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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

The results of the development, standardization and biological
evaluation of an innovative two-layer mucoadhesive dental
film containing Mentha asiatica Boriss. extract and lidocaine
hydrochloride for the treatment of inflammatory diseases of the
oral cavity are presented.

Materials and methods. Ethanol extract of Mentha asiatica
Boriss. was obtained by Soxhlet extraction followed by freeze-
drying. The chemical composition was determined by GC-
MS, which revealed 1,8-cineole oxide and piperitenone. The
analytical method demonstrated high linearity (R* > 0.995),
sensitivity (LOD =0.01 pg/ml; LOQ = 0.05 pg/ml) and accuracy
(RSD < 3%).

Results. The optimized film (10% collagen, 10% gelatin,
2% glycerin) showed high elasticity, strength and adhesion.
Physicochemical characteristics included: pH 6.5+ 0.2, swelling
time 3—5 min, deviation from homogeneity < 7% and complete
dissolution in 10—-16 min.

The in vitro release profile of lidocaine hydrochloride
demonstrated an initial rapid release (36.0% within 1 hour),
followed by a sustained release reaching 95.0% at 24 hours,
confirming the film's ability to provide prolonged local analgesia.

Microbiological purity complied with the standards of the
Republic of Kazakhstan and the EAEU. Sterilization with
ethylene oxide ensured a shelf life of more than 2 years. At a
concentration of 31.25 pg/ml, the extract reduced NO production
by RAW264.7 macrophages by 31.8%. SAEE exhibited
selective cytotoxicity towards cancer cells while maintaining
the safety of HUVEC. Compared to analogues (RU2739260C1,
RU2734249C2), the resulting film was distinguished by better
solubility, increased adhesion, and a unique composition.

Conclusion. The developed two-layer mucoadhesive film
combines antimicrobial, anti-inflammatory and analgesic effects,
has improved physicochemical and biological properties, and
can be considered a promising form for industrial production
and clinical trials.

Key words. Technology transfer, asian mint, Mentha asiatica
Boriss., industrial production, extraction process, dental
films, pharmaceutical formulation, bioactive compounds,
antimicrobial activity, quality standardization, controlled
release.

Introduction.

Dental films represent a promising form of topical drug delivery
in dentistry [1]. These thin, flexible and bioadhesive polymer
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matrices are designed to attach to the oral mucosa, providing
prolonged release of active pharmaceutical ingredients (APIs).
The films are used to treat a variety of oral diseases, including
periodontitis, candidiasis and ulcers, as well as for pain relief
and antimicrobial therapy. Studies show that dental films offer
several advantages over traditional dosage forms such as tablets,
gels and rinses due to their ability to maintain prolonged contact
with the affected area, reduce systemic side effects and improve
patient adherence to treatment [2].

A systematic review of the scientific literature shows that
in the last decade considerable attention has been paid to the
development of dental films with various natural and synthetic
polymers [3]. Hydroxypropyl methylcellulose (HPMC), chitosan
and sodium alginate are most commonly used as films-forming
agents. Studies demonstrate that the inclusion of biologically
active compounds of plant origin in the composition of films can
improve their pharmacological properties. However, there are
still unresolved issues related to effective encapsulation of plant
extracts, their stability in polymer matrices and bioavailability
[4-8].

The introduction of plant components with anti-inflammatory,
antibacterial, immunomodulatory and antioxidant activity into
the composition of films is promising, since the decrease in the
activity of antioxidant defense and immune status in the oral
cavity leads to inflammatory diseases of the oral mucosa [9,10].

Mentha asiatica Boriss., known as Asian mint, is characterized
by its lanceolate leaves, strong aromatic odor and high essential
oil content, which makes it valuable in traditional and modern
medicine (Figure 1) [10].

The plant is a species of mint native to Afghanistan, South
and Central China, Iran, Iraq, Kyrgyzstan, Tajikistan, Tibet,
Turkmenistan, Uzbekistan, and the Xinjiang region (Figure
2) [11]. In our country, it is found in Turkistan, the Altai and
Tarbagatai regions, the Dzungarian, Ili, and Kungey Alatau
ranges, the Shu-Ili mountains, the Kyrgyz Alatau, the Karatau,
and the western Tian Shan (Figure 3). It belongs to the family
Lamiaceae and is closely related to Mentha arvensis and Mentha
piperita L. [11-13].

With respect to Mentha asiatica Boriss. published studies
confirm its rich chemical composition including menthol,
menthone, isomenthone, pulegone, flavonoids and phenolic
acids.

The essential oil exhibits pronounced antibacterial
and antifungal properties against oral pathogens such as
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Kazakhstan

Figure 3. Range map of Mentha asiatica Boriss. distribution in the
Republic of Kazakhstan.
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Streptococcus mutans, Candida albicans, and Porphyromonas
gingivalis. However, the literature lacks systematized studies
aimed at investigating the compatibility of M.asiatica Boriss.
extract with polymeric films-forming agents and evaluating its
pharmacological effects in this dosage form [14-21].

The extracts of Mentha asiatica Boriss., obtained through
ultrasonic-assisted extraction (UAE),demonstrated antimicrobial
activity against Staphylococcus aureus, Enterococcus faecalis,
Escherichia coli, Pseudomonas aeruginosa, and Candida
albicans. The highest efficacy was observed against C. albicans
(MIC =0.012 mg/mL) and P. aeruginosa (MIC = 0.15 mg/mL).
UAE enhances the yield of bioactive compounds such as menthol,
pulegone, terpenes, and phenolic compounds, which strengthen
the antimicrobial properties of the extract. The high-frequency
sound waves used in UAE induce cavitation, breaking plant
cell walls and facilitating the release of bioactive substances.
As a result, UAE extracts exhibit higher antimicrobial activity
compared to traditional extraction methods, such as maceration,
due to increased concentrations of active compounds and lower
minimum inhibitory concentrations (MIC) [18].

The plant's flavonoids and phenolic acids reduce inflammation
in periodontal tissues, making it useful for treating gingivitis
and periodontitis.

Menthol, the main ingredient, provides a cool sensation and
pain relief, which is especially useful in dental applications.

The increasing demand for phytopreparations has stimulated
the investigation of M.asiatica Boriss. as a potential bioactive
component of dental films. While various synthetic and natural
antimicrobial agents have been incorporated into oral films, the
use of Mentha asiatica Boriss. extract in this pharmaceutical
form remains poorly understood.

Technology transfer in the pharmaceutical industry plays
a key role in drug development by providing a formalized
process for transferring the knowledge and practices necessary
to move from laboratory development to industrial production
in compliance with regulatory requirements. Its success
is determined by a comprehensive understanding of the
process, meticulous planning, qualified personnel, continuous
information exchange, and a well-structured documentation
system [22-28]. The transfer process typically encompasses the
identification of production stages, equipment, and facilities,
followed by their qualification; personnel training to ensure
operational competence; transfer of analytical methodologies
and monitoring of critical process parameters for quality
assurance; preparation of process and regulatory documentation;
and validation - generally based on three consecutive batches -
to confirm reproducibility and compliance.

Successful transfer is demonstrated by consistent process
performance, conformity of the product to quality requirements,
staff competence, comprehensive documentation, and adherence
to timelines and budgets. Overall, technology transfer contributes
to cost reduction, production flexibility, and expanded patient
access to effective medicines [29-35]. Thus, the practical
significance of developing dental films based on Mentha
asiatica Boriss. is determined not only by their pharmacological
potential but also by the possibility of successful technology
transfer into pharmaceutical manufacturing.



The aim of this study is to develop a dental films based on
Mentha asiatica Boriss. extract, investigate its production
technology, and establish quality standardization criteria.

Experimental.

Preparation of plant material:

Plant raw material’s leaves of were collected from the Sairam-
Ugam State National Nature Park located in the Kazygurt
District of Southern Kazakhstan (41°57'N, 70°03’E) on March
29, 2022. Plant specimens were identified at the Altai Botanical
Garden, where the voucher specimen was officially registered
in the herbarium under herbarium number 224577 to provide a
verifiable record. The collected leaves were cleaned, then shade-
dried, pulverized into powder and subjected to extraction [12].

Extraction procedure of Mentha asiatica Boriss.

Extraction of biologically active substances from plant raw
materials was carried out using SAE extractor (model: Soxhlet
extractor, manufacturer: Sibek Pribor, Russia). In the extraction
process, 70 g of powdered crushed leaves of the plant were
treated with 90% ethanol in a total volume of 340 ml. The
extraction technique involved circulation of solvent through a
Soxhlet apparatus for 300 minutes, consisting of 5 cycles. In
each cycle, the solvent was heated to boiling point, vaporized,
then condensed back into the extraction chamber, which
facilitated efficient extraction of bioactive compounds.

The extraction apparatus was equipped with a heating hood
and condenser to ensure that the optimum temperature was
maintained and the solvent was effectively removed. After
completion of extraction, the solution was cooled and the extract
obtained was collected for further analysis. The remaining
solvent was removed by evaporation at reduced pressure, which
helped in concentrating the bioactive compounds.

The ethanolic extract was preconcentrated using a rotary
evaporator at a temperature not exceeding 40°C and reduced
pressure, which significantly reduced the residual solvent
content. The concentrated extract was frozen at -80°C for 12
hours, ensuring homogeneity and complete solidification.

Freeze drying was performed using a Labconco FreeZone
2.5 system. Primary drying was performed at -50°C and 0.05
mbar vacuum, followed by secondary drying at about 20°C to
remove residual moisture. The resulting freeze-dried powder
was collected, placed in moisture-resistant containers and stored
for further analysis of bioactive components [12].

Production of Bilayer Adhesive Films.

In the course of this study, two-layer adhesive films were
developed for use in dentistry, containing a combination
of active and auxiliary components that provide effective
anesthesia, antimicrobial action and optimal physico-chemical
properties:

Component selection.

Active constituents: The extract of M. asiatica Boriss. is derived
via a circulating extraction technique, selected due to its potent
antibacterial, anti-inflammatory, and antiseptic properties [36].

Lidocaine hydrochloride is widely used in dentistry as a local
anesthetic due to its ability to block sodium channels, which
prevents the conduction of pain impulses [37]. The inclusion of
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this substance in the second layer of dental films provides effective
and prolonged anesthesia in the treatment of oral diseases.

Auxiliary substances: Collagen and gelatin: Collagen, being
the main protein of connective tissue, provides strength and
elasticity to biomaterials. Gelatin, obtained by partial hydrolysis
of collagen, is used as a crosslinking agent, which improves the
mechanical properties of the film and promotes the formation of
a gel-like structure in contact with moisture [38].

Chlorhexidine: Its inclusion is justified by a broad-spectrum
antimicrobial activity against Gram-positive and Gram-
negative bacteria, as well as certain viruses and fungi, thereby
contributing to infection prevention and maintenance of sterility
at the site of film application [39-40].

Glycerin: The use of glycerin as a plasticizer is due to its ability
to reduce the brittleness of polymeric materials, increasing their
elasticity and flexibility. This is achieved by lowering the glass
transition temperature and increasing the mobility of polymer
chains [38].

Potassium Sorbate: The incorporation of potassium sorbate
into the film is aimed at preventing the growth of mold fungi and
yeast, thereby extending the shelf life of the product. Potassium
Sorbate is widely used in the food and pharmaceutical industries
due to its effectiveness and safety [41].

Purified water: Water for the preparation of medicines other
than those that are required to be both sterile and apyrogenic,
unless otherwise justified and authorised The use of purified
water as a solvent ensures uniform distribution of all components
in the mixture, contributing to the formation of a homogeneous
film structure [42-44].

Formulation of Layers:

Primary Layer: Comprised of gelatin (Ne 4610000823514),
collagen (Ne9), and M. asiatica Boriss. extract.

Secondary Layer: Composed of collagen (Ne9), gelatin (Ne
4610000823514), and a lidocaine hydrochloride solution (Ne
4810201008677).

Standardization of Bilayer Adhesive Films.

Qualitative and Quantitative Analysis of Active Components:

The qualitative and quantitative characterization of the active
pharmaceutical ingredients (APIs) in the structure of bilayer
adhesive films was performed using gas chromatography-mass
spectrometry (GC-MS) in strict accordance with the regulatory
provisions of the State Pharmacopoeia of the Republic of
Kazakhstan (SP RK), v. 1, 2.2.28. The analysis identified
biologically active compounds, including piperitenone oxide
and 1,8-cineole, which play a key role in the pharmacological
activity of the formulation [45-47].

Qualitative identification was performed by comparing the
obtained mass spectra and retention times with reference values
from the NIST spectral database.

Quantitative assessment was based on the use of calibration
curves constructed using analytical-grade reference standards.

Samples were subjected to preliminary extraction using
an optimized solvent system before being injected into the
analytical system. Chromatographic separation parameters
were selected to achieve maximum peak resolution and minimal
background noise, ensuring high reproducibility of results.



To confirm the inclusion and stability of lidocaine
hydrochloride in the film, GC-MS analysis was performed on a
sample solution containing lidocaine hydrochloride for the film,
where identification was performed based on retention time
(RT), relative peak area (Area%) and comparison with the NIST
database, taking into account possible artefacts from solvents
used in preliminary extraction.

Film size. According to the requirements of the EAEU Ph.,
v.I, 2.5.1.22 determine the geometric dimensions (length, width,
width, thickness) of the filmin millimetres by measuring with a
micrometre.

Determination of pH and Mass Uniformity.

The pH of the films was determined by measuring their
aqueous extract (1:10 ratio) using a calibrated potentiometric
method (EAEU Ph., v.I, General Pharmacopeia monograph
2.1.2.3). This parameter was evaluated within the normative
range of 6.5-7.2, corresponding to physiological application
conditions [48-50].

Mass uniformity was assessed by individually weighing 5
randomly selected samples, followed by the calculation of the
mean value and permissible deviations (EAEU Ph., v.I, General
Pharmacopeia monograph 2./.9.5). The allowable variation
did not exceed 10% of the nominal value, indicating high
reproducibility of the manufacturing process [51-52].

Evaluation of Swelling and Dissolution Parameters.

The hydration characteristics of the films were examined by
immersing the samples in physiological saline at a controlled
temperature (37 = 0.5°C) to simulate real-life application
conditions.

Swelling index was determined by monitoring the relative
increase in the mass of the film over time (3—5 minutes, ISO
20795-1), serving as an indicator of hydration capacity.

Dissolution time was recorded using a USP dissolution
apparatus under controlled hydrodynamic conditions (10-16
minutes, SP RK, v. 1, 2.9.3).

Determination of Mass Loss during Drying.

The stability of the mechanical and physicochemical
characteristics of the films was assessed by measuring residual
moisture content using thermogravimetric analysis (TGA).
Drying was performed until a constant mass was achieved
at 40°C, followed by recording the percentage of mass loss.
According to pharmacopoeial requirements, the permissible
mass loss did not exceed 15% (EAEU Ph., v.I, General
Pharmacopeia monograph 2./.2.31), ensuring the stability of
the dosage form [53,54].

Microbiological Purity and Stability Assessment.

Compliance of the films with microbiological purity
requirements during manufacturing and storage was evaluated
in accordance with the regulations of SP RK, v. 1, 2.6.12; SP
RK, v. 2, 2.6.13. The quantification of viable microorganisms
was performed to assess critical contamination levels:

Total aerobic microbial count (TAMC) - not more than 10°
CFU/g;

Total combined yeasts and molds count (TYMC) - not more
than 10* CFU/g;

Total count of enterobacteria and other Gram-negative bacteria
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- not more than 10°* CFU/g;

Absence of Escherichia coli and Salmonella in 1 g and 10 g,
respectively.

Stability testing was conducted under accelerated conditions
(40°C £ 2°C / 75% RH =+ 5%) and real-time storage conditions
(25°C +£2°C/60% RH + 5%). Over six months, the dynamics of
changes in the physical characteristics, chemical stability, and
microbiological purity of the films were evaluated, allowing the
determination of their shelf life.

The developed methodology for assessing bilayer adhesive
films strictly adhered to the current requirements of the EAEU
Pharmacopoeia, SP RK, and ISO 20795-1, confirming their
suitability for clinical application.

In vitro study of lidocaine release:

The kinetics of lidocaine hydrochloride release from a bilayer
film was evaluated using a USP dissolution apparatus (type
II, paddle stirring method) at a temperature of 37 + 0.5°C in
phosphate buffer solution (pH 6.8) as a dissolution medium to
simulate oral conditions. Film samples (equivalent to 10 mg of
lidocaine) were placed in 900 ml of medium stirred at 50 rpm.
Aliquots (5 ml) were taken at specified time intervals (0.5, 1,
2,4, 6, 12 and 24 hours) with replacement of fresh medium to
maintain absorption conditions. Lidocaine concentrations were
determined by gas chromatography-mass spectrometry (GC-
MS) using an Agilent 7890A GC system connected to a 5975C
MSD detector, with helium as the carrier gas (flow rate 1 ml/
min) and a DB-5MS column column (30 m x 0.25 mm, film
thickness 0.25 pm). The oven temperature was programmed
from 50°C (held for 2 min) to 280°C at a rate of 10°C/min.
Calibration curves were constructed using lidocaine standards
(linearity R? > 0.998; LOD = 0.05 pg/ml; LOQ = 0.15 pg/ml).
The percentage of cumulative release was calculated as the
ratio of released lidocaine to the initial load, and the data were
approximated by kinetic models (e.g., Higuchi) to interpret the
mechanism.

Analytical validation of the extract.

Quantitative GC-MS analysis of Mentha asiatica Boriss.
extract was carried out using calibration curves constructed
using analytical standards (1,8-cineole, piperitenone oxide).
Validation included linearity (R*> > 0.995), LOD/LOQ
determination (LOD = 0.01 pg/mL, LOQ = 0.05 pg/mL) and
precision (RSD < 3%, n=3).

Reproducibility of the film parameters:

The reproducibility of the developed dental films was
confirmed by evaluating key parameters such as pH, mass, and
dissolution time across three independent batches. The results
demonstrated minimal variability, with all values falling within a
narrow range, indicating high formulation consistency (Table 1).

Table 1. Reproducibility of the dental film parameters.

Batch pH Mass (mg) ?,:,Si:))lutmn
A 6.4 248 11.8

B 6.6 255 12.2

C 6.5 251 11.7

Mean = SD 6.5+0.1 251.3+3.6 11.9+0.3



Evaluation of pharmacologic activity of Mentha asiatica
Boriss. extract as part of a bilayer adhesive dental film.

For anti-inflammatory tests, the mouse macrophage line
RAW264.7 cultured in DMEM medium with 10% fetal bovine
serum (FBS, Gibco) and 1% penicillin/streptomycin at 37°C,
5% COz, and 95% humidity was used. Lipopolysaccharide
(LPS, Sigma-Aldrich) was used to stimulate inflammation. Anti-
inflammatory activity was assessed on RAW264.7 macrophages
using the Griess method to determine the production of nitric
oxide (NO), a key mediator of inflammation. Cells were seeded
into 96-well plates (2x 103 cells/well) and incubated for 24 hours.
Non-cytotoxic doses of the extracts (15.6 pg/mL and 31.25 pg/
mL) were selected based on a preliminary MTT assay. Cells
were stimulated with LPS (1 pg/mL) for 1 hour, after which the
extracts were added and incubated for 24 hours. To 100 pL of
the supernatant, 100 pL of Griess reagent was added, followed
by incubation for 10 minutes at room temperature. The optical
density was measured at 540 nm using a spectrophotometer
(Epoch, BioTek, USA). Data were normalized to the total
protein content determined by the Bradford method. Results
were expressed as the percentage of NO suppression relative to
the LPS-stimulated control.

Human lung (A549), colorectal cancer (Caco-2), prostate
(LNCaP), breast (MDA-MB231), and human umbilical vein
endothelial cells (HUVEC) as control were used for cytotoxic
tests. Cells were cultured in RPMI or DMEM media with similar
conditions. Reagents included 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT, Sigma-Aldrich), dimethyl
sulfoxide (DMSO, Merck), Griess reagent (Sigma-Aldrich),
and phosphate-salt buffer (PBS). 1929 fibroblasts were exposed
to film extract dilutions (10-500 pg/mL). Viability was assessed
by MTT assay at 570 nm after 24 h. Cell viability exceeded 85%
at all tested concentrations.

Cytotoxicity was assessed by MTT assay measuring cell
viability. Cell lines (A549, Caco-2, LNCaP, MDA-MB231,
HUVEC) were seeded in 96-well plates (2x10° cells/well) and
incubated for 24 hours until 90% density was reached. Extracts
were dissolved in DMSO and applied at concentrations of
15.625-1000 pg/mL for 24 hours. After removing the medium,
MTT solution (5 mg/mL) was added, incubated for 2 h at 37°C,
dissolved the formed formazan crystals in DMSO and measured
the optical density at 590 nm (Epoch, BioTek, USA). ECso values
(concentration reducing cell viability by 50%) were dissolved in
DMSO and applied in concentrations ranging from 15.625-1000
pg/mL for 24 hours. After removing the medium, MTT solution
(5§ mg/mL) was added, and cells were in-cubated for 2 hours at
37°C. Formazan crystals were dissolved in DMSO, and optical
density was measured at 590 nm using a spectrophotometer
(Epoch, BioTek, USA). ECso values (concentration reducing cell
viability by 50%) were calculated using GraphPad Prism v.9.

RAW 264.7 macrophages stimulated with LPS (1 pg/mL)
were treated with film extract (50-200 pg/mL). NO production
was measured using the Griess reagent. ICso for NO inhibition
was calculated at 88 pg/mL.

Determination of Antimicrobial Activity by the Diffusion
Method (Well Technique).

The antimicrobial activity of the developed dental coating was
evaluated in vitro using the agar well diffusion method. The
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assay is based on the ability of the preparation to diffuse into
a solid agar medium and inhibit or suppress the growth of test
microorganisms.

Preparation of test media and inoculum. Sterile Petri dishes
were filled with 20.0 mL of Nutrient Agar (NA), Sabouraud
Agar (SA), and Mueller—Hinton Agar (MHA). Microbial
suspensions of the test strains were adjusted to a final density of
1.5 x 108 CFU/mL in accordance with the McFarland turbidity
standard. The standardized inocula were evenly spread over the
agar surfaces to obtain uniform lawns of microbial growth.

Well preparation and sample application. After inoculation,
the plates were kept at room temperature (25 + 2 °C) for 30
minutes. Wells with a diameter of 6 mm were then aseptically
bored into the agar. To ensure reproducibility, wells were
placed equidistantly: 25.0 mm from the center of the plate and
20.0 mm from its edges. Equal volumes of the test preparation
were introduced into each well, followed by a 30-minute pre-
diffusion step at room temperature (25 £ 2 °C).

Incubation and evaluation. The plates were incubated at 28—
37 °C for five days, with daily monitoring at 24—48 h intervals.
At the end of the incubation period, inhibition zones around the
wells were measured in millimeters, including the diameter of
the wells.

Interpretation of results. The degree of antimicrobial activity
was classified based on inhibition zone diameters as follows:

- <15 mm — low sensitivity;

- 16-25 mm — moderate sensitivity;

- >25 mm — high sensitivity.

Results and Discussion.

Preparation of Bilayer Adhesive Films.

In the laboratory of the Simulation Center of Pharmacy at S.D.
Asfendiyarov Kazakh National Medical University, models
of dental films were developed to optimize composition and
functionality. The selection of components for the dental film
models was guided by an extensive literature and patent review,
ensuring the use of scientifically validated materials with
optimal physicochemical and biological properties (Table 2).

The selection of the most effective formulation was based on a
comprehensive evaluation of key quality parameters, including
homogeneity, adhesiveness, mechanical strength, and elasticity
(Table 3). These characteristics are critical in determining
the effectiveness and suitability of dental coatings for clinical
application.

The standardization of dental coatings was conducted
in accordance with international and regional regulatory
frameworks, including ST (State Standard) ISO 10993-6-2011
(«Medical devices. Biological evaluation of medical devices.
Part 6. Tests for local effects after implantation»), ST 31576-
2012 («Biological evaluation of medical dental materials
and devices. Classification and sample preparation»), and
ST 166-89 («Supports. Technical specifications»), as well
as the requirements of the EAEU Pharmacopoeia Technical
Regulations.

Analysis of the developed models of dental films showed that
the composition of components has a decisive influence on their
physical and mechanical properties.



Table 2. Composition of two-layer adhesive dental film with Mentha asiatica Boriss. extract.

Components Functions el Ne2 o3 Ned es
P 1% 2% 1 2 1 2 1 2 1 2
Lidocaine anesthetic agent 1 - 1 - 1 - 1 - 1 -
hydrochloride &
The §xtract .Of M. Actlv.e ) 5 ) 5 i 5 i 5 i 5
asiatica Boriss constituent
Collagen polymer matrix 5 5 8 8 10 10 - - - -
Gelatin crosslinker 15 15 - - 10 10 - - 12 12
Chlorhexidine preservative 1 1 1 1 - - 1 1 - -
Sodium alginates polymer matrix - - - - - - 2 2 3 3
Glycerin plasticizer 5 5 3 3 2 2 8 8 6 6
Potassium sorbate preservative - - - - 0,5 0,5 - - 0,5 0,5
Purified water solvent 21 21 35 35 24,5 24,5 36 36 25,5 25,5
Total 100 100 100 100 100
*Note: 1 - first layer of dental film; 2- second layer of dental film.
Table 3. Results of quality assessment of models of two-layer adhesive dental film with extract of Mentha asiatica Boriss.
Model Uniformity Stickiness Strength Elasticity Final Grade
Model Nel (5% collagen, . o
+ + - +
15% gelatin) Low strength, excessive stickiness
Model Ne2 (15% collagen, . .
+ - + -
5% gelatin) High strength but low elasticity
Model Ne3 (10% collagen, . L
+ + + +
10% gelatin, 2% glycerin) Optimal balance of characteristics
Model Ne4 (8% collagen, Heterogeneous structure, low
. - + - +
12% gelatin) strength
Model Ne5 (12% collagen, . n n N Good strength, but stickiness is

8% gelatin)

Table 4. Dissolution profile of the film.

Time (min)

Model Nel containing an increased amount of gelatin (15%)
and a reduced collagen content (5%), demonstrated high
stickiness, but at the same time low mechanical strength, which
can lead to rapid film degradation during use. This composition
makes the film too soft and prone to stretching, which reduces
its performance.

Model No2, on the other hand, is characterized by an increased
collagen content (15%) and a minimal amount of gelatin (5%),
which provided high strength but insufficient elasticity. This
imbalance leads to increased stiffness of the material, which
may reduce the comfort of film attachment to the oral mucosa.

Model Ne3 proved to be the most balanced, as an equal content
of collagen and gelatin (10% by 10%) combined with 2%
glycerol provided optimal mechanical strength and elasticity.
Glycerin acts as a plasticizer, giving the film elasticity without
excessive stickiness. Purified water ensures uniform distribution
of the components, which contributes to a homogeneous
structure and film stability.
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lower than optimal

% Mass Dissolved
20
45
63
78
91
100

Model Ne4, in which the proportions of gelatin and collagen
(12%/8%) were changed, showed an inhomogeneous structure,
which may adversely affect the homogeneity of tooth surface
coverage. Despite its good elasticity and high tack, its lack of
strength makes it less preferable for long-term use.

Model Ne5, which had high collagen content (12%) and
moderate amount of gelatin (8%), showed sufficient strength
and elasticity, but the tackiness was lower than that of model
Ne3, which may adversely affect the adhesive properties (Figure
5).

Thus, model Ne3 is the best, as the optimal combination of
10% collagen, 10% gelatin and 2% glycerol provides a balanced
combination of strength, elasticity and tackiness, which meets
the requirements for biomaterials for coating teeth and oral
mucosa.

Future work will focus on scaling up production and technology
transfer to the Scientific and Production Enterprise «Antigen»
LLP, Almaty, Republic of Kazakhstan, to facilitate industrial



Table 5. GC-MS analysis results.

No Compound Name Structure
H H
1 Hexane H H
H H H
2 Methyl cyclopentane  H5C
3 Ethyl cyclobutane H3C
4 Cyclohexane
CH,
5 2-Methyl-1-pentene
H,C CH,
H3C CH
6 3-Methylhexane 3
CH4
CH,
7 2,2,3,3-Tetramethyl- I:Iée
butane EI:‘
HaC 3
CHg CHj
¢}
8 Lidocaine N
NH
CHj CHj

implementation and clinical application of the developed dental
films.

Regulatory standardization and quality assessment of
bilayer adhesive films.

Thefinal bilayeradhesive filmsare subjected toacomprehensive
quality assessment to verify their physicochemical properties,
mechanical strength, microbiological purity, and compliance
with pharmacopoeial standards. The developed methodology
ensures that the films meet pharmaceutical-grade specifications,
exhibit high reproducibility, and maintain their therapeutic
efficacy throughout the intended shelf life.

Visual characteristics: The film has a homogencous
structure, without visible defects, meets the requirements of
EAEU Ph,, v.I, 2.5.1.22. The upper layer of the film, enriched
with Mentha asiatica Boriss. extract, have a green color due to
natural chlorophyll compounds. The bottom layer, consisting of the
base matrix (collagen-gelatin-glycerin), will remain translucent or
slightly opalescent, providing a visible contrast between the layers.

The film have a distinct but mild menthol aroma characteristic
of peppermint extract, which further contributes to the sensation
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Mr from
RT Area % Formula Pubchem (g/

mol)
2.843 33.76 CH, 86.18
2.902 28.32 CH, 84.16
2.942 26.41 CH, 84.16
3.053 0.76 CH, 84.16
3.117 7.82 CH, 84.16
3.181 0.56 CH,, 100.20
3.298 0.44 CH 114.23
24.421 5.21 C,H, N, 234.34

of freshness in the oral cavity.

Film size. According to the requirements of the EAEU Ph.,
v.1, 2.5.1.22 film size: length: 50 mm; width: 40 mm; thickness:
0.1 mm.

pH analysis conducted using a potentiometric method according
to EAEU Ph., v.I, General Pharmacopeia monograph 2.1.2.3,
revealed a pH of 6.5 £ 0.2, confirming the biocompatibility of
the formulation with the oral environment.

Mass uniformity index was evaluated by individual weighing
of 5 randomly selected samples. The analysis showed that
the permissible deviations do not exceed +7% of the average
mass according to the requirements of EAEU Ph., v.I, General
Pharmacopeia monograph 2.1.9.5.

Swelling time was evaluated in accordance with ISO
20795-1: «Dentistry - Base polymers - Part 1: Denture base
polymers», which regulates the physicochemical properties
of dental polymeric materials. Experimental data showed that
the swelling time of the film is 3-5 minutes, which indicates
its high hydrophilicity and ability to quickly adapt to the moist
environment of the oral cavity.



The dissolution time was evaluated in accordance with ISO
20795-1: «Dentistry - Base polymers — Part 1: Denture base
polymers» and with requirements of SP RK I, v.1, 2.9.3. which
establishes requirements for polymeric dental materials.

Experimental studies have shown that the average time of
complete dissolution of the film is 10-16 minutes. This indicator
is due to a balanced combination of hydrophilic and hydrophobic
components in the composition of the film. Collagen and gelatin
provide gradual destruction of the material structure during
hydration, while glycerol regulates the degree of solubility,
preventing excessively rapid erosion.

Optimal dissolution time allows the active ingredients
(1,8-cineole and piperitone oxide) to be released in a
controlled manner, providing a long-lasting antiseptic and anti-
inflammatory effect. The film demonstrates controlled release,
with complete dissolution within 12 minutes, confirming in
vitro performance suitable for mucosal application (Table 4,
Figure 7).

Detection and release profile of lidocaine.

Gas chromatography-mass spectrometry (GC-MS) analysis
confirmed the inclusion and stability of lidocaine hydrochloride
in a bilayer film with a constant retention time of 24.421 min
and a relative peak area of approximately 5.21% in the sample.
No degradation products were detected, indicating chemical
integrity during film preparation (Table 5).

The cumulative in vitro release profile of lidocaine (Table 6,
Figure 10) showed a biphasic nature: an initial phase of rapid
release, in which 22.5% and 36.0% of the loaded lidocaine
was released after 0.5 and 1 hour, respectively, followed by a
sustained release phase, reaching 52.0% after 2 hours, 68.0%
after 4 hours, 78.0% after 6 hours, 89.0% after 12 hours and
95.0% after 24 hours (Table 6). This profile corresponds to a
mechanism controlled by diffusion from the polymer matrix,
which is confirmed by a good correlation with the Higuchi
model (R?=0.992).

Table 6. Cumulative release data.

Time (h) Cumulative release (%) + SD
0,5 22,5+1,8
1 36,0 £2,4
2 52,0+ 3,1
4 68,0+£2,7
6 78,0+£3,5
12 89,0+2.9
24 95,0+ 1,6

The index of weight loss during drying does not exceed 15%,
which meets the requirements of the v.I, General Pharmacopeia
monograph 2./.2.31, guaranteeing the stability of the material.

Microbiological purity: Total number of viable aerobic
microorganisms (with requirements of SP RK I, 2.6./2 and
2.6.13, EAEU Ph. Standard 2.3.1.4):

- Not more than 10° bacteria and 10* fungi per 1 gram or 1
milliliter;

- No more than 10° Enterobacteriaceac and other Gram-
negative bacteria per 1 gram or 1 milliliter (with requirements
of SP RK 1, 2.6.13);

202

- Absence of Escherichia coli (1 gram or 1 milliliter) (with
requirements of SP RK I, 2.6.13);
- Absence of Salmonella (10 g or 10 ml) (with requirements
of SP RK I, 2.6.13). Complies with purity category 1 (Table 7,
Figure 11).

Table 7. OQC parameters.

Parameter Result Method Pharmacopoeial
Norm

pH 6.5+0.2 Potentiometry 6.5-7.2

Dissolution 10._16 USP II <20 min

min

Swelling Index |[3—-5min ISO 20795-1 -

Mass Uniformity +7% Gravimetric <10%

Microbiological

purity Conforms SP RK 2.6.12  Category 1

The assessment of packaging integrity and compliance with
regulatory requirements was carried out in accordance with the
order of the Minister of Health of the Republic of Kazakhstan
Nell dated January 27, 2021 and ST 14192-96 which regulate
the standards of packaging and storage of medical devices.

The selected package consists of hermetically sealed plastic
bags with an inner barrier layer. This provides protection from
moisture, microbial contamination and mechanical damage
during transportation and storage.

The labeling of the dental film packaging meets the
requirements By Order of the Minister of Health of the Republic
of Kazakhstan Ne19 dated February 16,2021 and ST 17768-90E
«Labeling of medical products», which regulate the standards
for information design of medical product packaging.

The following information is posted on the film packaging:

- Product Name — dental adhesive double-layer film.

- Composition — active and auxiliary components of the film.

- Weight and dimensions — the average weight of one film is
250 mg, the dimensions meet the technological requirements.

- Storage conditions — temperature not higher than +25 °C,
protected from light and moisture.

- Date of manufacture and expiration date — shelf life of at least
2 years.

- Manufacturer — the legal name, address and contact details
are indicated.

- Method of application — basic recommendations for use.

- Identification marks — marks of compliance with the
requirements of regulatory documents, including marking
according to GOST 14192-96 (indication of fragility, moisture
resistance, permissible storage temperature) (Figure 12).

According to preliminary studies, the stated shelf life of
dental films is at least 2 years at a temperature not exceeding
+25°C under conditions protected from light. Long-term tests
are currently ongoing to finally confirm the stability and safety
of the material during the stated shelf life in accordance with
the requirements of the order of the Minister of health of the
Republic of Kazakhstan Ne165/2020 of the Ministry of health of
the Republic of Kazakhstan dated October 28, 2020.



The pharmacological activity of dental films is due to anti-
inflammatory and cytotoxicity properties.

Theresults of this study demonstrate the successful development
of a bilayer adhesive dental film with optimized composition
and functional characteristics. The most significant results show
that the selected polymer matrix consisting of collagen, gelatin
and glycerol provides the required mechanical properties such
as elasticity, strength and adhesion. The inclusion of Mentha
asiatica Boriss. extract as an active ingredient contributes to
the antimicrobial and anti-inflammatory properties of the film,
making it a promising candidate for dentistry.

In order to confirm the therapeutic potential of bilayer adhesive
dental films, the pharmacological activity of Mentha asiatica
Boriss. extract (SAEE) obtained by circulating extraction method
using Soxhlet apparatus was evaluated as the main study extract.
Studies conducted by 2024 at the Laboratory of Chemistry of
Natural Compounds, Mugla Sitki Kogman University (Mugla,
Turkey) included evaluation of anti-inflammatory and cytotoxic
activities. These data emphasize the suitability of Mentha
asiatica Boriss. extract for dental applications, providing anti-
inflammatory effects and safety for normal oral tissues.

The anti-inflammatory activity of SAEE extract was
evaluated on RAW264.7 mouse macrophages stimulated with
lipopolysaccharide (LPS, 1 pg/mL), with measurement of
nitric oxide (NO) production by the Griess method. A non-
cytotoxic dose of SAEE (31.25 pug/mL), selected on the basis
of a preliminary MTT assay, suppressed LPS-induced NO
production (14.21-fold increase relative to control) by 31.8-
67.9% depending on the extract. These properties support the
potential of SAEE to reduce inflammation in periodontal tissues,
making it a valuable component of dental films for the treatment
of gingivitis and periodontitis. NO suppression level for each
extract (in %) (Table 8).

Table 8. NO suppression level for each extract (in %).

Extract NO Suppression (%)
SAEE 31.8

Dose (ng/mL)
31.25

The results indicate that all the extracts studied have the ability
to modulate the inflammatory response, but SAEE, although
less effective, may have an advantage due to its low toxicity,
which is particularly important when used in oral dosage forms.

The cytotoxicity of SAEE extract was evaluated using MTT
assay on human lung (A549), colorectal cancer (Caco-2),
prostate (LNCaP) and breast (MDA-MB231) cancer cell lines,
with human umbilical vein endothelial cells (HUVEC) as
control. SAEE extract exhibited dose-dependent cytotoxicity
with ECso of 649.9 pg/mL (A549), 499.8 pg/mL (Caco-2),
97.6 ng/mL (LNCaP) and 101.2 pg/mL (MDA-MB231). This
characteristic emphasizes the safety of SAEE for normal oral
tissues, which is critical for topical application in dental films
(Table 9).

This study evaluates the cytotoxicity of SAEE extract on
cancer cells (A549, Caco-2, LNCaP, MDA-MB231) and normal
endothelial cell line HUVEC. ECsovalues were obtained by the
MTT method, reflecting the concentration at which cell viability
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Table 9. The cytotoxicity of SAEE extract.

. SAEE
Cell line ECs (ng/mL)
A549 (lungs) 649.9
Caco-2 (intestine) 499.8
LNCaP (prostate) 97.6
MDA-MB231 (breast) 101.2
HUVEC (standard) 766.1

is reduced by 50%. SAEE exhibited moderate activity against
cancer cells (LNCaP and MDA-MB231 were most sensitive)
and high safety against normal cells (ECso for HUVEC was
766.1 pg/mL).

A key criterion for topical dental agents is selective action on
pathologic cells with minimal effect on healthy tissue. SAEE
demonstrates this selectivity: its efficacy against cancer cells is
achieved at concentrations well below the toxicity threshold for
normal cells. This makes SAEE a preferred candidate for use
in dental films, where it is particularly important to preserve
mucosal integrity.

Despite its lower cytotoxic activity compared to its analogs,
SAEE offers a favorable safety profile for topical application.
Its ability to inhibit tumor cell growth with minimal effect on
normal cells makes it promising for further development of oral
therapeutic agents.

Determination of the Antimicrobial Activity of the
Preparation by the Diffusion Method (Well Technique).

The evaluation of the antimicrobial activity of the dental
coating by the diffusion method (well technique) is based on the
ability of the preparation to inhibit or completely suppress the
growth of microorganisms. The procedure involves diffusion of
the tested preparation into a solid agar medium, followed by
measurement of the inhibition zones of the test strains around
the wells. In this way, the capacity of the dental coating to
inhibit the growth of test strains in the nutrient medium and the
degree of its antibacterial activity are determined.

For this purpose, sterilized Petri dishes are filled with 20.0 mL
of Nutrient Agar, Sabouraud Agar, and Mueller-Hinton Agar.
Test strains are prepared at a concentration of 1.5 x 10® CFU/
mL, standardized according to the McFarland turbidity standard.
The standardized microbial suspensions are inoculated onto the
agar surfaces in the Petri dishes. The inoculated plates are kept at
room temperature (25 + 2 °C) for 30 minutes, after which wells
of 6 mm in diameter are bored into the agar. The wells must be
placed equidistant from each other, with a distance of 25.0 mm
from the center of the plate and 20.0 mm from its edges.

Equal volumes of the test antimicrobial preparation are
dispensed into the wells and kept at room temperature (25 +
2 °C) for 30 minutes. After this period, the Petri dishes are
incubated in a thermostat at 28—37 °C for five days, with daily
observation at 24-48-hour intervals. Upon completion of the
incubation period, zones of microbial growth inhibition are
measured in millimeters using a ruler, taking into account the
diameter of the wells. Based on the size of the inhibition zones,
the degree of antibacterial activity of the preparation or the
sensitivity of the microorganisms to its components is assessed.



Table 10. In vitro determination of the antimicrobial activity of the dental coating by the diffusion method (well technique).

Inhibition zone of microbial strains (mm)

Ne Test sample name E.coli S.aureus P.aeruginosa C.albicans
Dental film with Asian mint

1 (Mentha asiatica Boriss.) 18,00 mm 23,0 MM 0 5 MM
extract

Table 11. Comparative analysis with the patents.

Parameter Our Film RU2739260C1 RU2734249C2

Active agent

M. asiatica Boriss.

Monarda, Echinacea

Astragalus, peppermint

Dissolution 10-16 min ~15 min 12-18 min
Adhesion High Moderate High
Anesthetic Lidocaine - Lidocaine

Figure 4. Solutions for dental film.

R

Figure 5. Models of models of two-layer adhesive dental film with extract of Mentha asiatica Boriss.
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Raw materials, intermediates and

Double layer adhesive dental films manufacturing
technology

Control of production processes

materials

The temperature of the solution

Gelatin, collagen, purified water

STAGE 1
Disputes of the first (main) layer solution
Water bath with temperature controller (30-
70°C), magnetic mixer with heating system

(40-50°C), the dissolution time (15-
20 minutes for gelatin, 30 minutes
for collageni)

Glycerin, potassium sorbate

STAGE2
Adding auxiliary items
Magnetic mixer

Uniform dissolution of
components, no sediment

The extract of M. asiatica Boriss

STAGE 3
Adding active components

Uniform distribution of active
components, transparency of the

Ultrasonic dispersant .
solution
Formi:Tﬁnfli?r: ¢ laver First layer thickness
First layer mortar, mold g . Y (0.2-0.5 mm), no defects on the
Glass plate, Raquel (thick regulator), dryer
. surface of the layer
cabinet
Preparation of tSllritgfnfl (surface) layer Solution temperature (40-50°C),
Gelatin, collagen, purified water P . y dissolution time (15-20 minutes for
solution . .
gelatin, 30 minutes for collagen)

Water bath, magnetic mixer

Glycerin, potassium sorbate

STAGE 6
Adding auxiliary items
Magnetic mixer

Uniform dissolution of
components, no sediment

Lidocaine hydrochloride

STAGE 7
Adding active components
Magnetic mixer

Mixing time (10 minutes), even
distribution of the component,
transparency of the melting

Adhesive films layers

STAGE 8
Pouring the second layer to the first layer
Raquel, dryer cabinet

Layer thickness (0.1-0.2 mm),
adhesive strength, drying time 24
hours temperature 25-30°C

Drying time 48 hours, temperature

. STAG.E o 25-30°C, air humidity 30-40%,
Double layer adhesive dental films Drying . . .
Drying cabinet moisture remaining on the coating
Ty (no more than 5%)
STAGE 10 Processing time with ethylene

Double layer adhesive
dental films, ethylene oxide

Finished product processing
Processing unit, cutter

oxide 2 hours, uniformity and
accuracy of films strips (40x50
mm), sterility
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Finished product

Control of finished product

Figure 6. Technological scheme for the production of dental films.



Dissolution profile of the film
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Figure 7. Dissolution profile of the film.
Figure 8. Solubility determination process.
GC-MS Chromatogram of Sample 2 (Lidocaine Region Highlighted)
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Figure 9. GC-MS Chromatogram.
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Cumulative Release Profile of Lidocaine from Bilayer Film
100

20
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70
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40

Cumulative Release (%)
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20 °
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Time (h)

Lower Bound (Mean - SD) () Mean Release Upper Bound (Mean + SD)

Figure 10. The cumulative in vitro release profile of lidocaine.

-~ -—

Soybean Casein Digest
Cetrimide Agar Agar

Figure 11. Determination of microbiological purity of dental film on nutrient media Soybean Casein Digest Agar and Cetrimide Agar.

Figure 12. The packaging and labeling of the dental film.
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Figure 13. Antimicrobial activity of the dental film against gram-
negative rod-shaped Escherichia coli (d = 18 mm).

Figure 14. Antimicrobial activity of the dental film against gram-
positive cocci Staphylococcus aureus (d = 23 mm).

Figure 15. Antifungal activity of the dental film against Candida
albicans (d = 5 mm).

The inhibition zones are classified as follows:

- up to 15 mm — low sensitivity of the test microorganism to
the preparation;

- 16-25 mm — moderate sensitivity;

- above 25 mm — high sensitivity of the test microorganism to
the preparation.

Theantimicrobialactivityofthedental filmcontaining Asianmint
(Mentha asiatica Boriss.) extract was confirmed by the inhibition
zones formed against various microbial strains. According to the
table, the inhibition zones were 18.0 mm for E. coli, 23.0 mm for
S. aureus, 0 mm for P. aeruginosa, and 5.0 mm for C. albicans.
These results are visually supported by the photographs of the
inhibition zones shown in (Figures 13-15).

The antimicrobial potential of the developed preparation was
evaluated in vitro against representative microbial strains of
clinical relevance.

Escherichia coli, a gram-negative rod-shaped bacterium,
constitutes a normal component of the intestinal microbiota
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of humans and animals. Nevertheless, transmission via
contaminated raw or inadequately processed food, dairy
products, or water from rivers, lakes, and public swimming
pools can result in colonization of the oral cavity and subsequent
inflammatory manifestations such as aphthous stomatitis [55].

Staphylococcus aureus, a gram-positive coccus, is among the
most prevalent etiological agents of oral inflammatory diseases.
Under immunocompromised conditions, airborne transmission
and colonization of the oral and nasal mucosa enhance bacterial
virulence, leading to inflammation of the oral cavity. Clinical
manifestations typically include erythema of the throat and
odynophagia, which may progress to tonsillitis or pharyngitis
[56].

Candida albicans is the predominant fungal pathogen
responsible for up to 97% of cases of candidal stomatitis
(pharyngomycosis). Symptomatology of pharyngomycosis
includes throat discomfort, burning sensation, mucosal dryness,
and persistent dry cough. In the absence of timely treatment, the
infection may advance to chronic pharyngomycosis or evolve
into mycotic sepsis [57].

The antimicrobial efficacy of the preparation was quantified by
measuring inhibition zone diameters. The results demonstrated:

- activity against £. coli with a mean inhibition zone of d =
18 mm, corresponding to a pronounced level of microbial
susceptibility (1625 mm) (Figure 13).

- inhibition of S. aureus strains with a zone diameter of d = 23
mm, indicative of high sensitivity (>25 mm classified as strong
susceptibility) (Figure 14).

- comparatively weak antifungal activity against C. albicans,
with an inhibition zone of d = 5 mm, corresponding to low
sensitivity (<15 mm) (Figure 15).

These findings confirm that the preparation exhibits significant
antibacterial activity, particularly against Staphylococcus
aureus and Escherichia coli, whereas antifungal efficacy
against Candida albicans remains limited.

One of the key aspects of this study is the homogeneity and
controlled dissolution of the developed films. The observed
dissolution time (10-16 minutes) is within the acceptable range
for pharmaceuticals, providing prolonged local action in the
oral cavity. The pH values (6.5 + 0.2) are within the physiologic
range, reducing the risk of mucosal irritation. In comparison
with similar developed bilayer adhesive dental film with existing
patents and scientific works allows to estimate its uniqueness
and potential in dental practice.

In comparison with similar bilayer adhesive dental films
described in existing patents and scientific works, our
development can be considered as having potential advantages
for application in dental practice.

Patent RU2739260C1 describes a film for the treatment
of inflammatory diseases of the oral mucosa containing dry
extracts of Echinacea laevigata and Monarda fistulosa L. herb,
glycerin and gelatin as a film-forming agent. This composition
provides antimicrobial action and convenience of application.

Another patent, RU2734249C2, presents a dental film for the
treatment and prevention of alveolitis. It includes a dry aqueous-
alcoholic extract of Astragalus alopecuroides herb, Mentha
piperita L. essential oil, lidocaine hydrochloride, ascorbic acid,
gelatin and other components. Such a combination is aimed at



anti-inflammatory and analgesic action.

Comparison with the aforementioned developments indicates
that our film containing Mentha asiatica Boriss. collagen
extract, gelatin and glycerin has similar properties such as
antimicrobial and anti-inflammatory action. At the same time,
the use of Mentha asiatica Boriss. extract in combination with
collagen and gelatin may offer additional advantages, including
potentially improved mechanical properties and bioadhesion.

Unlike the films described in patents RU2739260C1 and
RU2734249C2, our formulation is focused on achieving not only
therapeutic effects but also favorable physical characteristics
such as elasticity and strength, which are important for patient
comfort and treatment efficacy. Preliminary evaluation suggests
that the preparation demonstrates comparable dissolution
rate and bioavailability. Nevertheless, differences in polymer
composition and regulatory requirements may explain certain
variations in physicochemical properties (Table 11).

The observed biphasic release of lidocaine hydrochloride —
characterised by an initial rapid release from the secondary layer
followed by sustained diffusion from the collagen-gelatin matrix
— enhances the clinical usefulness of the film for the treatment
of inflammatory conditions of the oral cavity. This profile
provides rapid pain relief (within 1-2 hours) while maintaining
an analgesic effect for up to 24 hours, complementing the
antimicrobial and anti-inflammatory properties of extract
Mentha asiatica Boriss. Compared to similar compositions (e.g.,
RU2734249C2, which includes lidocaine but does not provide
detailed release kinetics data), our film demonstrates excellent
controlled release, potentially reducing dosing frequency and
improving patient compliance. The absence of degradation
products in the GC-MS spectra further confirms the stability of
the formulation, supporting its suitability for industrial scale-up
and clinical trials.

Despite these promising results, more research is needed to
further optimize the formulation. Future studies should focus
on improving the stability of the films under different storage
conditions as well as in vivo testing to evaluate their clinical
efficacy. Comparative studies with commercially available
dental films will provide further insight into their competitive
advantages and potential improvements.

The practical relevance of the study is obvious due to its
potential application in modern dentistry. The developed
bilayer films can be used as an alternative to traditional topical
applications for pain relief, antimicrobial protection and tissue
regeneration. Their ease of application and long duration
of action make them suitable for care after tooth extraction,
periodontal treatment and orthodontic therapy.

However, this study has certain limitations. The mechanical
properties were evaluated under controlled laboratory
conditions, which may not fully reflect real-world usage
scenarios. In addition, the lack of clinical trials limits the direct
evaluation of treatment outcomes.

Future research should aim to expand the scope of the study
to include clinical trials and evaluation of patient-reported
outcomes. Further formulation improvements, including the
exploration of novel biopolymers and crosslinking agents, may
improve the efficacy and applicability of films. In addition,
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the introduction of advanced drug delivery technologies,
such as nanoparticle-based drug carriers, may improve the
bioavailability and targeted delivery of active ingredients.

Conclusion.

In this study, a new bilayer dental film based on Mentha
asiatica Boriss. extract and lidocaine was developed and
comprehensively  characterized.  The  physicochemical
parameters of the film were found to be optimal: pH - 6.5 + 0.2,
complete dissolution time - 10-16 minutes, mass deviation - less
than 7%, swelling time -3-5 minutes.

Furthermore, the sustained release of lidocaine hydrochloride
in vitro (95.0% over 24 hours) confirms the film's potential for
effective local analgesia, making it a multifunctional dosage
form that combines antimicrobial, anti-inflammatory and
analgesic properties for dental applications.

The anti-inflammatory activity of the extract was demonstrated
by a decrease in nitric oxide (NO) production by 31.8%.
Cytotoxic testing showed moderate activity against cancer cells
and low toxicity to normal cells (ECso: A549 - 649.9 pg/mL,
Caco-2 - 499.8 pg/mL, HUVEC - 766.1 ng/mL), indicating its
safety for healthy oral tissues.

The investigated preparation demonstrated pronounced
antibacterial activity, particularly against Staphylococcus
aureus (d=23 mm) and Escherichia coli (d= 18 mm), indicating
high and moderate sensitivity of these strains, respectively.
In contrast, antifungal efficacy against Candida albicans was
limited (d = 5 mm), reflecting low susceptibility. Overall, the
preparation shows promising potential as an antibacterial agent,
although its antifungal activity requires further optimization.

Thus, the developed film combines antimicrobial, anti-
inflammatory and anesthetic properties and represents a
promising dosage form for dental application.
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