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ABSTRACT

PURPOSE: The aim of this study is to compare the in vitro antimicrobial effect of 2 photosensitizers: Fo-
toSan medium and ZnPcMe on Streptococcus mutans - biofilm isolated clinical stain

MATERIALS AND METHODS: Twelve patients were instructed to restrain from oral hygiene for 24
hours. Plaque was collected with sterile dental floss, placed in a vial containing 3ml of BFS. Ten-fold dilu-
tions of the suspension were made. 0.1ml Samples were plated on Mitis Salivarius agar (1). Bacteria were
Gram stained as well and underwent morphological identification. A bacterial suspension at a density of 10°
cells/ml. was used. An incubation mixture of 1 ml. bacterial suspension (10° Cl./ml.) and the corresponding
PS was prepared, achieving a different final concentration of PS. LED light source with a wavelength of 643
nm was used for irradiation. Samples and controls for each tested PS after 24 h incubation at 37 ° C were re-
ported.

RESULTS: The control samples in dark showed a minor antimicrobial effect. Samples of bacterial suspen-
sion + PS + light irradiation expressed a pronounced antibacterial effect on Streptococcus mutans with
small differences in the 2 tested PSs.

CONCLUSIONS: The clinical strain Streptococcus mutans was susceptible to photodynamic inactivation
by the two used photosensitizers: FotoSan® medium and ZnPcMe. Dark toxicity is to be neglected. ZnPcMe
should undergo further trials and given the positive photodynamic effect in vitro, to be licensed for clinical
use. FotoSan"medium should undergo further in vivo and in vitro experiments in order to establish an al-
ternative protocol for caries prevention.
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INTRODUCTION mation of a cavity” (2). It is a proven fact that den-

The World Health Organization defines den-
tal caries as “a localized, post eruptive, pathologi-
cal process of external origin involving softening
of the hard tooth tissue and proceeding to the for-
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tal caries is a multifactorial disease with pandemic
spread. Indispensable conditions for the onset and
development of a carious lesion are microorganisms,
carbohydrate, primarily sucrose, and a susceptible
tooth surface (3,4) (Fig. 1). Among all the oral bac-
teria, Mutans Streptococci colonize the dental sur-
face, contribute largely to the formation of the bio-
film matrix and are considered causative agents of
dental caries in humans in the presence of ferment-
able carbohydrates e.g., sucrose and fructose (5,6).
Even if not classified as a classic infectious disease,
the dental caries entity consists of a presence of cari-
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Fig. 1. Etiology of dental caries

ous lesions infected with significant amount of bac-
teria. Symptomatic treatment is more or less the tra-
ditional surgical approach - removing of the defec-
tive tissues and their replacement with an alloplas-
tic restorative material. This part of the treatment is
indispensable especially in cavitated lesions, but un-
derestimating the utter etiology of the pathological
condition, e.g. the infection, in any case stimulates
the onset and progression of the process. The impor-
tance of bacteria organized in biofilms in the genesis
of the carious process is an undeniable fact (2).

Several facts about the etiology of the dental
caries have been proven over the years including the
fact that sterile teeth in rodents do not decay and also
the knowledge that antibiotics such as penicillin, lead
to decrease in caries rate and incidence. Convention-
al antibiotics, even when effective, have proven to ex-
press numerous side effects. Given the fact that den-
tal caries is not a classic infectious disease, the use of
conventional antibiotics in caries management is not
justified. Moreover, biofilm organized bacteria live
enclosed in a self-produced polymeric matrix which
provides structural stability and protection to the
biofilm against adverse environmental conditions,
for example, host immunological system and antimi-
crobial agents (7,8).

Infections caused by biofilm-forming bacte-
ria are often difficult to treat. Biofilm formation al-
most always leads to a large increase in resistance
to antimicrobial agents (up to 1000-fold decrease in
susceptibility) in comparison with planktonic cul-
tures grown in conventional liquid media (9,10). A
few mechanisms of biofilm resistance to antibiotics
have been proposed. The first proposed mechanism

is considering the matrix as a physical and chemical
barrier to antibiotics (11,12). Jefferson et al. suggest-
ed that even though the matrix may not inhibit the
penetration of antibiotics, it may retard the rate of
penetration enough to induce the expression of genes
within the biofilm that mediates resistance (13).

The second hypothesis explains reduced bio-
film susceptibility to antibiotics by the metabolic
state of microorganisms in a biofilm. The cells locat-
ed deep inside the biofilm structure experience nutri-
ent limitation and therefore exist in a slow-growing
or starved state (14). Nutrient-depleted zones within
the biofilm can result in a stationary phase-like dor-
mancy that may influence the general resistance of
biofilms to antibiotics. Slow-growing or non-grow-
ing cells are not very susceptible to many antimicro-
bial agents because the cells divide infrequently and
antibiotics that are active against dividing cells (such
as beta-lactams) are not effective. The third hypothe-
sis suggests as plausible reason the genetic adaptation
to different conditions. Mutation frequency of a bio-
film-growing microorganism is significantly higher
than that of its planktonic form (15,16).

Dental caries control could be based upon man-
agement of disproportionate increase (often site-spe-
cific) in the dental plaque content of the Mutans
Streptococci being strongly acidogenic and aciduric,
Gram positive facultative aerobes (2,4).

We think that alternative ways of controlling the
number of Streptococcus mutans in dental biofilms is
needed in order to promote better dental health, less
carious lesions and less endodontic complications,
due to advanced dental caries. This approach could
become an alternative to the well spread fluoride pro-
phylaxis of dental caries. Among these alternative
antimicrobial methods, the antimicrobial photody-
namic therapy (APDT) represents a modern method
of choice. APDT consists of three main components:
light, a chemical molecule known as a photosensitiz-
er, and oxygen.

The photosensitizer (PS) can be excited by ab-
sorbing a certain amount of energy from the light
and excitation occurs when the wavelength range of
the light overlaps with the absorbance spectrum of
the photosensitizer. After excitation, two types of re-
actions can happen:
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1. Photosensitizers form a long-lived triplet-excit-
ed state, from which energy can be transferred
to biomolecules.

2. Photosensitizers form a long-lived triplet-excit-
ed state, from which energy can be transferred
or directly to molecular oxygen (Fig. 2) (20).

Fig. 2. Mechanisms of ROS generation by combination
of light, photosensitizer (PS) and ground-state oxygen.
Ground-state photosensitizer (S0) is irradiated with
visible light generating excited-state photosensitizer
(81). SI can relax back to excited-triplet PS state (T1),
generating radicals (Type I mechanism) and / or singlet
oxygen (Type II mechanism)

The ground-state (triplet) molecular oxygen
produces excited singlet-state oxygen, which is a very
reactive species with the ability to oxidize biomole-
cules in the cell such as protein, nucleic acid, and lip-
ids, causing cell damage and death (21). Both mech-
anisms can operate in the cell simultaneously, but
type Il is generally considered the major APDT path-
way (22). There two major types of cellular damage:
DNA damage and the destruction of cellular mem-
branes and organelles. Because the cell is protected
by DNA repair systems, DNA damage may not be
the main cause of microbial cell death. A large por-
tion of the bactericidal effect of APDT may be due to
the disruption of proteins involved in transport and
membrane structure and the leakage of cellular con-
tents (23). Recent studies have shown that the anti-
microbial effect can be obtained with the use of pho-

tosensitizers belonging to different chemical groups.
The most studied PSs are phenothiazine dyes (meth-
ylene blue (MB) and toluidine blue (TBO), porphyrin
and its derivatives, fullerenes, and cyanine and its de-
rivatives. Probably mechanical e. g, application of ul-
trasound must be used prior to APDT in vivo in or-
der to disrupt the biofilm’s structure and thus mak-
ing the MO within more susceptible to APDT. In this
study we aim to analyze the effect on two different
PSs activated with LED generated light on clinical-
ly isolated from human dental biofilm, Streptococcus
mutans.

MATERIALS AND METHODS

Sterile dental floss, Vial containing BFS, Mi-
tis salivarius agar, 1% Telurite, 0.2 units/ml bac-
itracin, FotoSan®-TBO 180uM, 90uM and 30
uM, ZnPcMe - Phthalocyanine zinc (II) complex:
2,9,16,23-tetrakis(3-methylpyridyloxy)phthalocya-
nine zinc(II) - ZnPcMe -15uM, 40uM, LED-643nm
wavelength, ELO Ltd - Bulgaria. Irradiation’s char-
acteristics: power density 100mW/cm? (controlled
with photometer Spectra Physics, USA), light dose
12]/cm? (exposure time — 2 min) u 60]/cm? (exposure
time — 10 min), wide-field dissecting microscope.

Selective medium for Streptococcus mutans was
prepared by the following prescription: to 1000 ml re-
constituted Mitit-salivarius agar, 150 g of sucrose was
added (15% sucrose). The medium was heated to dis-
solve the components and then autoclaved at 121°C
for 15 minutes. The medium was then cooled at 45°C
after which 1ml of the sterile stock solutions (1% telu-
rite and 0.2 units/ml bacitracin) was added (1).

Dental plaque was collected from 12 people
with a sterile dental floss. All participants followed
the instructions for discontinued interdental oral hy-
giene for 24 hours in order for sufficient amount of
dental plaque to accumulate interdentally. Forms of
informed consent were signed. Professional oral hy-
giene and instruction for personal oral hygiene were
given to each of the participants after collecting of
the samples. They were scheduled for control in 7
days.

The dental floss samples were immediately
placed in a small screw-capped vial containing 3ml
BMS as transport medium. The vials were agitated
on a vortex test tube mixer, for 30 sec in order to dis-
lodge the plaque from floss and to obtain homoge-
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neous suspension. Tenfold dilutions of the suspen-
sions were made in 0.05% yeast extract water. Du-
plicate 0.1 ml samples of the dilutions were plated in
a selective medium for Streptococcus mutans as de-
scribed above and spread on the medium. All plates
were incubated under CO, conditions —“candle jar”
technique, for 24 hours at 37°C. After incubation, the
plates were allowed to stand at room temperature for
2 hours. The plates were then examined. Two of the
samples show no significant Mutans streptococci col-
onies growth. They were predominated by other bac-
terial growth like colonies of the enterococci-dark
blue to brown and flat, as well as yeast, appearing
as large white to light blue matte colonies. The oth-
er ten had sufficient colonies of Mutans streptococ-
ci, that underwent further identification being Gram
stained.
A bacterial suspension at a density of 10° cells/
ml is used for the needs of antimicrobial photody-
namic therapy. Samples of microbial suspensions of
each participant were incubated for 20 min in the
dark with:
% 30 uM, 90 uM, 180 uM FotoSan®
% 15 uM,40 pM ZnMePc
+ Controls are as follows:
+ bacterial suspension in the dark
+ bacterial suspension + PS in the dark-dark tox-
icity sample
+ bacterial suspension + PS + light - true photo-
dynamic sample
Sample: Bacterial suspension (BS) + PS + irra-
diation. 200 pL of the mixture (bacterial suspension
+ PS), after incubation in the dark for 15 min, were
placed in a standard 96-well polystyrene microti-
ter plate, where the irradiation was performed. LED
source with a wavelength of 643 nm was applied with
irradiance of 100 mW-cm? controlled during the ex-
periment by photometer (Spectra Physics, USA). Af-
ter the needed irradiation, 0.1 mL samples were tak-
en off and serially diluted (10-fold) with Phosphate-
Buffered Saline (PBS), pH 7.4, (10% 10% 10% 10°% 10%).
Aliquots (0.025 ml) were spread over the prepared
selective medium. The number of colonies (CFU)
formed on each plate was counted following 48 h in-
cubation at 37°C in 5% CO.,,.
Statistics: Each experiment was carried out
in duplicate and the data are presented as a mean *

Standard deviation (SD). The difference between two
means was compared by a two-tailed unpaired Stu-
dent’s t-test. The values of P<0.05 were considered as
significant.

RESULTS

Examination of the number of the colonies
(CFU) that have grown in Petri dishes serves to ana-
lyze the effect of the two PSs subject of our study. The
photodynamic inactivation of 10° CFU-ml" bacteri-
al suspensions of Streptococcus mutans clinical strain
was compared for 2 different PSs-2, 9, 16, 23-tetrakis
(3-methylpyridyloxy) phthalocyanine zinc (II) - Zn-
PcMe and FotoSan®- medium. Given the results of
our previous study about the photodynamic effect of
FotoSan® the used concentrations in this study were
30uM, 90uM, 180uM. The concentration used for
ZnPcMe were 40uM and 15uM. We consider as pilot
experiments, the tests done with FotoSan® medium
180uM and ZnPcMe 40uM. In both, regardless of the
time of irradiation 2, 10, 15 minutes we observed full
photo-inactivation. The samples of bacterial suspen-
sion + PS + LED irradiation showed strong antibac-
terial effect on Streptococcus mutans, clinical strain
with small differences in the tested PSs. Dark toxicity
was pronounced when 180 uM Fotosan was used-4
log decrease of CFU-ml". Photodynamic response of
bacteria showed full inactivation when treated with
concentration of 40uM of ZnPcMe (at a fluency rate
of 100mW-cm? after 2, 10, 15 min irradiation), lack
of dark toxicity. The control samples made in dark
for the main experiments show negligible dark toxic-
ity at all dye concentrations used (< 0.5 log decrease
of viable cells), except for 90uM Fotosan®-(1 log de-
crease of viable cells) (Tablel, Fig. 3, Table 2, Fig. 4).

DISCUSSION

The potential of APDT is just beginning to be
explored and fully understood. Its possible applica-
tions in the management of oral cavity conditions
and diseases as an alternative or additional modal-
ity for the conventional means and protocols have
been confirmed in the late years by numerous stud-
ies (24-31). The area of interests includes: endodon-
tic space disinfection, treatment of primary and sec-
ondary dental caries, treatment of periodontal acute
and chronic conditions, peri-implantitis. We consid-
er as unexplored its plausible and beneficial use in
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Tablel. Pilot tests results with FotoSan ® 180uM, SD-standard deviation, FS-FotoSan®, FotoSan® concentration is 180uM

Number of viable cell Streptococcus Mutans

(CFU.ml'/mean +SD/)

Bacterial suspension in the dark

Bacterial suspension + FS in the dark

(8.95 + 1.78) x 10*
(1.46 £0.96) x 10°

Bacterial suspension + FS + light 2 min 0
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Fig. 3. Photodynamic inactivation of Streptococcus
mutans

Fig. 4. Pilot tests’ results with FotoSan *180uM

Table 2. Antibacterial photodynamic inactivation results

Irradiation
time/sec/

Number of viable cells Streptococcus mutans (CFU.ml?/ mean+SD/)

BS - FS BS - ZnMePc | BS + 30uM ES | BS + 90uM FS | BS +40uM | BS with 15uM
ZnMePc ZnMePc

0 (1.28+0.28) (6.52 +2.02) (1.16+0.34) (1.56+0.43) (4,9.£1.19) (5.10£1.19)
x10° x 10* x 10° x10* x10* x10*

120 (1.14+0.21) (5.10+2.02) (0.93+0.23) 0 0 0
x10° x 10* x10?

300 (0.91+0.18) (5.00+2.02) 0 0 0 0
x10° x10*

the field of caries prevention and the management of
early, non-cavitated, caries lesions.

Embracing the knowledge that biofilm derived
bacteria differ by certain behavioral characteristic,
e.g. susceptibility to antimicrobial drugs, from the
planktonic and reference strains, we aimed at estab-
lishing the effect of APDT on clinic strain Strepto-
coccus mutans. Our target was chosen based on the
etiology of dental caries as a multifactorial disease
where the presence of acidogenic bacteria is the cru-
cial point leading to demineralization. The dispro-
portional increase of Mutans Streptococci creates not
only the pH needed for initial demineralization, but

also contributes in two other directions. On the one
hand the drop of pH initially makes a perfect condi-
tion for the flourishing of Mutans Streptococci pop-
ulation, and on the other it gives the chance of oth-
er bacteria, non-Mutans Streptococci, Veillonella, and
others to gain cariogenic potential thus maintaining
and complicating the demineralization process.

The clinical strain Streptococcus mutans showed
excellent susceptibility to the 2 PSs used by us in the
study. The results are comparable and we consider as
contribution the following facts:

1. Even though clinically tested and approved,
the FotoSan® medium with active substance tolu-
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idine blue was mostly tested and used with laser light
source. In his study we confirmed its excellent photo
inactivating ability by inducing photodynamic effect
with LED light source. This will make the protocol
for caries prevention and management of caries in-
cipiens less expensive and more affordable.

2. The synthesized by us ZnPcMe has no dark
toxicity in the used concentrations on Streptococcus
mutans clinical strain. The susceptibility of Strepto-
coccus mutans on the other hand when LED light is
applied for 5, as well as for 2 minutes is a good base
for further clinical tests and trials in order to assess
its non-risky in vivo application for caries prevention
and early caries management.

CONCLUSION

Streptococcus mutans clinical strain is suscep-
tible to APDT with FotoSan® medium and synthe-
sized by us ZnPcMe. Due to the pronounced dark
toxicity at the concentration of 180 uM, we used a
less concentrated suspension of 30 uM and 90 uM,
and both showed excellent photodynamic inactiva-
tion, regardless of the period for LED irradiation - 2
or 5 minutes.

As far as ZnPcMe is concerned, the prelimi-
nary tests with 40uM showed full photo inactivation.
Our goal was to minimize the concentration and to
achieve an active concentration for the clinically ac-
cepted period of irradiation — 2 and 5 minutes. The
results show that at 15 uM concentration there is full
photo inactivation for both time intervals.

Therefore, we consider Fotosan® medium 30
1M and 90 M, as suitable for in vivo tests, concern-
ing early plaque formation. The goal of such a study
would be to establish an alternative protocol for car-
ies prevention and management of caries incipiens.
We consider ZnPcMe as potential photosensitizer for
alternative management of caries incipiens as well
as for caries prevention. In our opinion the ZnPcMe
should undergo further trials and, given the positive
photodynamic effect in vitro, to be licensed for clin-
ical use. APDT could be incorporated as an alterna-
tive or an adjuvant modality in all areas where the
side effects of conventional antibiotic therapy and the
bacterial resistance to antibiotics are likely to occur.
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