is conduct-
ed. An analytical signal is a color transition from blue to
red-violet. The calculation of the percentage of calcium
is carried out according to the formula:

C= T+(V1-V2)x K100 \where
a
C — the quantity of calcium per 10 mg of ash, %;
T — the titer of calcium for sodium edetate, g / ml;
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V, /' 'V, — the number of ml of the titrated solution
used for the titration of the control / test sample, ml;

K — a correction coefficient to the molarity of the
titrated solution;

100 — a conversion factor, %,

a — a weighed quantity of ash, g.

Quantitative determination of phosphorus was car-
ried out by photoelectrocolorimetry. To obtain a colored
solution, a molybdenum blue reaction (sodium molyb-
date sulphate solution in hydrazine sulfate aqueous solu-
tion) was used [14].

Methods: about 10.00 mg (accurately weighed quan-
tity) of ash is dissolved in 0.5 ml of concentrated hydro-
chloric acid and quantitatively diluted in a volumetric
flask with a capacity of 250 ml. A mixture of sodium
molybdate in 0.25% sulfuric acid solution and hydrazine
— 0.15% sulphate aqueous solution — in the ratio of 2.5:
1 is added to 1 ml of the ash solution; the ingredients are
mixed up and kept in a boiling water bath for 10 minutes.
The optical density is determined at the wavelength of
650 nm against blank monitoring. Similarly, a study is
carried out with 1 mg of a standard phosphorus solution.
The percentage of phosphorus is calculated according to
the formula:

Similarly, a study is carried out with 0,001% stan-
dard phosphorus solution.

A=*0,01%250=%100
C= , Where
Act * 10

A — the optical density of the test solution;

A, — the optical density of the standard solution;

0.01 — the quantity of phosphorus in 1 ml of the stan-
dard, mg;

10 — the quantity of ash in the test sample, mg;

250 — the volume in which the sample is dissolved;

100 — a conversion factor, %;

C — the quantity of phosphorus per 100 g of ash, %.

Electrometric study of drug films. On the basis of the
informed voluntary consent, 45 patients with the estab-

lished caries enamel diagnosis participated in the study,
hereby 30 patients were aged 18-25 and 15 patients were
aged from 7 to 16. In total, 78 teeth of the frontal group
were treated. The clinical data were evaluated on the ba-
sis of the index assessment of the oral hygiene state, def
caries index, the electrical enamel conductivity of and
vital staining of enamel with a 2% solution of methylene
blue (the intensity of staining of the enamel demineral-
ization foci was determined on the basis of the control
gradation tenfold grayscale scale) [17].

In the primary examination the level of oral hygiene
of all the patients met the criteria of “good” and “satis-
factory”. The patients complained about the presence of
a white spot as a cosmetic defect and a sense of numb-
ness, and there was also an increased permeability of the
enamel in response to its vital staining.

Based on the results of the initial examination, all the
patients were subjected to the professional oral hygiene
procedure, and the patients were trained in hygienic care
of the oral cavity and the methods of the self-use use of
drug films in outpatient settings. Drug films were recom-
mended to apply to the vestibular surface of the teeth in
the area of the demineralization focus (the frequency of
application was once a day, before going to bed). The
course of remineralizing therapy with the use of drug
films applications was 1 month or longer, depending on
the severity of clinical manifestations. All the patients
were on dispensary supervision for up to a year. The
enamel electrical conductivity of the enamel (EEC) was
monitored with the help of the Dentest device (Geosoft).

RESULTS AND DISCUSSION. The study of rem-
ineralizing activity was carried out by the method of
determination of calcium and phosphorus in the ash of
enamel with statistical processing of the results obtained
according to the State Pharmacopoeia of the Russian
Federation, XIII-th edition [18]. The results of the study
of remineralizing activity by the in vitro method are pre-
sented in Table 1.

Table 1 — Calcium and phosphorus content (%) in the enamel ash before and after the treatment
of enamel caries with gel and drug films

Calcium content Phosphorus content
Study medication in the enamel ash,% in the enamel ash, %
Before treatment After treatment Before treatment After treatment
37.39+2.17 38.21+2.72 23.88+0.78 24.70+0.45
36.57+£1.32 40.67+3.14 25.92+0.96 27.25+0.62
Gel 32.81+1.54 36.08+1.11 24.77+0.64 26.90+1.37
34.424+1.53 37.25+2.07 26.05+0.89 27.48+0.96
36.17+2.23 39.02+2.52 25.59+0.37 27.13+1.05
36.57+0.98 39.03+1.56 29.12+1.06 29.45+0.39
Drug films 38.21+2.30 39.03+2.98 23.28+0.18 25.15+0.98
31.16+1.62 39.6+2.45 26.38+0.71 26.68+0.59
35.12+1.44 38.06+1.17 25.68+0.67 26.72+0.41
37.39+£2.01 38.214+2.27 23.88+0.65 24.70+0.54

Basing on the data presented in Table 1, it has been
established that the developed dosage forms for the treat-
ment of enamel caries significantly increase the content

of calcium and phosphorus in the tooth enamel. The gel
and drug films show the remineralizing activity compa-
rable to each other that significantly exceed the control
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indices and can be used interchangeably when applied at
the discretion of the attending physician.

Electrometric study. A preliminary examination of
the patients revealed the presence of focal enamel de-
mineralization with different intensity of lesion on the
vestibular surface of the teeth of the frontal group. While
probing it was established that the enamel in the area of
the foci of demineralization had a matte and rough sur-
face. In 41.1% of cases, the enamel demineralization foci
were from 1.5 to 2 mm, the average degree of staining
was from 4 to 5 points, and the average staining value
was 4.6 = 0.21 mm. In 58.9% of cases, larger enamel
demineralization foci with the size from 3 to 4 mm were
detected (3 patients had the area of focal enamel demin-
eralization larger than 4.5 mm).

As a result of the course use of drug films for 30
days, all the patients showed a tendency to reduce the in-
tensity of the lesion of the surface enamel layer. In 26.7%
of cases (12 patients), enamel staining was absent, 44.4%
of observations (20 patients) showed a low degree of
staining, in 28.9% of cases (13 patients), an average de-
gree of staining was noted. The sizes of the focal enamel
demineralization significantly reduced from 4.5 mm to
2.5-3 mm. The foci of demineralization with a degree
of staining of 6 points or more were not found out. After
the course of treatment, the patients did not complain of
the increased sensitivity, and the sensitivity of the enamel
was absent when probing the focus of demineralization,
being an important criterion for demonstrating the rem-
ineralizing activity of drug films. With further applica-
tion of the drug films, a decrease in the dimensions of the
demineralization foci and their complete disappearance

was observed. Besides, a number of patients stopped suf-
fering from dullness and roughness of the enamel surface
in the area of focal demineralization; the surface has be-
come smooth and shiny.

Electrometric studies indicate that the use of drug
films contributed to the decrease in the electrical conduc-
tivity of enamel and increased the degree of enamel min-
eralization by the factor of 1.5-2. At the initial survey of
the focal enamel demineralization, the electrical enamel
conductivity (EEC) was from 3.6 pA to 2.5 pA, and 30
days after treatment the EEC decreased to 1.7-1.5 MKA.
With a more prolonged treatment of the enamel focal de-
mineralization, the EEC decreased to 1.15-0.2 pA.

Basing on the results of the electrometric study pre-
sented above, it is possible to draw a conclusion about the
favorable effect of drug films on tooth enamel. In partic-
ular, the remineralizing efficiency of the drug films was
confirmed by the increase in the hardness of the enamel
structure, a decrease in the staining intensity of the focal
enamel demineralization spots, a decrease in the sensi-
tivity of the teeth to stimuli of various nature, until its
complete disappearance. Thus, the developed drug films
can be recommended to be used as a therapeutic and pro-
phylactic agent that contributes to the improvement of
the condition of hard tooth tissues.

CONCLUSION. As a result of the studies conduct-
ed in vivo and in vitro, it has been established that sat-
urating the tooth enamel with calcium and phosphorus
ions, the developed dosage forms have a remineralizing
effect and, therefore, can be recommended for increasing
the effectiveness of prevention and treatment of the ini-
tial enamel caries.
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