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Abstract:

Objectives. Dental caries angeriodontal diseases are caused by infection ah taed
supporting tissues due to complex aggregate oEbadtnown as biofilm, firstly colonized
by streptococciThe main purpose of this in vitro study was to aa# the antimicrobi
effects of tolidine blue O (TBO) and Radachlorin® in combinatigith a diode laser ¢
the viability of Streptococcus mutans.

[Materials and M ethods: Bacterial suspensions of Streptococcus mutans espesed t
either 0.1% TBO associated with (20 mW, 633 nm ditaercontinuous mode, 150 s)
0.1% Radachlorin® and laser irradiaticfd0 mwW, 662 nm diode laser, continuous mode,
120 9. Those in control groups were subjected to laseadiation alone ¢
TBO/Radachlorin® alone or received neither TBO/Rdudiarin® norlaser exposure. The
suspensions were then spread over specific ageaspad incubated aerobically at 37°C.
Finally, the bactericidal effects were evaluatesdnbon colony formation.

Results: Potential bacterial cell kiling was only observéallowing photosensitizatic
with TBO and 3 j/crhilaser exposure (p<0.05), whereas Radachlorin® stiesigmificant

© Corresponding author: reductio.n in dark condi-tion compared to If'zlser expe$p<0.05). N

R. FekrazadDental DepartmenfcOnclusion: TBO-mediated photodynamic therapy seems to be maffigient than Ra-
AJA University of Medical ~ lqachlorin® in significantly reducing the viabilif Streptococcus mutans in vitro.
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INTRODUCTION termed “dental plaques” [1-2]. Streptococci are
The human oral cavity is colonized by a highlyaid to be the first bacteria which colonize in
diverse community of bacteria. Most of thédral surfaces and may consist 70% of the cul-
bacteria existing in the oral cavity are presefivable bacteria existing in the human dental
as complex aggregates known as biofilms dfaque and Streptococcus mutans as the primry
the surfaces of the teeth and these biofilms s@gdontopathogen presents in the supragingival
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plaque and results in one kind of oral diseaseen several studies on chlog® which is a
known as dental caries [3-4]. major component of Radachlorin® [14,16]. On
Since both dental caries and periodontal dithe other hand, TBO is a widely known photo-
ease start initially by plague accumulation osensitizer that has been in use for many years
the oral soft and hard tissues, conventionahd is efficient in producing singlet oxygen
mechanical debridement and good oral hynder the maximum absorption wavelength of
giene may accomplish a temporary decrease@30 nm. TBO has also been reported as an ef-
microorganisms in dental plaques [5]. Tdective dye for inactivation of yeasts, gram
overcome these problems, it is essential to dgesitive and gram negative bacteria in assis-
velop new antimicrobial therapic approachesance with laser irradiation [17-19]. Therefore,
Recently, vaccines for dental caries and petthis prompted us to carry out an in vitro study
odontal diseases have been produced and ap- the subject of the antimicrobial photody-
plied on patients [6-7].0ne alternative methodamic effect of Radachlorin@ comparison

is photodynamic therapy (PDT), showing greavith TBO on the viability of Streptococcus
potential for the treatment of neoplastic anthutans to enhance PDT application in plaque-
non-neoplastic diseases which was firstlyelated disease treatment.

demonstrated by Jodlbauer and von Tappeiner

in 1904 [8-9]. In this method, a photoactiveMATERIALS AND METHODS

dye, termed a photosensitizer [PS] is taken Wacterial culture. The standard strain of
into the cells and is then irradiated with lighStreptococcus mutans (ATCC 35668, PTCC
of an appropriate wavelength. This may end ih683) was purchased from the Iranian Science
cell death through the production of activérganization of Science and Technology
oxygen molecules [10]. Generally, in photo{IROST) in Tehran, Iran.

sensitization processes, the laser or PS alofke bacterium was subcultured on mitis sali-
are not toxic [11] and only cells that contairvarious agar (Quelab, Canada) and then incu-
the photosensitizer and also receive laser drated at 37°C in the presence of 10%,G@
affected by the treatment finally. Thus, the us24 hours. Overnight cultures were prepared in
of this method provides an opportunity tdlrypticase Soy Broth (Merk, Germany) by
achieve selectivity and to target specific sitetsansferring a few colonies grown on mitis sa-
of the mouth or the plaque [12]. Antibacterialivarious agar. The bacterial suspensions were
photosensitizers currently under investigatiothen diluted in broth to an optical density of
for use in the mouth include TBO and chloriMcFarland No: 0.5 (approximate numbers
e6 [13-14]. These agents show great promisk5x16 bacteria mL?).

but will necessarily be subjected to lengthy

experimental and clinical assessments. Howhotosensitizers and laser sources. Radach-
ever, more benefits could be derived from phderin® gel (0.1%, 25 g) was obtained from
tosensitizers recently certified for oral useRADA-FARMA Ltd, Russia and stored at 0-8
One such photosensitizer is Radachlorin®C in the dark (Fig 1).

which is a chlorophylk derivative, including Toluidine blue powder was taken from Mi-
mainly sodium chlorin €6, having been suceromedia chemicals-Hungry, dissolved in ste-
cessfully applied in diagnosing tumors andle saline firstly to reach the final concentra-
treating surface tumors [15]. tion of 0.1% and then subsequently kept in the
There have been only a few studies on the adark (Fig 2).

timicrobial photodynamic therapic (APDT)The laser sources used for each photosensitizer
effects of Radachlorin®, although there havevere a diode laser (Milon-LAHTA, Russia)
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Fig 1. Radachlorif

Fig 3. Diode laser (Milon-AHTA, Russia

(Fig 3) with a fiber optic diameter of 8
micrometer, a maximum output of 2.5 W an
predominant wavelength of 662 nm foia-
dachlorin® and the irradiation of a diode la
(Mustang 2000, Moscow, Russia) (Figwith
a handheld probe of KLO4 and a maximi
power output of 30 mW at a wavelength
633 nm for TBO. The distance between
laser tips and the illuminated area was adju
to create a spot light of 1 cm in diameter v
a fixed power density for each photosener.

Photodynamic therapy: The laser paramete

used in this study for bacterial suspenwere
100 mW/crd (power density) and 12
Jlent (energy density) andcontintous  mode

2011; Vol. 8, No.2

Fig 2. Toluidine Blue

Fig 4. Diode laser (Mustang 2000, Rus

for Radachlorin® and30 mwi/cn?, 3 J/cn
and continuous mode for toluidine blue

The concentration of 0.2 ml of each phon-
sitizer was applied on 0.2 ml of the bacte
suspensions. The following groups were u:
() L" PS (no laser, no photosensitizerll) L~
PS (treated only with PS), (lll) * PS (treated
only with laser) and (IV) * PS (treated with
laser and PS: photodynamic therapy gro
Group | and Il were kept in the incubator
37°C in the presence of 10% .

Bacterial suspensions in gip Il and espe-
cially group IV which were incubated with F
for 10 minutes in the dark at room termra-
ture, were exposed to 662 and 633 nm |
from above for 120 and 150 seconds in
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dark at room temperature and subsequenthgtivity and gene expression [23-24]. Walin-
transferred to the incubator. After overnighwright also demonstrated that photodynamic
incubation of all groups, they were cultured omactivation (PDI) of microorganisms depends
mitis salivarious agar and viable microorganen the chemical structure of PS and the incu-
isms grown on the plates were counted in th®ation time of the drug with the bacterial cells.
next day. Damage to the bacterial cell wall, increased
permeability of cytoplasmic membrane and
Statistical analysis. In order to access the dif-nucleic acid strand breakage may be resulted
ferences between the groups, the variable bdoHowing with PDI [25]. Based on these ad-
terium reduction promoted by each treatmewn@ntages, several studies were carried out us-
was analyzed by Kruskal-Wallis and Manning PDT approving that oral bacteria are sus-
Whitney U test. Statistical significance waseptible to PDT [26-27]. Photosensitizers are
accepted at p<0.05. The Statistical Package fatal elements in PDT,; several studies have
Social Sciences (SPSS)16 for Windowsjemonstrated the efficacy of a range of photo-
(SPSS Inc, Chicago, IL, USA) was used fosensitizers in the elimination or reduction of

data analysis. oral bacteria [11,28-29]. TBO is an attractive
option because of its affordable cost and in-
DISCUSSION tense absorption wavelength in the red light

The growing bacterial resistance in spite ddpectrum (> 600 nm) [30], while Radachlo-
antibiotic drugs, conventional mechanical dedin® is a chlorophylla derivative, including
bridement and chemical agents has questionetinly sodium chlorin €6, which has already
the efficiency of these therapies. To overcomgassed complete pre-clinical assessments.
these problems, photodynamic therapy has bEhese clinical trials have clarified significant
come a possible alternative antibacterial theradvantages; such as very low toxicity in the
py for plaque-related diseases such as dendrk, high contrast of tumor accumulation,
caries. The advantages of PDT over convemuch more rapid body evacuation (only two
tional antimicrobial agents are non-invasivelays), intensiveabsorption band at relatively
nature, ease of reaching deeply situated areEsge wavelengths where tissues are more
repeatability, high selectivity, no resistance ttransparent and finally the higbhototoxicity
drugs, rapid Killing of target microorganismg15,31]. Soukos, Rovaldi and Pfitzner deter-
in a few minutes depending mainly on thenined the antimicrobial activity of chlorin e6
energy densities delivered (on the contrary, iderivatives like Poly-L-Lysine chlorin e6 con-
conventional antimicrobial agents hours ojugates and new photosensitizer BLC1010,
even days are necessary) and finally that anBLC 1014 on anaerobic bacteria compared
microbial effects may be limited to the site ofvith pure chlorin e6 [14,32,33]. Risovannaia
the lesion by careful topical application ofalso reported that Radachlorin®-mediated
photosensitizers and the site of irradiation mgyhotodynamic therapy could eliminate Strep-
even be restricted further by using an opticabcoccus pyogens in the animals infected tis-
fiber [21-22]. In fact, in the human oral cavitysues [34]. The results obtained in this study
there are very large numbers of bacterial spdemonstrated that TBO-mediated photody-
cies, which comprise a complex ecosystemamic therapy was more successful compared
Thus, the response of the bacterial communitg Radachlorin® in effective bacterial reduc-
to photodynamic treatment may differ greatlyion. The most effective combination is 0.1%
from that of their in vitro cultured isolates inTBO with 3 J/cr laser at 30 mW. Our find-
many aspects, such as growth rate, metaboiigs regarding TBO are in accordance with

2011; Vol. 8, No. 2
51


vakili
Typewriter
51

vakili
Typewriter

vakili
Typewriter

vakili
Typewriter

vakili
Typewriter

vakili
Typewriter
S. Vahabi et al.

vakili
Typewriter

vakili
Typewriter

vakili
Typewriter

vakili
Typewriter


S. Vahabi et al. The Effect of Antimicrobial Photodynamic Therapy...

those previous studies which have shown th&ONCLUSION

it is possible to kill periodontal bacteria by usin conclusion, our results demonstrate that the
ing low concentration of toluidine blue andassociation of TBO with a diode laser and the
low energy densities [35-37]. Although theenergy density of 3 J/dhmay be more effec-
bacterial count reduction in 3 J/€taser irrad- tive in reducing the viability of streptococcus
iation alone was more than our expectation, fmutans pure cultures compared with Radach-
may be explained by attenuation in bacteriébrin®-mediated 12 J/cfriaser irradiation.
growth as fastidious microorganism. One ex-
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