Methylene blue aggregation in the presence of human saliva
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ABSTRACT

Photodymanic antimicrobial therapy (PAT) has been proposed to treat oral infections and the phenothiazinic compoums
Methylene Blue (MB) has been considered as a suitable photosensitizer for this application. MB is a knows
methachromatic compound and the dimerization process may lead to different photochemical reactions, into the orst
cavity, where the complete isolation of the saliva may not be possible. The aim of this study is to monitor e
dimerization process of MB in the presence of human saliva through absorption spectroscopy. Absorption spectra o
30uM MB solutions in water and in human saliva were recorded in the wavelengths ranging from A=400nm to A=700nm
The spectra were recorded immediately after mixture and 1min, and 5 minutes after blending. The results were evaluat=s
by spectral analyses and through the calculus of the dimer/monomer ratio. The results demonstrated that immediatels
after mixture a hypochromic effect characterized by the diminishing on the total absorption in the visible range of the
spectrum (A= 400nm -700nm) is observed, but the aggregation process is not detectable. After 1 minute the ratio betwess
dimer and monomer absorption increase and this increase became higher upon increasing the contact time. The resuls
indicate that the addition of saliva into the mixture leads to and hypochromic effect follow by the dye aggregation
Aggregation is probably an important variable to be analyzed when choosing the pre-irradiation time in oral cavity
application, because it may lead to different photochemical routes.
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methachromasia.

1. INTRODUCTION

Photodynamic antimicrobial therapy (PAT) has been proposed as an alternative antimicrobial theraps.
particularly, for the treatment of localized and superficial infections. Superficial and localized infections have been the
main targets so far, due to the particularity of this therapy, which requires the association of a photosensitizer (Ps) agem
or dye and radiation with the appropriate wavelength, delivered directly into the infected area. Therefore, localized
infections are easier to treat than spread infections since the Ps can be locate directly into the target and preciss
illumination is straightforwardly performed’.
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Oral cavity infections as periodontal disease, root canal infections and fungal infestation as candidiasis have
== objects of study in PAT investigations, primordially due to microbial resistance and the use of systemic antibiotics
\w cure these pathologies, in view of the fact that they are localized, the systemic medication would not be necessary if an
“seropriate local strategy were available® > *. Furthermore even the currently used local strategies with antimicrobial
Jeents can lead to microbial resistance, if inappropriate or prolonged uses are required’.

PAT works through two distinct mechanisms known as Type I and Type II reactions. In the Type I mechanism
e photosensitizer upon absorption of the radiation suffers an electron transfer reaction with the substrate generating
sscsive oxygen species (ROS) as superoxide, hydrogen peroxide and hydroxyl radicals. In a Type II reaction the Ps
\wmiet state reacts with molecular oxygen to form a highly reactive ROS, the singlet oxygen, via energy transfer process.
e quantum yield for Type I or Type II mechanisms depends on the competition between electron or energy transfer

“sscsions. The prevalent mechanism will be dependent upon the dye photochemistry and its environment’.

Methylene blue (MB) is a well-know photosensitizer and its photochemistry is mainly by a type II reaction’.
W zbsorption spectrum is concentration-dependent; dye molecules often form dimers or higher aggregates in solution.
e dimerization increases with the amplification of the ionic strength and may increase or decrease due to the presence
W charged interfaces, depending on the ratio between dye and interface. The different photochemical behavior of MB
s and monomers has been reported and it may be an important factor that would determine the clinical
=ctiveness of this therapy’. Precedent in vitro study had showed that the presence of organic fluids (blood and saliva)
e=ased the PAT efficiency®.

The oral environment is constantly bathing with fluids and the presence of saliva and blood may be unavoidable,
= one should understand the dye behavior in this environment, hence this study aimed to monitor the MB absorption
_ssrscteristics in the presence of human saliva to provide further leads that may contribute to PAT development in oral
ey applications.

2. MATERIAL AND METHODS

The optical characteristics of the dye in the presence or absence of human saliva were obtained through
Wsorbance spectra in a computer-interfaced double-beam spectrophotometer (Cary — 17D Spectrophotometer
smwersion, On-Line Instrument System Inc, USA) in 1.0 cm optical path length quartz cuvettes.

Commercially available dye MB (Sigma-Aldrich, USA) was dissolved in commercially available deionized
= in the concentration of 30pM. The tested sample was dissolved in deionized water mixed with 10pl of fresh
“sili=cted human saliva obtained from healthy donors.

The donors were instructed to perform a complete oral cavity cleaning two hours prior to the sample collection.
e cleaning consisted in a protocol involving flossing of all teeth, brush tong and teeth, and the use of an alcohol free
memth rinse.

After these procedures the volunteers were instructed to remain two hours without alimentation, only water was
aillwed.

Absorption spectra were obtained in the visible range from A=400nm to A=800nm, immediately after the
‘wiwure. 1min, and Smin after blend to evaluate the contact time influence on the optical characteristics of the dye-
sure. Control samples were obtained in the same timeline with MB solution in pure water. All the blanks were

peformed with the appropriated background solution to avoid the surroundings interference with the results.

The results were analyzed with appropriated software (Origin® Microcal Software Inc, USA). The spectrums
‘= analyzed regarding dimer/monomer ratio according with the following formula for MB:

DA _ Asiom
R[_Mq] = /4660nm (1)
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were R means the ratio; DA, dimer absorption; and MA monomer absorption, calculated in two different wavelengths,

since the absorption of the MB dimer is around A=610nm and monomer A=660nm°. The spectral data was also directly
compared.

3. RESULTS AND DISCUSSION

Figure 1 represents the absorption spectra of the dye in water and in water/saliva mixture. Figure 2 repre:

D
the calculated ration of —— in the MB solution in the presence or absence of human saliva.
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Figure 1. Absorption spectra of MB solution in water and water mixed with human saliva.
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Figure 2. Dimer/Monomer ratio of MB solution in water and water mixed with human saliva immediately after mixture.
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Tt can be observed in Figure 1 an immediate hypochromic effect after mixture. This effect may happen due to
amteraction with membranes or other biopolymers 6710 present in a saliva sample owing to the presence of bacteria,
epithelial cells and also it may be an optical effect caused by a higher scattering presented by the saliva sample,
all the blank samples were performed with the appropriated solution, it is not possible to certify that all the

presented the same amount of cells and bacteria.

In Figure 2 it may be observed that combined with the hypochromic effect the dimerization process also takes
immediately after mixture. As the ionic strength is higher in a solution with saliva the increased dimerization

be expected7.

Figure 3 represents the absorption spectrum of the samples containing saliva in 3 different timelines. It can be
an increased hypochromic effect in the sample occurring with the time. This effect, most likely, is due to the
of MB reduced form leuco-methylene blue (LMB)". Upon intercalation with DNA especially with guanine

the LMB formation has been reported’.

The appearance of LMB has many possible routes. As aforementioned the DNA may takes its part, but also the
may be attributed to the action of reduced co-enzymes as NADH and NADPH'!. In addition to the observed effect
also be a result of the interaction with numerous proteins such as secretory IgA, lactoferrin, agglutinin, mucins,

with lysozymes and several peptides12 ;
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Figure 3. — Methylene Blue Solution in the presence of human saliva in three different timelines.

Proc. of SPIE Vol. 6846 684608-4




V2] MB Solution

0,84

0,7

0,6

05
04

0,3

Ratio DA/MA

0.2+

0,14

0,0

MB water MB and saliva initial MB saliva 1 min MB and saliva 5 min

Figure 4. — Calculated ratio of DA/MA in a MB solution in water and in the presence of human saliva in different timelines.

According to the data presented in Figure 4, an increased dimerization is also observed upon increasing the
contact time between the MB solution and human saliva. As MB dimers tend to have a higher quantum yield for Type I

reaction the longer the contact time between MB solution and saliva a higher probability for Type I reaction will
prevail®.

As singlet oxygen is considered the most efficient reactive oxygen species', these optical alterations of the MB

solution may be responsible for the decrease in photodynamic efficiency of the dyes in the presence of human saliva as
reported previously®.

The antioxidant function of saliva has also to be considered in an in vivo application. Uric acid (UA) that is
present in saliva is the major component of the total antioxidant system, constituting 70% of the total antioxidant
capacity””. Salivary peroxidases catalyze the oxidation of thiocyanate in the presence of hydrogen peroxide (H,0,) into
hypothiocyanate, therefore deactivating the H,0,'2, The function of hypothiocynate in the oral cavity has been discussed
in relation to antimicrobial activity. The role of thiocyanate in hydroxyl radical deactivation under acid conditions is also
a matter of investigation'?. Therefore, along with dye photochemistry changes, the presence of saliva may act as a barrier

to the action of the ROS formed during the photodynamic process. By now, the isolation of the target area, avoiding as
much as possible, the presence of saliva, may be an apposite alternative.

This knowledge may represent a new parameter to be taken into account when choosing clinical parameters to
test PAT, because the pre-irradiation time (PIT) used in “in vitro” studies varies from periods as short as 1mim’® to
longer periods that may be as long as 30min to one hour™.

In the presence of an organic fluid as saliva a shorter PIT may represent an increased chance of having a more
efficient photosensitizer when using MB.
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4. CONCLUSION:

The results indicate that the addition of saliva into the MB solution leads to and hypochromic effect follow by
e dve aggregation. It may be an important variable to be analyzed when choosing the pre-irradiation time in oral cavity
splication.

5. ACKNOWLEDGMENT:

The authors would like to thank FAPESP for the grant 2005/51598-7 that provided financial support for this

4. REFERENCES:

! - Hamblin MR and Hasan T. “Photodynamic therapy: a new antimicrobial approach to infectious disease?” Photochem.
Fhatobiol. Sci., 3:436-450, 2004.

-

1 - De Oliveira RR, Schwartz-Filho HO, Novaes AB JR, Taba M JR. “Antimicrobial photodynamic therapy in the non-

mwrzical treatment of aggressive periodontitis: a preliminary randomized controlled clinical study”. J
F=iodontol.;78(6):965-73, 2007.

® - Garcez AS, Ribeiro MS, Tegos GP, Nufiez SC, Jorge AO, Hamblin MR. “Antimicrobial photodynamic therapy
ssmbined with conventional endodontic treatment to eliminate root canal biofilm infection”. Lasers Surg Med.39(1):59-
§6. 2007.

£ - De Souza SC, Junqueira JC, Balducci I, Koga-Ito CY, Munin E, Jorge AO. “Photosensitization of different Candida
smecies by low power laser light”. J Photochem Photobiol B.;83(1):34-8, 2006.

% - Maisch T. “Anti-microbial photodynamic therapy: useful in the future?” Lasers Med. Sci., 22:83-91, 2007.

% - Severino D, Junqueira HC, Gugliotti M, Gabrielli DS, Baptista MS. “Influence of negatively charged interfaces on
e zround and excited state properties of methylene blue”. Photochem. Photobiol.,77:459-468, 2003.

T - Junqueira HC, Severino D, Dias LG, Gugliotti MS E Baptista MS. “Modulation of methylene blue photochemical
sroperties base don adsorption at aqueous micelle interfaces”. Phys. Chem. Chem. Phys. 4:2320-2328, 2002.

i - Bhatti M, Macrobert A, Meghji S, Henderson B, Wilson M. “Effects of dosimetric and physiological factors on the
\=hal photosensitization of Porphyromonas gingivalis in vitro”. Photochem. Photobiol., 65:1026-1031, 1997.

% - Usacheva MN, Teichert MC, Biel MA. “The role of the methylene blue and toluidine blue monomers and dimers in
= photoinactivation of bacteria”. J. Photochem. Photobiol. B:Biol. 71:87-98, 2003.

10 - Tuite EM and Kelly JM. “Photochemical interactions of methylene blue and analogues with DNA and other
smological substrates.” J. Photochem. Photobiol. B: Biol. 21:103-124, 1999.

11 - Gabrieli D, Belisle E, Severino D, Kowaltowski AJ, Baptista MS “Binding, aggregation and photochemical
moperties of methylene blue in mitochondrial suspensions” Photochem. Photobiol. 79:227-232, 2004

-

12 - Goi N, Takagi K, Hirai Y, Harada H, Ikari A, Terashima Y, Kinae N, Hiramatsu M, Nakamura K, Ono T. “Effects
»¢ psychologic stress on peroxidase and thiocyanate levels in human saliva detected by ultraweak chemiluminescence. J
S=zlth Sci, 53(2): 161-169, 2007.

13 - Tardivo J P, Giglio A , Oliveira C S, Baptista MS. “Methylene Blue in Photodynamic Therapy: From Basic
Mechanisms to Clinical Applications”. Photodiagnosis and Photodynamic Therapy. 2:175-191, 2005.

Proc. of SPIE Vol. 6846 684608-6



, Coppellitti O, Dei D, Fantetti C, Chiti G, Roncucci G. “Photodynamic Therapy

14 - Jori G, Fabris C, Soncin M, Ferro S
Lasers Surg Med. 38:468-

in the treatment of microbial infections: Basic principles and perspective application”.
481,2006.

15 - Waring WS. Uric Acid: an important antioxidant in acute ischaemic stroke, Q J Med; 95:691-693, 2002.

Proc. of SPIE Vol. 6846 684608-7




