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SUBSTANTIATION OF MANUFACTURING TECHNOLOGY AND CLINICAL APPLICATION
OF PERIODONTAL GEL COMPOSITION BASED ON PHYTOPREPARATION WITH
ANTIOXIDANT PROPERTIES IN THE TREATMENT OF PERIODONTAL DISEASES IN
ORTHODONTIC PATIENTS

Actuality. In order to prepare patients with dentoalveolar anomalies (DA) against the background of gingivitis and periodontitis for
active orthodontic treatment in order to reduce oxidative stress, it is advisable to use herbal remedies with antioxidant properties and
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non-steroidal anti-inflammatory drugs that have anti-inflammatory, antimicrobial, analgesic, anti-edematous effects and accelerate
reparative processes.

The purpose is to develop and clinically test an extemporaneous periodontal gel composition based on a plant-derived flavonoid
complex and benzydamine hydrochloride for the treatment of patients with malocclusion in the presence of gingivitis and generalized
periodontitis before and during the active phase of orthodontic treatment.

Material and methods. The development of the gel composition involved the creation of six batches containing different combinations
of the intended main components. The optimum concentration of the gel-forming agent was selected experimentally. A comparative
characterization of the number of components in these six series, depending on the concentration of the gelator, was carried out and
the selection of active and auxiliary components of the gel composition was substantiated. The study examined 30 orthodontic patients
aged 18 to 30 years with DA and periodontal tissue diseases, who were divided into two equal groups of 15 people. The main group
received treatment with the developed gel composition, and the comparison group received a traditional treatment regimen. The
observation periods using the OHI-S index, Miihlemann H.R. bleeding index and PMA were performed immediately after treatment in
5, 10 days and after one, six and 12 months of active orthodontic treatment with braces.

Research results. After the experimental establishment of the final composition of the gel composition containing sodium alginate,
nipagine, water for injection, benzydamine and comb drug based on flavonoids, its clinical testing was carried out. The analysis of the
dynamics of the applied clinical and instrumental methods in patients of the main group who underwent treatment with the developed gel
composition at different periods of observation showed better statistically significant values in contrast to those of the comparison group.

Conclusion. The clinical results obtained allow us to characterize the gel composition proposed for the treatment of periodontal
tissue diseases in orthodontic patients as a pathogenetically sound and highly effective agent that allows optimizing and accelerating
healing processes, has intense anti-inflammatory properties and no side effects.

Key words: periodontal disease, treatment, gel composition, herbal flavonoids, orthodontic patients.
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OBIPYHTYBAHHS TEXHOJIOI'TI BATOTOBJEHHS TA KJIITHIYHE 3ACTOCYBAHHSA
MAPOJOHTAJIBHOI TEJTEBOI KOMITO3UIIIf HA OCHOBI ®ITONPEIIAPATY
3 AHTUOKCUJAHTHUMHU BJJACTUBOCTSAMMU B JIIKYBAHHI 3AXBOPIOBAHb
HAPOJOHTA B OPTOJOHTUYHUX IMALIEHTIB

Axmyansuicme. /{13 niocomosxu nayienmis iz 3yoowjenennumu anomaniamu (3LLA) na mni eineisimy ma napooonmumy 00 axmug-
HO20 OPMOOOHMUYHOR0 NIKYBAHHSL 3 MEMOIO SHUMCEHHS OKCUOAMUBHO20 CIMPecy OOYLIbHUM € 3ACMOCYS8AHHS (imonpenapamis 3 aHmu-
OKCUOAHMHUMU BIACTNUBOCTNAMU MA HECMEPOIOHUX NPOMUZANATLHUX 3AC00I6, AKI BUABTAIOMb NPOMUZANATLHY, NPOMUMIKPOOHY, 3He-
bontosanviy, npomunabpaKo8y O0ilo ma NPUcKopIooms penapamueHi npoyeci.

Mema pobomu — po3pobrennss ma KAHIYHA anpodayis ekCmemMnopaibHoi NApoOOHMAIbHOL 2ee60i KOMNO3uYil Ha OCHOGI ¢na-
60HOIOHO20 KOMNIIEKCY POCIUHHO20 NOXOOJICEHHS MA OeH3UOaminy 2iopoxaopudy ons nikyeanns nayienmie iz 3L[A na mai eineigimy
i eenepanizosano2o napoOoHmunty 00 ma & npoyeci akMugHo2o nepiody OPMoOOOHMUUHO20 JIKYBAHHSL.

Mamepianu ma memoou. Pospobnenns cenesoi komnozuyii nepeddauano cmeopenus uiecmu cepiti, SIKi MiCmuau pizHi KOMOIHayil,
3 OCHOGHUX KOMNOHeHMI8. ExcnepumenmanbHum wasxom npogoouu ubip onmumansHoi konyenmpayii eeneymeopiogaua. I1posedeno
NOPIGHANbHY XapaKmepucmuKy KitbKocmi KOMNOHEeHMIE Y 3a3HAYEeHUX WeCmU cepisax 3a1ediCHO 6i0 KoHyenmpayii 2eneymeopiosaia ma
00IPYHMOBAHO NIOOIP AKMUBHUX | OONOMIJICHUX KOMNOHEHMIE 2elie6oi komnosuyii. Obcmedceno 30 opmoOoHmMuyHUX NAYIEHMIE BIKOM
6i0 18 0o 30 poxis i3 3LI[A ma 3axeoploganHaMu MKAHUH NAPOOOHMA, AKUX PO3OINUNU Ha 08I pignoyinni epynu no 15 ocio6. Ocnosna
2pyna ompumyeand Nikyeans po3pooieHoio 2enesoio KOMno3uyicio, a 2pyna nopieHAHNA — mpaouyiuny cxemy nikyeanis. Tepminu cno-
cmepesicenist 3 gukopucmannim inoexcy OHI-S, indexcie kposomouusocmi 3a Miihlemann H.R. ma PMA nposoounu be3nocepedivbo
nicna aiKyeauns uepes 5, 10 Onie ma uepes 00un, wiicmv ma 12 micsiyie akmusHo2o nepiody opmoOOHMUUHOO0 NIKYEAHHS HE3HIMHOIO
bpexem-mexuixoro.

Pezynomamu 0ocnioxcenns. [licns excnepumenmanbHo20 6CMAHOBIEHHS OCIAMOYHO20 CKAAY 2ele80i KOMNOo3uyil, wo Micmuia
anveinam Hampiio, Hinaix, 600y 05 iH exyiil, benzydamine ma comb drug na ocnogi ¢prasornoiois, 6y10 nposedero ii KiiHiuHy anpo-
bayiro. Ananiz OUHAMIKU 3aCMOCOBAHUX KNTHIYHO-IHCMPYMEHMATbHUX Memodi8 y NayicHmie 0CHOBHOI 2pynu, wjo NPouwLIu Kypc piKy-
6aHHS 3 PO3POONEHOIO 2€1e6010 KOMNOZUYIEIO, HA PI3HUX MEPMIHAX CHOCIEPENCEHH OEMOHCMPYBANU Kpalyl, CMAMUCmuiHo 00Cmo-
8IpHI 3HAUEHHS HA NPOMUBAZY NOKAZHUKAM SPYRU NOPIGHAHMHSL.

Bucnoseku. Ompumani kniniuni peyiomamu 00360110Mb CXapaKmepusy8amu 3anpononoeany s JiKyeanHs 3axe0ploeans mra-
HUH NApOOOHMA 6 OPMOOOHMUYHUX NAYIEHMIE 2eNe6y KOMNOZUYIIO AK NAMO2EHeMUUHO 0OTPYHMOSAH UL Md 8UCOKOeheKmueHull 3acio,
o 0036015€ ONMUMIZYEAMU MA NPULUBUOWUMU NPOYECU 3A20EHHS, MAE THMEHCUBHI NPOMU3ANATbHI 81ACMUBOCMT MA 8I0CYMHICTIb
nobiunHux eppexmis.

Knrouogi cnosa: 3axeopiosanns napooonmy, NiKyeanis, enesa KOMRO3UYis, poCIuHHi nasonoiou, opmoooHmuuHi NayicHmu.

Actuality. Aseptic inflammation in periodontal tis-
sues is a source of reactive oxygen species in the oral
cavity and is closely related to oxidative stress (OS). In
patients with dentoalveolar anomalies (DA) prone to per-
iodontal disease, during the active period of orthodon-
tic treatment, OS provokes the release of inflammatory
mediators (cytokines) after mechanical impact on the
teeth and causes a cascade of reactions leading to bone
remodeling of the alveolar processes of the jaws and
tooth movement (Erbe, et al., 2023). It has been estab-
lished that treatment with fixed orthodontic appliances
can affect the composition, accumulation and increased
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virulence of periodontopathogenic subgingival microbi-
ota. This leads to inflammation in the gingival tissues,
which manifests itself in the form of edema and bleeding
during probing in patients with significantly decreased
level of individual oral hygiene, which in turn deepens
inflammatory and destructive processes in periodontal
tissues (Papageorgiou, et al., 2018; Cerroni, et al., 2018).

In order to prepare patients with DA against the back-
ground of gingivitis and periodontitis for active ortho-
dontic treatment in order to reduce OS, it is advisable
to use herbal remedies with antioxidant properties and
non-steroidal anti-inflammatory drugs. Medicinal prod-
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ucts belonging to these groups effectively act in condi-
tions of OS and hypoxia caused by inflammatory pro-
cesses and stress-modulating effects of fixed orthodontic
appliances, inhibit peroxides and intermediate products
of lipid free radical oxidation, have anti-inflamma-
tory, antimicrobial, analgesic and decongestant effects,
and accelerate reparative processes. A literature search
revealed numerous evidences that herbal components
with their biological properties are the most commonly
used medicinal agents in periodontal therapy (Adam-
czyk, et al., 2022; Mooney, et al., 2021), in particular
for orthodontic patients (Talpos Niculescu et al., 2024).

Considering the fact that the main periodontopath-
ogens rapidly develop resistant strains to classical anti-
biotics, modern research aims to formulate alternative
approaches to combat them using herbal preparations
with anti-inflammatory, antibacterial, antioxidant, and
other properties. It has been proven that flavonoids, as
free radical scavengers, exhibit pronounced antioxidant,
anti-inflammatory, antiallergic, antiviral, antibacterial,
antiaggregant, and antitumor effects (Gutiérrez-Vene-
gas, et al., 2019). They are widely used in general med-
icine and dentistry for the treatment of oral cavity dis-
eases, protecting cells from damage and blood vessels
from rupture, and preventing inflammation in various
tissues and organs (Abou Baker, 2022; Fernandez-Ro-
jas, & Gutiérrez-Venegas, 2018). The phenolic structure
allows the molecules of these substances to interact with
free radicals, resulting in a decrease in the intensity of
lipid peroxidation (LPO) and inhibition of the formation
of the main negative factor — malondialdehyde (Fernan-
dez-Rojas, & Gutiérrez-Venegas, 2018).

The aim of this study was to develop and clinically
test an extemporaneous periodontal gel composition
based on a plant-derived flavonoid complex and benzy-
damine hydrochloride for the treatment of patients with
malocclusion in the presence of gingivitis and general-
ized periodontitis before and during the active phase of
orthodontic treatment.

Materials and methods. At the beginning of the
study, six series of gel compositions were created con-
taining different combinations of the anticipated main
components: 1) benzydamine solution, 100 ml of which
contains 0.15 g of benzydamine hydrochloride (BH);
2) crushed tablet form of benzydamine; 3) comb drug
drops containing plant flavonoids — extracts from Des-
champsia caespitosa and Agrostis capillaris; 4) for the
gel base — sodium alginate, nipagin (methylparaben),
and water for injection. At the first stage of the gel com-
position formulation, the optimal concentration of the
gelling agent was selected experimentally. A compara-
tive analysis of the component quantities in the six series
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was also performed, depending on the concentration of
the gelling agent, and the selection of active and auxil-
iary components was justified.

A total of 30 orthodontic patients aged 18 to 30
years of both sexes with malocclusion and periodontal
tissue diseases were examined. To diagnose periodon-
tal diseases, we used the classification of diseases and
conditions of periodontal and peri-implant tissues (EFP
& AAP World Workshop, 2017), (Caton, et al., 2018).
Gingivitis associated with dental biofilm was diagnosed
in 14 patients. In 8 patients, gingivitis was mediated
by potential modifying risk factors, and in another
8 patients, generalized periodontitis stage I-II, grade
A, was diagnosed. A comprehensive clinical and instru-
mental examination was conducted to determine index
indicators characterizing the condition of periodontal
tissues: the oral hygiene index OHI-S (Green J.C., Ver-
million J.R., 1964), bleeding index according to Miihle-
mann H.R. as modified by Cowell R. et al., 1975, and
the PMA index (Parma, 1960) for gingival inflammation
(Newman, et al., 2019).

All patients were randomly divided into two groups.
The main group included 15 patients (11 with gingivi-
tis and 4 with generalized periodontitis stage I-II, grade
A), and the comparison group included 15 patients with
similar diagnoses.

In the main group, the treatment method involved
intraoral scanning of the oral cavity using the 3Shape
TRIOS 3 Pod Basic scanner (3Shape, Denmark) before
and after the installation of fixed orthodontic appliances
to create digital impressions for analysis and process-
ing. Models were printed using the Phrozen Sonic 4K
2022 3D printer (Phrozen, Taiwan). Individual trays (for
upper and lower jaws) were fabricated in the dental lab-
oratory using the MINISTAR S® device (SCHEU-DEN-
TAL GmbH, Germany), providing reservoir areas for
the prolonged action of the developed extemporane-
ous periodontal gel composition, patented under the
name «Benzidaflaziverdiny (PGCB) (Hodovanyi, et
al., 2022). Depending on the clinical situation, patients
wore the PGCB-filled tray for 2 hours once daily. The
treatment course consisted of five applications following
initial periodontal therapy, which included professional
hygiene and the Scaling & Root Planing (SRP) protocol
as indicated.

Patients in the comparison group received traditional
treatment following the International Clinical Protocols
of Duodecim Medical Publications Ltd, particularly
guideline 00163. This protocol was supplemented with
a dental gel based on choline salicylate and cetalkonium
chloride, applied to the gingival mucosa using a spatula
in the form of applications. Patients were advised not to
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rinse their mouth or eat for 30 minutes after application.
The course of treatment lasted 5 days.

Individual hygiene monitoring and clinical exami-
nations, including index evaluations, were performed
immediately after treatment, on days 5 and 10, and at 1,
6, and 12 months during the active phase of fixed ortho-
dontic treatment.

Bioethics. The study was performed taking into
account the main provisions of the GCP ICH and the
Declaration of Helsinki on biomedical research where a
person is the object, and the subsequent revision, Seoul,
2008; the Council of European Convention on Human
Rights and Biomedicine (2007) and the recommenda-
tions of the Bioethics Committee at the Presidium of
the National Academy of Medical Sciences of Ukraine
(2002), as well as a positive opinion of the commission
on ethics of Danylo Halytsky Lviv National Medical
University (extract from protocol No. 1 of January 15,
2024). No violations of moral and ethical norms were
identified during the research.

Statistical analysis. The obtained numerical data
were analyzed using commonly accepted statistical
methods. The creation and editing of the primary data-
base were performed in Microsoft Excel. Statistical
processing was carried out using the STATISTICA 6.0
software package for biomedical research. Variation
analysis methods included the calculation of the arith-
metic mean (M), standard error (+m), standard deviation
(o), and significance of differences (p-value). The degree
of reliability (p) of the obtained results was determined
using the Student’s t-test. Results were considered sta-
tistically significant at p<0.05 and highly significant at
p<0.01 (Welsby, & Weatherall, 2022).

Results and discussion. The proposed ratio of
excipients in the development of PGCB was optimal and
provided the necessary therapeutic effect, thanks to the
experimental determination of drug dosages by creating
six series of gel compositions containing different com-
binations of active and auxiliary components (table 1).

To create a structural base that would ensure a con-
venient shape, stability and delivery of the active ingre-

dients of the periodontal gel composition, a gel base was
first created. The following excipients were used for this
purpose:

— gel-forming agent — sodium alginate, responsible
for viscosity and consistency;

— preservative — nipagine (methyl paraben), to avoid
microbial contamination;

— solvent — purified water as the main component in
which the gelling agent and preservative dissolve, and
also promotes the swelling of the gelling agent.

Rationale for selection and calculation of sodium
alginate concentration.

When developing the gel composition, sodium algi-
nate was chosen as a gelling agent. Since it is an envi-
ronmentally friendly gelling agent, hypoallergenic, and
has the ability to form gels, it meets the requirements for
dental gel bases. Sodium alginate is practically harm-
less, not absorbed into the bloodstream, and well toler-
ated by the body, so this compound is recommended by
the WHO and FDA as an excipient in pharmaceuticals
and as a food additive. Taking into account all these
properties of sodium alginate, we have chosen it as a
promising, non-toxic, safe gelator with good adhesion
for the development of a periodontal gel composition
based on a herbal preparation with antioxidant proper-
ties for the treatment of orthodontic patients with perio-
dontal diseases.

To determine the optimal concentration of the gel-
ling agent, three samples were experimentally prepared
across six series using sodium alginate concentrations
of 1%, 5%, and 10%. The calculations for the gel com-
positions are presented in table 2. Visual assessment
revealed that the gel base with 1% sodium alginate had
a consistency that was too fluid and runny. In contrast,
the 10% concentration resulted in a gel that was overly
thick, uneven in texture, lumpy, and lacked plasticity. In
both cases, these properties prevented the proper appli-
cation and fixation of the gel composition to the gingival
tissue. As a result, the 5% sodium alginate concentration
was determined to be optimal for the formulation of the
gel base.

Table 1
Experimental determination of drug combinations in the development of PGCB
Series Composition Drug Combinations
Series 1 Gel base sodium alginate + nipagin + water
Series 2 Gel with BH Gel base + benzydamine solution
Series 3 Gel with BH Gel base + benzydamine powder
Series 4 Gel with BH Gel base + benzydamine solution + benzydamine powder
Series 5 Gel with %omb dmg based on Gel base + comb drug containing flavonoids
avonoids

Series 6 Gel with BH + comb drug based on | Gel base + benzydamine solut.io.n + benzyd'flmine powder + comb drug

flavonoids containing flavonoids

®diroTepanis. Yaconuc
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Table 2

Comparative characteristics of the component quantities in six series of experimental gel compositions
depending on the concentration of the gelling agent

Ne | Substance name | Series 1 | Series 2 | Series 3 | Series 4 | Series S | Series 6
Gelling agent — sodium alginate 10%
1 sodium alginate 1,0 1,0 1,0 1,0 1,0 1,0
2 nipagin 0,01 0,01 0,01 0,01 0,01 0,01
3 bf:nzydamlne0 /:olutlon, 0,15 _ 2 ml _ 1 ml _ ml
4 benzydamine, tab. — — 0,73 0,365 — 0,365
5 comb drng based on B B B B 1.5 w1 1.5 M
flavonoids, drops
6 water for injections to 10,0 to 10,0 to 10,0 to 10,0 to 10,0 to 10,0
Gelling agent — sodium alginate 5%
1 sodium alginate 0,5 0,5 0,5 0,5 0,5 0,5
2 nipagin 0,01 0,01 0,01 0,01 0,01 0,01
3 benzydamlnez7 /solutlon, 0,15 B 2 ml B 1 ml B 1 ml
0
4 benzydamine, tab. - - 0,73 0,365 - 0,365
5 comb drug based on B B B B 1.5 ml 1.5 ml
flavonoids, drops
6 water for injections to 10,0 to 10,0 to 10,0 to 10,0 to 10,0 to 10,0
- - 9,5 ml 7,5 ml 8,7 ml 8,1 ml 8 ml 6,6 ml
Gelling agent — sodium alginate 1%
1 sodium alginate 0,1 0,1 0,1 0,1 0,1 0,1
2 nipagin 0,01 0,01 0,01 0,01 0,01 0,01
3 benzydamme0 /:olutlon, 0,15 _ 2 ml _ 1 ml _ ml
4 benzydamine, tab. - - 0,73 0,365 - 0,365
5 comb drqg based on B B B B 1.5 ml 1.5 ml
flavonoids, drops
6 water for injections to 10,0 to 10,0 to 10,0 to 10,0 to 10,0 to 10,0
- - 9,89 ml 7,89 ml 9,16 ml 8,53 ml 8,34 ml 7,03 ml

Justification for the Selection of benzydamine and
comb drug concentration.

In the development of the pharmaceutical compo-
sition, finished medicinal products (DMPs) were used
as active substances, rather than the corresponding sub-
stances. This choice is due to the fact that when devel-
oping a gel pharmaceutical composition, the substance
benzidamine is a medicinal product that has various
legal restrictions. In Ukraine, ready-made dosage forms
(sprays, tablets, solutions) with benzidamine are availa-
ble over the counter. In order to study the market of sub-
stances in Ukraine, we analyzed the availability of reg-
istered substances of Benzydamine hydrochloride in the
State Register of Medicines. As a result of the analysis,
6 registered substances of benzidamine hydrochloride
were obtained. The results showed that the applicants
of this substance are the following Ukrainian pharma-
ceutical companies: “Darnytsa”, “Vertex”, “Farmak”
and “Sperko Ukraine”. The vast majority of these sub-
stances are manufactured in India. The pharmaceutical
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substance benzidamine, i.e. powder for the manufacture
of medicines, is controlled by the State Administration
on Medicines and its sale to individuals is limited, as
such substances are intended mainly for pharmaceutical
production or pharmacies that manufacture prescription
drugs. That is, it is difficult or impossible for a doctor,
dentist or pharmacist to purchase benzidamine as an
individual due to legal restrictions. That is why we chose
a finished drug product based on the active ingredient
benzidamine hydrochloride, rather than a substance.

In addition, to develop a gel composition based on a
herbal product with antioxidant properties, drops of lig-
uid extract from the herb Pike’s Foot and the herb Voyn-
ich’s Foot with a flavonoid content of at least 0.32 mg/
ml were selected in the dosage form. This herbal medi-
cine is a domestic product, unique and the only one on
the Ukrainian market. For the development of the gel
composition, the finished drug was chosen, since the dif-
ference between the finished drug and the substance is
only in the volume of the container: glass vials of 10 ml,
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or 30 ml, or 50 ml and In bulk containers: 20 1, 30 I in
plastic canisters. Since small volumes of herbal medi-
cine are required for experimental development, manu-
facturing and use in clinical practice, we used a finished
drug rather than a substance to save money on the pur-
chase of a gel composition carrier.

Justification for the selection of BH.

Considering that even with the use of individual
trays for periodontal dressings, there is direct contact
of PGCB with damaged gingival areas and the potential
for the agent to enter the oral fluid with a possibility of
ingestion, an optimal and permissible dose of BH suita-
ble for oral administration was selected.

For comparative purposes, the following pharma-
ceutical forms of benzydamine were used: an oral rinse
solution and lozenges for resorption. According to the
manufacturer’s instructions, one dose of a benzydamine
lozenge (1 tablet) is equivalent to 3 mg of BH. This dos-
age (3 mg) per one procedure with the periodontal dress-
ing was taken as the basis for PGCB formulation.

Thus, the optimal and permissible dose of BH for
PGCB is 3 mg per procedure, based on the approved
dosage of the benzydamine lozenge.

According to the instructions, one dose of benzy-
damine oral solution equals one measuring cup (15 ml of
0.15% solution), which corresponds to 22.5 mg of BH.

0.15 g — 100 ml of solution | X =0.0225 g =22.5 mg BH

contained in 15 ml of
solution

X g— 15 ml of solution

To determine how much ml of benzydamine 0.15%
solution is needed to obtain a dosage of 3 mg of BH, a
mathematical calculation was performed using the pro-
portion:

X =2 ml of benzydamine
0,15% solution

X ml of solution — 3 mg —

15 ml of solution — 22.5 mg

Rationale for choosing the comb drug concentration.

According to the comb drug instruction, it is possible
to apply topical drops to the mucous membranes in the
amount of 1.5 ml of comb drug in the form of a prepared
solution. These data were used as the basis for selecting
the optimal permitted dose for 1 procedure, and the con-
tent of comb drug in the amount of 1.5 ml was chosen
for the manufacture of 10 g of gel.

Rationale for choosing the concentration of nipagine.

In the manufacture of the gel base, nipagine was cho-
sen as a preservative at a concentration of 0.1%. Nipa-
gine is also included in the finished drug (benzidamine
hydrochloride — oral solution 1.5 mg/ml) in an amount
of 1 mg/ml, i.e., a concentration of 0.1%. Given this, it
was considered appropriate to add an additional 0.1%
concentration of nipagine to the gel composition. The
total concentration of nipagine is within the permissible
limits of up to 0.2%. The expediency of the additional
introduction lies in the fact that in the manufacture of
the gel composition, we previously made a gel base for
which a longer storage was expected.

Since it took 10-12 hours for the sodium alginate
gel-forming agent to swell and dissolve, we made a large
volume of the gel composition, the base, which was stored at
room temperature in a plastic container with a tightly screwed
lid and was intended for reuse and long-term storage. For this
purpose, nipagine was used in a concentration of 0.1% for the
gel base, which was already mixed extemporaneously with the
active ingredients immediately before the procedure of apply-
ing the dressing (mouthguard) during the patient’s visit.

The specifics of the technological process of manu-
facturing PGCB are presented in table 3.

The following visual results were obtained:

— Series 1: Transparent gel, viscous, with bubbles,
non-flowing.

— Series 2: Transparent gel, slightly pale greenish
tint, viscous.

— Series 3: Milky-green gel, homogeneous mass, no
lumps, non-flowing, holds its shape.

Table 3
Comparative characteristics of the number of components in six series of gel compositions
Ne Substance name Series 1 Series 2 Series 3 Series 4 Series 5 Series 6
1 sodium alginate 0,5 0,5 0,5 0,5 0,5 0,5
2 Nipagin 0,01 0,01 0,01 0,01 0,01 0,01
3 benzydamine solution, 0,15 % - 2ml - 1 ml - 1 ml
4 benzydamine, tab. - - 0,73 0,365 - 0,365
5 comb drug based on ) ) ) ) 1.5 ml 1.5 ml
flavonoids, drops
6 water for injections to 10,0 to 10,0 to 10,0 to 10,0 to 10,0 to 10,0
- 9,5 ml 7,5 ml 8,7 ml 8,1 ml 8 ml 6,6 ml
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— Series 4: Milky-green gel without bubbles, no lumps.

— Series 5: Yellowish-brown-green gel, lump for-
mation observed.

— Series 6: Emerald-green gel with barely noticeable
lumps, non-flowing, holds its shape, and was selected as
the final variant.

The final version (Series 6) of the product in the
form of an extemporaneous periodontal gel composition
was established with the following ratio of components:
sodium alginate 0.5; nipagine 0.01; benzydamine solu-
tion 0.15% 1 ml; benzydamine tablet 0.365, comb drug
based on flavonoids, drops 1.5 ml; water for injection
up to 10.0.

Thus, series 6 is a gel composition containing a gel
base, comb drug and benzydamine in two dosage forms:
tablet and liquid, in the form of a solution for rinsing the
mouth. When calculating the quantitative ratio of benzy-
damine, half of the dose of each dosage form was recal-
culated to avoid exceeding and doubling the permissible
therapeutic dose of benzydamine. The optimal permitted
dose of benzydamine is 3 mg per treatment, which is
contained in 1 benzydamine tablet weighing 0.73 g.

Accordingly, %2 dose is 1.5 mg = 0.0015 g of the
active ingredient benzydamine.

¥, dose of the tablet form = 0.73 g : 2 = 0.365 g of
benzydamine tablets

¥ liquid form (solution) = 1 ml of 0.15% benzy-
damine solution

We realize that using these two dosage forms
increases the amount of excipients in the gel formula-
tion we have developed. However, it is thanks to this
unique combination and the used components of the
finished medicinal products that we managed to achieve
the desired consistency to ensure adhesion (adhesion to
the oral mucosa), reduce spreading and swallowing of
the gel, and keep it clearly in the affected area of the
gums. This is especially important for the prolonged and
effective action of the gel composition in orthodontic
patients with periodontal disease.

Sodium alginate and nipagin were weighed, mixed
with water for injection, and left for 10-12 hours for
dissolution and swelling. Benzydamine tablets were
weighed, ground in a mortar, and the resulting powder
was thoroughly mixed with the gel base. Comb drug
based on flavonoids was added to the composition and
thoroughly mixed. The resulting composition has an
intense emerald-green color, homogeneous soft-plastic
consistency, holds its shape well, and is convenient for
application both directly to the gums and in an individual
molded cap. The advantage of the proposed treatment is
its accessibility, simplicity of execution, and convenient
form for use.
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Clinical observations showed that the assessment of
the hygienic condition of the oral cavity in orthodontic
patients with periodontal diseases in both study groups
before treatment demonstrated a low level of individual
hygiene and high indicators of the corresponding indi-
ces, with no significant difference between the groups. In
the main group, the OHI-S index was 2.58+0.19 points,
while in the comparison group, the average values were
2.4940.20 points. These values fully corresponded to
unsatisfactory individual oral hygiene. Objective signs
of inflammation were recorded: gum swelling, hyper-
emia with a cyanotic tint, bleeding, and pain upon palpa-
tion. The PMA and bleeding indices according to Miihle-
mann H.R. before treatment in the main group were
36.59+1.17% and 1.38+0.17 points, respectively, while
in the comparison group, the indices were 37.32+1.83%
and 1.27+0.24 points, which corresponded to the course
of moderate inflammation.

Analysis of the results showed that in the main group
of patients using the developed PGCB, there was a bet-
ter dynamics in eliminating the symptoms of catarrhal
inflammation after 5 and 10 days. When using the
proposed treatment, the manifestations of the disease
decreased by 78% by the third day and completely dis-
appeared by the 5th-6th day. The time for the elimina-
tion of visible signs of inflammation in the main group
was 5.9+0.54 days, while in the comparison group, it
was 9.6+1.39 days (p<0.05). After 5-10 days of treat-
ment, all examined patients showed minor statistically
insignificant differences in the hygiene and PMA indi-
ces. However, the dynamics of oral hygiene indices in
patients from the main group, who underwent treatment
with the proposed PGCB, showed better statistically sig-
nificant values after a month: OHI-S — 0.5+0.16 points,
which significantly differed from the hygiene values in
the comparison group (2.6+0.15 points) (p<0.05). The
PMA and bleeding indices according to Miihlemann
H.R. after 1 month in the main group were 4.08+0.4%
and 0.1+0.1 points, respectively. These values differed
from the comparison group, where the PMA index after
a month was 22.36+1.18%; according to Miihlemann
H.R. —1.85%0.16 (p<0.05), indicating insufficiently pos-
itive results.

After 6 and 12 months, the index assessment in the
main group of patients corresponded to the clinical
norm of periodontal tissue with no periodontal pockets.
A long-term clinical and radiological stabilization was
achieved. In contrast, in the comparison group, the indi-
ces were statistically not different from those obtained
1 month after treatment, indicating the risk of relapse.

During the entire treatment period, no allergic reac-
tions or other adverse effects were observed with the use
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of PGCB. On the other hand, the advantage of the caps,
used only in the main group, is their tight fit to the gum
tissue and the retention of the gel composition as a perio-
dontal dressing at the site of damage for a specified period.

Thus, to achieve effective clinical application, the
optimal ratio of benzydamine in tablet form for resorp-
tion, a non-steroidal anti-inflammatory drug (NSAID)
for local use in the oral cavity, was included in the
composition of PGCB. In terms of their mechanism of
action, NSAIDs are somewhat inferior to steroids, but
they have low toxicity and other advantages. NSAIDs
primarily act on the exudation and proliferation phases.
They are inhibitors of the enzyme cyclooxygenase
(COX), which affects arachidonic acid, leading to the
formation of important mediators of inflammation and
pain (prostaglandins and thromboxanes). Their con-
centration increases proportionally to the severity of
the disease. The lipoxygenase metabolic pathway of
arachidonic acid leads to the formation of lipoxygen-
ase — 5-LOX. NSAIDs selectively inhibit both forms
of the enzyme — COX-1 (cyclooxygenase) and COX-
2. As a result, this significantly reduces hyperemia,
swelling, and pain reactions and contributes to the nor-
malization of microcirculation processes. At the same
time, NSAIDs prevent the formation of microthrombi
by inhibiting the synthesis of thromboxanes, slowing
down the activity of hyaluronidase, and blocking sero-
tonin receptors in the vessels. Among the mechanisms
of action of NSAIDs is the ability to uncouple oxidative
phosphorylation, slow down the formation of macroer-
gic bonds due to the effect on adenosine triphosphate at
the site of inflammation. The inhibition of proliferation
by NSAIDs is associated with a decrease in fibroblast
activity and a reduction in collagen synthesis. NSAIDs
have little effect on alteration processes, but they still
weaken the formation of toxic radicals that participate
in the development of the inflammatory process in peri-
odontal tissues (Newman, et al., 2019). Thus, analyzing
the above, it can be concluded that the tablet form of
benzydamine is a medicinal product with active anti-in-
flammatory, analgesic, and anti-exudative properties.
When applied locally in the oral cavity, benzydamine
accumulates in inflamed tissues, where effective con-
centrations are achieved due to the ability of the drug to
penetrate through the mucosa.

In the developed PGCB composition, another active
component, comb drug drops, a direct-acting antiviral and
antimicrobial drug for internal and local application (as
an application to mucous membranes), was included. 1
ml of the drops contains 1 ml of liquid extract from the
grass of Deschampsia caespitosa and Calamagrostis epi-
geios (1:1). The flavonoids in this drug have the ability to
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inhibit the replication of DNA and RNA viruses in vitro
and in vivo. The antiviral action of the drug against herpes,
hepatitis, papillomaviruses, HIV, flu, and various acute
respiratory infections has been proven. Its direct antivi-
ral action mechanism is the inhibition of virus-specific
enzymes (DNA and RNA polymerases, thymidine kinase,
reverse transcriptase, and neuraminidase). This drug has
pronounced immunotropic properties due to its plant
flavonoid complex, protects mucous membranes, and
normalizes local immunity indicators (secretory immu-
noglobulin A, lysozyme, lactoferrin, and C3 comple-
ment component), as reflected in the literature (Carvalho,
et al., 2021). Moreover, this drug induces the synthesis
of endogenous a- and y-interferons to a physiologically
active level, which significantly enhances the nonspecific
resistance of the body to viral and bacterial infections
(Matyash, et al., 2019; Beketova, et al., 2021), while not
exhibiting immunotoxic effects or causing refractoriness
(hyporesponsiveness) of the immune system. The drug
has antioxidant activity and can inhibit the course of free
radical processes, preventing the accumulation of prod-
ucts of lipid peroxidation. The antioxidant status of the
cell increases, intoxication decreases, and the recovery
processes in the body after infection improve.

Sodium alginate, included in PGCB as the gel base,
is the sodium salt of natural alginic acid, isolated from
brown seaweed. The drug is environmentally harmless,
hypoallergenic, does not absorb into the bloodstream,
and is well-tolerated by the body. In medicine, alginic
acid salts have the following therapeutic properties:
immunostimulant — protects against infections and tum-
ors; hemostatic — wound healing for bleeding wounds;
adsorbent — removal of radionuclides and heavy metals
from the body; regenerative — restoring skin and mucous
membranes in cases of burns, bedsores, etc.; antihista-
mine — preventing allergies; binding — removing choles-
terol from the body.

Since alginate hydrogels are relatively easily
degraded by microbial contamination, preservatives
should be used. nipagin (methylparaben, 0.1%) was
introduced into the developed PGCB as a preservative
with antimicrobial activity.

Thus, the developed gel composition, combining
such active components as a flavonoid plant complex and
benzydamine hydrochloride, contributed to the improve-
ment of periodontal status in orthodontic patients in the
main group, as confirmed by clinical observations with
the applied diagnostic indices, and is consistent with the
data presented in the global literature (Liu, et al., 2024;
Tanaka, et al., 2008; Sparrow, et al., 2020).

Conclusions. The obtained clinical results charac-
terize the proposed extemporaneous gel composition
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based on plant flavonoids and benzydamine hydrochlo-
ride as a pathogenetically justified and highly effective
agent that optimizes and accelerates the healing pro-
cess, with intensive anti-inflammatory properties. Due
to its improved composition and quantitative ratio of
components, the composition ensures the absence of

side effects, reduces treatment time due to the prolonged
action of alginate and individually made caps, and has
broad practical applications for dentistry and perio-
dontology. The developed agent allows for the elimina-
tion of the inflammatory process and long-term stabi-
lization of periodontal tissue diseases up to 12 months.
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