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Photodynamic therapy (PDT) is a technique that involves the activation of photosensitizer by light in the
presence of tissue oxygen, resulting in the production of reactive radicals capable of inducing cell death. The aim
of this study was to evaluate the effect of PDT on Streptococcus mutans in planktonic conditions, previously
treated with different photosensitive concentrations of erythrosine, using halogen and LED curing unit as a light
source. And we compared the effects of PDT on six strains of S. mutans isolated from oral cavity and reference
strain.

As a result, S. mutans was susceptible to the combination of hand held photopolymerizer (HHP) and erythro-
sine. The higher concentration of erythrosine in the presence of light irradiation induced greater effects in reduc-
tion of viability of S. mutans. Isolated S. mutans showed a significant reduction in bacterial counts of the groups
submitted to PDT compared to the control groups. And they appeared to be similar or slightly lower antimicro-
bial effect compared with reference strain. However, the difference was not significant (p < 0.05).

In conclusion, PDT using erythrosine as a photosensitizing agent and HHP as a light source could be an effi-
cient option for diseases caused by S. mutans.
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[ . Introduction

Many of oral diseases are caused by microorganisms.
Dental caries is among the most significant human
chronic contagious diseases'™. The Gram positive bacte-
ria Streptococcus mutans is a substantial part of the
dental plaque microbiota and its importance in the den-
tal caries etiology is unquestionable”. Mechanical re-
moval of the biofilm, fluoride therapy, and adjunctive
use of antibiotics have been conventional methods to
bacterial in the mouth

control proliferation
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environments®”. But in practice, antibiotics are rarely

used due to problems such as production of drug - resis-
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tant organisms and disruption of the normal microflora.
As a result, there is a pronounced interest in the devel-
opment of alternative antimicrobial concepts™
Photodynamic therapy (PDT) could be an alternative
to conventional therapeutic methods. PDT, also known
as photoradiation therapy, phototherapy, or pho-
tochemotherapy, involves the use of a photoactive dye
(photosensitizer) that is activated by exposure to light of
Y The
transfer of energy from the activated photosensitizer to

a specific wavelength in the presence of oxygen

available oxygen results in the formation of toxic oxygen
species, such as singlet oxygen and free radicals. These
very reactive chemical species can damage proteins,
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lipids, nucleic acids, and other cellular components'”.

Among the various photosensitive agents used in PDT,
there are merocyanine derivatives, phtalocyanines,

hematoporphyrin and xanthenes dyes'”

. Erythrosine be-
longs to a class of cyclic compounds called xanthenes,
which absorb light in the visible region, and the ability
of erythrosine to initiate photochemical reactions is well
documented™'?. Erythrosine has an advantage over oth-
er photosensitizers, as it already targets dental plaque
and has full approval for use in the mouth™.

Historically, large complex lasers which need certain
technical support were required for PDT. In clinical set-
tings, these lasers have been replaced by reliable, easy -
to — use light sources which no longer require complex
technologies and expensive maintenance. The hand held
photopolymerizer (HHP) used in dentistry for the light -
curing of restorative materials has been suggested as an
alternative to the use of lasers because of their low cost
and simplicity*".

Previous studies have shown that PDT using erythro-
sine is capable of killing oral bacteria®'®. Recently, Park
et al" proved that PDT effect of erythrosine as a photo-
sensitizer and dental halogen curing unit as a light
source to the planktonic condition of S. mutans. And
they compared the susceptibility of S. mutans in differ-
ent light irradiation time and distance.

In the present study, we evaluated the PDT effect on
S. mutans, previously treated with different photosensi-
tive concentrations of erythrosine, using two types of
HHP as a light source. The goal of our study was to
compare the viability of S. mutans according to concen-
tration of photosensitizer. Furthermore, we compared
the effects of PDT on six strains of S. mutans isolated
from oral cavity and reference strain.

I. Materials and methods
1. Bacterial strains and culture conditions

Seven S. mutans strains, including one reference
strain (ATCC 25175) and six clinical strains isolated
from oral cavity were used in this study. The isolated
strains were obtained from the Laboratory of
Microbiology and Immunology, School of Dentistry of
Gangneung - Wonju National University.

The bacteria were incubated in brain heart infusion
broth (Becton, Dickinson and Company, Sparks,
Maryland, USA) at 37°C for 18 hours under aerobic con-
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dition supplemented with 5% CO-.. The turbidity of bac-
terial suspensions was measured by spectrophotometer
(Smart Plus 2700, Young - Woo Inst. Seoul, Korea). A
standard curve relating the culture turbidity and bacter-
ial cell numbers was established and utilized. The bacte-
ria was diluted to 10" colony - forming units (CFU) / mL
with phosphate buffered saline (PBS).

2. Photosensitizer

Erythrosine (Sigma-Aldrich, St. Louis, MO, USA) was
used as photosensitizer. A stock solution of 2 mM ery-
throsine was prepared in PBS. This solution was filter -
sterilized and stored at -20C in the dark.

In order to evaluate the characteristic absorption spec-
tra for erythrosine solution, it was examined using a
spectrophotometer (Optizen 3220 UV, Mecasys,
Daejeon, Korea). Fig. 1 shows the characteristic absorp-
tion spectra for an erythrosine solution. It is worth em-
phasizing that this xanthene derivate presents an ab-
sorption band in the range of 460 - 550 nm, which is
similar to the emission spectra of conventional HHP
(400 - 500 nm), suggesting that it can be used to pho-
toactivate the dye. The erythrosine absorption spectra,
obtained in the presence of 5 X 10° CFU / mL of S. mu-
tans, does not show any alteration (data not shown).

3. Light source
The light sources used in this study were conventional

halogen curing unit (XL 3000, 3M ESPE, St. Paul, MN
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Fig. 1. Absorption spectra of erythrosine in PBS. Cuvette with bacterial
suspension was used as reference. The erythrosine presents an absorption
band in the range of 460 - 550 nm, which is similar with the emission
spectra of conventional HHP (400 - 500 nm). Inset : Erythrosine structure.



USA) and light - emitting diodes (LED) curing unit
(Bluephase, Ivoclar Vivadent, Liechtenstein, Austria).
The light beam of halogen curing unit irradiated diame-
ter of 8 mm and that of LED curing unit was 10 mm.
The power output of the halogen light was 600 mW /
cm® and that of LED light was 900 mW / cm?, checked
by radiometer (Light intensity meter, Dentamerica, San
Joes, California, USA). The halogen unit produces light
spectrum of 370 - 530 nm with maximum at 470 nm,
and that of LED unit is 380 - 515 nm with maximum at
480 nm according to the manufacturer.

4. Photodynamic therapy

1) PDT according to the concentration of erythrosine

An aliquot (17.5 #L) of S. mutans suspension (refer-
ence strain, final concentration of 5 X 10° CFU / mL)
was added to each well of sterile flat - bottomed 96 -
well plate. Next, the erythrosine (3.5 #L) was added for
group 3 and group 4. PBS was added for final volume of
350 pL.

Samples were divided into four test groups.

* Group 1 (P- L) - Neither irradiation nor photosen-

sitizer treatment

* Group 2 (P-L+) - Irradiation only

* Group 3 (P+L-) - Treatment with photosensitizer
only, no irradiation (Subgroups were divided by con-
centration of erythrosine)

* Group 4 (P+L+) - Irradiation using photosensitizer
(Subgroups were divided by concentration of ery-
throsine)

Each group was duplicated. The distance between the
light tip and sample was 1 cm. The light irradiation time
was 30 seconds and it was performed immediately after
addition of erythrosine. The final concentration of ery-
throsine of subgroups is as follows: 20, 10, 5, 2.5, 1.25,
0.625 M. Each experiment was performed with the
halogen curing unit and the LED curing unit in the
same way. After irradiation, each sample was diluted to
1/100 with PBS and 50 4L of diluted suspension was
spread on duplicate blood agar plates (Hanil - KOMED,
Seongnam, Gyeonggi - do, Korea).

The plates were incubated for 72 hours at 37 under
aerobic condition supplemented with 5% CO:. The num-
ber of CFU was then determined.

2) PDT on the isolated S. mutans strains
Bacterial suspensions of six clinical strains isolated
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from oral cavity, produced in the same way as reference
strain, subjected to the following treatments: no light or
photosensitizer (P-L-), light alone without photosensitiz-
er (P-L+), photosensitizer alone without light (P+L-),
light with photosensitizer (P+L+). At these experi-
ments, erythrosine at 5 #M concentration and halogen
curing unit with 30 seconds irradiation time were used.
After irradiation, each sample was diluted and incubated
in the same way as reference strain. And the bacterial
viability was determined by colony forming unit (CFU).

3) Statistical analysis

Statistical analysis was done by using the Software
Package for Social Sciences (SPSS, version 12.0, SPSS
Inc., USA). The arithmetic average and standard devia-
tion were calculated in each group. Mann Whitney non
parametric tests were utilized for assessing the data.
The level of significance was p  0.05. One - way analy-
sis of variance was used to analyze differences among
subgroups and the Bonferroni method was performed for
multiple comparison procedures.

Il. Results

The reduction of CFU in each of the test groups is tab-
ulated for each concentration of erythrosine. Mean and
standard deviation values of the CFU obtained are
shown in Table 1 and Table 2. Comparison between
group 1, 2 and 3 reveals that treatment with light irra-
diation in the absence of photosensitizer (group 2) or
photosensitizer in the absence of light irradiation (group
3) does not have antibacterial effect. A decrease in the
number of colony counts was only verified when they
were exposed to both the light and the photosensitizer at
the same time (group 4).

When using halogen curing unit, in concentrations of
erythrosine above 2.5 M, significant decreases in colony
counts were observed (p < 0.05). In concentrations above
5 #M, the bactericidal rate went up above 90% (Table
1). There was a significant decrease in colony counts at
2.5 #M concentration (p € 0.05), but even then, about
63.6% of tested organisms survived. No statistically sig-
nificant difference between 1.25 and 0.625 #M of ery-
throsine.

When using a LED curing unit, in all tested concen-
trations of erythrosine, significant decreases in colony
counts were observed (p < 0.05). In concentrations above
5 #M, the bactericidal rates went up to above 90%
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Table 1. Photodynamic activity using halogen curing unit

. Mean + SD o
Group Concentraion of dye (M) (5 X 10° CFU/well) Killing rate (%) p - value
Group 1 (P-L-) 23.00 + 3.8 0
Group 2 (P-L+) 2345 + 48 0 0.773
20 20.83 £ 1.3 9.4 0.773
10 19.08 £ 0.6 17 0.149
5 20.30 = 3.6 11.7 0.248
Group 3 (P+L7) 25 23.66 + 6.0 0 0.655
1.25 19.18 = 0.6 16.6 0.248
0.625 20.09 = 0.5 12.6 0.386
20 0.02 £ 0.0 ** 99.9 0.018
10 0.02 £ 0.0 ** 99.9 0.018
5 2.01 £ 0.8 * 91.4 0.021
Group 4 (P+L+) 25 1463 + 19 % 364 0.021
1.25 16.82 +2.8° 26.9 0.083
0.625 17.64 £19° 233 0.083
One - way ANOVA, Mean 4 SD
* Comparing to group 1, statistically significant with p <0.05
** Different letters indicate significant differences among group 4 (p < 0.05)
Table 2. Photodynamic activity using LED curing unit
. Mean + SD o
Group Concentraion of dye («M) (10* CFU/well) Killing rate (%) p - value
Group 1 (P-L-) 28.98 + 0.40 0
Group 2 (P-L+) 45.05 £ 17.7 0 0.559
20 28.77 £ 8.1 0.7 1.000
10 27.09 £ 49 6.5 1.000
5 27.16 £ 3.6 6.3 1.000
Group 3 (P+L7) 25 2636 + 2.2 9.1 0.080
1.25 3098 £ 7.5 0 0.243
0.625 2837 £ 13 2.1 0.243
20 0.46 £ 0.6 ** 98.4 0.019
10 0.26 £ 03 ** 99.1 0.019
5 137 £ 12% 95.3 0.019
Group 4 (P+L+) 25 1139 +4.5% 60.7 0.019
1.25 1342 £ 1.8%* 53.7 0.019
0.625 2237 £2.0%*¢ 328 0.019

One - way ANOVA, Mean + SD
* Comparing to group 1, statistically significant with p <0.05
=< Different letters indicate significant differences among group 4 (p < 0.05)

(Table 2). There was a significant decrease in colony
counts at 0.625 #M (p < 0.05), but even then, about
67.2% of tested organisms survived.

Fig. 2 shows a direct comparison of the efficacy of ery-
throsine concentration in the PDT of S. mutans. It
shows percentage of bacteria killing based on colony
counts of control group. In cut off level of p < 0.05 of sig-
nificance, using halogen curing unit at above 2.5 #M and
using LED curing unit at all tested concentrations
showed significant decreases of colony counts.

Table 3 and Fig. 3 show the PDT effect on six strains

of S. mutans isolated from oral cavity. A significant re-
duction in bacterial counts was observed for the groups
submitted to PDT (P+L+) when compared to the con-
trol groups (P-L-). Table 3 shows the CFU / well reduc-
tion and Killing rate observed from the P+L+ groups
compared to the control groups. Whereas the killing rate
of reference S. mutans went up to above 90% at 5 #M,
the isolated S. mutans appeared to be similar or slightly
lower killing rate than the reference strain (ranging from
69.7% to 92.45%). However, the difference was not sig-
nificant, (p € 0.05).
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Fig. 2. Mean percentage of bacteria killing of each subgroup by concen-
tration of erythrosine in group 4 (P+L+). Using halogen curing unit at
above 2.5 #M and using LED curing unit at all tested concentrations
showed significant decrease of colony counts. Error bars represent stan-
dard deviations. Irradiated with halogen (open circle); irradiated with
LED (filled square).

(One - way ANOVA : p<0.05)

V. Discussion

Photodynamic action has been used to Kkill oral mi-
croorganisms since the beginning of the 1990s, when
studies demonstrated that some photosensitizers show
affinity for bacterial walls and can be photoactivated to

cause the desired damage'*®’

. Excited photosensitizer
molecules can transfer energy to nearby molecules, re-
sulting in the formation of reactive molecules as singlet
oxygen, superoxide, and other free radicals, capable of
causing damage and even death of cells and bacteria®* .

The successful application of PDT in inactivating mi-
croorganisms mainly depends on photosensitizer and
light source. Dental practitioners currently use erythro-
sine to stain and visualize dental plaque in the form of
disclosing solution or tablets. And noncoherent blue light
sources such as halogen lamp and LED are commonly
used in dentistry for photopolymerization of tooth - col-
ored restorative materials. By applying the same light
sources and photosensitizer, we can now demonstrate a
phototoxic effect on the Gram - positive bacteria S. mu-
tans associated with dental caries.

Historically, lasers are the most common light sources
used to activate the photosensitizers. However, recently,
reliable and easy - to - use light sources which no longer
require complex technologies and expensive maintenance
have replaced conventional lasers. In this study, light
sources of low cost, simple technology without UV - A or
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Fig. 3. Mean CFU / well of obtained for six strains of S. mutans isolated
from oral cavity under different experimental conditions - presence /
absence of erythrosine, or light source. A significant reduction in bacterial
counts was observed for the groups submitted to PDT (P+L+). Error bars
present standard deviations.

(One - way ANOVA : p <0.05)

Table 3. Mean CFU/well and killing rate of isolated S. mutans strains

Strains of S. mutans 5% 10° CFU / well Killing rate
(n=4) P-L- P-L+ P+L- P+L+ (%)
KN 537 10.01 8.19 8.24 1.16* 88.48
KN 542 4.66 6.02 6.04  095*% 76.05
KN 558 2.84 2.71 333 0.33* 88.27
KN 572 1.86 1.54 1.35 0.14* 92.45
KN 577 231 2.12 231 0.70* 69.70
KN 580 7.61 8.70 7.95 0.69* 90.99
ATCC 25175 2299 2345 2030  2.01* 91.40

One - way ANOVA, Mean + SD
* Comparing to control group (P-L-), statistically significant with p < 0.05.

UV - B radiation, and photosenstive dye (erythrosine)
which shows strong absorbance in the green region
(maximum about 520 nm, wide spectra) were used.
Since it was observed that the dye has not altered its
absorbancy spectra in the presence of the S. mutans, we
might suggest that its molecular structure was not al-
tered and there is no aggregation process which could re-
duce its efficiency in the reactive oxygen species (super-
oxide, hydroxyl radicals, hydrogen peroxide) liberation
after irradiation with the HHP. Upon irradiation with
light corresponding to an absorption maximum of the
photosensitizer, cytotoxic reactive oxygen species are
produced that can cause rapid oxidation of cellular con-
stituents and cell death®.

Previous study reported that PDT with erythrosine
and dental halogen curing unit is available for killing S.
mutans in planktonic state’™. According to this study,
PDT effect was more effective with increasing irradiation
time and closer to the light source. Under irradiation for
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30 seconds at 1 cm distance, approximately 90% of the
bacteria showed decrease, which is an appropriate level
to evaluate the effect of erythrosine concentration on
PDT. Therefore, we used the light irradiation for 30 sec—
onds at the distance of 1 ¢cm in this present study. We
have performed these experiments with variable concen—
trations of erythrosine (ranging from 0 to 20 #M) and
two types of light sources (halogen and LED).
Significant bactericidal effects were observed at concen-
trations of erythrosine above 2.5 #M with halogen and
all concentrations with LED. The reductions in viability
of more than 90% with both light sources were observed
using erythrosine concentration of 5 #M.

We noted that the general effect of toxicity with expo-
sure to light increases with increasing concentration of
photosensitizer. Preveious studies reported the similar
results”™®. Goulart et al*” verified that rose Bengal at
0.1 #M, associated with 0.65 J / ecm?® light irradiation,
reduced the Aggregatibacter actinomycetemcomitans
biofilm by approximately 45%. This reduction was sig-
nificantly dependent on concentration of rose bengal and
dose irradiation. According to Jucaira et al®, Photogem /
toluidine blue O mediated PDT effect on the viability of
S. mutans and Lactobacillus acidophilus in planktonic
state was dependent on both photosensitizer concentra-
tion and light dose.

In PDT, the dye should not cause cell damage, that is,
without light exposure: an ideal dye has no toxic effect
on the cells, and the conditions used for the photoinacti-
vation of any pathogen with PDT (light dose and dye
concentration) should not affect the neighboring human
tissues either. Erythrosine in concentrations ranging
from 9 to 15 mM is used in dentistry procedures to visu-
alize dental plaque™. All concentrations of erythrosine
used in the present study are much lower than the cur-
rently acceptable clinically used concentration. Also,
there are protection and repair systems in the eukary-
otes like superoxide dismutases enzymes present in the
cytoplasm and mitochondria, as well as some catalases.
In addition to that, the presence of metal - substituted
poliene such as carotene and lycopene, and vitamins
that are often absent in prokaryotes such as vitamin E
and C, would work as anti - free radical agents in the
eukaryotes, providing a higher protection against reac-
tive species generated by PDT**".

The efficacy of PDT with erythrosine in S. mutans has
been previously studied”. Wood et al*® compared the
use of three different photosensitizing agents: erythro-
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sine, Photofrin, and methylene blue at 22 #M for each
dye concentration to photosensitize the S. mutans
biofilm, using 400 W tungsten lamp. Erythrosine was
more effective than Photofrin or methylene blue, reduc-
ing S. mutans biofilm up to 48%, compared with meth-
ylene blue (41%) and Photofrin (just 0.04%). Metcalf et
al'” has also verified the PDT effect on biofilm formed by
S. mutans using 22 #M of erythrosine and a light dose of
6.75J / cm® : it induced 57% of biofilm cell reduction.

In this study, we demonstrated the antimicrobial effi-
cacy of PDT using erythrosine and HHP against the sev-
en S. mutans strains studied, including one reference
strain (ATCC 25175) and six S. mutans strains previ-
ously isolated from the oral cavities of different individu-
als. We included these clinical strains of S. mutans to
confirm that the effects of PDT would be more biological-
ly relevant. To evaluate the effects of PDT on the isolat-
ed strains, we used erythrosine concentration of 5 #M,
which showed bacterial reduction about 90% in the ref-
erence strain. A significant reduction in bacterial counts
of the groups submitted to PDT in the isolated S. mu-
tans, when compared with the control groups, was ob-
served. And the reduction rate in the isolated S. mutans
appeared to be similar or slightly lower than the refer-
ence strain. Carolina et al™ has verified the effect of
photodynamic therapy with erythrosine using a LED on
planktonic cultures of ten S. mutans strains, including
nine clinical strains and one reference strain (ATCC
35688). The results showed that PDT with erythrosine
exerted an antimicrobial effect on all S. mutans strains
studied. They reported that no significant difference was
observed between the isolated strains and the reference
strain. The results agreed with our study. However,
while they irradiated the light for 3 minutes, we ac-
quired a similar antibacterial effect with reduced irradia-
tion time (30 seconds).

Many works have demonstrated that bacteria of the
oral cavity grown in planktonic media are sensitized by
PDT. However, microorganisms that cause oral disease
are organized in biofilm, which presents some different
characteristics from those observed in planktonic growth,
such as the presence of extracellular polymeric sub-
stances (EPS), as well as different cell wall composition,
growth, metabolic activity, and gene expression™.
Because the bacteria grown in the biofilm may be more
resistant to PDT, further study is required to evaluate
the effect of PDT with erythrosine and HHP to S. mu-
tans in vitro or vivo biofilm condition. Based in this



study, it is possible to suggest that the condition of this
experiment should be a good model in more extensive
experiments using erythrosine and HHP.

V. Conclusion

We studied PDT effect of erythrosine as a photosensi-
tizer and HHP (halogen curing unit and LED curing
unit) as a light source on the planktonic condition of S.
mutans. We concluded the followings.

1. S. mutans was susceptible to the combination of
HHP (halogen curing unit and LED curing unit)
and erythrosine in planktonic conditions.

2. The higher concentration of erythrosine in the pres-
ence of light irradiation induced greater effects in
reduction of viability of S. mutans. That is, the an-
tibacterial effect of PDT was photosensitizer concen-
tration dependent.

3. The activity of erythrosine or HHP (halogen curing
unit and LED curing unit) alone was not able to re-
duce the number of S. mutans.

4. Isolated S. mutans showed a significant reduction in
bacterial counts of the groups submitted to PDT
when compared to the control groups. And they ap-
peared to be similar or slightly lower antimicrobial
effect compared with reference strain. However, the
difference was not significant (p < 0.05).

The results of this study proved the PDT using ery-
throsine as a photosensitizing agent and HHP (halogen
curing unit and LED curing unit) as a light source rou-
tinely used in dental clinic could be an efficient option
for S. mutans. Based on these results, further study is
required to evaluate the effect of PDT with erythrosine
and HHP to S. mutans in biofilm conditions, in vitro and
in vivo.
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