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The study of biopharmaceutical and adhesive characteristics
of a dental gel

Significant prevalence of dental pathologies among different age groups of the population of Ukraine dictates
the need to find new effective medicines used in the treatment of oral cavity diseases. The choice of a dosage form
and the optimal composition of the active pharmaceutical ingredients introduced in it to provide the necessary thera-
peutic effect is of importance in the treatment of periodontal diseases. For local treatment in dentistry gels are widely
used; due to formation of aqueous internal structures they can include various chemotherapeutic substances in their
composition, which makes it possible to obtain a dosage form with the multi-profile action. Considering the above,
the research on developing the composition and technology of the dental gel with “Phytodent” tincture (PJSC “CPP
Red Star”, Ukraine), choline salicylate 80 % (Basf Pharma, Switzerland) and lidocaine hydrochloride (Societa Italiana
Medicinali Scandicci, Italy) has been conducted.

Aim. To select the optimal gel base from the solutions of polymers of the semi-synthetic and synthetic origin tested
in different concentrations by studying the biopharmaceutical and adhesion characteristics of six samples of gels.

Materials and methods. The biopharmaceutical studies were performed by the method of direct diffusion in 2 %
agar gel containing iron (lll) chloride solution as an indicator. The degree of bioavailability of the amount of active
substances from gels was determined by the diameter of the colored zone. The adhesive ability was studied using an
electronic dynamometer.

Results and discussion. It has been found that addition of mucosal adhesives to a gel-former provides the pro-
longed action to gels and increases their adhesion ability.

Conclusions. The results of the biopharmaceutical studies have not been allowed determining the statistically
reliable advantage of any of the gel samples. Based on the results of their adhesion ability the gel compositions with
the best adhesion characteristics have been found; they can be recommended for further screening studies on crea-
tion of a new dental gel.
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FO. C. Macnin, O. A. Pyb6aH
BuB4yeHHA GiothapmaueBTUYHUX | aare3inHMX XxapakTepucTUK CTOMaTONOri4YHOro rento

3HayHa noLwMpeHiCTb CTOMATONOrYHUX NATOOrIN cepen Pi3HMX BIKOBUX rpymn HaceneHHs YKpaiHu AMKTye Heobxia-
HICTb MOLLYKY HOBUX eheKTUBHUX NikapCbknx 3acobiB, L0 3aCTOCOBYOTLCS B Teparii 3aXBOpOBaHb POTOBOI MOPOXHUHN.
Baxnuee 3HaveHHs1 B Tepanii 3axBoptoBaHb NapoAoHTy Mae BMOIp NikapCbKoi hopMM i ONTUMAanbHOro cknaay akTuB-
HUX hapMaLEeBTUYHUX IHIPEIEHTIB, BBEAEHNX Y HEI 3 METOK 3abe3neyeHHs HeoOXigHOro TepaneBTUYHOIO edEKTY.
[na micueBoro nikyBaHHsi B CTOMATOJOTIi LUMPOKO BUKOPUCTOBYHOTL Teni, SKi 3aBOsSKM YTBOPEHHIO BOOHUX BHYTPILLIHIX
CTPYKTYp LO3BOMSOTb BKMKOYATM 0 CBOrO CKIady PisHi XiMioTepaneBTUYHI peYOBMHM, O OOYMOBIIHE MOXITMBICTb
OTpUMaHHSA ofHi€i nikapcbkoi popmu GaratonpodinbHOI Ail. Bpaxosytoun BuweckadaHe, Hamy Bynu nposeaeHi Ao-
CniKeHHs1 3 po3po0bKM cknaay Ta TEXHOMOrIT CTOMAaTONOoriYHOrOo rento 3 HacTonkoo «ditoaeHT» (MAT «XP3 «YepBoHa
3ipka»», YkpaiHa), xoniHy caniyunatom 80 % (Basf Pharma, LBeiuapis) i ninokainy rigpoxnopugom (Societa ltaliana
Medicinali Scandicci, ITanis).

MeTa po6oTu — BUOip onTMMarnbHOI reneBoi OCHOBM, B IKOCTi SIKOi Oynu AocnigkeHi po34mHM noniMepis HaniBCuH-
TETUYHOTO | CUHTETUYHOIO MOXOMKEHHS B Pi3HMX KOHLIEHTPALISX, LWNSXOM BUBYEHHSA BiodapmaueBTUYHUX | aaresiitHnx
XapaKTepucTUK 6-Tu 3paskis renis.

MaTtepianu Ta meToau. BiodapmaueBTUYHI fOCNIMKEHHA NPOBOANNN METOAOM NpsMOT Andysii B 2 % araposuin
renb, WO MIiCTUTb po3ynH 3anisa (lll) xnopuay B sikocTi iHgnkaTtopa. CTyniHb GiOAOCTYNHOCTI CyMU Ait04MX PEYOBUH 3
renis BU3Ha4anwu 3a giametpom 3abapBneHoi 3o0HW. AaresiiHa 3gaTHicTb Oyna focnig)keHa 3a LOMOMOroH eNeKTPOHHOTo
AvHamowmertpa.

Pe3ynkTaTy Ta ix o6roBopeHHs. [JoBeaeHo, Lo JoAaBaHHs 40 reneyTBopoBada Myko3arnbHUX aare3umBiB 3a6es-
neyvye rensm NPornoHroBaHy Aito Ta MiABULLYE iX aaresiviHy 3aaTHICTb.

BucHoBku. Pe3ynsraty GiochapmaleBTUYHUX AOCNIAKEHD HE [O3BONUM CTAaTUCTUYHO AOCTOBIPHO BCTAHOBUTU
nepesary ogHoro i3 3paskiB renis. Ha nigctasi oTpMMaHux pe3ynesrartiB iX aaresiiHol 30aTHOCTI BUSIBMEHI renesi KOMMo-
3U1LiT 3 HAaKpaLLMMK aare3inHUMKN XapakTepucTUkamu, siki MoXyTb OyTu peKkoMeH0BaHi A4St NPOBEAEHHST NoAanbLUNX
CKPWHIHTOBKX AOCTXEHb 3i CTBOPEHHSA HOBOrO CTOMATOSONYHOTO reso.

Knrovoei criosa: 3axBOptOBaHHSA NapOA4OHTY; CTOMATOSONYHI reni; moniMepHa renieBa OCHOBA; MyKO3arbHi
aaresvBu; 6i0AOCTYMHICTb; aaresinHa 30aTHICTb
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MN3yuyeHune 6nochapmaueBTUHECKMX U aAre3MOHHbIX XapaKTepucTuK
CTOMaTONIOrn4ecKoro rens

3HauuTenbHasi pacnpoCTpaHEHHOCTb CTOMATONOMMYECKMX NaToNornii Cpeamn pasnmMyHbIX BO3PaCTHbIX rPynn Ha-
ceneHust YkpauHbl AUKTYET HEOOXOAMMOCTb MOUCKa HOBbIX 3W(EKTUBHBIX NTEKAPCTBEHHbBIX CPEACTB, NPYMEHSIEMbIX B
Tepanuu 3abonesaHui NornocTn pra. BaxkHoe 3HaveHne B Tepanuu 3abonesaHunii NnapogoHTa MMeET BbIOOp NekapcTBeH-
HOW hOpMbI 1 ONTUManbHOTO COCTaBa aKTUBHbIX (hapMaLIEBTUHECKX MHIPEANEHTOB, BBEAEHHLIX B HEE C Lierbio obecneve-
HMs HeobxoaMMOoro TepaneBTuyYeckoro acpdekTa. [ns MeCcTHOro NeYeHnst B CTOMaTomnorMm LWNMPOKO UCMONb3YIOT renwu,
KoTopble brnarogapsi 06pa3oBaHNi0 BOAHbLIX BHYTPEHHUX CTPYKTYP MO3BOMSKT BKMOYATbL B CBOM COCTaB pasfuyHble
XMMUOTEPaNEBTUYECKNE BELLIECTBA, YTO 00YCMNOBNMBAET BO3MOXHOCTL MOMyYeHNs1 O4HON NeKkapCTBEHHOM (hOpMbl MHOTO-
npodunnbHOro AencTBmS. YUnTbiBas BbllLeckasdaHHoe, Hamu Bbinm NpoBeaeHb! nccrefoBaHns no paspaboTke cocTa-
Ba M TEXHONMOrMM cTtoMatonoruyeckoro rens ¢ Hactonkon «dutogeHT» (MAO «Xd3 «KpacHasa 3Be3ga»», YkpauvHa),
xonuHa canvuunatom 80 % (Basf Pharma, LLserninapusa) u nuaokanHa rugpoxnopugom (Societa Italiana Medicinali
Scandicci, Utanus).

Lenb paboTbl — BeIGOP ONTMManbHOW reneBoi OCHOBLI, B KAYECTBE KOTOPOW Obiny nccnegoBaHbl pacTBOPbI NMO-
NMMEPOB MOJNTYCUHTETUYECKOTO U CUHTETUYECKOTO MPOUCXOXKAEHUSA B PA3NUYHbIX KOHLEHTpaUusax, nyTeM n3yyeHus
6uodapMaLeBTUHECKNX U aAre3MOHHbIX XapaKTepucTuk 6-tm o6pasuos renen.

Matepuansi n metoabl. briohapmaueBTnyeckre nccnegoBaHns NPoOBOAUNYM MeTodoM npsmMon anddyaunmn B 2 %
arapoBbIi renb, cogepxalymin pacteop xenesa (Il1) xnopuaga B kadectse nHankatopa. CteneHb GUOLOCTYNHOCTH CyM-
Mbl JEVCTBYHOLLMX BELLECTB M3 renen onpeaensny no AMameTpy oKpalleHHOM 30Hbl. AAre3noHHas cnocobHocTb Obina
uccnefoBaHa nNpy NOMOLLM 3NEKTPOHHOIO AUHaMOMETpa.

Pe3ynbTaTthl U ux o6cyxaeHue. [lokasaHo, 4To AobaBreHne k reneobpasoBaTento MyKko3arnbHbIX afare3vBoB
obecneynBaeT rensim NPOrnoHrMpPoBaHHOE AENCTBNE U MOBLILLAET UX aAre3VOoHHYI0 CMOCOBHOCTD.

BbeiBoabl. Pesynsratsl 6rodapmaueBTnyeckux nccrefoBaHnii He no3Bonum CTaTUCTUYECKN JOCTOBEPHO yCTa-
HOBWTb NMPEUMYLLIECTBO OAHOro 13 obpasuoB rener. Ha oCHOBaHUM NOMyYeHHbIX Pe3ynbTaToB UX afre3vioHHON Cro-
COBHOCTW BbISIBMEHbI reneBble KOMMNO3ULMK C HAUIMyYLUMMY agre3vioHHbIMY XapakTepucTMkamum, KoTopbie MoryT ObiTb
pekoMeHO0BaHbl 4119 NPOBeAEHNS AanbHENLLNX CKPUHMHIOBBIX MCCNEeA0BaHMI Mo CO34aHMI0 HOBOrO CTOMAaTOormyecko-

ro rend.

Knroyeenble crioea: 3abonesaHus NapofoHTa; CTOMaToNorMyeckue ren; nonnmMepHast rernesasi OCHOBa;
MyKO3arbHble aaresunsbl; GUOAOCTYNHOCTb; aAre3noHHas CrNocoBHOCTbL

The oral cavity diseases no matter what caused them
(trauma, infection, allergen, heredity) greatly complicate
everyday life being a stressful factor for most people.
In recent decades, there has been a tendency of constant
increase of various pathologies of the parodentium and
the mucous membrane of the oral cavity throughout the
world, leading to various complications not only of the
local, but also of the general nature [1-3].

As is known, the choice of dosage form is impor-
tant to provide the effectiveness of pharmacotherapy for
various diseases. In particular, a significant progress in
the treatment of many dental pathologies has been ac-
hieved due to the use of dosage forms of the prolonged
application action in the form of gels. Compared with
other dosage forms gels have a number of advantages:
they are easily applied to the surface of the mucous
membrane of the oral cavity, are well kept on it and pro-
vide prolonged contact with the treated surface, substan-
tially prolonging the action of the drug. The form of the
gel allows including chemically incompatible substances
in its composition since the high viscosity of the dis-
persion medium prevents the interaction between them.
Gels have good thixotropic properties, and it determi-
nes their optimal spreadability, good extrusion from the
tube, and efficiency of production [4-6].

In case of periodontal disease, the mucous membra-
ne of the oral cavity is inflamed and is sensitive to coar-
se food and medicines; therefore, the use of a semi-so-

lid dosage form is the best option for the treatment of
these pathologies.

The development of a dental gel is a serious scienti-
fic research that involves solving a range of issues re-
lated to selection of active substances and excipients, as
well as providing the necessary biopharmaceutical and
rheological properties of the gel composition.

The treatment and prevention of periodontal disea-
ses usually involve an integrated approach that combi-
nes the use of medicines with the antimicrobial, immu-
nomodulatory, anti-inflammatory, local anesthetic, repa-
rative and other actions [1-5]. The development of a den-
tal gel designed for the treatment and prevention of in-
flammatory diseases of the parodentium and oral mu-
cosa, adaptation to removable prostheses and expansion
of the range due to the combination of “Phytodent” tinc-
ture, choline salicylate and lidocaine hydrochloride in
the composition of the gel was, in our opinion, of the
unquestionable theoretical and practical interest. Their
concentrations were determined taking into account the
data of scientific literature and the microbiological stu-
dies of the dental gel samples developed [4].

One of the disadvantages of a dental gel is its low
adhesion on the surface of the mucus; it is associated
with the constant formation of saliva (0.5-2 L/day) and
the mobility of the oral cavity tissues. Therefore, this
dosage form should possess a good adhesion, which
leads to an increase in the concentration of drugs in the
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application site and allows decreasing the dose of ac-
tive pharmaceutical ingredients (APIs) introduced both
systemically and locally [7, 8].

When adding mucoadhesive polymers to the gel com-
positions the effectiveness of their application increases
due to an increase in the retention time on the mucous
membranes, therefore providing the prolonged action.
These substances include anionic polyelectrolytes, for
example, derivatives of cellulose and acrylates charac-
terized with a strong mucoadhesion with the minimal
toxic effects [6-9].

Therefore, the aim of the work was to select the op-
timal gel base from the solutions of polymers of the se-
mi-synthetic and synthetic origin tested in different con-
centrations by studying the biopharmaceutical and ad-
hesion characteristics of six samples of gels.

Materials and methods

As the APIs in the dental gel “Phytodent” tincture
(PJSC “CPP Red star”, Ukraine), 80 % choline salicy-
late (Basf Pharma, Switzerland) and lidocaine hydro-
chloride (Societa Italiana Medicinali Scandicci, Italy)
were used.

As mucosal adhesives permitted for use in oral pro-
ducts carbopol of Polacril 40P brand (Amedeo Brasca &
C. Stl, Italy); polyvinylpyrrolidone PVP K90 (AppliGhem
GmbH, Germany); hydroxypropyl methylcellulose HPMC
2208 90SH-100000 (Shin-Etsu, Japan); OraRez® W (BOAI,
China) in liquid (OraRez® W-100L16) and powder (OraRez®
W-100P) form; hydroxyethyl cellulose (HEC) Tylose®
H 100000 YP2 (SE Tylose GmbH & Co0.KG, Germany)
were used. To achieve the required pH (5.5-7.5) trietha-
nolamine was used as a neutralizer.

The APIs release degree was assessed using the me-
thod of agar diffusion [10]. For this purpose, 100 ml of
2 % agar solution was prepared in a standard solvent
using 3 % iron chloride (III) as an indicator in the amount
of 3 %. In Petri dishes a hot solution of agar was placed
and cooled. In the agar gel the wells were formed using
a hollow metal cylinder with the diameter of 8 mm, then
0.3 g of test samples of gels were placed in them. Petri
dishes were kept in a thermostat for 24 hours at 37 °C.
The degree of the APIs release from gels was estimated
by the diameter of the color zone formed around the well.

The adhesion ability of the gel samples was deter-
mined under the supervision of prof. M. O. Lyapunov at
the premises of the Laboratory of Drug Technology and
Analysis of the State Scientific Institution “Institute for
Single Crystals” of the National Academy of Sciences of
Ukraine, Kharkiv. The adhesion was determined using
the device (Fig. 1) consisting of the electronic dynamo-
meter (1) with the maximum reading fixation. In a Petri
dish fixed on the horizontal surface (5) the test sample
was placed, which mass was calculated based on the ra-
tio of 0.25 g/cm? of the area of the cover plate (3) pro-
viding the optimal thickness of the layer to measure the
separation effort from the contact surface of the sample
and the plate. The sample taken was pressed by a plate
equipped with a rod to transfer the separation effort to the
dynamometer (2) until its contact surface was comple-
tely wetted with the sample (4). The contact surface of

Fig. 1. The scheme of the device for adhesion determination:

1 — an electronic dynamometer-tensometer; 2 — the rod for the
separation effort transfer to the dynamometer; 3 — a cover plate;
4 — the test sample; 5 — Petri dish; 6 — the load

the plate was previously covered with a thin layer of
paraffin. To provide a uniform effort the load (6) weighing
1 kg was placed on the plate for 60 sec, then the load
was removed. Then the dynamometer with the contact
plate attached to it was lifted upright to the detachment
of the contact plate from the surface of the sample, and
the applied separation effort was recorded by the dyna-
mometer readings (1).

The adhesion was calculated using the force requi-
red for separating two surfaces after the adhesion ap-
peared. This force (S,,) was determined as the ratio bet-
ween the maximum breaking force (F,) and the total
area of the surface (A ) involved in the adhesive inter-
action by the formula: S =F _/A,.

Results and discussion

In order to study the biopharmaceutical and adhe-
sion characteristics, as well as to select the gel base six
model samples of gels with adhesives given in Tab. 1
were prepared.

Table 1

The compositions of the dental gel model samples

Sample,
No.

1 1.5 % carbopol of Polacril 40P brand

2 1.5 % carbopol of Polacril 40P brand + 1.0 % PVP
3 1.5 % carbopol of Polacril 40P brand + 1.0 % HPMC
4

1.5 % carbopol of Polacril 40P brand +
1.0 % OraRez ® W-100L16

1.5 % carbopol of Polacril 40P brand +
1.0 % OraRez ® W-100P

6 3.0 % HEC

Mucosal adhesives used
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Fig. 2. The dynamics of APIs release from gels

In order to study the bioavailability of the gel samp-
les developed on the basis of various mucoadhesive poly-
mers 3 % iron (III) chloride solution was used as an in-
dicator. “Phytodent” tincture contains phenolic compo-
unds, which under the interaction with the indicator form
a dark brown color with a green tint, and in contact with
choline salicylate there is an intense dark-violet coloration.

The dynamics of APIs release from various gel samp-
les into agar with an indicator is shown in Fig. 2.

According to the data presented in Fig. 2, in gene-
ral, the positive dynamics of API release from all gel
samples can be noted. At the same time, changes in the
degree of release are insignificant. Within the first hour
the maximum release was observed in gel sample 1 on
the basis of carbopol of Polacril 40P brand without ad-
dition of adhesives, while the minimal release was in

samples 5-6 based on carbopol of Polacril 40P brand
with addition of OraRez® W-100P adhesive and based
on HEC. Samples 2-4 within the first hour had the same
results — 20 mm. This confirms the fact that addition of
mucosal adhesives to the gel-former provides the pro-
longed action of gels. For 3 hours of their testing all
samples had almost identical values of this indicator.

In order to select a rational gel base the adhesion
characteristics of the gels developed were also studied.
The adhesion of six samples was compared with dental
drug “Metrogyl Denta®” in the gel form (“Unique Phar-
maceutical Laboratories”, India). The indicators of the
electronic dynamometer (n = 3) obtained are shown in
Tab. 2.

The adhesion characteristics of the samples are given
in Tab. 3.

It is known that in pharmacy polymers with mucoadhe-
sion to the mucous membrane in the range of 2000-9000 Pa
are used [7]. According to the results obtained samples
1-4 have the best adhesion. In addition, sample 1 based
on carbopol of Polacril 40P brand, sample 3 on carbo-
pol of Polacril 40P brand with 1.0 % HPMC and samp-
le 4 — carbopol of Polacril 40P brand P with 1.0 % OraRez®
W-100L16 by the adhesion strength exceed the refe-
rence drug by 5.0 %, 43.8 % and 3.8 %, respectively.
The samples of the gel based on carbopol of Polacril
40P brand with addition of 1.0 % OraRez® W-100P (samp-
le 5) and based on HEC (sample 6) have the worst adhe-
sive properties leading to rapid leaching of the gel from
the surface of the mucous membranes of the oral cavity
and reducing its pharmacological action.

Table 2
The electronic dynamometer readings, g
Sample No. Experiment 1 Experiment 2 Experiment 3 Average value, g

1 660 670 690 673.3

2 395 415 440 416.7

3 1125 1135 1150 1136.7

4 660 660 670 663.3

5 300 315 320 311.7

6 215 245 245 235.0

Metrogyl Denta 625 640 650 638.3

Table 3
The adhesion of the gel samples
The dynamometer reading, Adhesion,
Sample No.

g kg N kgf/cm? N/m? (Pa)
1 673.3 0.6733 6.605 0.08374 8215.17
2 416.7 0.4167 4.088 0.05183 5084.58
3 1136.7 1.1367 11.151 0.14138 13869.40
4 663.3 0.6633 6.507 0.08250 8093.28
5 311.7 0.3117 3.058 0.03877 3803.48
6 235.0 0.2350 2.305 0.02923 2866.92
Metrogyl Denta 638.3 0.6383 6.262 0.07939 7788.56

Note: the area of the plate used is 8.04 cm? or 0.000804 m?,
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CONCLUSIONS

1. In order to increase the retention time of the den-
tal gel on the mucous membranes and, therefore, to pro-
vide it with the prolonged action various mucoadhesive
polymers were introduced into the drug being developed.

2. The results of the biopharmaceutical studies using
the method of agar diffusion have not shown a clear
dependence of the degree of release from the type of
a mucoadhesive polymer. The diameter of the painted
zones of all samples for 3 hours of the study was within
the range of 27.5 + 0.5 mm, which did not allow con-
cluding about the statistically significant advantage of
one of the samples.

3. Using an electronic dynamometer the adhesion
ability of 6 gel samples has been studied when adding

mucosal adhesives allowed for oral use in various con-
centrations.

4. It has been determined that introduction of muco-
adhesive polymers to the composition of the dental gel
increases its adhesion characteristics, which, there-
fore, increases the time of its contact with the surface
of the mucous membrane and bioavailability of the
drug.

5. Based on the results of the adhesion study the gel
compositions with the best adhesion characteristics, na-
mely samples 1-4, have been identified; they can be re-
commended for further screening studies on creation of
a new dental gel.

Conflict of Interests: authors have no conflict of
interests to declare.
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