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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
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.
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5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

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.

Introduction: Chronic apical periodontitis is characterized
by the formation of a stable mixed microbial flora within the
root canal system. To improve the effectiveness of endodontic
treatment, it is necessary not only to identify the microbiological
composition of infected canals but also to select an irrigant with
proven activity against key pathogens.

Materials and Methods: Microbiological samples were
obtained from 35 patients with chronic apical periodontitis.
The identification of microbiota was performed using cultural
methods, MALDI-TOF MS, and 16S rRNA sequencing. The
antibacterial activity of various irrigants, including Lavasept
solution at concentrations of 0.1% and 0.2% (polyhexanide-
based) sodium hypochlorite 3% and 2% chlorhexidine
bigluconate, was evaluated against the most frequently isolated
strains of primary microflora.

Results: The most frequently detected microorganisms in the
samples were Streptococcus mutans (42.86%), Streptococcus
sanguinis (28.57%), Actinomyces israelii (34.29%), and
Porphyromonas gingivalis (31.43%). Upon one-hour exposure,
Lavasept solutions at concentrations of 0.1% and 0.2%
completely inhibited the growth of these microorganisms,
demonstrating equivalent effectiveness to 2% chlorhexidine
bigluconate and 3% sodium hypochlorite.

Conclusions:  Polyhexanide-based  solutions  exhibit
pronounced bactericidal activity against the main pathogens
of chronic apical periodontitis. The obtained data support
the feasibility of using polyhexanide-based solutions as an
antiseptic irrigant in endodontic practice.

Key words. Apical periodontitis, polyhexanide, root canal,
microbiota, irrigation, antiseptic.

Introduction.

The primary microflora of infected root canals in chronic
apical periodontitis is predominantly represented by obligate
and facultative anaerobes, among which representatives of
the genera Streptococcus, Actinomyces, Peptostreptococcus,
Porphyromonas, and others are significant [1,2]. These
microorganisms participate in the stages of the inflammatory
process formation in the periodontium, play an important role
in the establishment and stabilization of biofilms, and initiate
a cascade of immune responses that provoke bone tissue
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resorption in the periapical region. In particular, Streptococci
are early colonizers capable of producing exopolysaccharides
that promote biofilm maturation [3]. Actinomyces spp. are
characterized by a pronounced ability to invade dentinal tubules
and persist for a prolonged period. Peptostreptococcus spp., as
obligate anaerobes, contribute to maintaining the inflammatory
process by producing proteases and other metabolites [4].

For effective elimination of the microbial population in chronic
apical periodontitis, it is necessary to use irrigants possessing
bactericidal action against both gram-positive and gram-
negative bacteria. Currently, sodium hypochlorite 3% (NaOCI)
remains the "gold standard" for irrigation, combining antiseptic
and proteolytic properties. It exhibits high activity against
most representatives of the anaerobic microflora, including
Streptococcus spp. and Peptostreptococcus spp. However, its
effect may be reduced in the apical part of the canal due to
difficult penetration and inactivation by organic debris [5].

Chlorhexidine bigluconate (CHX), often used in endodontics
at a 2% concentration, demonstrates activity against gram-
positive bacteria, including Streptococcus spp., although its
effectiveness against mature biofilms is limited. Moreover,
it is unable to dissolve organic substrate and does not affect
tissue remnants, necessitating its combination with other
agents [6]. It is also known that the interaction of CHX with
sodium hypochlorite 3% may produce a para-chloroaniline-
like precipitate, a potentially toxic compound that restricts the
combined use of these agents [7].

As an alternative to traditional agents, polyhexanide (PHMB)
is considered, capable of disrupting the bacterial membrane
structure without pronounced cytotoxicity to somatic cells.
Current studies indicate its effectiveness against Actinomyces
and Streptococcus spp., potentially including their biofilm
forms [8-10].

The aim of this study is to determine the microbial landscape of
chronic apical periodontitis and to evaluate the effectiveness of
0.2% and 0.1% Lavasept solution (polyhexanide-based) as root
canal irrigants in the treatment of chronic apical periodontitis
in comparison with traditional irrigants such as 3% sodium
hypochlorite and 2% chlorhexidine bigluconate.

Materials and Methods.
Patient Selection: Microbiological samples were obtained
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Table 1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

- Age under 18 and over 65 years.

- Diagnosed exacerbation of chronic apical periodontitis.
- Previous endodontic treatment of the tooth under study.
- Fractures and fractures of the tooth root.

- Age from 18 to 65 years.

- Signed informed consent of the patient and
voluntary willingness to participate in the study.

- Diagnosed chronic apical periodontitis K04.5.

- Endodontic treatment of the studied tooth is
performed for the first time.

- No history of antibiotic therapy during the last 3
months.

- Tooth mobility of the 3rd degree.

- Resorption of bone tissue more than ' the length of the tooth root.
- Perforations and resorption of the tooth root.

- Pregnant women at any term.

- Allergologically aggravated anamnesis.

- Any general systemic diseases in decompensation stage.

- Intolerance to the irrigant under study.

- Taking antibacterial drugs during the last 3 months for any reason.
- Patient’s voluntary desire to withdraw from the study at any stage.
- Non-compliance with the study protocol.

- Decompensation of any comorbid conditions.

from 35 patients diagnosed with chronic apical periodontitis
(ICD-10 code K04.5). The diagnosis was based on the clinical
and radiographic symptoms in accordance with the Clinical
Guidelines of the Russian Federation, dated December 20, 2024.
All patients included in the study were informed about the
purpose and procedures of the study. Individual voluntary
consent and information sheets were signed and received. The
methods used in this study were approved by the local Ethics
Committee of the Federal State Autonomous Educational
Institution of Higher Education "Peoples' Friendship University
of Russia" (RUDN), protocol No. 23 dated December 21, 2023.
The inclusion and exclusion criteria are described in Table 1.

Collection of Microbiological Samples:

The following steps were used to collect microbiological
material from the root canals:

1. Before starting endodontic treatment, patients were
asked to rinse their mouths with a 0.05% chlorhexidine solution.
2. After anesthesia and cleaning of plaque from the teeth,

including the adjacent teeth, a rubber dam system was placed,
and the operative field was disinfected with a 3% sodium
hypochlorite (NaOC]l) solution, followed by the preparation of
the carious cavity using sterile burs.

3. The classic endodontic access was performed with a
new sterile bur until optimal visualization of the pulp chamber
floor.

4, After completing the endodontic access, the rubber
dam was replaced, and the tooth, rubber dam, and clamp were
re-disinfected with a 3% NaOCI solution.

5. Sterile Gates Glidden burs (for multi-rooted teeth) and
Largo burs (for single-rooted teeth with wide, straight, round
root canals) were used to enlarge the canal orifices.

6. To collect the material, two sterile Hedstrom files
(N-files) of small size were sequentially introduced to the
working length using vertical sawing movements.

7. Immediately after collecting the microbiological
material, the files, without touching any objects in the oral cavity,
were placed in Eppendorf tubes containing 1 mL of transport
thioglycolate medium (Liquid Thioglycolate Medium (FTM),
Qingdao Hope Bio-Technology Co., China) and transported to
the microbiological laboratory within no more than 40 minutes.
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Cultivation and Identification of Microorganisms.

Microbial cultivation and identification were performed
at the bases: Department of Microbiology named after V.S.
Kiktenko of the Peoples' Friendship University of Russia,
Moscow, Russia; Central Research Institute of Dentistry and
Maxillofacial Surgery, Moscow, Russia; Pirogov Russian
National Research Medical University, Moscow, Russia. The
collected samples were transported to the microbiological
laboratory by placing the used Hedstrom files from the infected
root canals into test tubes with 1 mL of thioglycolate transport
medium.

Anaerobic microorganisms were isolated by inoculating
into Sheddler anaerobic agar (Oxoid, Basingstoke, UK)
with 5% sheep defibrinated blood, anaerobic basal agar
(Oxoid, Basingstoke, UK) with sheep defibrinated blood, and
Lactobacillus MRS Agar (Himedia Labs. Inc., India) with sheep
defibrinated blood. For aerobic microorganisms, the following
media were used: Endo Agar (Becton Dickinson and Company,
USA), Gelatin Mannitol Salt Agar (Staphylococcus Agar # 110,
Himedia Labs Inc., India), and m-Enterococcus Agar (Difco
Laboratories, Franklin Lakes, USA). Serial dilutions of the root
canal contents were prepared in liquid Columbia Broth (Himedia
Labs Inc., Mumbai, India). The inoculation was carried out in
102, 103, 105, and 107 dilutions.

After inoculation, Petri dishes with anaerobic bacteria were
placed in anaerostats (Schutt Labortechnik GmbH, Gottingen,
Germany) with a gas mixture (85% N2, 10% H2, 5% CO2) in
the presence of platinum catalysts at a temperature of 37°C for
72 hours.

After the incubation period, the inoculated plates were
macroscopically examined for colony growth. The
morphological types were determined, and the number of each
colony was counted. Microscopically, colonies were examined
after Gram-staining.

Identified colonies were separated and transferred to new
Petri dishes with the same medium. They were then incubated
under anaerobic or aerobic conditions to obtain bacterial
biomass for further identification and storage. Some strains
of identified microorganisms were processed by freeze-drying
microbial suspensions after freezing in a cryoprotectant solution



(10% sucrose/1% gelatin (weight/volume)) in a freeze dryer
SB1 (Chemlab, UK) for further preservation. The test tubes
with lyophilized strains were stored at -80°C (cryopreserved
samples).

Quantitative Determination of Bacterial Load Using Colony-
Forming Units (CFU) Analysis:

The laboratory weighed the test tube and calculated the mass
of the sample as follows:

Sample mass = M (tube + medium + sample) - M (tube +
medium).

All samples were cultured for two hours after collection. After
homogenization, 10-fold serial dilutions from 10% to 107 were
made in liquid Columbia Broth (Himedia Labs Inc., Mumbai,
India). From the corresponding dilutions, 0.1 ml of the sample
was plated on selective and non-selective media. The number of
bacteria was expressed in log10 colony-forming units per 1 g of
the sample (log,, CFU/g).

MALDI-TOF MS and 16S rRNA Sequencing:

Initial identification of microorganisms was performed using
MALDI-TOF MS on the Vitek MS Plus instrument (bioMérieux)
in accordance with the manufacturer’s recommendations.
For bacterial strains that could not be identified using mass
spectrometry, identification was performed by 16S rRNA
gene sequencing. For this, a fragment of the 16S rRNA gene
was amplified by PCR using universal bacterial primers 27F
(5'-AGAGAGTTTGATCCTGGCTCAG-3') and  1492R
(5'-ACGGGGGGYTACCTTTTGTTGTTTACGACTT-3") for
35 cycles with the following program: initial denaturation at
94°C for 20 seconds; primer annealing at 58°C for 20 seconds;
elongation at 72°C for 90 seconds. The obtained PCR product
was purified using the Cleanup Standard kit (Evrogen, Moscow,
Russian Federation). The next step involved sequencing the
amplified DNA fragment using Sanger sequencing with the
UF1 primer, which was performed by Evrogen (Moscow,
Russian Federation). Sequence trimming was performed
visually based on electropherogram quality using Chromas
Lite version 2.6.6 software (Technelysium Pty. Ltd., Australia).
The bacterial species were characterized by searching the
obtained nucleotide sequences in the GenBank database using
the Megablast algorithm. A result was considered to be species-
level identification if the partial sequence of the 16S rRNA
gene showed at least 98.7% similarity with the sequence of the
nearest known bacterial species in the GenBank database.

Determination of Antibacterial Activity of Polyhexanide After
Short Exposure to Microorganisms in the Cultivation Medium.

Determination of antiseptics antibacterial activity was
performed at the base of Microbiology Department named after
V.S. Kiktenko of the Peoples' Friendship University of Russia,
Moscow, Russia.

In this part of the experiment, the antibacterial effects of the
following irrigant solutions were investigated:

1. Lavasept 0.1% and 0.2% (diluted polyhexanide
hydrochloride 20% aqueous solution, B. Braun Melsungen AG,
Germany).

2. Belodez 3% (sodium hypochlorite 3% solution,
VladMiVa, Russia).
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3. Chlorhexidine bigluconate 2% (aqueous solution,
Omega-Dent, Russia).

Based on the previously obtained data on the frequency
of isolating different microorganisms from root canals, the
following bacteria were selected for this phase of the work:

. Standard strains Staphylococcus aureus ATTC 6538;
Escherichia coli ATCC 2582 and Candida albicans ATCC
10231 (as reference microorganisms), obtained from the
American Type Culture Collection (ATCC, USA).

. Strains of microorganisms were obtained from the
working collections of the Department of Microbiology named
after V.S. Kiktenko, Medical Institute of the Peoples' Friendship
University of Russia and Pirogov Russian National Research
Medical University: Streptococcus sanguinis, Streptococcus
gordonii, Streptococcus mutans, Actinomyces oris, Actinomyces
naeslundii, Actinomyces israelii, Porphyromonas gingivalis,
Enterococcus faecalis.

Bacterial suspension for sowing was prepared from microbial
sediment according to the McFarland turbidity standard 0.5
(HiMedia, India), in physiological solution (0.9% NaCl,
Helicon, Russia). Inoculated into the appropriate culture
medium. The antiseptic solution under study was added to the
medium with microorganisms, bringing the final concentration
of active ingredient per milliliter to the previously indicated
concentration. Incubation was carried out at 37 °C under aerobic
or anaerobic conditions, corresponding to the requirements of
cultivation of the microorganism under study, and amounted to
one hour. After incubation, the microorganisms were washed
three times with physiological solution, followed by sowing the
culture in the volume of 100 pl on a dense nutrient medium
by the “lawn” method with subsequent incubation in the
thermostat. After cultivation, visual counting of colonies was
performed and further conversion to the CFU/mL value, based
on the number of grown colonies, sowing volume and dilution
factor.

Results.

Results of microbiological diversity determination in root
canals with chronic apical periodontitis:

In 35 microbiological samples obtained from 35 patients,
bacteria and fungi were found belonging to 5 phyla and 15
families at various CFU concentrations. The bacterial phyla
were represented by the following taxonomic groups: Bacillota
(40%), Actinomycetota (26.7%), Bacteroidota (13.3%), and
Pseudomonadota (6.7%). Fungi from the Debaryomycetaceae
family belonged to the Ascomycota phylum (6.7%).

Furthermore, during species identification, a bacterium
was isolated that could not be identified by MALDI-TOF
MS. After 16S rRNA sequencing using universal bacterial
primers, this microorganism was identified as belonging to the
Veillonellaceae family. Further studies are needed to clarify the
properties of the new microorganism. The new bacterial species
is marked with an asterisk “*” in the Table 2.

Basedontheanalysisofthe obtained data, itcanbeconcludedthat
the predominant flora in patients included in this study consisted
of bacteria from the Bacillota taxonomic units, specifically
Lactobacillus acidophilus (25.71%), Streptococcus sanguinis



Table 2. Distribution of identified microorganisms and fungi by taxonomic affiliation and samples.
Note: M — mean value, SD — standard deviation, new species — “*”.

Lactobacillus spp. 4,5+ 0,18 58 % 2,94+ 0,10 - -
Streptococcus salivarius 83 % 6,3+ 0,11 67 % 7,4 0,16 10 % 0,7+ 0,08
Streptococcus oralis - - 12 % 44+0,11 40 % 6,0+ 0,21
Streptococcus sanguinis 93 % 6,8+ 0,19 77 % 5,1+ 0,18 35 % 3,3+ 0,10
Streptococcus itermedius 88 % 7,6+ 0,20 52 % 2,6£0,11 - -
Staphylococcus aureus - - 21 % 4,2+ 0,18 48 % 6,0+ 0,16
Veillonella spp. 72 % 8,6+ 0,12 58,3 % 6,1+ 0,20 10,2 % -
Enterococcus faecalis 44 % 4,7+0,18 57 % 5,0£0,14 67 % 6,0£0,11
Peptostreptococcus stomatis 15% 4,4+ 0,19 41 % 6,6+ 0,20 55% 5,6£ 0,10
Actinomyces odontolyticus - - 49 % 8,5+ 0,18 - -
Actinomyces naeslundii 30 % 4,3£0,12 66 % 7,5+ 0,20 27 % 3,0£0,17
Actinomyces viscosus - - 33 % 2,8+0,21 - -
Actinomyces israelii 43 % 4,0+0,16 39 % 2,4+0,19 16 % 1,2+ 0,30
Capnocytophaga gingivalis 23 % 2,2+ 0,21 41 % 4,5+ 0,17 42 % 4,0+ 0,18
Porphyromonas gingivalis 67 % 4,5+ 0,14 78 % 8,5£0,16 93 % 8,7+ 0,11
Tannerella forsythia 53 % 5,3+ 0,16 70 % 4,8+ 0,12 77 % 5,1£0,12
Prevotella intermedia 48 % 3,5+£0,17 59 % 2,7+ 0,09 73 % 5,6£0,16
Prevotella oralis 30 % 5,0£0,11 26 % 2,6+ 0,09 - -
Fusobacterium nucleatum 100 % 7,1+ 0,10 100 % 8,0+ 0,11 98,3 % 6,3+ 0,21
Eikenella corrodens 40 % 2,1+ 0,08 - - - -
Aggregatibacter 5% 46£0,12 2% 05:0,12 3% 0,3+ 0,20
actinomycetemcomitans

Enterobacter cloacae 4% 3,0£0,21 15 % 7,4+ 0,16 18 % 6,1+ 0,21
Escherichia coli 28 % 2,7+ 0,11 34 % 5,1+ 0,19 38 % 7,6£0,19
Candida albicans 44 % 3,2+ 0,14 41 % 4,6+ 0,18 75 % 7,0+ 0,10

(28.57%), Streptococcus mutans (42.86%), Streptococcus
gordonii (28.57%), as well as Actinomycetota — Actinomyces
oris (34.29%), Actinomyces naeslundii (34.29%), Actinomyces
israelii (34.29%), and Bacteroidota — Porphyromonas gingivalis
(31.43%), which indicates a mixed flora in the root canals. Both
aerobic and anaerobic microorganisms were present, mediating
the pathogenic mechanisms that maintain the peri-apical area of
bone tissue destruction by releasing various toxic and antigenic
substances, through immune mechanisms osteoblast-dependent
co-activation of osteoclasts.

It is noteworthy that even with primary endodontic infection,
a certain number of patients were identified with Enterococcus
faecalis (22.86%) and Candida albicans (22.86%). The presence
of these pathogens in the root canal microbiome could indicate
potential resistance of the endodontic infection to elimination
and an increased risk of treatment failure if these organisms are
not sufficiently removed from the root canal system.

Results of determining the antibacterial activity of
polyhexanide during short-term exposure of the antiseptic to
microorganisms in the culture medium.

In this part of the work, the time interval for the contact of
microorganisms with antiseptic solutions was set to 1 hour,
simulating the duration of antimicrobial therapy in root canals
during endodontic treatment. This choice is based on the average
total exposure time of irrigants in the root canal.
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As shown in Figure 3, chlorhexidine bigluconate at a
concentration of 2%, Lavasept at concentrations of 0.1% and
0.2% and sodium hypochlorite 3% exhibit bactericidal activity
against Streptococcus sanguinis to an equal degree, as evidenced
by the absence of growth after one hour of incubation of the
microorganism culture with the antiseptic solutions.

Figure 4 demonstrates that chlorhexidine bigluconate at a
concentration of 2%, Lavasept at concentrations of 0.1% and
0.2% and sodium hypochlorite 3% have a bactericidal effect
against Streptococcus gordonii to an equal degree of severity, as
evidenced by the absence of growth after one hour of incubation
of the microorganism culture together with antiseptic solutions.

Figure 5 illustrates that chlorhexidine bigluconate at a
concentration of 2%, Lavasept at concentrations of 0.1% and
0.2% and sodium hypochlorite 3% have a bactericidal effect
against Streptococcus mutans to an equal degree of severity, as
evidenced by the absence of growth after one hour of incubation
of the microorganism culture together with the antiseptic
solutions.

Figure 6 illustrates that chlorhexidine bigluconate at a
concentration of 2%, Lavasept at concentrations of 0.1% and
0.2% and sodium hypochlorite 3% have a bactericidal effect
against Actinomyces oris to an equal degree of severity, as
evidenced by the absence of growth after one hour of incubation
of the microorganism culture together with the antiseptic
solutions.
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Figure 1. Percentage (%) of bacteria in samples expressed as log]10 CFU/g. Note: Each horizontal bar represents the mean value (M), and the
error at the ends of the bar represents the standard deviation (SD).
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Figure 2. A — relative number of bacterial families isolated from patients with chronic apical periodontitis. B — most frequently isolated bacteria
from patients with chronic apical periodontitis (220%).
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154 medium with application of 0.1% Lavasept solution,
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Figure 3. Streptococcus sanguinis.

31



32

10® CFU/mI

Figure 4. Streptococcus gordonii
Note - SgorK1 - growth control of Streptococcus gordonii on
culture medium without antiseptic solution after 1 hour of
incubation, SgorCHX2 - growth of Streptococcus gordonii on
culture medium with chlorhexidine gluconate 2%, SgorL01 -
growth of Streptococcus gordonii on culture medium with
application of 0.1% solution of Lavasept, SgorL02 - growth of
Streptococcus gordonii on culture medium with application
of 0.2% solution of Lavasept, SgorNAOCLS3 - growth of
Streptococcus gordonii on culture medium with application

of sodium hypochlorite 3%.
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Figure 4. Streptococcus gordonii.

Figure 6 - Actinomyces oris
Note - AcoK1 - growth control of Actinomyces oris on culture
medium without antiseptic solution after 1 hour of incubation,
AcoCHX2 - growth of Actinomyces oris on culture medium with
chlorhexidine gluconate 2%, AcolL01 - growth of Actinomyces oris on
culture medium with application of 0.1% solution of Lavasept,
AcolL02 - growth of Actinomyces oris on culture medium with
application of 0.2% solution of Lavasept, AcoNAOCL3 - growth of
Actinomyces oris on culture medium with application of sodium
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Figure 5. Streptococcus mutans.

Figure 6 - Actinomyces oris
Note - AcoK1 - growth control of Actinomyces oris on culture
medium without antiseptic solution after 1 hour of incubation,
AcoCHX2 - growth of Actinomyces oris on culture medium with
chlorhexidine gluconate 2%, AcolL01 - growth of Actinomyces oris on
culture medium with application of 0.1% solution of Lavasept,
AcolL02 - growth of Actinomyces oris on culture medium with
application of 0.2% solution of Lavasept, AcoNAOCL3 - growth of
Actinomyces oris on culture medium with application of sodium
hypochlorite 3%

Figure 6. Actinomyces oris.

Figure 7 — Porphyromonas gingivalis
Note - PginK1 - growth control of Porphyromonas gingivalis on
culture medium without antiseptic solution after 1 hour of
incubation, PginCHX2 - growth of Porphyromonas gingivalis on
culture medium with chlorhexidine gluconate 2%, PginL01 -
growth of Porphyromonas gingivalis on cultivation medium
with application of 0.1% solution of Lavasept, PginL02 -
growth of Porphyromonas gingivalis on cultivation medium
with application of 0.2% solution of Lavasept, PginNAOCLS -

growth of Porphyromonas gingivalis on cultivation medium
with application of sodium hypochlorite 3%.

Figure 7. Porphyromonas gingivalis.



Figure 7 demonstrates that chlorhexidine bigluconate at
a concentration of 2%, Lavasept at concentrations of 0.1%
and 0.2% and sodium hypochlorite 3% have a bactericidal
effect against Porphyromonas gingivalis to an equal degree
of severity, as evidenced by the absence of growth after one
hour of incubation of the microorganism culture together with
antiseptic solutions.

As can be seen from Figure 8, chlorhexidine bigluconate at a
concentration of 2%, Lavasept at concentrations of 0.1% and
0.2% and sodium hypochlorite 3% have a bactericidal effect
against Actinomyces naeslundii to an equal degree of severity, as
evidenced by the absence of growth after one hour of incubation
of the microorganism culture together with antiseptic solutions.

As can be seen from Figure 9, chlorhexidine bigluconate at a
concentration of 2%, Lavasept at concentrations of 0.1% and
0.2% and sodium hypochlorite 3% have a bactericidal effect
against Actinomyces israelii to an equal degree of severity, as
evidenced by the absence of growth after one hour of incubation
of the microorganism culture together with antiseptic solutions.

As can be seen from Figure 10, chlorhexidine bigluconate at
a concentration of 2%, Lavasept at concentrations of 0.1% and
0.2% and sodium hypochlorite 3% have a bactericidal effect
against Enterococcus faecalis to an equal degree of severity, as
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evidenced by the absence of growth after one hour of incubation
of the microorganism culture together with antiseptic solutions.

As can be seen from Figure 11, chlorhexidine bigluconate at
a concentration of 2%, Lavasept at concentrations of 0.1% and
0.2% and sodium hypochlorite 3% have a bactericidal effect
against Staphylococcus aureus ATCC 6538 to an equal degree
of severity, as evidenced by the absence of growth after one
hour of incubation of the microorganism culture together with
antiseptic solutions.

As can be seen from Figure 12, chlorhexidine bigluconate
at a concentration of 2%, Lavasept at concentrations of 0.1%
and 0.2% and sodium hypochlorite 3% have a bactericidal
effect against Escherichia coli ATCC 2582 to an equal degree
of severity, as evidenced by the absence of growth after one
hour of incubation of the microorganism culture together with
antiseptic solutions.

As can be seen from Figure 13, chlorhexidine bigluconate at
a concentration of 2%, Lavasept at concentrations of 0.1% and
0.2% and sodium hypochlorite 3% have a bactericidal effect
against Candida albicans ATCC 10231 to an equal degree
of severity, as evidenced by the absence of growth after one
hour of incubation of the microorganism culture together with
antiseptic solutions.

Figure 8 - Actinomyces naeslundii
Note - AnK1 - growth control of Actinomyces naeslundii on culture
medium without antiseptic solution after 1 hour of incubation,
AnCHX2 - growth of Actinomyces naeslundii on culture medium
with chlorhexidine gluconate 2%, AnLO1 - growth of Actinomyces
naeslundiion culture medium with application of 0.1% solution of
Lavasept, AnL02 - growth of Actinomyces naeslundii on culture

1.0 medium with application of 0.2% solution of Lavasept, ANNAOCL3
a5l - growth of Actinomyces naeslundii on culture medium with

AnK1
AnCHX2
AnL01
AnL02
AnNA
OCL3

application of sodium hypochlorite 3%

Figure 8. Actinomyces naeslundii.

4 Figure 9 - Actinomyces israelii
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351 Note - AisK1 - growth control of Actinomyces israelii on

3 culture medium without antiseptic solution after 1 hour of
incubation, AisCHX2 - growth of Actinomyces israelii on

3 culture medium with chlorhexidine gluconate 2%, AisL01 -
- growth of Actinomyces israelii on culture medium with
application of 0.1% solution of Lavasept, AisL02 - growth
of Actinomyces israelii on culture medium with application
of 0.2% solution of Lavasept, AisNAOCL3 - growth of
Actinomyces israelii on culture medium with application of
sodium hypochlorite 3%

Figure 9. Actinomyces israelii.
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Figure 10 - Enterococcus faecalis
Note - EntK1 - growth control of Enterococcus faecalis on
culture medium without antiseptic solution after 1 hour of
incubation, EntCHX2 - growth of Enterococcus faecalis on
culture medium with chlorhexidine gluconate 2%, EntL01 -
growth of Enterococcus faecalis on culture medium with
application of 0.1% solution of Lavasept, EntL02 - growth of
Enterococcus faecalis on culture medium with application of
0.2% solution of Lavasept, EntNAOCLS3 - growth of

Enterococcus faecalis on culture medium with application of
sodium hypochlorite 3%

CL3

Figure 10. Enterococcus faecalis.

Figure 11 - Staphylococcus aureus ATCC 6538
Note - SrefK1 - growth control of Staphylococcus aureus on culture
medium without antiseptic solution after 1 hour of incubation,
SrefCHX2 - growth of Staphylococcus aureus on culture medium
with chlorhexidine gluconate 2%, SrefL01 - growth of
Staphylococcus aureus on culture medium with application of 0.1%
Lavasept solution, SrefL02 - growth of Staphylococcus aureus on
culture medium with application of 0.2% Lavasept solution,
SrefNAOCL3 - growth of Staphylococcus aureus on culture medium
with application of sodium hypochlorite 3%

Figure 11. Staphylococcus aureus.

Figure 12 - Escherichia coli ATCC 2582
Note - ErefK1 - growth control of Escherichia coli on culture
medium without antiseptic solution after 1 hour of
incubation, ErefCHX2 - growth of Escherichia coli on culture
medium with chlorhexidine gluconate 2%, ErefL01 - growth
of Escherichia coli on culture medium with application of
0.1% solution of Lavasept, ErefL02 - growth of Escherichia
colion culture medium with application of 0.2% solution of
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Lavasept, ErefNAOCL3 - growth of Escherichia coli on culture
medium with application of sodium hypochlorite 3%

Figure 12. Escherichia coli ATCC 2582.

Figure 13 - Candida albicans ATCC 10231
Note - CrefK1 - control of Candida albicans growth on culture
medium without antiseptic solution after 1 hour of incubation,
CrefCHX2 - growth of Candida albicans on culture medium with
chlorhexidine gluconate 2%, CrefL01 - growth of Candida albicans
on cultivation medium with application of 0.1% solution of
Lavasept, CrefL02 - growth of Candida albicans on cultivation
medium with application of 0.2% solution of Lavasept,
CrefNAQOCLS - growth of Candida albicans on cultivation medium
with application of sodium hypochlorite 3%

Figure 13. Candida albicans ATCC 10231.



Discussion.

The fundamental etiological factor for caries and its
complications is the microbial factor. To determine the most
effective medicinal protocol for endodontic treatment for
eliminating microorganisms from the root canal system,
conducting microbiological studies is essential. Determining the
microbial composition in infected root canals is one of the key
sources for selecting appropriate antiseptic and/or antimicrobial
therapy, both in endodontics and general medicine. Knowledge
of the main microorganisms causing infectious-inflammatory
diseases of the apical periodontium, as well as their sensitivity
to specific irrigants, including experimental ones, can positively
influence the selection and ultimately the quality of local
medical therapy for chronic apical periodontitis.

After cultivating and isolating pure cultures under anaerobic
and aerobic conditions, we obtained the following results: from
35 microbiological samples from patients with chronic apical
periodontitis, bacteria and fungi from five phylogenetic groups
and 15 families were detected in varying concentrations of
CFU. The bacterial phylogenetic groups were represented by
the following taxonomic units: Bacillota (40%), Actinomycetota
(26.7%), Bacteroidota (13.3%), and Pseudomonadota (6.7%).
Fungi from the Debaryomycetaceae family belonged to the
Ascomycota phylum (6.7%).

It is also worth mentioning that, during the identification of
microorganisms, a new species was discovered that was not
represented in the microbiological libraries. After 16S rRNA
sequencing using universal bacterial primers, it was determined
that this microorganism was related to the Veillonellaceae
family.

According to our data, the predominant flora in the patients
included in this study consisted of bacteria from the Bacillota
taxonomic units, namely, Lactobacillus acidophilus (25.71%),
Streptococcus sanguinis (28.57%), Streptococcus mutans
(42.86%), Streptococcus gordonii (28.57%), as well as
Actinomycetota - Actinomyces oris (34.29%), Actinomyces
naeslundii  (34.29%), Actinomyces israelii (34.29%), and
Bacteroidota - Porphyromonas gingivalis (31.43%), which
indicates the mixed flora of the root canals. Both aerobic
and anaerobic microorganisms are represented, mediating
the pathogenic mechanisms for maintaining the peri-apical
destructive lesion through the release of various toxic and
antigenic substances, via immune mechanisms co-activating
osteoclasts osteoblast-dependently.

An interesting microbiological fact for primary endodontic
treatment in our study was the detection of E. faecalis and
C. albicans, more characteristic of secondary endodontic
infections or failed endodontic treatments. These organisms
often accompany each other, as shown in our study, with a
frequency of 22.86% for both pathogens. Enterococcus can
promote biofilm formation by C. albicans and the production
of exopolymeric substances. The presence of these pathogens in
the root canal microbiome may indicate the potential resistance
of the endodontic infection to elimination, increasing the risk of
treatment failure if these organisms are not adequately removed
from the root canal system. This makes the search for new
irrigants even more urgent.

35

When cultivating bacteria under anaerobic or aerobic conditions
in the presence of antiseptic solutions for 1 hour, all solutions
showed excellent results. After 1 hour, none of the groups of
antiseptics showed the presence of any bacterial species. These
results allow us to conclude that the decontaminating and
antiseptic activities of the solutions based on Lavasept 0.1%
and 0.2% are equally effective as traditional irrigation solutions.

All the results presented indicate that for Streptococcus
sanguinis, Streptococcus gordonii, Streptococcus mutans,
Actinomyces oris, Porphyromonas gingivalis, Actinomyces
naeslundii, Actinomyces israelii, Enterococcus faecalis,
and typical strains of Staphylococcus aureus ATCC 6538;
Escherichia coli ATCC 2582, Candida albicans ATCC
10231, the antiseptic solutions at the concentrations studied
(chlorhexidine bigluconate 2%, Lavasept 0.1% and 0.2%
and sodium hypochlorite 3%) exhibit equivalent bactericidal
effects and are capable of completely inhibiting the growth and
proliferation of microorganisms after one hour of exposure.

Based on the data above, it can be stated that the use of
polyhexanide-based solutions (0.2% Lavasept, 0.1% Lavasept)
as endodontic irrigants for root canals is microbiologically
justified, and the results of the tested solutions are comparable to
the antimicrobial endodontic standard - sodium hypochlorite 3%.

In the microbiological experiment, after one hour of interaction
between endodontic pathogens and all concentrations of
polyhexanide-based medication, no colony growth was
observed, indicating complete decontaminating bactericidal
effect. It should be noted that such a prolonged exposure of
antiseptics in endodontic procedures is not typically achievable;
however, for minimizing microbiological risks, the use of a
0.2% Lavasept solution as an effective decontaminant can be
recommended. The limitation of this work is its failure to employ
a biofilm model. Further studies are needed to investigate the
effect of Lavasept solution on biofilms [11-18].

Conclusion.

The use of 0.2% Lavasept solution (polyhexanide (PHMB))
as an irrigant in the treatment of chronic apical periodontitis
demonstrates high antimicrobial activity against key
representatives of the primary endodontic infection microbiota,
including  Streptococcus  spp., Actinomyces spp., and
Peptostreptococcus spp., Porphyromonas gingivalis, and others,
as well as specific endopathogens - Enterococcus faecalis,
Candida albicans. Despite the positive results obtained, further
clinical and microbiological studies are required to assess the
long-term efficacy and safety of PHMB in endodontic practice.
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