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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 

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% (NaOCl) 
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].

Сhlorhexidine 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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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 (NaOCl) 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% NaOCl 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 Hedström 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.

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 Hedström 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, Göttingen, 
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 

Inclusion criteria Exclusion criteria

-  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.

- 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.
- Tooth mobility of the 3rd degree.
- Resorption of bone tissue more than ½ 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.

Table 1. Inclusion and exclusion criteria.
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(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 102 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 (log10 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).

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 ºC 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 µl 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.

Based on the analysis of the obtained data, it can be concluded that 
the predominant flora in patients included in this study consisted 
of bacteria from the Bacillota taxonomic units, specifically 
Lactobacillus acidophilus (25.71%), Streptococcus sanguinis 
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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.

(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.

Phylotype Species

Group 1 Group 2 Group 3

% 
log10 
CFU/g
(М ± m)

%
log10 
CFU/g
(М ± m)

%
log10 
CFU/g
(М ± m)

Bacillota

Lactobacillus spp. 76 % 4,5± 0,18 58 % 2,9± 0,10 - -
Streptococcus salivarius 83 % 6,3± 0,11 67 % 7,4± 0,16 10 % 0,7± 0,08
Streptococcus oralis - - 12 % 4,4± 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

Actinomycetota

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

Bacteroidota

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 - -

Fusobacteriota Fusobacterium nucleatum 100 % 7,1± 0,10 100 % 8,0± 0,11 98,3 % 6,3± 0,21

Pseudomonadota

Eikenella corrodens 40 % 2,1± 0,08 - - - -
Aggregatibacter 
actinomycetemcomitans 5 % 4,6± 0,12 2 % 0,5± 0,12 3 % 0,3± 0,20

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

Ascomycota Candida albicans 44 % 3,2± 0,14 41 % 4,6± 0,18 75 % 7,0± 0,10

Table 2. Distribution of identified microorganisms and fungi by taxonomic affiliation and samples.
Note: M – mean value, SD – standard deviation, new species – “*”.
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Figure 1. Percentage (%) of bacteria in samples expressed as log10 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).

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 (≥20%).

Figure 3. Streptococcus sanguinis.
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Figure 4. Streptococcus gordonii.

Figure 5. Streptococcus mutans.

Figure 6. Actinomyces oris.

Figure 7. Porphyromonas gingivalis.
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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 

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.

Figure 9. Actinomyces israelii.
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Figure 10. Enterococcus faecalis.

Figure 11. Staphylococcus aureus.

Figure 12. Escherichia coli ATCC 2582.

Figure 13. Candida albicans ATCC 10231.
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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.

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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