Scientific Journal «ScienceRise: Pharmaceutical Science»

Ne6(22) 2019

YK 615.454:014.22:242:281.9
DOI: 10.15587/2519-4852.2019.189949

RESEARCH ON THE DEVELOPMENT OF DENTAL GEL TECHNOLOGY WITH
METRONIDAZOLE BENZOATE AND HYALURONIC ACID

D. Orlenko, V. Yakovenko, L. Vyshnevska

Mema. Po3pobxa mexnonozii cmomamono2iunozo 2eno KOMOIHOBAHO20 CKAAOY, BCMAHOBIEHH ONMUMATbHUX
MEeXHONI02IUHUX NAPAMemPi8 w000 y8edeHHs OitoyUX ma OONOMINCHUX Pe4OBUH.

Memoou. /s 6ucomMoIeHUX eKCREPUMEHMATBHUX 3PA3KIE 280 BUBHAYAIU OOHOPIOHICMb 3a Memoouxoio [PV 1.1,
¢. 511. Posmip wacmox cycnensii eusuanu 3 euxopucmattsm mikpockony XY-B2TLED npu nonspusoeanomy ceimii,
32i0no0 DY 2.9.37. Kinvkiche susHauenHs memponioasony benzoamy ma cynposionux oomiuiox A, B, C, mipamicmu-
HY, HAMPIO 2ianypoHamy nposooUU MemoooM piourHoi xpomamozpagii , 32iono @Y n. 2.2.29, n. 2.2.46.
Pesynvmamu. 3a pezynomamamu XiMiuHux ma MikKpOCKORIUHUX OOCAIOXHCEHL ONMUMANLHUM CHOCODOM Y8eOeHH s
MempoHioasony bewzoamy 8 ceiiegy OCHO8Y € Memoo cychewsii. /[na 3abe3neduenns HaUKpaujo2o po3snooiieHHs
MempoHioazony beH30amy SUKOPUCHOBYB8ANU MIKPOHI308AHY CYOCMAHYII0 MA GUSHAYUIY MEXHON02IYHI napame-
mpu nonepeoHvoi 2omozeHizayii memponioasony bewsoamy y nponinenenikoni npu memnepamypi 20-25 °C. Mi-
Kpoghomozpaii 00cioNCy8aHUX 3pA3KIE 2eH0 NOKA3AIU, WO 2OMO2EHI3aYisi MempoHiOa3ony OeH30amy 3 nponi-
nenenikonem 3i weuoxicmio 8io 3000 do 4000 06/xeé 3abe3neyye ompumanus 0OHOPIOHO20 HANIBNPO30PO2O 2eNt0
6in020 Konvopy. Jocnioxcenus XiMiuHOI cmabitbHOCMI MA Peon02IYHUX NOKA3HUKIE OMPUMAHO20 2eNio, 5K Hd
MOMEHM 8U20MOBNIEHHS MAK | NPO NOOATLUOMY 30epicanti, 008eauU o 0OpaHi cnocobu po3uUHenHs ma MexHo-
JIOTYHI napamempu 00380J51I0Mb OMPUMAMU CMABIIbHUIL 2elib be3 nPoJdyKmis de2padayii OToUUX PeyosUH.
Bucnoexu. O0rpyHmosano onmumanvrull cnocio yeedeHHs 8 2eile@y 0CHO8Y KOMOIHAYIl Oirouux peuoguH: mem-
PoHIOazony benzoamy, mMipamicmury, Hampiio ciaryponamy. Po3pobrena payionaibHa mexnonioisi 6upobHuym-
64 KOMOIHOBAHO20 CIOMAMONOZIYHO20 2ent0. Busnaueni kpumuuni cmadii ma napamempu mexHouo2iuHo20 npo-

yecy, 6Cmano8ieni Kpumepii ix npuiuHAmMHoOCmi

Knrouoei cnosa: mexnonozcis, po3uunHicms, CyCnen3is, 20MO2eHI3ayis, 2elb, CIMOMAMON02is
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1. Introduction

Inflammation and pain are associated with many
diseases of the periodontal and oral mucous membranes
(periodontitis, gingivitis, stomatitis, red plaque, multi-
form exudative erythema, herpes, etc.) develop with any
traumatic effect on the mucous membrane [1]. Various
antibacterial agents in the form of solutions, such as
2-5 % solution of hydrogen peroxide, 0.2-0.06 % solu-
tion of chlorhexidine, etc. are still widely used to influ-
ence the nonspecific inflammation cell. Solutions and
liquids are also often used to accelerate the regeneration
and epithelialization of erosive ulcers in the oral muco-
sa. This includes in particular applications such as sea
buckthorn oil, rose hips, oil solutions of vitamins A and
E, carotolin. Longer and deeper the oral mucosa affect-
ed by soft dosage forms on lipophilic or hydrophilic
bases [2, 3].

The special properties of gels (the combination of
solids and liquids, hydrophilicity) make them a new
generation of dentistry. They can be kept on the surface
of the mucous membrane for a long time, providing its
treatment with a medicinal substance [4, 5].

With the regard to the clinical aspects of the use
of dental gels, their first and most famous group is repre-
sented by antimicrobial and anti-inflammatory drugs, the
standard of which is the use of metronidazole. Gel form
allows you to apply and keep the drug on the gums, in
the gums or pockets, that is, on a specific area where it
realizes its antibacterial, anti-inflammatory effect, con-
tributes to the termination of bleeding gums. A clear
tendency of modern dental practice is the use of metroni-
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dazole in combination with other drugs - antiseptic, anti-
inflammatory, reparative action [6, 7].

Our dental gel, in addition to metronidazole ben-
zoate, includes miramistin and sodium hyaluronate. The
creation of combination drugs is appropriate from the
pharmacotherapeutic point of view and compliance of the
patient. At the same time, the combination of several
active pharmaceutical ingredients should be studied for
compatibility of the ingredients, stability, influence of
external factors in the process of production and storage.

The aim of our study is to develop the technology
of dental gel with combined composition, the establish-
ment of optimal technological parameters for the intro-
duction of active and auxiliary substances.

2. Planning (methodology) of research

According to State Pharmacopoeia of Ukraine
(SPhU), gels are soft topical medicines that are single,
double or multiphase dispersed systems with a liquid
dispersed medium, whose rheological properties are due
to the presence of a gel in relatively small concentrations
[8]. The hydrophilic nature of the gels implies the water
solubility of the active substances. For poorly soluble
substances can be used non-aqueous hydrophilic sol-
vents, which are well mixed with gels of carbomers. Gels
can also be heterodispersed systems and contain a solid
or liquid dispersed phase.

Among the three active pharmaceutical ingredi-
ents (APIs) that make up the gel, only metronidazole
benzoate dissolves poorly in water, which requires the
selection of another solvent. The increase of the solubili-



Scientific Journal «ScienceRise: Pharmaceutical Science»

Ne6 (22)2019

ty of metronidazole can be done in different ways: the
formation of clathrate complexes with cyclodextrins, the
addition of water-soluble vitamins (niacinamide, pyri-
doxine), and the formation of chemically modified forms
of metronidazole [9]. Finding the best way to introduce
metronidazole benzoate into the gel base, taking into
account the physicochemical properties of the active and
auxiliary substances, general requirements for the dosage
form was the task of our research. As the efficiency crite-
ria, we choose the homogeneity of the gel and its physi-
co-chemical stability. The result of the research is the
development of technological process for the production
of combined dental gel and its reproducibility in industri-
al production.

3. Materials and methods

The subjects of study were metronidazole benzo-
ate [10], solution and suspension of metronidazole ben-
zoate in propylene glycol, model gel samples with met-
ronidazole benzoate, miramistin [10] and sodium hyalu-
ronate [10].

In the manufacture of gels we used following ex-
cipients: Carbopol® Ultrez 10 [11], sodium hydroxide,
propylene glycol, disodium edetate, purified water, sac-
charin sodium, purified water [8].

The determination of the uniformity of the gel
samples prepared by the above technology was performed
according to the method of SPhU 1.1, section 511.

The particle size of the samples was studied using
a XY-B2TLED microscope under polarized light accord-
ing to SPhU 2.9.37.

About 10 mg of the gel sample was placed on a
glass slide and covered with a glass cover, the sample
distributed to form a thin uniform layer. The samples
were examined at magnification using a 40 x 0.65 lens
under a microscope under polarized light.

The quantitative determination of metronidazole
benzoate, miramistin, hyaluronate sodium and the ac-
companying impurities A, B, C was performed by liquid

chromatography according to SPhU section 2.2.29, sec-
tion 2.2.46. The structural viscosity n (MPa * s) was
determined by the method of SPhU 2.0, vol. 1, section
2.2.8, on Agilent 1200 LC chromatograph with diode-
matrix detector.

4. Results of the research

From a biopharmaceutical point of view, the most
optimal is the presence of an API in the finished dosage
form in solution form. In this regard, we have studied the
solubility of metronidazole benzoate, sodium salt of
hyaluronic acid and miramistin in water and hydrophilic
non-aqueous solvents [12].

Based on the obtained results, propylene glycol is
the most preferred hydrophilic hon-aqueous solvent for
dissolving metronidazole benzoate. The complete disso-
lution of the therapeutic dose of metronidazole benzoate
contained in the gel occurs at a temperature of 80+5 °C at
a concentration of propylene glycol 50 mg / g. The sodi-
um salt of hyaluronic acid and miramistin are well solu-
ble in purified water.

A laboratory sample of the gel was analysed, in
which metronidazole benzoate was obtained as a solution
in propylene glycol at 80+5 °C. The results of the analy-
sis shown in Table 1.

The obtained results (Table 1) indicated that met-
ronidazole benzoate is unstable in gel when it previously
dissolved in propylene glycol at a temperature of
8045 °C. Heating leads to an increase of impurities in the
quantitative content, the maximum content of which is
set by the regulatory documentation for API. In addition,
the resulting gel is opaque, has a white colour, that is,
with the introduction of a solution of metronidazole ben-
zoate in the gel base and further cooling the active sub-
stance is crystallized.

As an alternative technology, we investigated the
possibility of introducing metronidazole benzoate into
the gel in the form of fine powder by type of suspension.
The results of the studies are shown in Table 2.

Table 1

The results of the analysis of the gel after introduction of metronidazole benzoate in the form of a solution

No. Indicator Requirements Analysis result
o Translucent homogeneous gel
1 Description Homogeneous transparent or translucent gel of white colour

2 Quantitative content:

— metronidazole benzoate 15.2-16.8 mg/g 13.52 mg/g
Related impurities:
— impurity B Not more 1.0 % 0.31%

3 |—impurity A Not more 1.0 % 1.43%
— impurity C Not more 0.5 % 0.1%
— not identified impurities Not more 0.2 % not found

Table 2

The results of the analysis of the gel after introduction of metronidazole benzoate in suspension

No. Indicator

Requirements Analysis result

1 Description

Homogeneous transparent or translucent gel

Translucent homogeneous gel
of white colour

2 Quantitative content:

— metronidazole benzoate 15.2-16.8 mg/g 16.12 mg/g

Related impurities:

— impurity B Not more 1.0 % <0.05 %
3 |- impurity A Not more 1.0 % 0.06 %

— impurity C Not more 0.5 % <0.05 %

— not identified impurities Not more 0.2 % <0.05 %
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The results of the analysis of the gel are given in
Tab. 2 showed that the introduction of metronidazole
benzoate in suspension provides its chemical stability in
the composition of the gel.

We also conducted a comparative study to deter-
mine the size and distribution of metronidazole benzoate
crystals in gel samples using two of the following tech-
nologies.

The particle size of the test samples was studied
using a XY-B2TLED microscope under polarized light
according to SPhU 2.9.37.

Micrographs of the gel samples are shown in
Fig. 1, 2.

Fig. 1. Micrographs of metronidazole gel benzoate,
which is introduced as a solution

As can be seen from Fig. 1, 2, regardless of the
method of introduction of metronidazole benzoate into
the gel base, its particles are evenly distributed in the
mass of the gel, and their size is almost indistinguish-
able.

Thus, guided by the results of chemical and micro-
scopic studies, the optimal method of introducing metroni-
dazole benzoate into the gel base is the suspension method.

Fig. 2. Micrographs of metronidazole benzoate gel,
which is introduced as a suspension

To ensure the best distribution of metronidazole
benzoate, we used a micronized substance and deter-
mined the technological parameters for the preliminary
homogenization of metronidazole benzoate in propylene
glycol at a temperature of 20-25 °C. For the preparation
of the suspension we used a reactor homogenizer with a
turbo stirrer of a rotary type.

Several experimental gel samples were developed
according to different technological homogenization
parameters, shown in Table 3.

Table 3
Variations of technological parameters at gel homogenization
Sample N Duration of .
Homogenization rate, rpm o . Conclusion
No. homogenization, min
L 1000 The resulting gel is not homogene-
2 1500 10 ous, there are particles of large size
3 2000 ’ P g
4 3000 The resulting gel is homogeneous,
5 3500 10 L .
5 24000 there are no visible particles

These samples were examined under a XY-
B2TLED microscope under polarized light according to
SPhU 2.9.37. Microphotographs of the gel samples are
shown in Fig. 3.

As can be seen from Fig. 3, even the smallest ho-
mogenization rates provide a dispersion of the suspen-
sion that meets the requirements of SPhU, i.e. the particle
size does not exceed 90 microns. Increasing the speed to
3000 rpm, the sizes of the largest particles of metronida-
zole benzoate do not exceed 10 um, which can be seen in
the drawings of gel samples No. 4-6. Homogenization of
metronidazole benzoate with propylene glycol at a speed
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of 3000 to 4000 rpm for 10 min provides a homogeneous
translucent white gel.

During the pharmaceutical development of the
gel, the necessity of introducing into the gel composition
a stabilizer — disodium edetate and taste corrector - sac-
charin was established. The total composition of the
excipients and their amounts are shown in Table 4.

According to the results in Tab. 4, all excipients
are well soluble in water. To prepare the gel base, it is
necessary to disperse the carbopol in purified water, and
then neutralize it with an alkaline agent (sodium hydrox-
ide solution).
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Fig. 3 Micrographs of gel samples obtained from different homogenization parameters:
a — sample 1; b— sample 2; c— sample 3; d— sample 4; e— sample 5; f— sample 6;

In the development of the gel technology we stud-
ied the method of obtaining a gel base, which was neutral-
ized with a multicomponent solution, namely an aqueous
solution of disodium edetate, sodium saccharine and sodi-
um hydroxide. AFls were introduced into the base of the
gel, taking into account their solubility. Studies of chemi-
cal stability and rheological parameters of the obtained gel,
both at the time of manufacture and subsequent storage

have shown that the selected methods of dissolution and
technological parameters allow obtaining a stable gel
without degradation products of active substances.

According to the results of the research, the tech-
nology of combined dental gel for the treatment of infec-
tious-inflammatory diseases of the oral cavity was devel-
oped. The technological scheme of gel production is
shown in Fig. 4.
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Table 4
Excipients in dental gel composition
The name of the excipient Amount, mg/g The functional significance

Propylene glycol 50.00 co-solvent

Carbomer 11.00 gel-forming agent

Sodium hydroxide 3.20 neutralizer, pH regulator

Saccharin sodium 1.00 taste corrector

Disodium edetate 0.50 stabilizer

Purified water upto 1.00 g solvent

Raw materials,
intermediate products
and materials

Production of dental gel

Metronidazole benzoate,
hyaluronic acid sodium salt,
miramistin, propylene glycol,
carbopol, sodium hydroxide,
saccharin sodium, disodium
ledetate and purified water line

Control in the
production process

Stage 1 Preparation and
weighing of components
Scales

The presence of analytical
sheets for all components with

a mark of conformity, mass of
components

Purified water, edetate disodium,
saccharin sodium and sodium
hydroxide from stage 1

>

A
Stage 2 Preparation of solution
Collecting tank, magnetic stirrer

!

Mixing time and speed,
complete dissolution

Purified water and miramistin
from stage 1

Stage 3 Preparation of a solution
of miramistin

) Collecting tank, magnetic stirrer

¥

Purified water and the sodium
salt of hyaluronic acid from
stage 1

Stage 4 Preparation of a solution
of sodium salt of hyaluronic acid
Collecting tank, magnetic stirrer

Propylene glycol and
metronidazole benzoate from
stage 1

>

Stage 5 Preparation of a
suspension of metronidazole
benzoate
Homogenizer reactor, collecting
tank

Mixing time and speed,
complete dissolution

—

Mixing time and speed,
complete dissolution

Time and speed of
homogenization, homogeneity
of particle distribution

Purified water and the carbopol

Stage 6 Preparation of gel base
Homogenizer reactor

Mixing time and speed,
dispersion completeness

from stage 1, the solution [
from stage 2
|}
Suspension of metronidazole Time and speed of mixing,
benzoate from stage 5, solution Stage 7 Preparation of gel uniformity of distribution,
of sodium salt of hyaluronic acid| | Homogenizer reactor, collecting |<«—{time and rate of
from stage 4, solution of tank homogenization, quality of gel
miramistin from stage 3 according to specification,
) lamount of manufctured gel

Dosage, packaging and labeling
of the gel

Fig. 4. Technological diagram of the production of dental gel

5. Discussion of the results

The physical properties of the drug, the nature and
quantity of the excipients, the dosage form and the process
are interrelated pharmaceutical factors that significantly
affect the therapeutic efficacy of the medicinal product.
The dispersion of the drug particles is not only of techno-
logical importance, but also of the speed and completeness
of the absorption of the drug in any method of its admin-
istration significantly depends on the particle size [13, 14].
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The results of studies have shown that the effect

of temperature on dissolution of the active substance
can be critical and lead to chemical degradation. The
introduction of a suspension of metronidazole benzoate
in the gel base provides a uniform distribution of the
active substance, the particle size of the dispersed phase
does not exceed 90 microns. Opting for the suspension
route of administration of metronidazole involves the
homogenization of the suspension. The technological
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stages have certain parameters and regimes that are
justified and determined in the development of the me-
dicinal product and should be adhered to in the manu-
facturing process. Homogenization of the suspension at
a speed of 3000 rpm ensures maximum dispersion of
the solid phase. Based on the results of our research, we
have developed a technology for the production of
combined dental gel, which includes 9 stages. Critical
operations (weighting of raw materials, component
heating, component dissolution, homogenization) and
critical parameters (quantity of raw material, tempera-
ture of heating, completeness of dissolution, speed of
rotation of stirrers, homogenization rate, homogeneity
of the finished gel) were determined.

Study limitations. Soft dosage forms containing
the active substance in the form of a suspension are usu-
ally investigated by in vitro methods for the effect of
particle size on the release of the active substance. The
obtained homogenized suspension and gel contained
extremely small particles of metronidazole benzoate, the
size of which is 7-8 microns, which allowed us to be-
lieve that this factor will not have a critical effect on the
process of release of active substances from the base and
does not need further study.

The prospects for further research. The result
of the work was the substantiation of rational technology
of combined gel, the critical parameters of its production
were determined. The next stage is the scaling and trans-
fer of technology, the validation of the process in an
industrial environment, the analysis and assessment of
risks to the quality of the new drug.

6. Conclusions

The rational way of introduction into the gel ba-
sis of a combination of active substances: metronida-
zole benzoate, myramistin, sodium hyaluronate is sub-
stantiated. The need for homogenization of the suspen-
sion of metronidazole benzoate in propylene glycol be-
fore its introduction into the gel base was proved. It was
found that homogenization at a speed of 3000 rpm for
10 min provides micronized dispersed phase.

The rational technology of production of the com-
bined dental gel is developed. Critical stages and parame-
ters of technological process are defined, criteria of their
acceptability are established.
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