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Abstract

INTRODUCTION. Chronic apical periodontitis (CAP) poses significant challenges in endodontics due to
microbial resistance and inadequate disinfection protocols. Polyhexanide (PHMB) is a promising irrigant
due to its antimicrobial properties. However, its interactions with other commonly used endodontic irrigants
require further investigation to establish effective and safe clinical protocols.

AIM. To evaluate the chemical interactions of PHMB with sodium hypochlorite (NaOCI), hydrogen peroxide
(H20,), EDTA, and chlorhexidine and identify optimal irrigation protocols.

MATERIALS AND METHODS. The study utilized high-performance liquid chromatography (HPLC) to monitor
reactions of PHMB with NaOCI, H,O,, EDTA, and chlorhexidine at intervals of 30 minutes, 1 hour, and 3 days.
The analysis focused on detecting reaction products and assessing chemical stability.

RESULTS. PHMB formed a precipitate when combined with NaOCI, leading to its complete depletion in the
solution. Reaction with H,O, produced new chemical compounds, while EDTA demonstrated no significant
negative reactions. Mixtures with chlorhexidine generated new products and precipitates. Sequential use of
EDTA and PHMB showed compatibility and potential for effective irrigation.

CONCLUSIONS. Polyhexanide is a valuable irrigant for endodontics, particularly in combination with EDTA, as
it provides smear layer removal and antimicrobial action without adverse interactions. Sodium hypochlorite
and hydrogen peroxide require careful protocol adjustments to avoid chemical incompatibility. Further
studies are necessary to confirm the clinical outcomes and refine protocols for safe and effective endodontic
treatments.
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Pe3lome

BBEAEHWE. XpoHn4yeckunii anukanbHbii nepnogoHTUT (XAI) npeactaBnseT CNOXHOCTb B 9HAOAOHTUM N3-3a
MUKPOOHO pe3NCTEHTHOCTU U HEeA0CTaTOYHOMN 3P HEKTUBHOCTU NPOTOKONOB Ae3nHdekumn. NMonurekcaHuna,
(PHMB) siBnsieTca nepcnekTMBHbLIM UppUraHToM 6narogaps CBOMM aHTUMUKPOOHBIM cBolicTBaM. OgHako
B3ammopgerictene PHMB ¢ gpyrumn nppuraHtamm TpebyeT ganbHenwero n3dyvyeHms onsa paspabotku 6es-
onacHbIX N 3 EKTUBHBLIX MPOTOKOOB.

LLEJIb. OueHunTtb xumunyeckoe s3anmonenctesme PHMB ¢ runoxnoputom Hatpus (NaOCI), nepekmcbio BOAO-
poaa (H20,), 3OTA n xnoprekCuanHoMm v BbISBUTb ONTUMaJbHbIE NPOTOKONbI MppUraummn.

MATEPUATblI U METObl. MeTonom BbICOKO3)®EKTUBHOM XMUOKOCTHON XxpomaTtorpadum (BOXKX) nsyya-
nuncb peakuum PHMB ¢ NaOCI, H,O,, SOTA n xnoprekcmnanHom yeped 30 MuHyT, 1 4ac n 3 gHa. AHanm3nposa-
INCb NPOAYKTbI PEAKLUN U XUMUYeckas CTabunbHOCTb.

PE3YJIbTATbI. PHMB o06pa3syeT ocagok npu cmewmeanum ¢ NaOCI, nonHOCTbLIO ncyesas u3 pacteopa. Peak-
ums ¢ H.O, npuBoanT K 06pa3oBaHUIO HOBbIX coeanHeHuin. OATA He Bbi3biBAET 3HAYMUTESbHbIX HEraTUBHbIX
peakuumin. CMeLLnMBaHME C XJIOPrekCUANHOM CONPOBOXAAeTCs 06pa30BaHNEM HOBbIX MPOAYKTOB M OCAAKOB.
MocnepoBartensHoe npumeHeHne SA4TA n PHMB noka3ano coBMeCcTUMOCTb U 9P EHEKTUBHOCTb.
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BbIBObIl. MonurekcaHna aBnseTcs NepcnekTMBHbLIM MPPUraHToOM, 0COBeHHO B codeTaHum ¢ QATA, obecne-
yMBas ygasieHMe CMasaHHOoro C/ios U aHTMcenTuyeckoe aelictere 6e3 oTpuLaTesbHblX B3aMMOLENCTBUIA.
NaOCI n H,O, TpebyloT TLaTenbHOM KOPPEKTUPOBKU MPOTOKONIOB. HE06X0AMMbI ONONHUTENBHbIE UCCNENO0-
BaHWS ANs NOATBEPXAEHUS KIMHNYECKOM 3P PEKTUBHOCTU N YTOYHEHNWS TPOTOKOJIOB.

Knwouesble cnoBa: nonvrekcaHug, MppuraHT, npotokon uppuraumm, 3A4TA, NaOCI, B3anmopgeiicteme

UHdopmauumsa o ctatbe: nonydeHa — 01.10.2024, nepecmotpeHa — 10.11.2024, npuHaTta —-18.11.2024.

KoHAUKT uHTepecoB: ABTOPLI HE 3asBNSIIOT O KOHGDJIMKTE MHTEPECOB.

BnarogapHocTu: duHaHcupoBaHue U HAnBMAYabHble 61arofapHOCTY A5 AeKNapUpPoOBaHUS OTCYTCTBYIOT.

Ana uutuposaHua: Xabanse 3.C., leHepanosa l0.A., Kynukosa A.A., Ymapos A.l1O., Bapganos ®.B., Bex6u A,
Kakabanse 3.M. AHanM3 XMMNUYeCKOro B3anMoaencTBUS NoamrekcaHmaa ¢ 9HA0A0HTUYECKMMU ppuraHTa-
Mn. SHgoaoHTus Today. 2024;22(4):319-334. https://doi.org/10.36377/ET-0051

INTRODUCTION

Chronic apical periodontitis (CAP) is a common
problem encountered by the general dental practition-
er. The occurrence and progression of apical periodon-
titis are attributed to microbial factors. An intact root
canal system is defined as sterile, meaning it is free of
microorganisms and their by-products. However, cer-
tain factors, such as carious lesions (when the size of
the dentinal bridge is less than 0.5-0.2 mm), inade-
quate direct or indirect restorations, dental treatment
errors, or destroyed gingival attachment in the case of
marginal periodontitis, may allow microorganisms and
their toxic fractions to enter the pulp chamber. Pro-
longed irritation of the dental pulp by infectious agents
can lead to its death [1-4]. Infectious apical periodonti-
tis is primarily caused by the infection and necrotization
of the neurovascular bundle of the tooth due to various
bacterial factors [5].

As mentioned above, microbial infection of the root
canal and the periapical tissues is considered to be one
of the most important etiological factors in the deve-
lopment of apical periodontitis. Conservative treatment
of pulpitis and periodontitis has a success rate ranging
from 53% to 98%, with lower success rates reported
in cases of retreatment. Endodontic treatment failure
is commonly attributed to inadequate disinfection of
the root canal space during treatment or re-infection
caused by crown or apical microleakage [6-8].

The oral cavity harbours a greater variety of bacte-
rial species compared to other parts of the gastroin-
testinal system. Two main groups of microorganisms
can be distinguished in the oral cavity. The first group
comprises transient flora that enter the mouth through
air, liquids, and food. These microorganisms are not
resistant to the protective factors present in the oral
cavity and therefore cannot persist for long periods of
time, eventually becoming extinct. The second group
consists of resident (permanent) bacteria that form a
stable ecosystem in the oral cavity. The microflora of
the oral cavity is composed of various bacterial species
that live in the oral cavity as an ecological niche. The
oral cavity has different habitats that provide distinct
ecological conditions for colonization and growth, in-
cluding the mucosa of the lips, cheeks, palate, tongue,
gums, and teeth [9-13].

However, due to the development of carious pro-
cesses, which are caused by microorganisms (acid-
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producing cariogenic bacteria), an additional patho-
logical niche can be formed, represented by the pulp
chamber, into which bacteria and the products of their
vital activity can penetrate. Endodontics distinguishes
between primary and secondary infections. In cases
of chronic apical periodontitis and after unsuccess-
ful treatment, microorganisms may persist in the root
canal, particularly in hard-to-reach areas such as isth-
muses, fins, deltoid laterals, and deep within the den-
tinal tubules [14; 15]. The root canal system in cases of
chronic apical periodontitis and unsuccessful endo-
dontic treatment is often colonized by various genera of
Gram-negative bacteria, such as Fusobacterium, Por-
phyromonas, Prevotella, Treponema, Tannerella, and
Gram-positive bacteria, including Streptococcus, Ente-
rococcus, Olsenella, Filifactor, Actinomyces, as well as
fungi of the genus Candida [16-20].

The microflora presentin primary and secondary en-
dodontic infections differ, making it challenging to select
a protocol for medicament treatment of root canals. It is
important to note that bacteria within root canals exist
not only as planktonic suspension filling the main lumen
of the canal, but also as communities and consortia,
known as biofilms. These biofilms can penetrate the thin
lateral branches, isthmuses, and even the outer surface
of the root, forming an extraradicular biofilm [21-23].
Bacterial communities are often more resistant to an-
tiseptic agents due to various factors, such as quorum
sensing, gene drift, antimicrobial drug efflux channels,
and protective properties of the biofilm matrix [24; 25].

Mechanisms of bacterial resistance also include
enzymatic modification or degradation of the drug, al-
tering the antiseptic/antibiotic target in the bacterial
cell, reducing membrane permeability to the drug or
limiting drug accumulation by active transport of the
drug out of the cell, creating metabolic bypass path-
ways [26-28]. It is important to distinguish between
primary resistance of a bacterium and acquired resis-
tance. The term “primary resistance” is defined as
a natural property of a microorganism due to the ab-
sence of a target on which an antiseptic or antibiotic
acts, whereas the term “acquired resistance” is the re-
sult of genetic changes and occurs either as a result of
mutation or during the acquisition of new genetic mate-
rial, for example through plasmids [29-31].

Microorganisms can develop resistance to antisep-
tics, especially cationic ones, through genetically deter-
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mined mechanisms such as efflux pumps and changes in
cellmembrane hydrophobicity and permeability [32-34].
The emergence of chlorhexidine resistance is thought to
be due to an increase in the expression of membrane
proteins such as OprF, LptD, and Tol-Pal. Additionally,
upregulation of PagL, flagellar proteins, chaperones, and
proteins related to energy metabolism also contribute to
bacterial resistance to cationic agents [25].

Irrigation is a crucial aspect of the endodontic CAP
protocol. The conservative treatment of chronic apical
periodontitis involves mechanical preparation of root
canals with manual and mechanical steel and nickel-
titanium instruments, pharmacological management,
followed by three-dimensional obturation, according to
the clinical guidelines for the treatment of periapical tis-
sue diseases [35; 36].

The conditions for irrigation are created by adequate
preparation of the root canal during mechanical treat-
ment. In endodontics, even the most flexible instruments
cannot fully contact all root canal walls, especially those
with irregular and complex shapes, so medication is ne-
cessary. After preparation, pathogenic microorganisms
remain on the canal walls, in dentin tubules, isthmuses,
“fins” and other hard-to-reach places, and their further
multiplication may lead to progression of the inflamma-
tory process and a number of complications [37-41].

The issue of root canal irrigation within the field of
endodontics has been widely discussed for a long time.
The researchers aim to create a product with optimal an-
timicrobial activity and minimal cytotoxicity on periapical
tissues and gingival fibroblasts. Practicing dentists and
endodontists seek a pharmaceutical preparation with
low reactivity to other irrigants, allowing for the use of dif-
ferent active substances in combinations without the risk
of antagonistic interactions or toxic by-products.

Unfortunately, in endodontic practice there is no
ideal irrigant that solves all the problems of medical
treatment of endodontic infections. These tasks are —
pronounced antibacterial action, including the effect
on microbial biofilms, proteolytic action on necrotized
tissues located in the root canal, complete elimination
of the smear layer, no negative effect on the physical
and mechanical properties of intra-root dentin and pe-
riradicular tissues [42—-45]. Accordingly, it is important
to combine products in order to achieve long-term posi-
tive results from conservative therapy.

Sodium hypochlorite (0.5-5.25%), ethylenediami-
netetraacetic acid (17%) and chlorhexidine bigluco-
nate aqueous solution (2%) are most commonly used in
routine dental practice. The combination of NaOCI and
EDTA is the “gold standard” for irrigation. However, so-
dium hypochlorite, EDTA and chlorhexidine have some
negative and side effects, such as reduced physical and
mechanical properties of dentin with NaOCI, dentin ero-
sion with EDTA, acquired bacterial resistance and no ef-
fect on biofilms with chlorhexidine.

Each irrigant is a substance characterised by speci-
fic chemical reactions and interactions with other com-
pounds [38; 46-48]. Spontaneous interaction of the
above irrigants within the root canal (with sequential ir-
rigation without separation of the solutions with distilled
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water or complete drying with paper pins) may result in
chemical reactions with the formation of precipitates
and toxic products.

The issue of root canal irrigation has been widely
discussed in the field of endodontics for a long time.
Researchers aim to develop a product with optimal an-
timicrobial activity and minimal cytotoxicity on periapi-
cal tissues and gingival fibroblasts [49-51]. Practicing
dentists and endodontists are looking for a pharmaceu-
tical preparation with low reactivity with other irrigants,
allowing the use of different active ingredients in com-
binations without the risk of antagonistic interactions or
toxic by-products.

Such a preparation as polyhexanide, a cationic an-
tiseptic, is a promising irrigant in endodontic practice
[52; 53]. Common bacterial resistance levels have not
been documented.

It is important to detail the possible reactions be-
tween irrigants and new endodontic solutions, and their
possible by-productsin order to minimize complications
during their use and to optimize treatment protocols
for inflammatory pathologies of the pulpo-periodontal
complex.

The aim of this study is to observe the reactions of
polyhexanide compound with dental endodontic irri-
gants (sodium hypochlorite, chlorhexidine, EDTA, hy-
drogen peroxide) and to examine the course of possible
reactions at room temperature for the presence and
formation of new products.

MATERIALS AND METHODS

General design

1. The initial medications, including Lavasept
(20% polyhexanide solution), 3% sodium hypochlorite
(NaOCl), 3% hydrogen peroxide solution (H.0), 17%
ethylenediaminetetraacetic acid (EDTA), and 2% aque-
ous solution of chlorhexidine (CHX), were subjected to
chromatographic control using high-performance lig-
uid chromatography analysis (HPLC) to obtain qualita-
tive and quantitative chemical composition and stand-
ard peaks of main ingredients of solutions.

2. The study of stability and reactivity of Lavasept
(20% polyhexanide solution) to such reagents as:

¢ Sodium hypochlorite solution (3%);

¢ Hydrogen peroxide solution (3%);

® EDTA solution (ethylenediaminetetraacetic acid)
(17%);

¢ Chlorhexidine solution (2% aqueous solution).

The progress of the reaction was investigated at
30 minutes, 1 hour, and 3 days. The reaction mixtures
were analyzed in all 3 periods of time using HPLC to de-
tect any new reaction products formed between the in-
dicated components.

Chemicals and reagents

The following medicinal products were included in
the present study:

1. Lavasept (Polyhexamethylene biguanide hydro-
chloride — 20% aqueous solution, B. Braun Melsungen
AG, Germany). Lavasept contains polyhexamethylene
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biguanide hydrochloride as active ingredient and auxi-
liary ingredients: macrogol-4000, water for injection
(pH 5.0-7.0).

2. Hydrogen Peroxide (Hydrogen Peroxide — 3%,
Ecotex, Russia). Components: medical hydrogen per-
oxide, stabilizer sodium benzoate, purified water

3. Belodez (Sodium hypochlorite — 3% solution,
VladMiVa, Russia). Components: stabilized sodium hy-
pochlorite solution.

4. MD Cleanser (EDTA - 17%, META, South Korea).
Components: EDTA, water, ammonium water.

5. Liquid for antiseptic treatment of tooth root canals
(Chlorhexidine bigluconate aqueous solution — 2%, Ome-
ga-dent, Russia). Components: chlorhexidine, water.

High-performance liquid chromatography (HPLC)
analysis of initial reagents

HPLC is an effective method for separating complex
mixtures of substances, commonly used in analytical
chemistry and chemical technology. Chromatographic
separation relies on the components of the mixture par-
ticipating in a complex system of van der Waals inter-
actions, primarily intermolecular, at the interface. This
interaction allows for the separation of the components.
It is important to note that chromatographic separation
is based on objective scientific principles and not sub-
jective evaluations [54-56].

The analysis was performed on an Agilent 1100 HPLC
system with UV (VWD) detector (Agilent Technologies,
Waldbronn, Germany) at 235 nm wavelength, Separon
SGX CN column (Tessek, Czechoslovakia) on parame-
ters (150 % 3.3mm, 5 um). The mobile phase consisted of
deionized water (solvent A) and acetonitrile (solvent B).
The column temperature was maintained at 20°C using
an oven. The analysis was conducted at a constant flow
rate of 1.0 mL/min.

The samples were analyzed as standards:

¢ | avasept solution (20% solution of Polyhexanide
hydrochloride (Polyhexanide) (No. 1);

e Sodium hypochlorite solution (3%) (No. 2);

¢ Hydrogen peroxide solution (83%) (No. 3);

e Solution of EDTA (ethylenediaminetetraacetic
acid) — 17% (No. 4);

¢ Chlorhexidine solution (2% aqueous solution) (No. 5).

A “blank” test injection was made before the first
sample analyzation to demonstrate the absence of im-
purity peaks from the column.

The method of polyhexanide hydrochloride study
of was taken from the literature data published by the
company — HPLC Method for Analysis of Polyhexanide
(polyhexamethylene biguanide, PHMB) on BIST B+ by
SIELC Technologies.

The HPLC chromatograms of analyzed initial sam-
ples No. 1, 4, and 5 were obtained using the same chro-
matography conditions as the polyhexanide hydrochlo-
ride standard sample (an Agilent 1100 liquid chroma-
tograph with a diode array and an analytical column of
Separon SGX CN (150x 3.3 mm, 5 um)). Initial samples
No.2 and 3 were not subjected to analyzation in first
part of the experiment by injection because these drugs
are not visualized on HPLC chromatograms.

dHdodoHmus
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Analysis conditions for samples No. 1, 4, and 5:

¢ Liquid chromatograph — Agilent 1100 with diode
array.

¢ Analytical column — Separon SGXCN (150% 3.3 mm,
5 um).

¢ Eluent: A — deionized water, B — acetonitrile (HPLC
gradient grade).

e Gradient: 0—1 min 5% B, 1-7 min 50% B, 7-10 min
50% B.

¢ Flow rate — 0.72 ml/min, column thermostat tem-
perature — 20°C, UV detection wavelength — 235 nm.

e Sample input No.1 -1 pl.

e Sample input No.4 — 1 pl.

e Sample input No.5 - 20 pl.

The HPLC analyzation of solutions interaction
reactivity

The study of reactivity of Lavasept (20% polyhexa-
nide hydrochloride solution) (No.1) with solutions of
3% sodium hypochlorite (No. 2), 3% hydrogen peroxide
(No.3), 17% EDTA (No. 4), 2% chlorhexidine (No.5).

The reactions of Lavasept (20% polyhexanide hy-
drochloride solution) with the reagents and compounds
No. 2, 3, 4, 5were monitored. Mixtures of Lavasept (20%
polyhexanide hydrochloride solution) with sodium hy-
pochlorite (3%), hydrogen peroxide (3%), EDTA (17%),
and chlorhexidine (2%) were stirred on a magnetic stir-
rer for 30, 60 minutes and 3 days. For all the tests 100 pl
of Lavasept (20% polyhexanide hydrochloride solution)
was mixed with 2 ml of each solution mentioned above
(No.2, 3, 4, 5) and chromatographed.

Polyhexanide (PHMB)

0 1 2 3 4 5 6

Column: BIST™ B+
Column size: 4.6 x50 mm, 5 um
Column part number: TBP-46.50.0510

Mobile phase: Solvent A: MeCN - 60%, H,SO, — 0.2% for 2 min then
Solvent B: MeCN - 0%, H,SO, - 0.2%

Flow rate: 1.0 mL/min

Detection: UV 200 nm

LOD: 0/05 ppm

Fig. 1. HPLC Method for Analysis of Polyhexanide
(polyhexamethylene biguanide, PHMB)
on BIST B+ by SIELC Technologies

Puc. 1. MeTton B3XX ona aHanuaa nonurekcaHmaa
(monurekcameTuneH buryannga, PHMB)
Ha BIST B+ ot SIELC Technologies
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The investigation of possible reactions was con-
ducted at room temperature to identify the presence
and formation of new products. The reactions were
monitored at 30 minutes, 1 hour, and 3 days after ini-
tiation. Chromatography was performed on the reaction
mixtures to determine the presence of any new reaction
products between the tested components.

The assay conditions were as follows:

¢ Liquid chromatograph — Agilent 1100 with diode
array.

¢ Analytical column — Separon SGX CN (150x 3.3 mm,
5 um).

¢ Eluent: A — deionized water, B — acetonitrile (HPLC
gradient grade).

¢ Gradient: 0—1 min 5% B, 1-7 min 50% B, 7-10 min
50% B.

® Flow rate — 0.72 ml/min, column thermostat tem-
perature — 20°C, UV detection wavelength — 235 nm.

RESULTS

High-performance liquid chromatography (HPLC)
analysis of initial reagents

Samples of solutions No. 1, 4, and 5 underwent high-
performance liquid chromatography. The results are
presented in Figures 2—-4.

The retention time (chlorhexidine) — 9.547 min,
peaks with retention times of 6.956 min and 7.475 min
are impurities in the working standard. Based on the pa-
rameters and characteristics of the added peaks, they
can be characterized as eugenol.

The HPLC analyzation of solutions interaction
reactivity

Chromotograms of polyhexanide hydrochloride
(Lavasept) (No. 1) reactions with the most widely used ir-
rigants in endodontics, namely 3% sodium hypochlorite
(No.2), 3% hydrogen peroxide (No. 3), 17% EDTA (No. 4),
2% chlorhexidine (No.5), at room temperature for the
presence and formation of new products obtained.

Investigation of reactions progressing in time after
30 minutes, 1 hour and 3 days. Chromatograms of the
obtained reaction mixtures for the presence of forma-
tion of new possible reaction products between the in-
dicated components are presented in Figures 5-16.

Upon mixing, a yellowish precipitate formed and was
subsequently centrifuged for 30 minutes at 12,500 rpm.
Analysis of the data obtained reveals that the reaction
mixture does not contain polyhexanide hydrochloride
when two solutions of the initial sample were mixed. This
is due to the hydrolysis of the hypochlorite ion, resulting in
an alkaline reaction and the precipitation of polyhexanide
in the form of a base. As a result, even residual amounts
of polyhexanide are not observed in the reaction mixture.

In aqueous solutions, sodium hypochlorite under-
goes hydrolysis and decomposition.

When dissolved in water, it dissociates into ions:

NaOCI + H.0 <> Na+ + -0OCI

—OCl + H,0 <> HOCI + —-OH.

Due to its weak nature (pKa = 7.5-7.6 [57]), hy-
pochlorous acid (HOCI) undergoes hydrolysis in an
aqueous medium (Fig. 6).
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Fig. 2. Chromatogram of a sample of polyhexanide

hydrochloride standard (No. 1), retention time
(polyhexanide hydrochloride) — 6.311 min

Puc. 2. Xpomatorpamma obpasua ctaHgapTa
nonurekcanmga rugpoxnopuga (N2 1), Bpems
yOoepPXuUBaHuS (nonurekcaHnaa ruapoxnopua) —
6,311 MuH

1énﬂn

DAD1 A, Sig = 235,5 Ref = 360,50 (MK7.D)
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Fig. 3. Chromatogram of a sample of the standard
EDTA solution (No.4), retention time (EDTA,

ethylenediaminetetraacetic acid) — 1.242 min

Puc. 3. Xpomatorpamma o6pasua cTaHgapTHOro
pacteBopa STA (N24), Bpemsa yoepxuveanus (OLTA,
aTUNeHAnaMUHTETPayKCycHas kmcnota) — 1,242 MuH

DAD1 A, Sig = 235,5 Ref = 360,50 (MK6.D)
5
o
Qo

9.547

mAU
600
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300+
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2004

X 6.956

100
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Fig. 4. Chromatogram of a sample

of the chlorhexidine solution standard (No. 5)

Puc. 4. XpomaTtorpamma obpasia
cTaHOapTHOro pacteopa xnoprekcugmnHa (N25)

14nﬂn
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The chromatogram reflects all the same observa-
tions as at 30 min of reaction mixture (Fig. 7).

During the mixing of polyhexanide hydrochloride
and hydrogen peroxide solution (3%) the following
changes occur: after 30 min the reaction mixture still
contains the original compound - polyhexanide hydro-
chloride (retention time slightly shifted to 5.816 min)
and new compounds are formed with retention times
of 2.639 min 3.121 min and 3.716 min, which indicates
the reaction between the original sample polyhexanide
and hydrogen peroxide (Fig. 7).

The chromatogram reflects all the same changes as
at 30 min of reaction mixture (Fig. 8).

During the mixing of the solutions of polyhexanide
hydrochloride solution with EDTA solution (17%) the
following changes occur: after 30 min the reaction
mixture still contains the original compound — polyhe-
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Fig. 5. Chromatogram of reaction mixture
of polyhexanide hydrochloride (20% Lavasept solution)

with 3% sodium hypochlorite (30 min)

Puc. 5. XpomaTorpamma peakLMoHHON CMeCcu
nonuvrekcaHmpa rugpoxnopmaa (20% pacrtsop
JlaBacenTa) ¢ 3% runoxnopmutom HaTpus (30 MmH)
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Fig. 7. Chromatogram of the reaction mixture
of polyhexanide hydrochloride (20% Lavasept solution)

with hydrogen peroxide solution (3%) (30 min)

Puc. 7. XpomaTorpamma peakLnoHHON CMecu
nonuvrekcaHmpa rugpoxnopmaa (20% pacrtesop
NaeacenTa) ¢ pacTBopoM nepokcmaa sogoponaa (3%)
(30 MmuH)
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xanide hydrochloride (retention time has slightly shif-
ted and is 5.819 min) and new conjugates are formed
5.819 min), and new conjugates are formed with reten-
tion times of 0.959 min and 1.082 min, and the pre-
sence of unreacted EDTA in the reaction mixture is also
observed to be 1.253 min (the retention time of EDTA
has a slight backlash) (unreacted EDTA) (Fig. 9).

The chromatogram reflects all the same chan-
ges as at 30 min of reaction mixture. After 60 min,
the reaction mixture still contains the parent com-
pound, polyhexanide hydrochloride (retention time
has shifted slightly to 5.816 min), and new conjugates
are formed with retention times of 0.951 min and
1.092 min, and the presence of unreacted EDTA in the
reaction mixture is observed to be 1.272 min (reten-
tion time of EDTA has a slight backlash) (unreacted
EDTA) (Fig. 10).
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Fig. 6. Chromatogram of reaction mixture

of polyhexanide hydrochloride (20% Lavasept solution)
with 3% sodium hypochlorite (60 min)

Puc. 6. XpomaTorpamma peakLMoHHON CMECKu

nonurekcaHnga rugpoxnopuaa (20% pacteop
JlaBacenTa) ¢ 3% runoxaopmntom HaTpus (60 MuH)
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Fig. 8. Chromatogram of the reaction mixture
of polyhexanide hydrochloride (20% Lavasept solution)
with hydrogen peroxide solution (3 %) (60 min)

Puc. 8. Xpomatorpamma peakuOHHOM CMecu
nonurekcaHnga rugpoxnopuaa (20% pacteop
JNlaBacenTa) ¢ pacTBOPOM nepokcuaa sogopoaa (3%)
(60 MuH)
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A white precipitate fell out on mixing, the precipitate
was centrifuged for 30 min at 12500 rpm.

During the mixing of the solutions of polyhexa-
nide hydrochloride and chlorhexidine (2%) the follo-
wing changes occur: after 30 min, the reaction mix-
ture still contains the starting compound — polyhexa-
nide hydrochloride (retention time has slightly shifted
and is 5.814 min), and the reaction mixture also forms
the initial compound - polyhexanide hydrochloride
5.814 min), and new compounds with retention times of
3.955 min, 6.195 min, 9.035 min are formed, as well as
the presence in the reaction mixture of an unreacted
component of the reagent chlorhexidine — 6.975 min
(Fig. 11).

The chromatogram refiects all the same changes as
at 30 min of reaction mixture. After 60 min the reaction
mixture still contains the initial compound - polyhexa-
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Fig. 9. Chromatogram of the reaction mixture
of polyhexanide hydrochloride (20% Lavasept solution)
with EDTA solution (17 %) (30 min)

Puc. 9. XpomaTtorpamma peakumMoHHON CMEeCcKu
nonurekcaHuga rugpoxnopuaa (20% pacteop
JNlaBacenTa) ¢ pactsopom SOTA (17%) (30 muH)
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Fig. 11. Chromatogram of reaction mixture
of polyhexanide hydrochloride (20% Lavasept solution)
with chlorhexidine solution (2%) (30 min)

Puc. 11. XpomaTtorpamma peakLMOHHON CMeCcH
nonurekcaHnga rugpoxnopuaa (20% pacteop
JlaBacenTa) ¢ pacTtBopoM xnoprekcuaunHa (2%)
(30 MuH)
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nide hydrochloride (retention time has slightly shifted
and makes 5.805 min), and also new compounds with
retention times of 4.063 min, 6.187 min, 9.026 min are
formed, as well as the presence of unreacted compo-
nent of the reagent chlorhexidine in the reaction mix-
ture — 6.938 min (Fig. 12).

Upon examination of the reaction mixtures after
three days, it is evident that there were no significant
changes observed in the chromatographic patterns
when compared to the reaction mixture at 30 minutes.

Comparative analysis of chromatograms during the
3 days experiment (Fig. 13).

A yellowish precipitate fell out when mixing (30 min
reaction time). No significant changes were detected
60 min after mixing. However, a very weak polyhexanide
signal appeared after 3 days of incubation of the solu-
tion mixture (Fig. 14).
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Fig. 10. Chromatogram of the reaction mixture
of polyhexanide hydrochloride (20% Lavasept solution)
with EDTA solution (17 %) (60 min)

Puc. 10. Xpomatorpamma peakuMoHHOM CMecH
nonurekcaHnga rugpoxnopuaa (20% pacteop
JlaBacenTa) ¢ pactBopom STA (17%) (60 MuH)
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Fig. 12. Chromatogram of reaction mixture

of polyhexanide hydrochloride (20% Lavasept solution)
with chlorhexidine solution (2%) (60 min)

Puc. 12. Xpomatorpamma peakumMoHHOM CMeCcH
nonurekcaHunga rugpoxnopuaa (20% pacteop
JlaBacenTa) ¢ pacTBopom xnoprekcuaunHa (2%)

(60 MuH)
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Due to dilution, the polyhexanide hydrochloride signal
shifted to 5.8 min. The area of the polyhexanide hydro-
chloride signal did not change at 3 days of incubation.

After incubating polyhexanide solution with hydro-
gen peroxide for three days, the reaction product that
formed during the 30 and 60-minute experiments with
a retention time of 3.716 minutes disappeared. A new
peak with a retention time of 2.486 minutes appeared
on the chromatogram, indicating a transformation of
one compound into another (Fig. 15).

No significant changes occur after 60 minutes and
3 days after mixture of mentioned solutions (Fig. 16).

After three days of incubation, small changes in the
formation of new peaks corresponding to new products
are still observed.
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Fig. 13. Chromatograms of reaction mixture
polyhexanide hydrochloride (20% Lavasept solution)
and sodium hypochlorite (3%) (from top to bottom:

30 min, 1 hour, 3 days and polyhexanide hydrochloride
standard, sample volume injected everywhere — 1 ul)

Puc. 13. XpomaTorpammsl peakuMoHHOM CMecu
nonurekcaHuga rugpoxnopuaa (20% pacteop
JNaBacenTa) v runoxnoputa HaTpus (3%) (cBepxy
BHM3: 30 MuH, 1 yac, 3 oHSA 1 cTaHaapT NoaurekcaHnaa
rmapoxnopuaa, o6bem BBOAMMOro obpasua sesne —

1 Mkn)
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DISCUSSION

Endodontics is a rapidly improving branch of den-
tistry. The significant progress in this field is attributed
to the creation of numerous materials and the introduc-
tion and application of new technologies by scientists
and researchers. Today, an apex locator, operating mi-
croscope, biodentine and bioceramics, and irrigants
are essential tools for practical therapeutic purposes
(and not only) [42-44; 58-62].

The success of endodontic treatment largely depends
on the medicament treatment of root canals. Irrigants
play a crucial role in this process [44; 45; 59; 60; 63; 64].
Itisimportant to note that irrigating solutions should have
antimicrobial properties, dissolve organic elements, and
provide mechanical washing without causing damage to
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Fig. 14. Chromatograms of reaction mixture
polyhexanide hydrochloride (20% Lavasept solution)
and hydrogen peroxide solution (3%) (from top

to bottom: 30 min, 1 hour, 3 days and polyhexanide
standard, sample volume injected everywhere is 1 pl)

Puc. 14. XpomaTorpamMmmbl peakuMoHHON CMeCcHu
nonurekcaHuga rugpoxnopuaa (20% pacteop
JlaBacenTa) u pacTtBopa nepokcuaa sogopoaa (3%)
(cBepxy BHU3: 30 MuH, 1 4ac, 3 gHa 1 cTaHOapT
nonuvrekcaHmaa, o6bem BBoanMoro obpasua sesge
1 Mkn)
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periradicular tissues in case of extrusion into periodontal
tissues. However, not all irrigants are capable of fulfilling
these functions, which often results in the development
of secondary endodontic infections [49-51; 65-68].
Regarding persistentinfection, itisimportant to note
that microorganisms that contaminate root canals enter
them directly, either during or after treatment [69-71].
Inadequately treated instruments are a common source
of contamination. Microbial penetration into the root ca-
nal system of root canals can also occur due to saliva
entering the tooth cavity as a result of improper place-
ment of the cofferdam. It is important to ensure proper
placement of the cofferdam and use of stable tempo-
rary fillings to prevent these issues. Microbial penetra-
tion into the root canal system of root canals can also
occur due to saliva entering the tooth cavity as a result
of improper placement of the cofferdam [29-34]. Addi-
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Fig. 15. Chromatograms of reaction mixture
polyhexanide hydrochloride (20% Lavasept solution)
and EDTA (17%) (from top to bottom: 30 min, 1 hour,
3 days and polyhexanide hydrochloride standard,
sample volume injected everywhere — 1 pl)

Puc. 15. XpomaTorpammesl peakuMoHHON CMecu
nonurekcaHnga rugpoxnopuaa (20% pacteop
NaeacenTta) u OATA (17%) (ceepxy BHM3: 30 MuH, 1 4ac,
3 OHS 1 cTaHJapT NoAMrekcaHmaa rmgpoxaopuaa,
o6bem BBOAMMOro obpasua sesge — 1 Mkn)
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tionally, microleakage through an unstable temporary
filling can also be a significant cause.

As previously mentioned, microorganisms within
root canals are primarily located as biofilms, which
are more resistant to medication. Due to the develop-
ment of acquired drug resistance of bacteria and the
frequent complications of endodontic treatment, the
search for a new irrigant is promising. Polyhexanide
has the potential to address the challenges of endo-
dontic treatment.

Polyhexamethylene biguanide (PHMB) is a bisbi-
guanide with broad spectrum antimicrobial activity
[57; 71; 73]. Antiseptic compositions containing only the
active ingredient PHMB are not available on the phar-
maceutical market. In this study, a 20% PHMB concen-
trate named Lavasept solution (B. Braun Melsungen
AG, Germany) was used as a polyhexanide standard.
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Fig. 16. Chromatograms of reaction mixture
polyhexanide hydrochloride (20% Lavasept solution)
and chlorhexidine (2%) (from top to bottom: 30

min, 1 hour, 3 days and polyhexanide hydrochloride
standard, sample volume injected everywhere — 1 ul)

Puc. 16. XpomaTorpammbl peakLMOHHON CMEeCcU
nonurekcaHnga rugpoxnopuaa (20% pacteop
JNaesacenTa) u xnoprekcugyHa (2%) (ceepxy BHU3: 30 MUH,
1y4ac, 3 gHA 1 cTaHgapT noaMrekcaHmaa rmapoxnaopmaa,
o6bem BBOAMMOro obpasua sesge — 1 Mkn)
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Macrogol 4000 was added to the antiseptic composi-
tion to influence the surface tension of the solution and
reduce cytotoxicity, thereby improving the characteris-
tics of the compound [54-56].

Polyhexanide has been extensively studied for its
antimicrobial properties in various medical fields, inclu-
ding traumatology, ophthalmology, urology, treatment of
burns, long non-healing wounds, and ulcers [57; 74-78].
However, its use in dentistry is not yet widespread. This
substance is commonly applied as a component of so-
lutions for mouthwashes for the prevention of caries
and diseases of the mucous membranes [79-82]. A few
studies on the effectiveness of this substance against
microorganisms-colonizers of the root canal system are
presented [83-84]. However, further clinical and labora-
tory studies are needed to determine its antimicrobial
activity against endodontic pathogens that cause inflam-
matory diseases of the pulpo-periodontal complex.

Clinicians often use combinations of irrigants in the
endodontic treatment protocol because there is cur-
rently no single solution that can solve all the prob-
lems associated with irrigation. The gold standard in
dentistry is the use of sodium hypochlorite, which has
antibacterial and proteolytic activity, and EDTA, which
can affect the components of the smear layer. Addi-
tionally, final irrigation of the root canal system with an
aqueous chlorhexidine solution is widespread due to
its prolonged antimicrobial action. However, as chemi-
cal substances, all of the aforementioned agents can
interact with each other if used in succession without
separation by water or complete drying in the root ca-
nal. Chemical interaction can drastically reduce the
effectiveness of the pharmaceutical therapy. Since
polyhexanide is a cationic antibacterial agent, similar
to chlorohexidine, itis practical to use it in combination
with other irrigants that enhance its antimicrobial and
chelating properties. This assumption is based on the
idea that polyhexanide does not have a pronounced ef-
fect on the smear layer.

High-performance liquid chromatography was used
to determine the optimal clinical protocol and poten-
tial interactions between polyhexanide and commonly
used irrigants. The initial standards of endodontic
medications, including 20% polyhexanide, 3% sodium
hypochlorite, 3% hydrogen peroxide, 17% EDTA, and
2% chlorhexidine, were analyzed, as well as mixtures of
polyhexanide with each of these solutions at 30, 60 mi-
nutes, and 3 days after initial contact.

High-performance liquid chromatography (HPLC)
is an effective method for separating complex mix-
tures of substances. It is widely used in both analytical
chemistry and chemical technology. Chromatographic
separation is based on the participation of mixture
components in a complex system of van der Waals
interactions, mainly intermolecular, at the interface.
HPLC is a method of analysis that involves separating
complex mixtures into simpler ones before analyzing
them using physicochemical or chromatography-spe-
cific methods.

The HPLC method has a wide range of applications
in fields such as chemistry, petrochemistry, biology,
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biotechnology, medicine, food industry, environmental
protection, and drug production. High-performance
liquid chromatography with mass spectrometric detec-
tion is a promising method for identifying and quan-
tifying drug substances in various biological objects.
The method is highly specific and accurate, capable of
detecting substances in minimal concentrations. This
makes it suitable for quantitatively determining drugs in
pharmacokinetic studies and drug monitoring, which is
significant for clinical laboratory diagnostics [65-67].

Based on the results of our study, it is not recom-
mended to mix sodium hypochlorite and polyhexanide
solutions during sequential irrigation in the root canal.
This is due to the formation of a yellowish flake-like sus-
pension that precipitates and causes the formation of
sediment. Sedimentation when mixing irrigants in root
canals is a serious complication of pharmaceutical the-
rapy, resulting in the depressurization of the root canal
filling — intracanal dentin system. Insufficient penetra-
tion of sealer into the dentinal tubules, due to flakes of
sediment blocking the canal lumen obturation hermeti-
cism, can result in persistent infection and endodontic
treatment failure.

When sodium hypochlorite and polyhexanide are
mixed, the latter precipitates as a base, leaving no re-
sidual amount of PHMB in the chromatogram. It is as-
sumed that PHMB, like chlorhexidine, is a cationic anti-
microbial agent with a similar structure (except for poly-
meric structure and absence of chlorine-substituted
groups) and interacts generally similar with sodium hy-
pochlorite. When NaOCl and CHX are mixed, a brick-red
precipitate is formed, which many authors refer to as
parachloraniline. This substance is formed as a result of
chlorination of chlorhexidine guanidinoazotes under the
action of a strong oxidizing agent. The quantity of pre-
cipitate produced is directly proportional to the concen-
tration of sodium hypochlorite. As the concentration of
NaOCl increases, more parachloraniline is formed when
in contact with chlorhexidine [37; 45]. However, some
authors have suggested that the mixture of NaOCI and
CHX does not contain free parachloraniline. The diffe-
rence in opinions may be due to misinterpretation of
the para-chloramide moiety of CHX or any CHX deriva-
tive in the precipitate [85; 86]. Due to oxidation in a so-
dium hypochlorite medium, PHMB may exhibit similar
activity to chlorhexidine.

Therefore, it is not advisable to use sodium hy-
pochlorite and polyhexanide sequentially in an endo-
dontic medication protocol without strictly separa-
ting the irrigants. This can be achieved by rinsing the
root canal with distilled water, inactivating NaOCI with
sodium thiosulfate, or completely drying sodium hy-
pochlorite with paper absorber pins while aspirating
any residual solution [87; 88]. However, it is necessary
to conduct further investigation of the centrifuged pre-
cipitate, forming while PHMB and NaOCI contact, to
determine its chemical composition.

Hydrogen peroxide was previously used in endo-
dontics, but its use is now limited due to its lack of an-
timicrobial efficacy against periopathogens and insuf-
ficient action on the smear layer and intracanalicular
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dentin [89; 90]. The chromatogram indicates the for-
mation of new reaction products with retention times of
2.639 min, 3.121 min, and 3.716 min, suggesting a reac-
tion between the original polyhexanide sample and hy-
drogen peroxide. Therefore, it is not recommended to
sequentially apply these solutions into the root canal.

EDTA is a molecule with a claw-like structure that
captures divalent and trivalent metal ions, such as cal-
cium and aluminum, forming a stable ring structure. Itis
commonly used in endodontics due to its ability to af-
fect the mineral components of dentin and remove the
smear layer formed after root canal preparation, facili-
tating the sliding of instruments in the lumen of the root
canal [91-93].

The chromatogram did not show any significant neg-
ative interactions between polyhexanide and EDTA. Af-
ter 30 minutes from the initial contact, the reaction mix-
ture still contains the original compound, polyhexanide
hydrochloride. The retention time has shifted slightly to
5.819 minutes due to dilution. Additionally, new conju-
gates have been formed with retention times of 0.959
and 1.082 minutes. Unreacted EDTA is also present in
the reaction mixture with a retention time of 1.253 mi-
nutes. It is our opinion, that in this case PHMB is for-
ming salts with EDTA rather than undergoing a chemical
reaction, and that these salts are able to dissolve upon
pH shift. Additional experiments are required to confirm
this. According to the information provided, the combi-
nation of EDTA and PHMB is reasonable method of root
canal irrigation, due to the fact that there are no harm-
ful interactions when mixing these solutions in the canal.
It is important to note that EDTA may not be completely
removed from the canal through reintroduction of po-
lyhexanide. However, it is sufficient to eliminate excess
solution using the aspiration system.

Chlorhexidine is a drug that exhibits a broad spec-
trum of antimicrobial activity. It is commonly available
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in the form of salts, including diacetate, digluconate,
and dihydrochloride. Aqueous solutions are most stable
within a pH range of 5-8 [94]. In modern medicine, it is
frequently used as a final irrigant due to its substantiv-
ity, which allows it to be gradually released over an ex-
tended period when in contact with the substrate, such
as enamel, dentin, or glycoprotein groups. After 30 mi-
nutes a white precipitate was dropped on mixing, and
the chromatogram shows that the reaction mixture of
CHX and PHMB still contains the initial compound, po-
lyhexanide hydrochloride. The retention time has
slightly shifted to 5.814 minutes. Additionally, new
compounds with retention times of 3.955, 6.195, and
9.035 minutes have formed. There is also unreacted
chlorhexidine present in the reaction mixture, with a re-
tention time of 6.975 minutes. Considering the forma-
tion of new products during a chemical reaction, itis not
rational to sequentially introduce polyhexanide after
chlorhexidine without evacuating the latter. Therefore, it
is necessary to conduct further investigation of the pre-
cipitate to determine its chemical composition.

CONCLUSION

Root canal irrigation with polyhexanide is a promi-
sing approach in endodontics. The protocol for us-
ing this substance should be combined with other ir-
rigants, that have an ability to affect the smear layer.
PHMB can act as a main antibacterial irrigation solu-
tion in combination with a popular EDTA-based chela-
ting agent. Clinical protocol of polyhexanide and EDTA
usage had shown positive results. To eliminate the
smeared layer, EDTA solution should be used sequen-
tially, followed by polyhexanide as an antiseptic agent.
It is reasonable to use a dental suction system to par-
tially remove EDTA from the root canal prior to PHMB,
as there are no significant chemical interactions be-
tween these solutions.
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