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Abstract

Introduction: Antibacterial photodynamic therapy is a promising treatment modality in the anti-infective therapy of numerous oral
diseases. It involves photo activation of a reactive substance (dye), thus releasing reactive oxygen species (ROS-radicals) which are
highly destructive to the bacterial cell. However, thorough investigation of radical production properties of different dyes is not com-
mon in literature.

Aim: The aim of this study was to investigate and evaluate oxygen radical-producing potential of two commonly used photoactive dyes
in the context of antibacterial photodynamic therapy.

Materials and methods: The radical-producing properties of two commonly used dyes for photodynamic therapy in oral medicine,
methylene blue and indocyanine green, irradiated under laser irradiation are investigated using electron paramagnetic resonance (EPR)
spectroscopy. The detection of reactive oxygen species is performed with “spin-trapping” technique.

Results: The selected photoactive dyes showed promising yields of reactive oxygen species (ROS) in aqueous solutions. The compara-
tive analysis of the results deemed methylene blue as the more productive photoactive agent.

Conclusions: By employing the spin-trapping technique, this study indicates EPR-spectroscopy as a promising method of relative
quantification of reactive oxygen species released by the photodynamic reaction in aqueous solutions.
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INTRODUCTION

Photodynamic therapy is a form of phototherapy involving
a light source and a photosensitising chemical agent used in
conjunction with molecular oxygen to induce cell death.!
The targeted cells can vary from cancerous to bacterial.? In
the therapeutic context of dental medicine, especially pe-
riodontology, photodynamic therapy is a promising tool
for targeting pathogenic bacteria in periodontal pockets.?
However, the basic principle of this process relies on the
production of free oxygen radicals (ROS) which are short-
lived and highly toxic to the bacterial cell wall. In most
instances, the efficacy of this process is measured indirect-
ly through clinical or microbiological evaluation of the
antibacterial effect.* Hence, it is rather difficult to study the
radical production properties of available dyes (photosen-
sitizers) as well as developing criteria or standards for new
and alternative dyes.

AIM

The aim of this study was to evaluate the oxygen-releasing
potential and ROS forming properties of two of the most
common photoactive substances used in antibacterial pho-
todynamic therapy in dentistry.

MATERIALS AND METHODS

The experimental design involved preparing 0.33% aqueous
solutions of methylene blue (Valerus™, Bulgaria) and indo-
cyanine green (Frontier Scientific™, USA) from their solid
states. The selected concentrations are commonly used in
clinical photodynamic therapy. The BMPO spin-trap was
prepared into a 20-mM aqueous solution. Each dye soluti-
on (160 ul) was mixed with 40 ul spin-trap solution and the
mixture was transferred to a quartz capillary tube 1 mm in
internal diameter (Fig. 1). The sample tube was then positi-

Figure 1. Quartz tube filled with sample solution.
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oned into a TE | cylindrical resonator of JEOL JES FA 100
ESR spectrometer (JEOL, Japan), at 9.5 GHz frequency. All
spectres were registered at room temperature. Each soluti-
on sample was irradiated for 20 seconds at peak absorption
wavelength of 660 nm and 810 nm for methylene blue and
indocyanine green, respectively. The working laser para-
meters were as follows: indocyanine green was irradiated
with 810 nm laser light (D-touch™, Syneron Lasers, Israel),
at 500 mW, 134 J/cm? The used laser tip was 400 micron
fibre. Methylene blue was irradiated with 662 nm laser light
(SIX Laser TSC™, Atlantis Lasers, Bulgaria), at 100 mW,
15 J/cm?. The used tip produced a beam diameter of 3.5
mm by 4.5 mm. The irradiation of the solution samples was
performed through a special aperture of the EPR spectro-
meter, at a 10-cm distance from the laser tip to the sample
(Figs 2, 3).

Figure 2. Irradiation aperture of the EPR-spectrometer.

Figure 3. Irradiation of the sample solutions.
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RESULTS

The registered EPR spectres of both dye solutions are
presented in Fig. 4. The registered spectres are complex
and show superposition of EPR signals of two or more
radicals. All samples show a narrow signal band with a g
factor of 2.008 due to the presence of unpaired electron
radical. This registered band is evident in all samples. One
possible explanation of the observed signal is a spin-orbi-
tal interaction. In any case, a value below 2.0023 does not
interfere with the results. The aqueous solution of BMPO
before irradiation does not produce EPR-signal. However,
after irradiation with 662 nm laser light, some slight signal
bands are detected (Fig. 4.1). This can be explained with
the oxygen radicals (O,™) water molecules form under
irradiation, consecutively detected with BMPO. The regis-
tered EPR-signal bands of all dye samples are similar (Figs
4.2, 4.3), but there are differences in the intensity of the
signal bands (the distance from peak to peak). The rest of
the registered EPR parameters are shown in Table 1.
Analysis of the available literature shows that the
laser irradiated EPR spectre of methylene blue contains the
spectre of BMPO-OOH adduct showing the presence of
superoxide oxygen radical (O,"). The laser irradiated EPR
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Figure 4. EPR spectre of: 1) BMPO irradiated with 662 nm la-
ser light; 2) Methylene blue solution irradiated with 662 nm laser
light; 3) Indocyanine green solution irradiated with 810 nm laser
light.

Table 1. Registered EPR parameters as of Figure 4

spectre of indocyanine green contains weak signal bands of
BMPO-OOH adduct of particularly lesser intensity. These
differences can be accounted for by the different distance of
the unpaired electron relative to the nitrous and hydrogen
atoms in the molecules of the dyes.

DISCUSSION

Electron paramagnetic resonance spectroscopy (EPR) is
a technique used to study chemical species with unpaired
electrons. EPR spectroscopy plays an important role in the
understanding of inorganic and especially organic radicals,
as well as some biomolecules. In this experimental study,
EPR was used to investigate the comparative production
of oxygen radicals of two different photoactive dyes irra-
diated with laser light, commonly used in the antimicro-
bial photodynamic therapy. However, the said radicals
are short-lived, so the use of a “spin-trapping” technique
was implemented. Spin-trapping technique involves the
adding nitrone or nitroxyl derivatives (BMPO, DMPO and
others). These spin-trapping substances allow registering
some of the short-lived radicals of oxygen — hydroperoxyl
radical (OH), superoxide radical (O,"), hydroperoxyl radi-
cal (OOH). The molecule of the spin-trapping substance
reacts with the released oxygen radical, thus creating spin
adducts which have longer half-life and can be detected by
EPR spectroscopy. The half-life time of BMPO-formed spin
adducts is 23 minutes.

According to the comparative analysis of available lit-
erature data’, the laser irradiated EPR spectre of methylene
blue contains the spectre of BMPO-OOH adduct, which
shows the presence of superoxide oxygen radical (O,™).
The laser irradiated EPR spectre of indocyanine green con-
tains weak signal bands of BMPO-OOH adduct of notably
lesser intensity. These differences can be explained with the
different distance of the unpaired electron relative to the
nitrous and hydrogen atoms in the molecules of the dyes.
In the performed experimental conditions, this pilot study
deems methylene blue as the more potent photoactive sub-
stance in comparison to indocyanine green. Oxygen reac-
tive species production is the core mechanism of action
behind the efficacy of photodynamic therapy; hence, the
spin-trapping EPR-spectroscopy presents a novel oppor-
tunity in relative quantitative testing of the oxygen radical
production in photoactive dyes.

EPR parameters
Sample
Ay mT AH, mT g an’ mT
BMPO 1.47;1.46 - 2.0132; 1.999 0.2
Methylene blue 1.47;1.47 2.0128; 1.999 0.2
Indocyanine green 1.44 - 2.0127 0.2
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CONCLUSIONS

The conducted EPR spectroscopy investigation of methy-
lene blue and indocyanine green aqueous solutions under
laser light irradiation shows generation of reactive oxygen
radicals registered by the spin-trapping technique. Using
the intensity of the EPR signal bands as a value for quan-
tity of released radicals, the following row of decrease of
radical production can be stated: methylene blue > indo-
cyanine green. This pilot study confirms the potential of
EPR-spectroscopy to examine photoactive dyes and their
radical production properties. However, further research
is needed to expand the possibilities of physico-chemical
analysis of radical releasing agents.
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Pe3tome

BBepeHue: AnTubaxrepuanbHas GOTOMHAMUYECKAs TEPAINS — IePCIeKTUBHBII TepalleBTIIeCKIil BAPUAHT IPOTUBONHPEKIMOH-
HOJT TepaIiy MHOTUX 3a60/IeBaHMil MOOCTY pra. OH BKIIOYaeT CBETOBYIO aKTMBALIMIO PEaKTVBHOTO BelllecTBa (KpacuTels), BBICBO-
60x1as TakuM 06pa3oM akTuBHBIe popMBbI Kucnopopa (pagukansl ADOK), KoTopble O4eHb pa3pyIINTeNIbHBI 1A 6aKTepHalIbHBIX KIle-
ToK. OJIHaKO yI/Ty6/IEHHOE M3ydeHe CBOVICTB 0Opa3oBaHNs paJMKasIoB M3 PasHBIX KpacuTesell B INTepaType BCTpedaeTcs HevacTo.

Lenb: Llenbio 3TOro MccnefoBaHms ObUIO M3YYUTD 1 OLIEHUTD ITOTEHIVAL IIPOV3BOACTBA KICIOPOFHBIX PaVKaIOB ABYMS LIMPOKO
UCIOTb3yeMbIMI (POTOAKTUBHBIMY KPACUTE/LSIMIU B KOHTEKCTe aHTHOAKTepMaIbHO (POTORMHAMUIECKOI TEPATINIL.

Matepuanbl u metofbl: C moMOLIbI0 CIHEKTPOCKOINY 37IEKTPOHHOTIO IIapaMarHUTHOro pesoHaHca (JIIP) mccmenoBaHsl pannu-
KaJIbHO-06pasyIolye CBOCTBA ABYX KPacUTeeil, 0OBIYHO MCIIOMb3yeMbIX /1 GOTORMHAMIYIECKOI! TepaIiy B OPaIbHOI MEeIMIIVHE,
METHU/ICHOBOTO CMHETO 1 MHIOLMaHNHOBOTO 3€/IEHOTO, 00/TydeH s Ta3epHbIM u3nydeHneM. OOHapy)keHye aKTUBHbBIX GOPM KICTIOpPO-
1A OCYILECTB/IAETCSA METOZIOM CIIIHOBOIA JIOBYIIKI.

Pe3ynbrartbl: BribpanHble (OTOAKTMBHDBIE KpacUTeNM IOKasaay MHoroobelamouiee o0pa3oBaHue akTMBHBIX (GopM Kucmopopa
(ADK) B BOgHOM pacTBOpeE.

3aknrueHume: 3to uccnenoBanne ¢ NCIoJIb30BaHMEM METOA CIIMMHOBOI'O 3aXBaTa [JOKAa3bIBA€T, YTO CIIEKTPOCKOIINA OIIP saBnsercs
MHOI‘OO6€II1aIOHH/IM METOAOM /11 OTHOCUTEIPHOTO KOIMYECTBEHHOI'O M3MEPEHNA aKTUBHBIX (bOpM KICIOpoAa, BbI€IAEMBIX BO Bpe-
MA (bOTOﬂMHaMMlICCKOﬁ peakuum B BOGHBIX paCTBOpaXx.

KnwoueBble cnoBa

aHTI/I6aKT€pI/Ia]’IbHaH Cl)OTOJII/IHaMI/I‘{eCKaH T€pannsd, CIIMHOBOE YylaBINBaHNIE JI1IP, VHJIOLIMAHUH 3e/I€HbIVI, METU/IEHOBBIN CUHUIA,
KICIOpOAHbIE PaiVIKa/IbI
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