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EkcnepuvMeHTasibHa MoAesib AOCNIAKEHHSNA
BignoBiAi KNITUH Ha BMJIMB NapoOAOHTAaNIbHUX
reneBuMx KOMNo3uuin Ta 6pekeris,
noTeHuUuinoBaHuX enekrpodopesom

Oner lNogoBaHuin!, Hatania Yyxpain!, Onecs Maptosnoc?,
Onbra Kntouiscbka?, Poctucnas Mopbaiis,
MapuHa CtapukoBuy?, Poctucnae Ctoinka?

IbBIBCbKU HaLIOHA/IbHMI MEANYHNI YHIBEPCUTET
imeHi flaHnna anvybkoro, JIbBiB, YkpaiHa

2IHCTUTYT 6ionorii KniTuHM

HauioHanbHoOI Akagemii Hayk Ykpainu, JIbBiB YKpaiHa
3HaykoBO-A0CNiAHMIA LUEHTP anonTosy,

AuTtada nikapHa HaykoBoO-40CiAHOMO iHCTUTYTY
CxigHoro OHTapio, OtTaBa, OHTapio, KaHaga

MeTor UbOro JocnigkeHHss 6yno BMBYEHHS edeKTMBHOC-
Ti NPOHMKHEHHS reneBoi KOMMNO3uMuUii Ha OCHOBI (/JlaBOHOIAHO-
ro komnnaekcy Ta 6eH3mpgamiHy rigpoxniopuay (3anaTteHToBaHa
napoaoHTasbHa renesa komno3uuia «beHsnpgadnasisepanH»
(FKB)) B iMiTauiiHe cepepoBulle, HabnmxeHe A0 TKaHMH na-
POLOHTY, WO MICTU/I0 Y CBOEMY CKNaAi TpU TUMKU KITUH CCaBLiB
i NOAVHW B HaMiBpiAKOMY arapi 3 BUKOPUCTAHHAM npouenypu
enekTpodopesy.

Metoau pocnipxxeHHs. Jocnigxysanu ePeKTUBHICTb MPOHUK-
HeHHS TKB i npenapaTiB nopiBHAHHSA («Xonican», «[eHrirenb»)
B iMiTaUinHe cepenoBuLLe TKAHMH MapoAoOHTY Ha eKcrnepuMeH-
TanbHin Mogeni in vitro, Wo MiCcTUna TpU TUMNWU TECT-KNITUH,
BUPOLLEHNX Yy CepefoBULLI 3 HaniBpiAKMM arapoM: muwadi odi-
6pobnactu ninii BALB-3T3, muwaui makpodarn niHii 1774.2
Ta nceBAOHOPMasibHI NOACBKI KepaTuHoUMTK Ninii HaCaT. Ans
enekTpodopesy BMKOpucTaHo npunag «Motik-1» (C3MO). OAnga
OUiHKM BMNAMBY MeTasiYHUX e/IeMEHTIB B MIKPOOTOYEHHI TEeCTO-
BAaHUX KNITUH BUKOPUCTAHO HEBXWMBAHI Ta BiagnpauboBaHi B No-
POXHWHI pOTa OPTOAOHTUYHI 6pekeTn. MeTtoa MTT-TecTyBaHHS
rnongaras y eKBiBaJIEHTHOMY OLIHIOBAHHI KiNbKOCTi XUBUX KIJli-
TUH. [Nna BU3HAYEHHS PiBHSA MPOAYKYBaHHS aKTUBHUX (opM
kncHio (A®K) 3actocoByBanu dapbyBaHHS KNITUH MepoKcua-
cneumdiyHMM NOMiHECLEHTHMM 30HAOM aurigpoeTtuaiem (DHE).

Pe3ynbtatn. Kb BuaBnsna Kpally 3a npenapaTtm nopiBHAHHSA
(«Xonican» Ta «[eHrirenb») CNPOMOXHICTb CNpUATK nponidepa-
Lii ycix TmniB gocnig)XyBaHux KiTuH. MNMpoueaypa enektpodope-

3y NOTeHUioBana UMTOCTUMYNOBAsbHY i 3aXMUCHY Aito 'KB npu HaHeceHHi 3acoby Ha «+» enekTpoa.
JocnigXeHHs 3 BUKOPUCTAHHSAM eKCNePUMEHTasnbHOI MoAeNi KNITUHHMUX KyNbTyp B iMiTauiiHOMy ce-
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An experimental model for studying

the response of cells to the effects

of periodontal gel compositions

and braces potentiated by electrophoresis

Oleg Hodovanyi!, Natalya Chukhray?, Olesia Martovlos?,
Olha Klyuchivska?, Rostyslav Horbay?, Marina Starykovych?,
Rostyslav Stoika?

Danylo Halytsky Lviv National Medical University, Lviv,
Ukraine

?Institute of Cell Biology, National Academy of Sciences of
Ukraine, Lviv, Ukraine

3Apoptosis Research Centre, Children’s Hospital of Eastern
Ontario Research Institute, Ottawa, Ontario, Canada

Aim: investigation of the effectiveness of penetration of a den-
tal gel composition based on a flavonoid complex and benzy-
damine hydrochloride (patented periodontal gel composition
Benzidaflaziverdin (GCB)) into the simulated environment of
periodontal tissues consisting of three types of mammalian
and human cells in semi-solid agar using an electrophoresis
procedure. Research methods. The penetration of GCB and
comparison drugs (Cholisal, Gengigel®) into the microenviron-
ment of periodontal tissues was explored in vitro, consisting of
three types of cells grown in semi-solid agar. These are murine
BALB-3T3 fibroblasts, murine 1774.2 macrophages, and pseu-
do-normal human HaCaT keratinocytes. Electrophoresis was
conducted using the Potik-1 device (SMEP). Unused and used
orthodontic braces were applied in the oral cavity to assess the
influence of metal elements in the cellular microenvironment.
Cell viability was quantified using an MTT test. The reactive
oxygen species (ROS) level was determined after cell staining
with fluorescent dye dihydroethidium (DHE).

Results. GCB showed a higher ability to promote the prolifer-
ation of all studied cells compared with Cholisal and Gengigel®
drugs. Electrophoresis potentiated cytostimulatory and protec-
tive effects of GCB when applied to + electrode. This evidences
that the duration of electrophoresis conducted in clinics can be
reduced from 15-20 min per jaw to 15-50 sec. In comparison,
the prolongation of GCB action and local delivery of flavonoid
complex and benzydamine hydrochloride into the microenvi-
ronment were maintained. Unused braces were shown to lose
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metal cations more intensively in the culture microenvironment, thus increasing oxidative stress.
It is suggested that GCB modulates the ability of cells to withstand oxidative stress.

Conclusions. GCB may be recommended as a new product for periodontal dressing in clinical

periodontics and orthodontics.

Keywords: antioxidant activity, periodontal gel composition, braces, electrophoresis, cytopro-
tection, biotesting, fibroblasts, macrophages, keratinocytes, biological tissue simulation medium,

periodontium.
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pefoBuLLI NPOAEMOHCTPYBANO0 3HAYHUI NOTEHLUian enekTpodOopeTUUHOI Npoueaypu ANs NOCUNEHHS
NPOHMKHEHHSA KOMMNoHeHTiB KB yrnnb moaeni TkaHWH napofoHTy. Lle € goka3om Toro, o Tpuea-
nicTb npoueaypw enektpodopesy B KIiHili Moxe 6yTM ckopodeHa 3i ctTaHaapTHux 15 — 20 xB Ha
oAHY wWeneny Ao 15-50 cek. Mpwu ubomy 36epiranaca nponoHrauisa aii KB i cnpsmoBaHe nokanbHe
OOCTaBASAHHSA i @KTUBHUX KOMMOHEHTIB (p/1aBoOHOIAHOrO KOMMeKkcy Ta 6eH3umaaminy rigpoxnopuay)
BrnnMb cepenosuLla. TaKoX BCTAHOB/IEHO, WO HEBXMBaHI 6pekeTn 6inbll iIHTEHCMBHO BTpavanu Ka-
TiOHW MeTaniB B KyNbTypasibHOMY CeEpefoBULLi, MOCUIOIYN OKCUAATUBHUI CTpec. 3pobneHo npu-
nyLweHHs, Wwo 3a Takmx ymos KB Moayntoe 34aTHICTb KNITUH NPOTUCTOATU OKCMAATUBHOMY CTPECy.

BucHoBku. KB MOXHa pekoMeHAyBaTh K HOBM CTOMATOMOrMYHWUI 3acib y KNiHIYHIA NapoaoH-
TONOrii Ta OPTOAOHTII ANA NapoAOHTaNIbHUX MOB'A30K.

KnrouoBi cnoBa: aHTUOKCMAAHTHA aKTUBHICTb, MapoAoHTasibHa refieBa Kommnosuuis, bpekeTwu,
enekTpodopes, UNTONPOTEKTOPHICTb, 6ioTecTyBaHHs, dhibpobnactu, Mmakpodarm, KepaTMHOUMTH,
iMiTauiiHe cepegosuLle 6ioNoriyHNX TKaHWH, NApPOAOHT.

BcTtyn 30KpeMa, nposananbHuMu dakTopamMm. Tomy
3axBOpIOBaHHA TKaHWH MapoAoHTYy B Mali€eH- aKTyanbHUM € po3pobsieHHSA naToOreHeTUYHO
TiB MONIOAOr0 Ta AOPOC/Oro BiKy Ha Thi 3y60- cnpsiMoBaHMX 3acobiB i MeToAiB AN YCYHEeHHs
wenenHux aHomanin (3LWA) npusBoasTb A0 3ananbHOro rnpouecy Ta 3HUXXEHHSA piBHA Mic-
KPUTUYHOI BTPATU KICTKOBOI TKaHWHU asibBEO- LEeBUX CTpeCc-MOAy/IbOBAHWUX MOpYyLUEHb MeTa-
NIAPHOro BiApPOCTKA LWesern, Wo 4acTo CTa€E nia- 60ni3My B TKaHMHaX NApPOAOHTY A0 i Nig Yac ak-
'PYHTSIM ANS BUHUKHEHHS 3ybollenenHux ae- TUBHOIO nepiogy OpTOAOHTUYHOIO JTiKyBaHHS.
dopmMaLin BHaACNigoK 3MilleHHS po3TallyBaHHSA

3y6iB [1; 2; 3]. ToMy CcBO€YacHa AiarHoCTuKa ®naBoHOIAM € nonideHoNbHUMK  CnonyKamu
Ta OpTOAOHTMYHA Kopekuis 3LUA € Bkpan Bax- POC/IMHHOIO MOXOMXXEHHSA, LWO npuUBEPTAOTL
nvBoto. MNpoTe BN/IMB HE3HIMHOI OPTOAOHTUYHOI 3Ha4YyHy yBary AOCNIAHMKIB 3aBASKM IXHil pi3-
anapaTypu Ha TKaHUHW NApoOAOHTY Ha T/i Ha- HOMaHITHIN 6ionoriyHin akTMBHOCTI. CnpuaTin-
BiTb HE3HAYHOI BTpPATWU peMicii 3ananbHoro abo BUM MOxe 6yTn BNAnB NaBoOHOIAIB HA KITUHU
ANCTpodivyHO-3ananbHOro naTosioriyHoOro npo- NapoAOHTY, BK/IIOYHO 3 eniTeninHUMK KNiTuHa-
uecy, mMoxe 6yTn HenepepbauvyBaHum [4; 5; MKn aceH, dibpobnactamm sceH i dibpobnacra-
6]. He3sHiMHa OpTOAOHTMYHA anapaTtypa, SKy MW NepioAoHTaNbHUX 3B'A30K, @ TaKoX OCTe0b-
3aCTOCOBYIOTb B aKTMBHOMY nepioai OPTOAOH- flactamu, LWo NiATPUMYIOTb aSibBEOJIAPHY KIiCTKY
TUYHOro NiKyBaHHA NATOJIOrii NPUKYCY, 3A4aTHA [13]. ®naBoHOIAM € TaKOX MNEPCMNEKTUBHUMMN -
NpOBOKYBaTW 3anajnbHy peakuilo HaBKOJIO 3Yy- Kapcbknmn 3acobamu ans npodinakTnkm i 3MeH-
6iB, AKi 3MiWylTbCs. BuMBINbHEHHS pi3HOMa- LWEHHS O03HaK 3anasbHUX i ANCTpPOdiyHO-3a-
HITHUX MeziaTopiB 3anasbHOro npouecy (30- nasibHNUX 3axXBOPIOBaHb MNapoAOoHTY, 30KpeMa Ha

KpeMa, i UMTOKIHIB) IHILIIOE Kackaj peakuin y TNi MiCLLEBOro OKCMAATUBHOIO CTPEcCy.
nepiogoHTanbHil 3B'a3ui, fka 6epe yyacTb Yy

peMoAentoBaHHI TKaHMH | nepeMilweHHi 3y6is EnexkTtpodopes i3 BUKOPUCTAHHSAM MOCTIMHOIO
[7; 8]. OTxe, NOpyLIEHHS OKWC/OBasIbHO-aH- €NeKTPUYHOro CTPyMy BBaXkalTb ePeKTUBHUM
TUOKCUMAAHTHOrO 6anaHcy, WO CynpoOBOAXYE Ui METOAOM BBEAEHHS NIKapCbKNUX PEYOBUH Y TKa-
npoLecu, MoXxe Npu3BoAUTU A0 PO3BUTKY OKCU- HWHW OpraHi3My, 30KpeMa nig 4ac NiKyBaHHSA
[ATUBHOIO CTPecy, ANd AKOro XxapakTtepHe 3Ha- 3aXBOpPIOBaHb TKaHWH MNapoAOHTY. 3a Joro-
YHEe MOCWUJIEHHS MEPEKMUCHOro OKUCHEHHS nini- MOrol0 enekTpodopesy B TKaHWHU MapOAOHTY
ais (MOJ1), HaKoNMYeHHA BiINbHUX paguKanis i MOXHa BBOAUTU NULIE PO3YMHHI Yy BOAI NaTo-
3HMXEHHSA aKTMBHOCTI CUCTEMU aHTUOKCUAAHT- reHETUYHO CNpSAMOBAHI JliKapCbKi pPevYOBUHMU.
Horo 3axucty [9; 10; 11; 12]. Micnga ix noTpanasaHHA B TKAHUHU YTBOPIOETLCS

iOHHe [eno, AKe MOCTYNOBO PO3CMOKTYETbCH |
OpHi€o 3 KNHOYOBMX NAHOK 6ionorivyHoi BiANo- 3abe3neuye TpuBane HaAXOAXXEHHS NiKapCbKOi
BiAi Ha OPTOAOHTUYHE NiKYBaHHA HE3HIMHO peyoBMHM Yy KpoB. [lig 4ac enekTpodopesy
OpPTOAOHTMYHOK anapaTypol € OKCUAATUBHUM MOXe HacTaBaTu rinepemisa Tpusanictio 4o 1.5
CTpec, KUK Yy MaUi€HTIB i3 3aXBOPIHOBAHHAMMU - 2 roa, sika CTUMYJIIOE npouecn obmiHy 6iono-
napoAoHTa NOB’A3aHUN i3 PiI3HUMU YMHHUKAMW, rYHO aKTUBHUX PEYOBUH i € AXepenoM Tpusa-
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Introduction

Periodontal diseases are observed in young
and adult patients with dentoalveolar anom-
alies (DA) that lead to the loss of bone tissue
in the alveolar ridge of the jaws. Often, this
leads to dentoalveolar deformities caused
by a shift in teeth position [1; 2; 3]. Thus,
it is essential to diagnose orthodontic de-
fects promptly and correct them. However,
the effect of fixed orthodontic appliances on
periodontal tissues with even slight loss of
remission of inflammatory or dystrophic-in-
flammatory pathologies may be unpredict-
able [4; 5; 6]. Fixed orthodontic applianc-
es used in an active period of orthodontic
treatment of malocclusion may provoke an
inflammatory response around the displaced
teeth. A release of specific mediators of the
inflammatory process (e.g., cytokines) initi-
ates a cascade of reactions in the periodontal
ligament involved in tissue remodeling and
tooth movement [7; 8]. Accordingly, the dis-
turbance of the oxidative-antioxidant balance
accompanying these processes can lead to
the development of oxidative stress charac-
terized by a significant increase in lipid per-
oxidation (LPO), accumulation of free radicals
and a decrease in the activity of the antioxi-
dant defense system [9; 10; 11; 12].

Various factors may cause oxidative stress
observed in patients with periodontal dis-
ease, and proinflammatory factors belong
to key links in the biological response to the
orthodontic treatment with fixed orthodontic
appliances. Thus, pathogenetically targeted
agents and methods should be used to elim-
inate the inflammatory processes and reduce
the level of local stress-modulated metabol-
ic disorders in the periodontal tissues before
and during the active period of orthodontic
treatment.

Flavonoids are of great interest to research-
ers due to their diverse biological activities.
They may benefit the periodontal cells, such
as gingival epithelial cells, gingival fibroblasts,
periodontal ligament fibroblasts, and osteo-
blasts that support the remodeling and regen-
eration of the alveolar bone [13]. Flavonoids
may be used as promising drugs to prevent
and reduce inflammation and dystrophic-in-
flammatory periodontal diseases, in particular,
accompanied by local oxidative stress.
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The use of direct electric current in electropho-
resis is considered an effective method of drug
administration into body tissues, particularly
during the treatment of periodontal diseases.
Only water-soluble drugs with pathogenetic
effects can be introduced into periodontal tis-
sues with electrophoresis. After their entry, an
ionic depot is formed, which can be gradual-
ly dissolved to ensure long-term drug supply
into the bloodstream. During electrophoresis,
hyperemia may occur for 1.5-2 h, stimulat-
ing the metabolism of biologically active sub-
stances and prolonging nerve-reflex irritation.
All this enhances tissue regeneration and the
resorption of decay products [14]. Gum elec-
trophoresis minimizes the adverse effects of
drugs since only their biologically active com-
ponents are injected.

In this work, a preclinical study was conduct-
ed using electrophoresis with an inclusion of
the authors’ developed and patented gel com-
position Benzidaflaziverdin (GCB), consisting
of two active components - a flavonoid com-
plex (Proteflazid® drops) and benzydamine
hydrochloride (T-Sept® tablet form, which is
a non-steroidal anti-inflammatory drug for
topical use in the oral cavity) on a gel base
(sodium alginate, nipagin and water for injec-
tions) [15]. Investigating the morphological
and functional characteristics of mammalian
cells, particularly the level of cellular stress
in response to electric current, along with as-
sessing the intensity of reactive oxygen spe-
cies (ROS) production, is relevant. This makes
it possible to observe the reactions of living
cells to stressful influences in real-time.

The aim: To investigate the effectiveness of
penetration of a dental gel composition based
on a flavonoid complex and benzydamine hy-
drochloride (patented periodontal gel com-
position Benzidaflaziverdin (GCB)) into the
simulated environment of periodontal tissues
consisting of three types of mammalian and
human cells in semi-solid agar using an elec-
trophoresis procedure.

Methods

The effectiveness of GCB penetration and
comparison drugs (positive control — Cholisal
gel (Elfa, Poland) and Gengigel® (hyaluronic
acid (HA), (RICERFARMA s.r.l., Italy); nega-
tive control - Doxorubicin (Kyivmedpreparat,
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Noro HepBoOBO-pedNEKTOPHOr0 MNOAPA3HEHHS.
Yce ue nocutoe npouecu pereHepauii TKaHWH i
PO3CMOKTYBaHHS NpoayKTiB po3naay [14]. Ha-
SACEHHWUI enekTpodopes 3BOAUTb A0 MiHIMyMy
nobiuHy Ans opraHi3My Aito nikapcbkux npena-
paTiB (CMCTEMHI peakKLii opraHiamy), OCKiNbKn y
TKAHMHW BBOAMTbLCA NULLE iXHS 6ionoriyHo ak-
TUBHA CKianoBa.

Y uin poboTi BMKOHAHO AOKNiIHIYHE p[ocni-
JXEeHHS i3 3acToCyBaHHAM enekTpodopesy
3 [AOJSlyYeHHsIM po3pobneHoi aBTopaMu i 3a-
naTeHTOBAHOI refeBoi Komno3uuii «beH3un-
nadnasisepanH» (FKB), WO MiCTUTb Y CBOEMY
cknagi ABa aKTUBHUX KOMMOHEHTU - ¢naBo-
HoigHMI komnnekc (kpanni «MpoTtednasig»
Ta 6eH3mpaaminy rigpoxnopuay - TabnetrosaHa
dopma «T-CenT», WO € HECTEPOIAHUM MPOTU-
3anasibHMM npenapaTtoMm A8 MiCLeBOoro 3acro-
CyBaHHS Yy MOPOXHMWHI poTa) Ha renesii OCHOBI
(anbriHaT HaTpito, HinariH Ta Boga ANns iH'ek-
uin) [15]. AKTyanbHUMK € AOCNIAXKEHHS MOp-
dOdYHKUIOHANbHUX XapaKTepPUCTUK  KNITUH
CCaBLiB, 30KpeMa piBHA KJITUHHOIMO CTpecy Yy
BiAMNOBiAb Ha BMJIMB E€NEKTPUYHOIo CTpyMy 3
OULiHKOI IHTEHCUBHOCTI NPOAYKYBaHHA aKTUB-
HUX dopM kncHw (ADK) (ROS). Lle nae 3mory
CrocTepiratm 3a peakuisaMm XMBUX KIITUH Ha
CTPECOBi BMJIMBU Y PEXWUMi peasibHOro 4yacy.

MeToto ui€i pob6otn 6yno BUBYEHHSA edeKTMB-
HOCTi MPOHUKHEHHSA refieBoi KOMMNo3uuii Ha
OCHOBI (pnaBoHOIgHOrO KoMMnekcy Ta 6eH3u-
Aaminy rigpoxnopuay (FKB) B imiTauinHe ce-
pefoBuLle, HabmxeHe A0 TKAHWH NAPOAOHTY,
WO MiCTUTb TPWU TUMU KNITUH CCaBLUIB i IOANHU
B HanmiBpigKOMYy arapi 3 BMKOPUCTAHHAM Mpo-
uenypwu enektpodopesy.

MaTepianu i meToam.

JocnigxyBann eMeKTUBHICTb MPOHUKHEHHS
KB i npenapaTiB MOpPIBHAHHSA (MO3UTUBHWUI
KOHTponb - «Xonican» (Enbda, Monbwa) i
«[eHrirenp» (rianypoHoBa kucnota (K, HA),
RICERFARMA s.r.l., Italy); HeraTMBHWI KOH-
Tponb - [okcopy6iumH (KniBmegnpenapar,
YkpaiHa)) B iMiTauiiHe cepenosulle Hionoriy-
HUX TKaHWH Ha eKCnepuMeHTanbHIN Moaeni in
vitro, Wwo Mictuna Tpu TUNU TECT-KNITUH, BUPO-
WEeHNX y cepefoBULLi 3 HaniBpiAKMM arapom.
0O6’ekTOM gocnigxeHHs 6ynu Mmuwadi ¢ibpob-
nactu niHii BALB-3T3, Mmuwaui makpodaru ni-
HiT J774.2 Ta nceBAOHOPMaJsIbHi IOACLKI Kepa-
TUHOUMTKM niHii HaCaT.
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Ona ouiHKM BM/IMBY MNEBHUX METaniyHux ene-
MEHTIB B MIKPOOTOYEHHI TeCTOBaHUX KNITUH
BUKOPUCTAHO HeBXMBaHi 6peketn (G&H®
miniPrevail® TWIN Bracket System; Ha oauH
[ocnia BMKopuctoByBann 36 6pekeTiB) Ta bpe-
KeTn, wo 6ynm 3abpaHi 3 NOPOXHUH poTa Op-
TOAOHTUYHMX NauieHTIB nicna 18 — 20 Micauis
3aBEpPLIEHOr0 aKTUMBHOIMO OPTOAOHTUYHOIO Ji-
KyBaHHS (Ha oAWH AOCni4 BUKOPUCTOBYBanu 36
6pekeTiB). Ang imMiTauii WifbHOCTI MiXKKITUHHO-
ro cepegoBuua 6ioNoOriYHMX TKAHUH OO0 KYfb-
Typu KNiTnH 6yno goaaHo 0,66 % arapy (Agar-
Agar, Low Melting Agar, SERVA Feinbiochemica,
Heidelberg, Germany). [nsa enektpodopesy
BMKOPUCTaHO npunag «lMoTik-1» (C3MO).

Y 12-Tn NYHKOBMX MNNACTUKOBUX MyJibTUYALLKaX
HapoLlyBann KNITMHW MNEBHOI NiHii Ta 3acToCco-
BYyBa/nM enekTpoam 3 antoMmiHieBoi donbru (Mini
Bin™ aluminum foil Z691569 Heathrow Scientific
HS23534A pna MERK). TectoBaHi 3pasku B 0o4-
Hi NyHUi HAHOCKNKW Ha enekTpoA (+), @ B iHWIlK
- Ha (-). TpeTa nyHka 6yna KoHTposeM (BiacyT-
Hi npenapat) ANa AOCMIAXKEHHS NMPOXOAXKEHHS
€/1IeKTPUYHOro CTpyMmy. TpuBanicTb npouenypu
(ekcnoswnuia) - Bia 5 go 20 cek npu cuni CTpymy
0.2 - 0.4 mA. Bnnus KB, npenapatiB MOPiBHAH-
HS1 Ta Pi3HUX PEXUMIB eneKTpodOopesy Ha XUTTE-
3[aTHICTb MULWaumnx GibpobnacTis ninii NIH-3T3,
MULAYMX Makpodarie niHii J774.2 Ta nceBAo-
HOpMasibHNUX KepaTUHOUMTIB NtoanHu niHii HaCaT
OuiHIOBanMM 3a AornoMorot metoay MTT-tecty-
BaHHSA (Sigma, CLUA) [16; 17; 18]. CyTb MeTOaYy
nongrana B KiNlbKiCHOMY OLiHIOBAHHI MNepeTBo-
peHHA MTT-peareHTy 3a y4yacTi MiTOXOHApianb-
HUX AerigporeHas XuBuxX KNiTUH. MNpoayKyBaHHA
¢dopmasaHy BuMiptoBanu Ha 6araTtokaHasibHOMY
mikpodoTomeTpi BioTek 76883 (BioTek, CLUA).
[na BU3HaYeHHS piBHA NPOAYKYBaHHA aKTUBHUX
dopmM kucHo (ADK) 3acTtocoByBanm apbyBaHHS
KNiTMH nepokcuacneundivyHmMM NoMiHeCLLEHTHUM
30HA0M aurigpoeTtnaiem (DHE). Ons Bisyanisauii
(PyHKLUiIOHaNbHOI aKTUMBHOCTI Makpodaris niHii
J774.2 nepen dotorpadyBaHHAM 3paskiB Kii-
TUHHUX KYNbTyp Makpodaris NnpoBoAAN Npe-iH-
Kyb6auito 3 kniTMHamu apixaxis Saccharomyces
pastorianus (SafLager™ S-23, Fermentis Himeu-
UMHa).

Mepernaa niagocnigHUX KNITUHHUX  KYNbTyp
Ta nonepeaHo / MPOMIXHY OUIHKY BWXMBa-
HOCTi K/TUH BWKOHYBa/IM Ha iHBEPTOBAHOMY
ceiTnoBoMy Mikpockoni DELTA (DELTA Optical,
China). ®oTorpadyBaHHS NpPOBOAMAMN Ha JtO-
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Ukraine)) into imitation environment of bio-
logical tissues was studied in an in vitro mod-
el consisting of three types of cells grown in
semi-solid agar medium. Murine BALB-3T3
fibroblasts, murine 1J774.2 macrophages and
pseudo-normal human HaCaT keratinocytes
were treated.

To evaluate the effect of certain metal ele-
ments in the microenvironment of tested cells,
non-used braces (G&H® miniPrevail® TWIN
Bracket System) were applied (36 braces per
experiment) and braces that were removed
from the mouths of orthodontic patients after
18-20 months of completed active orthodon-
tic treatment (36 braces per experiment). To
mimic the density of the intercellular medi-
um of the biological tissues, 0.66% agar was
added to the cell culture medium (Agar-Agar,
Low Melting Agar, SERVA Feinbiochemica, Hei-
delberg, Germany). Electrophoresis was con-
ducted with a Potik-1 device (SMEP).

Cells of a specific lineage were grown in a
12-well plastic multiwell, and aluminum foil
electrodes were used (Mini Bin™ aluminum
foil 2691569 Heathrow Scientific HS23534A
for MERK) for electrophoresis. Test samples
were applied onto the (+) electrode in one
well and onto the (-) electrode in the other.
The third well was used as a control (no drug)
to study the passage of electric currents. The
exposure was from 5 to 20 sec at a 0.2-0.4
mA current. The GCB was used as a compari-
son drug, and different electrophoresis modes
on the viability of mouse NIH-3T3 fibroblasts,
mouse J774.2 macrophages and pseudo-nor-
mal human HaCaT keratinocytes were evalu-
ated using the MTT-test (Sigma, USA) [16, 17,
18]. This method quantifies the conversion of
the MTT reagent with the mitochondrial de-
hydrogenases of living cells. Formazan pro-
duction was measured with a BioTek 76883
multichannel microphotometer (BioTek, USA).
The reactive oxygen species (ROS) level was
estimated with a peroxide-specific fluorescent
dye dihydroethidium (DHE). Functional activ-
ity of J774.2 macrophages towards Saccha-
romyces pastorianus yeast (SafLager™ S-23,
Fermentis Germany) was monitored.

Cell cultures were viewed, and preliminary/
intermediate cell survival was assessed un-
der a DELTA inverted light microscope (DEL-

79

Original research: Basic sciences

TA Optical, China). Photographs were tak-
en using the Zeiss fluorescence microscope
(Carl Zeiss, Germany) with the AxioImager
Al camera included in the microscope pack-
age at ~400x magnification in the corre-
sponding excitation and emission regions.
The cell nucleus was stained with DNA-spe-
cific fluorescent dye Hoechst 33342, and the
accumulation of peroxide radicals was visu-
alized with the DHE dye.

Statistical processing of results
Experiments were conducted in triplicate in
each variant. Each indicator shown in the fig-
ures (the ordinate of the columns in the di-
agrams) corresponds to the average value
“M"” calculated based on the results of three
measurements in one of several similar exper-
iments. The average error "m” of the obtained
result was calculated using the root average
square error “c¢” value. In figures, it is repre-
sented near each indicator by a vertical line,
the length of which corresponds to the value
of m. A computer based on Phenom II X4 975
with Windows 7 64-bit operating system (Mic-
rosoft, USA) was used for the task. Statistical
processing of the data was performed in MS
Excel 2010 (Microsoft, USA).

Results

Our patented GCB was the best to promote
the proliferative activity of three types of
cells- (keratinocytes, fibroblasts and macro-
phages - and significantly outperformed the
effect of the comparison drugs Cholisal and
Gengigel® (HA). Electrophoresis of cellular
systems potentiated the cytostimulatory and
protective effects of GCB when applied to the
+ electrode.

The results of studying the tested drugs in-
dividually and after electrophoretic expo-
sure to target cells are shown in Fig. 1. At
using HaCaT keratinocytes, electrophoresis,
regardless of which drug was used, both in
brace presence and absence, did not signifi-
cantly affect cell humber. At later stages (7
days of the experiment), adding GCB did not
influence the intact cells (zero control) and
comparison drug effect. However, when elec-
trophoresis was combined with the effect of
comparison drugs, direct electric current low-
ered the suppressive effect of Cholisal and
Gengigel®. Additional studies are needed to
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MiHecLeHTHOMY Mikpockoni Zeiss (Carl Zeiss,
HimeuumnHa) 3a gonomoroto kamepm Axiolmager
Al, gka BXOAUTb Yy KOMMNJEKTaLilo Mikpockona,
3a 36inbweHHs ~400 pasiB y BiaANOBIAHMX Ai-
NsAHKax 36yAXXeHHs Ta eMicii. BMicT agpa KniTuH
dapbysann OHK-cneundiyHnM dnyopecueHT-
HMM 6apBHMKOM Hoechst 33342, Bisyanizauito
HaKOMMYeHHS MEePOKCUAHUX paguKaniB BUKO-
HyBanu Nicnga goAaBaHHA AUTiAPOETUAI.

MpaBun 6ioeTMkn AOTPMMYBANNCS BiAMOBIAHO
[0 BUMOI OCHOBHUX Bi0€TUYHMX NONOXKEHb €B-
ponencbkoi KOHBEHLIi Npo 3axUCT npas Ntoan-
Hu (Bia 04.04.1997) Ta lenbCiHCbKOi Aeknapa-
uii BcecBiTHbOI MeAMYHOT acouiaLii Npo eTU4HiI
NPUHLUNM NPOBEAEHHA MeANYHUX AOCNIAXKEHDb
3a yyacTtio nogent (1964 - 2008 pp.). Mpoto-
konn N9 Big 21.12.2020 ta N8 Big 18.10.2021
6ynn 3aTBepaxeHi Kowmicielo 3 6ioeTnkun Hay-
KOBUX AOCMIAXEHb, eKCnepuMeHTanbHUX po3-
poboK Ta HaykoBuX pobiT y JIbBIBCbKOMY Ha-
LioHaNbHOMY MeAWYHOMY YHIBEPCUTETI iMeHi
JdaHnna MNanuubkoro.

CratuctnuHe onpautoBaHHA pe3ynbTaTie. [o-
CNian NpoBOAWIIN Yy TPbOX Mapanensgx y KOXHo-
My BapiaHTi. KOXXHWI NOKa3HWK, HaBeAeHWn Ha
pucyHkax (opAuHaTa CTOBMYMKIB Ha Aiarpamax)
BiANOBIAAE CepeiHbOMY 3Ha4YeHHK «M», po3pa-
XO0BAHOMY 3@ pe3yfnbTaTaMu TPbOX BUMIPIOBaHb B
OAHOMY 3 AeKi/IbKOX OAHOTUMHUX EKCMEPUMEHTIB.
CepenHio Noxmbky «m» OTPUMAHOro pesynbTaTty
BMPaxoByBa/IM 3a BENNYMHOIO CEPEeAHbOI KBa-
ApaTU4YHOI NOXMbKN «o». Ha pucyHKax BOHa Ha-
BeaeHa 6ins KOXXHOro nokasHMKa BepTUKasibHO
NiHIED, OOBXMWHa KOl BigMNoBiga€E BeM4YMHI m.
[ns poboTn BUKOPUCTOBYBaNN KOMN'IOTEP Ha OC-
HoBi Phenom II X4 975 3 onepauiiHO0 CMCTEMOIO
Windows 7 64-bit (Microsoft, CLLUA). Crtatuctunu-
He ornpautoBaHHA OTPUMAHMX AAHUX BUKOHYBAsN
B nporpami MS Excel 2010 (Microsoft, CLLA).

Pe3ynbTaT. BCTaHOB/EHO, LLO 3anaTeHTOBaHa
Hamu KB Halikpawe cnpusana nponidepaTns-
Hi aKTMBHOCTI BCiX TpbOX TMMIB Nia40CNiAHMX
KNiTUH (KepatuHounTn, ibpobnactn i Makpo-
darn) i AOCTOBIpHO nepeBaxana Aito npenapa-
TiB NOpiBHAHHA «Xonican» i «leHrirenp» (MK).
EnekTpodopes KNTUHHUX CUCTEM MOTEHLIOBaB
LMTOCTUMYIOBAsbHI | NPOTEKTOPHI edpekTn MKB
3@ HaHeCeHHS Lboro 3acoby Ha «+» enekTpoa.

Ha puc. 1 HaBegeHi pe3ynbTatv AOCNIOKEHHSA
TecToBaHMX 3acobiB OCibHO Ta micnsa enekTpo-
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(OpeTMYHOro BMAMBY Ha KIITUHU-MiweHi. [Ons
KepatuHoumTiB niHii HaCat npouenypa enek-
Tpodopesy, He3anexHo Big Toro, sKi SiKkapcbKi
npenapatm 6ynu 3acTOCOBaHi, 3@ MPUCYTHOCTI
bpekeTa, Tak caMo §K i 3a MOro BiACYTHOCTI, Bi-
porigHO He Brn/iMBasia Ha KifbKiCTb KNITUH B Tec-
TOBaHiM nonynsauii. Ha ni3Hix TepmiHax pocnigy
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PucyHok 1. Pe3ynbtaTu gocnigxeHHs 6iocymicHocTi MKB,
npenapaTiB NOPiBHSAHHSA | 3pa3kiB 6pekeTiB WoA0 Ntoa-
CbKUX KepaTuHouuTiB niHii HaCaT (Tect MTT)

A - HaBeAeHUM HYNbOBUIN KOHTPONb (IHTaKTHI KNITUHK) Ta
pe3ynbTatu Aii KB i npenapatiB nopiBHAHHA, B — 3pa3s-
KN HeBXMBaHUX HpekeTiB i 6pekeTiB, BiAnNpaLbOBaHUX Yy
MOPOXHUHI poTa BnpogosBx 18 — 20 micauis, Ans ouiH-
KW BMAMBY MPUCYTHOCTI LMX €/IEMEHTIB Y MiKPOOTOYEHHI
TECTOBaHMUX KNITUH: 1 — npenapar NopiBHAHHA «Xonican»;
2 - KoHTponb «0» — iHTakTHa Ky/nbTypa KNiTUH; 3 — npe-
napaT nopiBHaHHA «Gengigel»; 4 — pocnigHWi npenapat
KB; 5 - HaHeceHHs TKB Ha kaToA («-»); 6 — HaHeCeHHs
KB Ha aHogn («+»); 7 — 6pekeT 6e3 HaHeceHHs KB nig
BMJIMBOM efleKTpPUYHOro cTpyMy; 8 — 6pekeT 6e3 HaHeceH-
HA TKB i 6e3 BNAIMBY €NeKTPUYHOro CTpymMy.

MpuMiTKa: 3pa3ku TecToBaHWX npenapaTiB BHOCUIN B
KynbTypanbHe cepenoBuLle B KinbkocTi 0.5 % B 06’eMHUX
oanHuuax. * P<0,05; wono KoHTposw «0».
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explain possible mechanisms of such cyto-
protective effects.

The results of the effect of the tested agents
and unused and used braces in combination
with electrophoresis on NIH 3T3 fibroblasts
are presented in Fig. 2. In these cells, as
well as in HaCat keratinocytes, the lowering
of the suppressive effect of the comparison
Cholisal under a direct electric current from
77.3£3.6% to 97.2+0.2% was observed. For
NIH 3T3 fibroblasts, the electrophoresis de-
pended on how the GCB was applied (appli-
cation to the + or - electrodes) on day 3 of
the experiment in the presence of new brac-
es, negatively affected the number of cells
in the population: 79.6+1.4% when applying
GCB “-" versus 106.8+1.7% when applying
to the “+"” electrode, and 58.7+0.5% P<0.01
when applying GCB “-“ versus 85.8+3.2%
when applying to the “+” electrode on day 5.
However, on day 7, there was no significant
decrease in the cell number in the wells with
unused braces. A reduction in cell number in
the presence of the comparison Cholisal was
noticeable on the 3rd (77.3%£1.2%) and the
7th (61.9+2.8%) days. This phenomenon
was especially pronounced on the 5th day
(decrease to 51.2+1.46%, P<0.01). Elec-
trophoresis partially eliminated the adverse
effect as a decrease in the cell under the in-
fluence of Cholisal regarding the comparing
drug on the 3rd day (99.2+5.7%). Howev-
er, that effect was increased on the 5th day
(38.1£0.3%, P<0.005). It is of interest that
on the 7th day, the adverse effect of Cholisal
was completely compensated (101.8+3.8%).
For unknown reasons, on the 5th day, the ad-
verse effect was even more pronounced than
without electrophoresis. Most likely, such dy-
namics in the cell number were due to the
leaching of metal cations from the unused
braces.

The study results of the effect of the investi-
gated substances in combination with electro-
phoresis on macrophages are presented in Fig.
3. For these cells, electrophoresis may play a
regulatory role. On the 3rd day, the stressing
effect of electrophoresis remained pronounced
(63.8+£0.1%), and it was effectively eliminat-
ed in the presence of GCB (85.5+£5.5%) and
Gengigel® (107.2+0.9%). On the 5th day,
these patterns persisted, but the deviations
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were no longer significant. On the 7th day, a
decrease in the cell humber under the influ-
ence of electrophoresis was detected, and it
was effectively lowered in the presence of GCB
(120.4+1.0+% vs. 88.5+0.9% for the Gengi-
gel®, or 95.2+0.1% in the control group). In
this case, the effect of electrophoresis without
using the studied drugs was monitored as a
control.
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Figure 1. Results of the biocompatibility study of GCB,
comparison of the products and braces samples against
human keratinocytes of the HaCaT line (MTT test)

A - intact cell (zero control) and the results of the effect of
GCB and comparison drugs (positive control), B — samples
of unused braces and braces used in the oral cavity for 18-
20 months to assess the effect of the presence of these ele-
ments in the microenvironment of the tested cells: 1. Com-
parison drug Cholisal; 2. Control *0” - intact cell culture; 3.
Comparison drug - Gengigel®; 4. Experimental drug GCB;
5. Application of GCB to the cathode (“+"); 6. Application
of GCB to the “+” electrode; 7. Brace without applying GCB
under the influence of electric current; 8. Brace without ap-
plying GCB and exposure to electric current. Note: Samples
of test drugs were added to the culture medium in 0.5%
volume units. * - P<0.05; for the control - intact cells.
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(7 pi6) popmaBaHHsa KB TakoX He Masno Bipo-
rigHoro BMAWBY, MOPIBHAHO 3 A€ HY/NbLOBOIO
KOHTPOSIO | NpenapaTiB nopiBHAHHA. BoagHouvac,
3a NOEAHAHHA enekTpodopesy 3 Ai€0 npenapa-
TiB MOPIBHAHHSA MOCTIMHUA E€NeKTPUYHUA CTPYM
HiBe/toBaB NPUrHidyBasibHy Ait0 NpenapartiB «Xo-
nican» i «l'eHrirenb». na NOACHEHHS MOXIMBUX
MEXaHi3MiB TakMX LMUTOMPOTEKTOPHUX edeKTiB
HeobXxifHe NpoBeAeHHS A0AATKOBUX AOCIAXKEHb.

Ha puc. 2 HaBegeHi pe3ynbTath Ail TECTOBaHUX
3acobiB i HEBXMBaHUX Ta BUKOpPUCTaHMX Hpeke-
TiB Y MOEAHAHHI 3 enekTpodope3oM Ha ibpob-
nactu ninii NIH 3T3. MNpn BUKOPUCTaHHI LUnX Kii-
TUH, AK | NpY NPU BUKOPUCTAHHI KEPATUHOLMUTIB
ninii HaCat, mu cnocrepiranu edekT HiBentoBaH-
HS NOCTIMHUM €NeKTPUYHUM CTPYMOM MpPUrHivy-
BaNbHOI Ail nmpenapaTy MOPIBHAHHA «Xonican»
Big 77.3%£3.6 % po 97.2+0.2 %. Ons ¢dibpob-
nacrtis ninHii NIH 3T3 npoueanypa enektpodope-
3y 3anexHo Big Toro, sk byna 3actocoBaHa Kb
(HaHeCceHHSs Ha «+» UM «-» efnleKTpoan) Ha Tpe-
Tio 4oby Jocniay 3a NpUCYTHOCTI HOBUX Bpeke-
TiB HEMATMBHO BMJIMBasa Ha KiNbKiCTb KNITUH B
nonynauii: 79.6+1.4% npun HaHeceHHi KB «-»
npotn 106,8+1,7% 3a HAHECEHHS Ha «+>» enek-
Tpoya, Ta 58.7+0.5%, P < 0.01, npn 3acTtocyBaH-
Hi TKB - «-» npotn 85.8+3.2% HaHeceHHSA Ha
«+>» enekTpoa Ha n’aty noby. BoaHouac Ha Cbo-
My 806y y NyHKaX 3 HEBXNBaHWMM BpekeTamum He
6yno BUSABMIEHO BipOriAHOr0 3HMXEHHS KiNIbKOCTi
KNITUH. 3HWKEHHSA KiNbKOCTI KNITUH BUSAB/IEHO 3@
NMPUCYTHOCTI MNpenapaTty MNOpiBHAHHA «Xonican»
- edekT 6yB NOMITHUM Ha TpeTio (77.3+1.2%)
i cboMy (61.9%£2.8%) pnoby. Ocobnmeo ue SBU-
we 6yno nomitHe Ha n'aTy Aoby (3HWXEHHS A0
51.2+£1.46%, P < 0.01). Enektpodopes yacTko-
BO YCyBaB HeraTMBHWUN eeKT 3MEHLUEHHSM Kiflb-
KOCTI KJITWUH Y nonynsuii 3a Aii npenaparty nopis-
HAHHSA «Xonican» Ha TpeTio Aoby (99.2+5.7%),
npuyoMy uen edekT noCuMIBaBCA Ha n'aTty
noby (38.1£0.3%, P < 0.005). Buknvkas 3aui-
KaB/sieHHs Tol hakKT, Wo Ha cboMy foby pocniay
BiabyBanaca noBHa KOMMEHcauis HeraTMBHOro
BNAMBY npenapaTy «Xonican» (101.8+3.8%). 3
HEeBIAOMMX MPUYMH, Ha N'aty aoby gocnigy He-
raTMBHMin edekT 6yB e 6inbll O4YeBMAHWNI, HiX
6e3 3actocyBaHHS enekTpodopesy. HanbinbLu
iMOBIPHOO MPUYMHOIO TaKOl ANHAMIKWN B KYNbTYPi
KNITUH MOXe ByTW BUMMBAHHS KaTiOHIB MeTanis
3 HEBXWBaHUX HGpeKkeTiB.

Ha puc. 3 HaBeAeHo pe3ynbTaTt BUBHEHHA BIMNJIN-
BY AOCNIAXYBaHUX PEUYOBUH Y NOEAHAHHI 3 eflieKk-
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Tpodope3oM Ha Makpodarn. Ons umx KIiTUH
npouenypa enekrtpodopesy MaE perynstopHe
3HauyeHHsa. Ha TpeTio pnoby gocnigy 3anviascs
OYEeBMAHUM CTPecopHUin edekT Big npoueaypu
enektpodopesy (63.8+0.1%), akuii edekTmB-
HO ycyBaBcs 3a npucyTHocTi KB (85.5+5.5%)
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PucyHok 2. Pe3ynbTaTi gocnigxeHHs 6iocyMicHocTi gocni-
oxyBaHoro NKB, npenapaTiB NOpiBHAHHS | 3pa3kiB bpeke-
TiB wozao cdibpobnactis ninii NIH 3T3 in vitro (tect MTT)

A - HaBeAEeHWUIM HYNIbOBUW KOHTPOb (iHTAKTHI KiTUHKU) Ta
pesynbTaTty gii 'KB i npenaparTiB nopiBHAHHA, B — 3pas-
KN HeBXMBaHUx bpekeTiB i 6pekeTiB, BianpaubOBaHUX B
NOPOXHUHI poTa BNpoAoBX 18 - 20 micauis, ANA OUIH-
KW BMNAMBY MPUCYTHOCTI LNX €/IEMEHTIB Yy MiKPOOTOYEHHI
TEeCTOBaHUX KNiTUH: 1 — npenapat NopiBHAHHSA «Xonican»;
2 - KoHTposnb «0», iHTaKkTHa KynbTypa KAiTWUH; 3 - npe-
napar nopiBHAHHS «Gengigel»; 4 - gocnigHuin npenapat
KB; 5 - HaHeceHHsa KB Ha KaTog «-»; 6 — HaHeCEeHHs
KB Ha aHop «+»; 7 — 6pekeT 6e3 HaHeceHHs1 TKB nig
BMJIMBOM €/IeKTPUYHOro CTpyMy; 8 — 6pekeT 6e3 HaHeceH-
HA KB i 6e3 BNInBY eNeKTpUYHOro CTpyMy.

MpuMiTKa: 3pa3ku TecToBaHWX npenapaTiB BHOCUAWN B
KynbTypanbHe cepenoBuLue y KinbkocTi 0.5 % B 06'eMHMX
oanHmuax. * - P<0.05; ** - P<0.01; *** - P<0.001,
BIAHOCHO KOHTpOStO «0»
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Figure 2. The results of the biocompatibility study of the
investigated GCB, comparison drugs and braces samples
against NIH 3T3 fibroblasts in vitro (MTT-test)

A - intact cell (zero control) and the results of the ac-
tion of GCB and comparison drugs (positive control),
B - samples of unused braces and braces used in the
oral cavity for 18-20 months to assess the effect of the
presence of these elements in the microenvironment of
the tested cells: 1. Comparison drug Cholisal; 2. Con-
trol “0” - intact cell culture; 3. Comparison drug Gengi-
gel®; 4. Experimental drug GCB; 5. Application of GCB
to the cathode (“-"); 6. Application of GCB to the (“+");
7. Brace without applying GCB under the influence of
electric current; 8. Brace without applying GKB and
exposure to electric current. Note: Tested drugs were
added to the culture medium in 0.5% volume units. *
- P <0.05; ** - P <0.01; *** - P <0.001, relative to
control - intact cells.

When macrophages were studied, a differ-
ent combination of electrophoresis and the
effects of comparison drugs was used, and
the constant electric current did not com-
pensate for the suppressive effect of Cho-
lisal. Explanation of the mechanisms of such
cytomodulatory effects requires further in-
vestigation.
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It is worth noting that under the influence
of direct electric current, cells reacted more
strongly to the presence of negatively charged
molecules. In the presence of both unused and
used braces, as well as in their absence, there
was no effect on cell number at the test point
in the plate well and during the first 3 days of
the experiment. On the 5th day, a suppressive
effect of used braces was manifested when
applied to the “-" electrode during electropho-
resis. On the 7th day, this effect intensified,
and a negative effect with the “-" electrode
began to appear in the presence of unused
braces in the wells.

This effect could have occurred due to the in-
tensification of metabolic processes due to the
activation of macrophages, which was accom-
panied by the depletion of nutrient resources
of the culture medium, particularly glucose.
This assumption can be supported by insig-
nificant (unreliable) fluctuations in the num-
ber of cells in the population (less than 20%)
both in the presence of the studied drugs, the
effect of electrophoresis in combination with
the drugs and separately, and in the controls.
It should be noted that replacing the agarized
culture medium during the experiment is im-
possible without disturbing the cell biomass.
The results presented in Fig. 3 may indicate
that macrophages react more tolerantly to the
unused braces.

Thus, the patented GCB showed a better abil-
ity to promote all cell types’ proliferation than
Cholisal and Gengigel®. Electrophoresis po-
tentiated the cytostimulatory and protective
effect of GCB when the drug was applied to
the “+” electrode. The study using an exper-
imental model of cell cultures in a simulated
microenvironment demonstrated a signifi-
cant potential of electrophoresis to enhance
the penetration of GCB components into the
periodontal tissue model. This evidences that
the duration of the electrophoresis in clinics
can be reduced from 15-20 min per jaw to
15-50 sec. At the same time, the prolonga-
tion of GCB action and targeted local delivery
of its active components (flavonoid complex
and benzydamine hydrochloride) to simulated
biological tissues were maintained.

The analysis of the results of the second stage
of work allowed us to obtain a detailed pic-
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PucyHok 3. Pe3ynbTaTtv AocnimkeHHs 6iocyMicHOCTI aocnia-
Hoi KB, npenapatis NOpPiBHAHHSA Ta 3pa3KiB 6pekeTiB LWoA0
KinbKoOCTi Makpodaris niHii 1774.2 in vitro (tect MTT)

A — HaBeAeHWUI HYNbOBUM KOHTPONb (IHTAKTHI KAiTUHW) Ta
pe3ynbTaty Aii KB i npenaparTiB MopiBHAHHA, B — 3pa3s-
KN HeBXuBaHux bpekeTiB i 6pekeTiB, BiaNpaubOBaHUX B
MOPOXHUHI poTa BnpoaoBx 18 — 20 MmicsauiB, A5 OUIHKMK
BM/INBY MPUCYTHOCTI AAaHWUX ENEMEHTIB Yy MiKPOOTOYEHHI
TEeCTOBaHUX KNITUH: 1 — npenapaT NopiBHAHHSA «Xonican»;
2 — KoHTponb «0», iHTakTHa KynbTypa KNiTuH; 3 — npe-
napaT nopiBHAHHA «Gengigel»; 4 - pocnigHui npenapaTt
KB; 5 - HaHeceHHs KB Ha kaTtoa «-»; 6 — HaHEeCeHHS
KB Ha aHop «+»; 7 — b6bpekeT 6e3 HaHeceHHs KB nia
BM/IMBOM €/1I€KTPUYHOIo CTpyMy; 8 — 6pekeT 6e3 HaHeceH-
Ha KB i 6e3 BnivBYy enekTpMYHOro CTpyMy.

MpuMiTKa: 3pa3kn TeCTOBaHUX npenapaTiB BHOCUIN B
KynbTypanbHe cepenosuLle B KinbkocTi 0.5 % B 06’eMHMX
oanHmuax. * - P<0.05; ** - P<0.01; *** - P<0.001,
LLOAO0 KOHTPONo «0»

Ta npenapaty «[lenrirenb» (107.2+0.9%). Ha
n'aty Aoby Ui 3akoHOMipHOCTI 36epiranuce, ane
BiAXuUneHHs Bxe He 6ynu BiporigHuMn. Ha cbo-
My 806y BUSBNEHO 3HWXEHHS MOKa3HWKIB npu-
POCTY KiNbKOCTi KNITUH B nonynauii 3a Ail enek-
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Tpocdopesy, Wo edheKTUBHO HiBentoBanocs 3a
npucyTHocTi KB (120.4+1.0 % npotn 88.5+0.9
% - nokasHuk Aii npenapaty «[eHrirenb», uu
95.2+0.1 % - y KOHTpoOni). Y LUbOMYy BMNAAKY
KOHTpOJIEM C/yryBaB BNAMB enekTpodopesy 6e3
Ail focnigkyBaHUX npenaparis.

Konn pocnigxysanu Makpodarun, BUKOPUCTO-
BYBasiM iHLe NOEAHAHHSA enekTpodopesy Ta Aii
npenapaTiB NOPIBHAHHSA | NpY LbOMY MOCTIMHWIA
€NeKTPUYHNIN CTPYM HE KOMMEHCYBaB MPUrHi-
yyBasibHY Aito npenapaTty «Xosican». [logcHeH-
HA MexXaHi3MiB TakunX LMUTOMOAYOUMX BMAU-
BiB NOoTpebye A0AaTKOBOro AOC/IAXKEHHS.

BapTo BiA3HAuMTKU, WO Nig BMJAMBOM MOCTIiN-
HOro €/IEKTPUYHOrO CTPYMY KJIITUHWN CUJIbHILLEe
pearyBasin Ha MPUCYTHICTb HeraTMBHO 3aps-
JOKEHUX Monekyn. SK 3a HasfABHOCTI HEBXMU-
BaHMX i BMKOpUCTaHux 6pekeTiB, Tak i 3a iX
BiACYTHOCTI, HE BUABJIEHO BipOrigHOro BrnBy
Ha KiJIbKICTb KNITUH Yy nonynsauii 9K y TecTo-
BiM Touui B NyHUi NNaHLWweTa, Tak i NpoTArom
nepwux Tpbox Ai6 pocnigy. Ha n’atynoby
nposBnasaca CyrnpecuBHa Aia BUKOPUCTAHUX
6pekeTiB Npu HaHeceHHi KB Ha enekTpoa «-»
nig yac enexktpodopesy. A Ha cbomy o6y uel
edeKkT NocMBaBCA i MOYMHAB NPOSABASATUCS
HeraTMBHUIN eeKT 3 e/IeKTPOAOM «-» 3a HasB-
HOCTI B JTyHKaX HEBXMBaHUX 6peKkeTiB.

Taknin edpeKT Mir BUHUKHYTU BHACIAOK iHTEH-
cudikauii  MetaboniyHMX npoueciB  3aBASKM
aKkTmBauii Makpodaris, WO CynpoBOAXXYBaso-
CA BUCHaXEHHAM MOXWMBHWUX PeCcypcCiB KyJbTy-
pasibHOro cepefoBuLLa, 30KpeMa rnoKo3n. Ha
KOPWUCTb TAaKOro NpunyLweHHsa MOXYTb CBIAYUTH
He3HauyHi (HeAOCTOBIpHI) KOMMBAHHSA KislbKOCTI
KNiTMH B nonynsuii (meHwe 20%) gk 3a npwu-
CYTHOCTI AO0CHiAXYyBaHUX MpenapaTis, BMAMBY
enekTpodopesy B NOEAHAHHI 3 nMpenapaTamu i
OKpEeMO, TaK i B KOHTposiAX. BapTo BiA3HauuTH,
Lo Mi4 4Yac eKcrnepuMeHTy HeMaeE 3MOoru 3ami-
HUTW arapu3oBaHe KynbTypasibHe cepeoBuLLE,
He nopywywumn KIiTMHHOI 6iomacu. 3aranom
pe3ysibTaTu, HaBeAeHi Ha puUc. 3, MOXYTb CBiA-
UYMTK NpO Te, WO Makpodarn HinbLl ToNepaHTHO
pearylTb Ha Ail0 HEBXMBAHMX BpeKeTiB.

OTxe, 3anateHToBaHa KB BuaABnana Kpatly,
HDDX nNpenapaTy NopiBHAHHSA «Xonican» Ta «leH-
rirenb», CNpPOMOXHICTb CnpuaTK nponidepadii
yCiX TWRiB AOCNioXyBaHUX KNiTUH. [poueay-
pa enekTpodopesy noTeHLuiloBana UMTOCTU-
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Figure. 3. The results of the biocompatibility study of the investigated GCB, comparison drugs and brace samples in
terms of the number of J774.2 macrophages in vitro (MTT-test).

A - intact cell (zero control) and the results of the effect of GCB and comparison products (positive control), B - samples
of unused braces and braces used in the oral cavity for 18-20 months to assess the impact of the presence of these
elements in the microenvironment of the tested cells: 1. Comparison drug Cholisal; 2. Control *0” - intact cell culture; 3.
Comparison drug Gengigel®; 4. Experimental drug GCB; 5. Application of GCB to the “-" electrode; 6. Application of GCB
to the “+” electrode; 7. Brace without applying GCB under the influence of electric current; 8. Brace without applying GCB
and exposure to electric current. Note: Samples of the tested drugs were added to the culture medium in 0.5% volume

units. * - P < 0.05; ** - P < 0.01; *** - P < 0.001, relative to control - intact cells.

ture of changes in the level of cellular stress dihydroethidium luminescence (DHE) was ob-

in response to the electrophoresis procedure. served than after applying GCB to the “+”
For this purpose, the reactive oxygen species electrode or in the control group. On the 7th
(ROS) production level was determined us- day of the experiment, this effect was further

ing light and fluorescence microscopy and the enhanced. In the presence of braces, the in-
fluorescent dye dihydroethidium (DHE). Fig- tensity of DHE luminescence was higher than
ures 4 and 5 show the results of studying the in the case of unused braces in all experimen-
effect of GCB, Cholisal, and Gengigel® gels, tal groups.
as well as unused and used braces on 1774.2
macrophages compared to the control group. Phagocytosis is an important indicator of the
The content of live cell nuclei was visualized in functional activity of macrophages. Yeast cells
blue (cell DNA staining was performed using can be used as an object of phagocytosis. Here,
the fluorescent dye Hoechst 33342, which is we studied the uptake of Saccharomyces pas-
accumulated by live cell nuclei). The orange torianus yeast by 1774.2 macrophages in the
fluorescence indicates the concentration of presence of tested GCB, comparing Cholisal
free radicals, which were detected with dihy- and Gengigel®, unused and used braces with
droethidium. and without electrophoresis. The results of
this experiment are shown in Fig. 6. The lev-
As one can see from the results presented in el of ROS during phagocytosis of yeast cells
Fig. 5, in the case of macrophages, the ap- by macrophages was assessed after staining
plication of unused braces in culture wells for macrophages with DHE fluorescent dye. As
3 days did not affect the cells. At the same one can see, the highest level of macrophage
time, the application of braces used for 18-20 activation, accompanied by ROS elevation, oc-
months in oral cavities of orthodontic patients curred on the 2nd day of the experiment.
caused a slight increase in the level of meta-
bolic activation on the 3rd day of the experi- In the presence of braces applied for 18-
ment. On the 5th day, both in the case of un- 20 months in the oral cavities of orthodon-
used braces and used braces, after applying tic patients, the phagocytosis intensity was
the GCB onto the “-" electrode, more intense comparable to that observed when applying
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MyJ/0BasnbHY i 3axucHy aito N'Kb npu HaHeceH-
Hi NpenapaTty Ha «+» enekTpoa. JocnigaxeHHs
3 BUKOPWUCTAHHAM eKCrnepuMeHTasibHOI MoAeri
KNITUHHMX Ky/SbTyp B iMiTauiliHOMY cepenoBWLLi
3acBigYMno 3Ha4yHWIA NoTeHuian enekTpodope-
TUYHOI npoueaypu A7 MNOCUIEHHA MPOHUK-
HeHHS KoMmnoHeHTiB KB Brnnb mogeni TkaHuH
napoaoHTy. Lle € Aoka3oM TOro, Wo TpuUBanicTb
npoueanypw enektpodopesy B KiiHili Moxe 6yTu
CKOopo4eHa 3i cTaHaapTHuX 15 - 20 XB Ha ogHy
weneny ao 15 - 50 cek. MNpu ubomy 36epirana-
ca nponoHraduig gii Kb i cnpaMmoBaHe fiokasibHe
OOCTaBNSAHHSA il aKTUBHUX KOMMNOHeHTIB (dhnaso-
HOIQHOro KoMnjaekcy Ta 6eH3naamiHy rigpoxno-
puay) 40 iMiToBaHMX 6i0NoriYyHMX TKaHWH.

AHanis pe3ynbTaTiB Apyroro etany pob6oTu AaB
3MOry OTpUMaTU PO3rOpHYTY KapTUHY LWOAO0
3MiH piBHA KJITUHHOrO CTpecy Yy BianoBiab Ha
npoueaypy enektpodopesy. 15 uboro Bu3Ha-
YEeHO piBeHb MPOAYKYBAHHS aKTUBHUX (OpPM
kucHio (AD®K) 3 BMKOpPUCTAHHSAM CBIT/I0BOI Ta
JIIOMiHEeCLLeHTHOI Mikpockonii i dnyopecueHT-
Horo 6apsBHuka gurigpoetumaito (AME). Ha puc.
4 i 5 HaBepeHi pe3ynbTaTU BUBYEHHS BMJIUBY
KB i renie «Xonican» Tta «[leHrirenb», a Ta-
KOX HEBXMBAHUX i BUKOPUCTAHUX BpeKeTiB Ha

Original research: Basic sciences

Makpodaru ninii J774.2 NOpiBHAHO 3 KOHTpP-
oneMm. CMHIM KONbOPOM Bi3yanizoBaHM BMICT
aaep XuBux KNitnH (3abapenenHsa JHK-kniTyH
BMKOHYBa M 3a AOMOMOIoK JSIFOMIHECLEHTHOIO
b6apBHMKka Hoechst 33342, akuii akymysto-
E€TbCA A4APaMU XUBUX KNiTMH). NoMapaH4yeBa
dnyopecueHis CBig4YNTb NMPO KOHLEHTPYBaHHS
Bi/IbHUX paAuKanie, AKi AeTeKTyBanu 3a A40Mno-
MOrot AUriApOoeTunaito.

Ak cBiguaTtb pe3ynbTaTtu, HaBeAeHi Ha puc. 5,
npv AocnigxeHHi MakpodariB HasBHICTb Y KyJlb-
TypanbHUX NTYHKaX HEBXWBaHMX BpeKeTiB BNpo-
[OBX TpbOX Ai6 NpMHUMMNOBO He BMAMBana Ha
CTaH KNiTUH. BoagHouac MpUCYTHICTb Yy NyHKax
BiAnpauboBaHMX BrnpogosX 18 - 20 micsauis y
MOPOXXHMHAX poTa OPTOAOHTUYHMUX MAUIEHTIB
6pekeTiB, cnpusaa He3Ha4YHOMY 3POCTaHHIO piB-
HA MeTabonivyHoi akTuBaUii Ha TpeTio foby ekc-
nepumeHTy. Ha n’aty noby gocniay, sk y Bunag-
Ky HeBXMBaHUX GpekeTiB, TaK i BUKOPUCTaAHMX
6pekeTiB, nicns HaHeceHHsA KB Ha «-» enek-
TpOA4 CrocTepiranu iHTEHCUBHILLY JtOMiHeCUeH-
uito aurigpoetmaito (ArE), Hixk nicnga HaHeceHHS
KB Ha «+» enekTpos, UM B KOHTpOni. Ha cbomy
noby ekcnepumeHTy uen edekT we binblwe no-
CUNIOBABCS. 3a NPUCYTHOCTI BUKOPUCTaHMX Bpe-

PucyHok 4. PenpeseHTaTMBHe 306paxeHHs iIHTEHCMBHOCTI CTpecy B Makpodarax niHii J774.2 nicns ix dapbyBaHHS
dnyopecueHTHUMU 6apBHMKkaMn Hoechst 33342 i DHE 3a npucyTtHocTi KB, HOBMX i BignpauboBaHMX 6peKeTiB, MOpiBHS-
HO 3 aieto npenapaTy «Cholisal». CuHs dnyopecueHuis 3a ¢papbyBaHHS kniTMH 6apBHMKOM Hoechst 33342 - Bisyanisye

aApa XUBUX KITiTUH; NoMapaHuyeBa dnyopecueHuis 3a papbyBaHHs kNiTuH gurigpoetnaiem (DHE) - Bisyanisye BmicT
BiNbHMX paaukanis B kKNiTMHax: 1 — KoHTponb «0», iHTakTHa KynbTypa KNiTUH; 2 — gocniaHuin npenapat KB; 3 — npena-
paT NopiBHSHHA «Xonican»; 4 — npenapaT NopiBHAHHSA «Gengigel»; 5 — HeBXMBaHUN BpekeT; 6 — BUKOPUCTaHUN BpekeT
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Figure 4. Representative image of stress intensity in J774.2 macrophages after staining with fluorescent dyes Hoechst 33342
and DHE in the presence of GCB, Gengigel®, new and used braces, compared to the effect of Cholisal. Blue fluorescence
after staining cells with Hoechst 33342 dye - visualizes the nuclei of living cells; orange fluorescence after staining
cells with dihydroethidium (DHE) - visualizes the content of free radicals in cells: 1. Control "0” - intact cell culture; 2.
Experimental drug GCB; 3. Comparison drug Cholisal; 4. Comparison drug Gengigel®; 5. Unused bracket; 6. Used bracket.

Figure. 5. Representative image of stress intensity in J774.2 macrophages after staining with fluorescent dyes Hoechst
33342 and DHE in the presence of GCB, unused and used braces. GCB is applied to the “+” or “-" electrophoretic
electrode in the presence of unused and used braces in the oral cavity. Blue fluorescence after staining cells with

Hoechst 33342 dye - visualizes the nuclei of living cells; orange fluorescence after staining cells with dihydroethidium

(DHE) - visualizes the content of free radicals in cells: 1. An unused brace and GCB applied to the “+"” electrode under

the influence of electric current; 2. An unused brace and GCB applied to the “-"” electrode under the influence of electric

current; 3. Unused brace under the influence of electric current (without GCB); 4. A used brace and GCB applied to the
“+" electrode under the influence of electric current; 5. A used brace and GCB applied to the “-" electrode under the
influence of electric current; 6. The brace was used under the influence of an electric current (without GCB).
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PucyHok 5. PenpeseHTaTuBHe 306pa)keHHS iIHTEHCUMBHOCTI CTpecy B Makpodarax ninii J774.2 nicng ix ¢papbyBaHHA
dnyopecueHTHUMKU 6apBHMkamm Hoechst 33342 i DHE 3a npucyTHocTi TKB, HeBXMBaHMX i BiANpauboBaHMX GpeKeTiB.
KB HaHeceHa Ha «+» abo «-» enekTpoOpPeTUYHNIN eNeKTPOo 3@ HAsABHOCTI HEBXMBAHMX Ta BUKOPUCTAHUX B NMOPOXHUHI
poTa 6pekeTiB. CuHA nyopecueHuUia 3a dapbyBaHHS KniTUMH 6apBHMKOM Hoechst 33342 - Bisyanisye ssapa XuBux Kii-
TWH; NoMapaH4yeBa dnyopecueHuia 3a dapbyBaHHsA kNiTUH aurigpoetngiem (DHE) — Bisyanisye BMICT BinbHUX pagukanis
y KniTuHax: 1 — HeBxuBaHui 6pekeT i NKB, Wo HaHeceHa Ha aHoA («+») nig BNAMBOM €NeKTPUYHOro CTpyMmy; 2 — He-
BXnBaHun 6peket i NKB, Wo HaHeceHa Ha KaToA («-») NiA BNIMBOM €NeKTPUYHOr0 CTPYMY; 3 — HEBXMBaHUM 6pekeT nig
BMJIMBOM €NeKTPUYHOro cTpymy (6e3 NKb); 4 — sukopuctanui 6peket i KB, Wo HaHeceHa Ha aHoA («+>) nig BNJIMBOM
€NeKTPUYHOro CTpyMy; 5 — BukopuctaHuin 6peket i FKB, wo HaHeceHa Ha kaToA («-») Ni4 BNAMBOM €1eKTPUYHOrOo CTPY-
My; 6 — BUKOpUCTaHU B6pekeT nig BNJANBOM eNnekKTpUYHOro cTtpymy (6e3 MKb)

KeTiB, IHTEHCUBHICTb NtoMiHecueHuii AFE 6yna
6iNbLLUOID, HiX 3@ NPUCYTHOCTI HEBXMBAHMX Bpe-
KeTiB B YCiX AOCMIAHMX rpynax.

BaxIMBUM MOKA3HMKOM OUHKN (YHKUIOHANb-
HOi aKTMBHOCTI MakpodariB € 34iMCHEHHS HUMU
daroumtozy. OgHMM i3 06’eKTiB haroumToly Mo-
XYTb OYTU KNITUHKW ApiXXAXKIB. Y poboTi focniaxy-
Ba/IM MOrAIMHAHHSA  ApiKAXIB Saccharomyces
pastorianus mMakpodaramu niHii J774.2 3a npu-
cyTHocTi TecTtoBaHoi KB, npenapaTiB nopiBHAH-
HA «Xonican» Ta «[eHrirenb», HeBXMBAHUX Ta
BUKOPUCTaHNX BpeKeTiB K 3 Npoueaypoto enexk-
Tpodopesy, Tak i 6e3 Hei. Pe3ynbTaTti LUbOro A0-
cniay HaeeneHi Ha puc. 6. NeHepauieto AOK nig
yac aroumTosy ApKOXKOBUX KNITUH Makpoda-
ramum ouiHoBanu nicna dapbysaHHs Makpodaris
dnyopecueHTHUM 6GapBHMKOM AUTiApPOETUAIEM.
AK BUAHO, HAaMBULLMIM piBEeHb aKTMBaLii MakKpo-
dariB, WO CynpoBOAXYETbCA HaMbINbLW iHTEH-
CMBHOIO Npoaykuieto HUMn A®K, 6yB BUSBNEHUMN
Ha apyry aoby pocniagy.

3a npucyTHOCTI 6pekeTiB, BiAnNpaLbOBaHUX
BnpogoBx 18 - 20 ™MicdauiB y MOpOXHUHAX

88

poTa OpPTOAOHTUYHMX MaUieHTIB, npouec da-
rountosy 6yB cniBMipHMM 3 parounTo3om
3a MPUCYTHOCTI HEeBXWBaHUX 6pekeTiB, npwu
TOMY, WO BOHW 3YMOBJIIOBaSIN BULWMIA piBEHb
MeTaboniuyHoi akTmBauii (Ha TpeTo 06y ekc-
nepumeHTy). BianosigHo, B YycCix Bunagkax,
iHTEHCUBHICTb NtoMiHecueHuii ANE 6yna 6inb-
WO, HiXX 3@ NMPUCYTHOCTI HEBXMBaHUX 6pe-
KeTiB. 3a NPUCYTHOCTI B NIyHKaX K HEBXMBa-
HMx 6pekeTiB, Tak i BUKOpUCTaHUX bpekeTis,
rnpun HaHeceHHi NKb Ha «-» enekTpo4 cnocTe-
piranu iHTEHCUBHIWY noMiHecueHuito ArE,
Hi>XX npun HaHeceHHi KB Ha «+» enekTtpoa,
UM B KOHTpoOsi. HarBuwi piBHi daroumtapHoi
aKTMBHOCTI Ta MeTaboniuHoi akTuBauii 6ynu
BUABNIEHI HaMW 3a MPUCYTHOCTI npenapaTty
«Xonican» Ta BUKOPUCTaHUX BpekeTiB micnsg
HaHeceHHd KB Ha «-» enekTpos. Mo 3aBep-
LWEeHHIO TpbOX Aib, y 3a3HadyeHux AOoCnigHuX
rpynax peTekTyBanu MNporpecuBHy aerpaja-
uito (BigMnpaHHa) makpodaris. B iHWKMX go-
cnigHux rpynax nepebir uboro sBMWa pea-
Nni3oByBaBCSA MNOBiNbHIiWe | 3aBeplwlyBaBCA Ha
n'aTy-wocTy Aoby.
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Figure 6. Representative image of the stress intensity of J774.2 macrophages after staining with fluorescent dyes
Hoechst 33342 and DHE. The study was carried out after applying GCB, comparison and control preparations to the “+”

w_n

or electrode and incubation with yeast cells Saccharomyces pastorianus. Blue fluorescence after staining cells with
Hoechst 33342 dye - visualizes the nuclei of living cells; orange fluorescence after staining cells with dihydroethidium
(DHE) - visualizes the content of free radicals in cells: 1. An unused brace and GCB applied to the “-" electrode under
the influence of electric current (with the addition of yeast); 2. An unused brace and GCB applied to the “+"” electrode
under the influence of electric current (with the addition of yeast); 3. An unused brace under the influence of electric
current without GCB (with the addition of yeast); 4. A used brace and GCB applied to the “+"” electrode under the
influence of electric current (with the addition of yeast); 5. A used brace and GCB applied to the “-" electrode under
the influence of electric current (with the addition of yeast); 6. A used bracket under the influence of electric current
without GCB (with the addition of yeast); 7. Comparison product Cholisal with the addition of yeast; 8. Control “"0” -
intact cell culture with the addition of yeast; 9. Comparison drug Gengigel® with the addition of yeast.

unused braces, even though they caused a and braces after applying the GCB to the
higher level of metabolic activation (on the “-" electrode. In 3 days, macrophages’ pro-

3rd day). Accordingly, in all cases, the inten- gressive degradation (death) was detected
sity of DHE luminescence was higher than in in these experimental groups. While in other
the presence of unused braces. In the pres- groups, this phenomenon was less expressed

ence of both new braces and used braces in and ended on days 5-6.

the wells, when GCB was applied to the “-"

electrode, more intense luminescence of DHE Discussion

was observed than when GCB was applied to Here, we found that electrophoresis applied to
the “+” electrode or in the control group. The certain cell types improved the viability (MTT-
highest levels of phagocytic activity and met- test) of fibroblasts and keratinocytes in the
abolic activation were found using Cholisal long term (5-7 days), but it reduced the in-

89



Mpaui HTLW MeanyHi Hayku
2024, Tom 76, N2 2 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2024, Vol. 76, 2

OpuriHanbHi gocnigXeHHs: dyHAAMEHTaNbHI HayKHu

Original research: Basic sciences

PucyHok 6. PenpeseHTaTMBHe 306paXeHHs iIHTEHCMBHOCTI cTpecy Makpodaris niHii 1774.2 nicna ix dapbyBaHHs
dnyopecueHTHUMU bapBHukamu Hoechst 33342 i DHE. JocnigXxeHHs BUKOHYBasiM MNic/isi HAHECEHHS Ha «+» abo «-»

enekTpoa NKB npenapaTiB NOPiBHSHHSA | KOHTPOJIIO Ta iHKYy6aUii 3 ApiXXAXO0BUMU KNiTUHaMK Saccharomyces pastorianus.
CuHsa dnyopecueHuist 3a apbyBaHHs KNiTUH 6apBHUKOM Hoechst 33342 — Bi3yanisye sapa XMBUX KNiTUH; NoMapaHye-
Ba dnyopecueHuis 3a dapbyBaHHA KNiTUH aurigpoetmnaiem (DHE) - Bi3yanisye BMICT BiflbHUX paaukaniB y KniTuHax: 1
— HeBXuBaHUM bpekeT i (KB, Wo HaHeceHa Ha kaTog («-») nig BNIMBOM €1EKTPUYHOIr0 CTpyMy (3 A0AaBaHHSAM ApiX-
OXiB); 2 — HeBXuBaHUN bpekeT i (KB, Wo HaHeceHa Ha aHoA («+») Mig BNIVMBOM €/1EKTPUYHOIO CTpYyMY (3 A0AaBaHHAM
ApIXKAXKIB); 3 — HEBXMBaHUIN BpeKkeT nia BNANMBOM efleKTpuuyHoro ctpymy 6e3 Kb (3 gogaBaHHaM Apixaxis); 4 — BUKO-
pucTaHuin 6pekeT i KB, WO HaHeceHa Ha aHoA («+>») nia BNAMBOM eNeKTPUYHOro CTpyMy (3 AoAaBaHHAM ApiXKAXIB);
5 - BUKopucTaHuit 6peket i TKB , o HaHeceHa Ha KaToa («-») Mia BN/MBOM €NeKTPUUYHOro CTpyMy (3 A0AaBaHHAM
ApiXAXiB); 6 — BUKOPUCTaHUN BpeKeT Mig BN/MBOM e/leKTpUYHoro ctpymy 6e3 Kb (3 gogaBaHHAM ApixaxiB); 7 — npe-
rnapaT NOpiBHSAHHA — «Xonican» 3 goAaBaHHAM ApixaxXiB; 8 — KoHTponb «0», iHTaKTHa KyAbTypa K/iTUH 3 40AAaBaHHAM

ApiKAXiIB; 9 — npenapaT nopiBHAHHS «Gengigel» 3 foAaBaHHAM ApiXKAXIB

O6rosopeHHs

B pesynbTaTti NnpoBeAeHUX A0CNioXeHb BCTAaHOB-
NEHO, WO enekTpodopes, 3aCTOCOBaAHUA 4O OK-
peEMUX TUNIB KITUH, CTUMYJTIIOBAB XUTTE3AATHICTb
(MTT-TecT) dhibpobnacTiB i KEpaTMHOLMTIB Y Bia-
AaneHoMy nepiogi (n'atb — ciMm ai6), ane 3HMXy-
BaB iHTEHCUBHICTb DYHKLIIOHYBaHHSA Makpodaris.
Lle moxxe 6yTn noB’si3aHe 3 TUM, WO Makpodaru
aKTUBHILWLE pearyTb BMpPOAOBX MepLunx roavH
BMJIMBY Ha HUX i Ue NpuU3BOAUTb A0 3HMKEHHS
iXHbOI MeTaboniyHoi Ta nponidepaTBHOI 34aT-
HocTi. KB Ha ocHoBi komnnekcy ¢naBoHOIAIB
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36inblyBana KinbKicTb nponidepaTtMBHO aKTUB-
HUX KJTITUH 1 0Q4HOYACHO disina K LMTOMPOTEKTOP
3aBASAKN @aHTUOKCUAAHTHUM CBOIM BNIACTUBOCTSM.
JopeyHum 6yno noegHaHHsa KB 3 enekTpodo-
pe3oM, Lo Aano 3Mmory 6esnocepeaHbo BrMBaTh
Ha KNITMHW eKCNepUMEHTasIbHOro iMiTauiMHOIro
cepenosuula, HAbNMXEHOro A0 TKaHMH NapoAOH-
TaNlbHOrO KOMI/IEKCY.

Brnnveatoum Ha cnmM30BY 060/IOHKY TKAHUH SICEH,
enekTpodopes UMHUTL pedIeKTOpHY Aito Ta
CNpuUs€e remMoguHamMili. YHacnigok uboro, B na-
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tensity of macrophage functioning. This may
be due to the more active reaction of macro-
phages during the first hours of exposure that
decreased their metabolic and proliferative
capacity. GCB, which contained a flavonoid
complex, increased many proliferating cells
and acted as a cytoprotector due to their an-
tioxidant properties. Thus, it was appropriate
to combine GCB with electrophoresis, which
directly affected the cells of the experimental
simulation environment close to the tissues of
the periodontal complex.

By affecting the mucous membrane of gum
tissue, electrophoresis has a reflex effect and
promotes hemodynamics. As a result, blood
and lymph circulation, trophism and metab-
olism are improved in the periodontium, the
growth of granulations in periodontal pockets
is suppressed, and inflammatory and conges-
tive phenomena are reduced. Besides, there
is an increase in the activity of connective tis-
sue, phagocytic activity of leukocytes, retic-
uloendothelial system, and the regeneration
process is accelerated [19]. An essential role
of electrophoretic physiotherapy might be
the stimulation of nonspecific tissue reactiv-
ity [20].

In orthodontic patients, electrophoresis
should be used to treat periodontal tissue
diseases in the case of their chronic course
and after the elimination of acute inflamma-
tion or exacerbated generalized periodontitis.
These can be chronic catarrhal gingivitis, hy-
pertrophic gingivitis, or chronic generalized
periodontitis both before the active period of
orthodontic treatment and in the absence of
stabilization after installing fixed orthodontic
appliances.

Antioxidants and non-steroidal drugs are
justified in the complex treatment of peri-
odontal pathology in orthodontic patients.
Medicines in these groups work well un-
der oxidative stress conditions, neutralize
peroxides and lipid-free radical oxidation
products, and have anti-inflammatory, de-
congestant and analgesic effects, acceler-
ating reparative processes [21]. In the lit-
erature, numerous confirmations revealed
that herbal components are widely used in
periodontal therapy [22]. Since strains of
microorganisms resistant to classical antibi-
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otics rapidly develop under the influence of
the main periodontal pathogens, alternative
ways to combat such pathogens must be in-
troduced involving herbal preparations with
anti-inflammatory, antibacterial, antioxidant
and other therapeutic properties.

Another important aspect in solving the prob-
lem of treating periodontal pathology in or-
thodontic patients is the forced long-term
presence of metal structures in the oral cav-
ity. This causes a constant supply of metal
cations that are washed out of the braces. It
is known that fibroblasts and cells of other
types of mammalian tissues and organs are
sensitive to various metal cations [23; 24;
25; 26]. The positive effects of metal cations
on fibroblasts include: 1) stimulation of pro-
liferation by some cations (copper, zinc, and
selenium), which promotes healing of wound
surfaces; 2) cations of metals such as copper,
zinc, and iron are necessary for collagen syn-
thesis; 3) cations of some elements (zinc, se-
lenium) prevent apoptosis. The negative ef-
fects of metal cations on fibroblasts include:
1). acidification of the microenvironment
of fibroblasts under the influence of certain
ions, which can damage cells and cause their
death; 2) cations of certain metals can cause
oxidative stress, which damages cellular
structures; 3) excessive amounts of cations
of certain metals, such as lead, cadmium and
mercury, can lead to intoxication, which can
be fatal.

In this study, we propose using an original
methodological approach for investigating the
accumulation of biologically active agents in
the cellular microenvironment in vitro sup-
plemented with agar gel. Such an approach
is based on electrophoresis to facilitate pen-
etration of those agents and might be used in
periodontic patients [27].

The sensitivity of fibroblasts to metal cations
depends on the type of metal, its concentra-
tion, and the duration of exposure. In gen-
eral, fibroblasts are more sensitive to low
metal concentrations than high ones. Mam-
malian fibroblasts are sensitive to chromi-
um, nickel, cobalt, molybdenum, tungsten,
manganese, and titanium cations used in
iron alloys for medical and dental purpos-
es. This sensitivity can be both positive and
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POAOHTI MOKpaLyTbCa KpPOBO- Ta NiMdoobir,
Tpodika Ta 06MiH peyoBUH, MPUrHIYYETLCSA PiCT
rpaHynsuin y NnapoaoHTasIbHUX KULIEHSIX, 3MEH-
WYOTbCS 3ananbHi Ta 3acTiliHi aBuwa. KpiM
Toro, BiAOYBa€TbCSA MIABULLEHHS aAKTMBHOCTI
€/IeEMEHTIB CMONIYYHOI TKaHMHKW, darounTapHoi
AKTUBHOCTI JIEMKOUMTIB i €NeMeHTIiB peTuKy-
noeHAoTenianbHOl CUCTEMWU, @ TAKOX MNPUCKO-
PIOETLCSA npouec pereHepadii [19]. Baxnunsoto
BNACTMBICTIO enekTpoOpeTUYHOI isioTepanii €
CTUMYNSLiS HecneumdivyHOi peakTUBHOCTI TKa-
HWH i 3aXMCHUX CUN opranismy [20].

[na nikyBaHHA OPTOAOHTUYHMX NALLIEHTIB Tpe-
6a 3acTtocoByBaTn enekTpodopes npu 3axso-
pOBaHAX TKaHWH NAapoAoHTa B pa3i XPOHIYHOIo
iX nepebiry Ta nicns yCyHeHHs SBUL, FOCTPOro
3ananeHHsa abo 3arocTpeHoro nepebiry reHe-
panizoBaHOro NapogoHTUTY. Lle MoxyTb 6yTu
XPOHIYHUMA KaTapasibHWM TFiHriBIT, rinepTpo-
QiYHWI TiHFIBIT, XPOHIYHMN Nnepebir reHepani-
30BaHOro napoAoHTUTY AK A0 aKTUBHOIO ne-
pioAy OPTOAOHTUYHOIO JIIKYBaHH4A, Tak i y pasi
BiACYTHOCTI cTabinizauii nmicna BCTaHOB/IEHHS
HEe3HIMHOI OPTOAOHTUYHOI anapaTypu.

3acTocyBaHHS aHTUOKCWAAHTIB Ta HecTepoia-
HUX npenapaTiB y KOMMJEKCHOMY JiKyBaHHi
rnaTtonorii NapoAOHTY OPTOLOHTUYHUX MAUIEHTIB
€ 0brpyHTOBaHuM. Jlikapcbki 3acobu, LWo Hane-
»aTb A0 uMX rpyn, obpe AiloTb 3a YMOB OKCU-
OATMBHOIO CTPEeCy, 3HELIKOAXYOTb MepoKCUAn
Ta MNPOAYKTWU Bi/IbHOPAAMKANbHOIMO OKMCHEHHS
ninigis, a TakoX BWKOHYKOTb MpoTU3anasibHy,
NpPoTUHAbPSAKOBY Ta 3HeboNoBanbHy Ao, Npu-
CKOpIOIOTb penapaTtuBHi npouecu [21]. AHa-
ni3 nitepaTypHUX OxXXepen Aas 3MOry BUABUTH
UMUCNEHHI NIATBEPAXEHHA TOro, WO caMe poc-
JINHHI KOMMOHEHTN LLIMPOKO BUKOPWUCTOBYBAHI Yy
napoaoHTanbHiM Tepanii [22]. Ockinbkn 3a aii
OCHOBHMX MapoAOHTOMAaTOreHiB CTPIMKO pO3BU-
BalOTbCA LUTAaMW MIKPOOPraHi3MiB, WO € pe3uc-
TEHTHMMM A0 KNACUMYHMX aHTMBIOTMKIB, Heob-
XiAHO 3anpoBaZXXyBaTW asibTEPHATUBHI METOoAM
60poTEbM 3 TakuMMK naToreHamu, 3anaydaruu
POC/IMHHI MpenapaTtn 3 nMpoTusananbHUMKU, aH-
TnbaKTEpPiIMHUMUM, QHTUOKCUAAHTHUMM Ta iHLWIN-
MU JliKyBasbHUMWN BNACTUBOCTAMU.

LLle oAHVMM BaX/MBUM aACMEKTOM Y BUPILLUEHHI
npobneMu NikyBaHHSA naTonorii NapoAoHTy B
OpPTOAOHTUYHMX MALLEHTIB € BUMYLLEHA TpUBasna
HaSBHICTb MeTaneBuUX KOHCTPYKLLN Y MOPOXHMHI
poTa. Lle 3yMOBNIOE NOCTiIiHE HAAXOAXKEHHS Ka-
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TiOHIB MeTasniB, WO BMMMBAOTbCA 3 BpekeT-cmc-
TeM. [k BigoMo, ibpobnactu Ta KNITUHN iHLWNX
TUNIB TKaHWH | OpraHiB ccasLiB YyTAWBI 4O pi3-
HUX KaTioHiB MeTanie [23; 24; 25; 26]. Ao no-
3NTUBHMX edeKTiB KaTioHiB MeTaniB Ha ¢ibpo-
6nactn Hanexatb: 1) ctumynsauii nponidepaduii
OEesKUMK KaTioHaMu (Migb, LUMHK i ceneH), Lo
CMNPUSIE 3ar0OEHHI0O PaHOBUX MOBEPXOHb; 2) KaTi-
OHW TaKMX MeTaniB K Midb, UMHK i 3a1i30 Heob-
XioHi ona cMHTE3y KonareHy; 3) KaTioHW AesKnx
enemeHTiB (UMHK, ceneH) 3anobiratoTb anonTto-
3y. [lo HeraTuBHMX edeKTiB KaTioHiB MeTanis
Ha ¢dibpobnactn HanexaTb: 1) 3aKUCIIEHHS Mi-
Kpocepenosuwa dhibpobnacTiB 3a Aii Aesknx io-
HiB, LLO MOXE MOLUKOAXKYBATU KNITUHWU | CNpuymn-
HATW IXHIO 3arnbenb; 2) KaTioHW AesKMX MeTanis
MOXYTb CMPUUYMHSATU OKCUAATUBHUI CTPeC, KNI
MOLIKOAXYE KIITUHHI CTPYKTYypu; 3) HaAMipHa
KifIbKICTb KaTiOHIB AeAKMX MeTaniB, TakKux $K
CBMHeLb, KaaMili i pTyTb MOXe NMpu3BecTn A0 iH-
TOKCMKaLl, i HaBiTb CMepTesbHOI.

Y HawoMmy [OCNiAXKeHHI 3arnpornoHoBaHO BUKO-
pUCTOBYBATU OpPUriHasIbHUN METOAMYHWUIA NiaXia
[0 OOCAiAXEHHS in vitro HakonuuyeHHs 6ionoriy-
HO aKTUBHUX PEYOBUH Y KNITUHHOMY MiKPOOTO-
YeHHi, AOMOBHEHOMY arapoBum renem. Takui
niaxia 3acHOBaHWI Ha BUKOPMWCTAHHI enekTpo-
dopesy ans nonerweHHs MNPOHUKHEHHS LMX
areHTiB i Moxe 6yTW BUMKOPUCTaAHWI ANSA NiKy-
BaHHS MApOAOHTOMOrYHUX NauieHTiB [27].

YyTtnueictb ¢dibpobnactiB Ao KaTioHiB MeTanis
3anexuTb Bi4 TUNY MeTasny, Noro KoHUeHTpauii
Ta TpuBanocTi BnAMBYy. 3aranom ¢ibpobnactu
6inblW YyTAMBI A0 HM3bKUX KOHUEHTpauinn me-
Tanie, HiX A0 BUCOKMX. Dibpobnactn ccasuiB
YYTAMBI 4O KaTiOHIB XpOMY, Hikento, kobanbTy,
mMoniéaeHy, BonbdpamMy, MapraHul Ta TUTaHY,
AKi 3aCTOCOBYIOTb Y 3asi3HMX crniiaBax Asd no-
Tpeb MeamuunHu i ctomatonorii. Lg 4yyTnumBicTb
MoXe 6yTn 9K MO3UTUBHOK, TaK i HEFATUBHOIO.
Hanpwuknaa, KaTiOHW HIiKeNno MOXYyTb K CTU-
MyntoBaTh nponidepadio ibpobnacTie, Tak i
CAPUYMHATN OKCUAATUBHUI CTPeC, NpU3BoASUN
A0 3arnbeni KNITUH NpU BUCOKMUX KOHLEHTpa-
uisgx. KatioHn xpoMmy i kobanbTy CTUMYIOHOTb
nponidepauito dibpobnacTie i cnHTE3 Konare-
HY, 3axuvllalouu KAITUHWU Bi4 OKCUMAATUBHOMO
cTpecy. KaTioHn moni6aeHy, Bonbdpamy i map-
raHuo HeobXiaHi AN CMHTE3Y AeSKUX EH3UMIB,
BaX/IMBUX Y MeTaboniaMi KIiTUH. BOHM Takox
MOXYTb 3axuLlaTh KAITUHW Bi4 OKCUAATUBHO-
ro ctpecy. Tpeba HaronocuTn, WO KaTiOHN TU-
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negative. For example, nickel cations can
both stimulate fibroblast proliferation and
cause oxidative stress, leading to cell death
at high concentrations. Chromium and co-
balt cations stimulate fibroblast prolifera-
tion and collagen synthesis, protecting cells
from oxidative stress. Molybdenum, tung-
sten, and manganese cations are necessary
for synthesizing certain enzymes important
in cell metabolism. These enzymes can also
protect cells from oxidative stress. It should
be emphasized that titanium cations are
non-toxic in low concentrations. That is why
this metal is used to make implants that are
not rejected by the body. However, in high
concentrations, titanium corrosion products
in peri-implant tissues are a risk factor for
peri-implantitis [28; 29]. Studies of the ef-
fect of metal cations on fibroblasts are on-
going.

Summarizing the results of our studies, we
can assume that unused braces lose metal
cations more intensively in the culture me-
dium and, accordingly, in the oral cavity,
thereby increasing oxidative stress. Our pro-
posed GCB most likely modulates the ability
of cells to withstand oxidative stress caused
by the above factors. Accordingly, the elec-
trophoresis procedure in clinical conditions
can intensify the penetration of GCB compo-
nents through periodontal tissues, thereby
reducing the level of oxidative stress in the
cells of the periodontal complex tissues after
installing fixed orthodontic appliances. Our
experimental treatment model of periodon-
tal tissue disease allowed us to establish that
the electrophoresis procedure can have a re-
duced exposure time (15-50 sec) instead of
the standard duration of 15-20 min per jaw.
This ensures a high prolongation of the GCB
agent’s effect and targeted drug delivery to
the tissues.

Thus, we have revealed cytostimulatory and
cytoprotective properties of GCB in the stress
response of experimental cells under the in-
fluence of electrophoresis and phagocytic
processes accompanied by excessive met-
abolic activation. These properties may be
due to one of the active components of the
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gel composition, namely, a flavonoid complex
(Proteflazid®), which provides antioxidant ac-
tion. This preparation is obtained from a nat-
ural source - soddy pike (Herba Deschampsia
caespitosa L.) and ground cinquefoil (Herba
Calamagrostis epigeios L.) herbs.

Conclusions

The cytoprotective effect of GCB in treating
periodontal diseases in orthodontic patients
was evaluated. We established that apply-
ing GCB to the “+” electrode was optimal.
The effectiveness of exposure of this gel
composition in the oral cavity during gingi-
val electrophoresis for 15-50 sec (current
strength - 0.2-0.4 mA) was experimentally
proved, compared to the standard duration
of the classical clinical procedure of 15-20
min. The patented GCB was shown to best
promote the proliferation of all three types
of test cells (fibroblasts, keratinocytes, mac-
rophages) and had a significant advantage
over Cholisal and Gengigel®. It was found
that unused braces lost metal cations more
intensively in the culture environment, thus
increasing oxidative stress. Due to its anti-
oxidant properties, the developed GCB mod-
ulates the ability of cells to withstand stress.

The GCB can be recommended as a new me-
dicinal product in clinical periodontics and
orthodontics for periodontal dressing that is
used together with individually made mouth-
guards in orthodontic patients during the ac-
tive period of the orthodontic treatment as
local therapy after the SRP (Scaling and Root
Planning) protocol. Besides, they can be used
for other surgical interventions and electro-
phoresis-based physiotherapy at active peri-
ods of orthodontic treatment with fixed ortho-
dontic appliances.
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TaHY HETOKCUYHI B HU3bKMX KOHUEHTpauisx.
Came TOMYy Lei MeTan BMKOPUCTOBYIOTb A1
BUIFOTOBMIEHHSA IMM/IAHTIB, 4AKi HE CrpUYnHS-
IOTb BiAYYy>XXEHHSA opraHi3aMoMm. poTe y BUCOKUX
KOHLEHTpauiaxX KOpO3iliHi MpOoAYyKTUM TUTaHYy B
nepuiMnNIaHTHUX TKaHMHaX € GaKTOPOM pU3UKY
nepuiMnnaHTuTy [28; 29]. JocnigXeHHs BNn-
BY KaTiOHiB MeTaniB Ha ¢ibpobnactu TpmBaroTb.

MiancymoBytoun pesynbTaTv NpoBeAeHUX HaMu
[OCNiAKEHb, MOXHA MPUNYCTUTU, LLLO HEBXWBA-
Hi 6pekeTn 6inblW IHTEHCMBHO BTpayalTb Ka-
TiIOHW MeTaniB B Ky/bTypasibHOMY CEPEAOBMULL,
a, BiANOBIAHO, | B MOPOXHWHI poTa, MOCUIIOO-
UM OKCMAATUBHUI CTpec. 3anpornoHoBaHa HamMum
KB, iMOBipHilWle 3a BCe, MOAYJ/IOE 34aTHICTb
KNITUH MPOTUCTOATU OKCUMAATUBHOMY CTpEcy,
3YMOBJIEHOMY rMepeniYeHnMM HaMu YUHHWUKa-
MW. BignosigHo npoueaypa enekTpodopesy
B KNiHIYHMX yMOBaXx 34aTHa iHTEHCUIiKyBaTK
NPOHNKHEHHSA KOMMOHeHTIB KB Kpi3b TKaHWHHK
NapoAoOHTY, 3HUXYHOUYM piBEHb OKCUMAATUBHOMO
CTpecy B KJ/iTUHaxX TKaHWH NapoOAOHTasIbHO-
ro KOMMJEKCY Mic/ig BCTAHOBMEHHSA HE3HIMHOI
OpPTOAOHTMYHOI anapaTypu. 3anpornoHoBaHa
HaMW eKCrnepuMeHTaslbHa MoAesb JiKyBaHHSA
3aXBOPIOBaHb TKAaHWH MapoAoHTY Adana 3Mory
BCTAHOBUTU, WO npoueaypa enektpodopesy
MOX€ MaTW CKOpPOYEHYy TpUBaniCTb eKCno3nuii
(15 - 50 cek) 3aMicTb CTaHAAPTHOI TPUBASOCTI
15 - 20 xB Ha oaHy weneny. MNpu uboMy 3abe3-
NnevyyeTbCA BMCOKA MPOMOHIOBaHICTb Aii 3acoby
KB Ta cnpsMoBaHa AoctaBKa NiKiB y TKaHWHW.

OTXXe, HaMu BUSBNEHI LMTOCTUMYNSALUIMHI Ta
LMTONPOTEKTOPHI BnactusocTi KB 3a cTpe-
COBOI peakuii ekcnepuMeHTanbHUX KNITUH Mig
BNINMBOM enekTpodopesy Ta darounmtapHoro
rnpouecy, Wo CYNnpoOBOAXYETLCA HaAMipHOK
MeTaboniyHoto akTuBauieto. Li BracTuBocTi
MOXYTb 6yTW 3yMOBJIEHI OAHMM i3 aKTUBHUX
KOMMOHEHTIB BMKOPWUCTAHOI resieBoi KOMMO-
3uuii, a came GNABOHOIAHMM KOMMJ/IEKCOM
(MpoTednasiag), wo 3abesnedyye aHTMOKCU-
OAHTHY Aito. Llein npenapaT B3ATMI 3 Npupoa-
HIX A)xepen - TpaBu Wydku aepHucroi (Herba
Deschampsia caespitosa L.) i TpaBu BiliHMKa
HaseMHoro (Herba Calamagrostis epigeios L.).
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Y BWCHOBKaX: MpoBeAEeHO OLiHKY LWTOMpo-
TekTopHol Aii TKB ang nikyBaHHA 3axBOpHOBaHb
MapoAoHTY B OPTOAOHTUYHMX MauieHTIB. Y gocni-
[XKEHHSX in vitro BCTAHOBJIEHO, WO OMTUMAasb-
Hoto € annikauis KB Ha aHogi («+» enekTpoa)
Ta eKCrnepuMeHTaslbHO A0BeAeHO edeKTUMBHICTb
€KCro3unuii Li€l resieBol KOMMNO3uULii B MOPOXHUHI
poTa nifg, Yac HasCEHHOro enekTpodgopesy BMpo-
aosx 15 - 50 cek (cuna crpymy 0.2- 0.4 mA),
Ha NpoTMBary CTaHAApPTHIN TPUBaNoOCTi Knacuy-
HOI K/liHIYHOI npoueaypw Bnpogosx 15 — 20 xB.
MokazaHo, Wwo 3anateHToBaHa KB Halkpale
cnpusie nponidepadii BCiX TpbOX TUMIB NiAAo0-
cnigHmnx  knitnH  (ibpobnactn, kKepaTMHOUUTY,
Makpodarun) i Mae BiporigHy nepesary Haj npe-
napaTtamu NopiBHAHHSA («Xonican», «FeHrirenb»).
TakoXX BCTAHOBMIEHO, WO HEBXMBaHi bHpekeTu
6inbl IHTEHCMBHO BTpayaloTb KaTiOHW MeTaniB y
Ky/IbTypasibHOMY CEPEAOBULLI, MOCUIIOYM LM
oKcnaaTuMBHUM cTpec. Po3pobneHa KB moayntoe
30ATHICTb KJITUH MPOTUCTOATU CTPECOBI 3aBASAKN
AHTUOKCUAAHTHUM B/IACTUBOCTAM.

OTmxe, 'K MOXHa pekoMeHAyBaTW K HOBWM
CTOMAaTOJIOMNYHUI 3acib y KAiHIYHIN NapoAoOH-
TOMOril Ta OPTOAOHTII ANA NapoAOHTaNIbHUX
NOB'A30K i 3aCTOCOBYBaTK pa3oM i3 iHAMBIAY-
aflbHO BUrOTOBJIEHMMU KanamMmu B OPTOAOHTUY-
HWUX NaUuUieHTIB NpuY NiAroTOBLUI iX A0 aKTUBHO-
ro nepiogy OpTOAOHTUYHOIO JIiKYBaHHA — 4K
Ang Micuesoi Tepanii nicna npotokony SRP
abo iHWKMX XipypriyHMX BTpyYaHb, Tak i Ans
«IHTEHCUBHOI» i3ioTepanii 3 BUKOPUCTAHHAM
enekTpodopesy A0 Ta B aKTUMBHOMY MepioAi
OPTOAOHTUYHOIO NiKyBaHHA 3 BUKOPUCTAHHAM
HEe3HIMHOI OPTOAOHTUYHOI anapaTypu.
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YacTkoBYy niagTpMMKy Simons Foundation
(Award No 1030281). Kpim TOro, mm BAsu-
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cTuTyTy 6ionorii kniTMHM HauioHanbHoi Akaae-
MiT Hayk YkpaiHn Hasapy MaHbky.
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