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Histological evaluation of the safety of toluidine
blue-mediated photosensitization to periodontal tissues
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Abstract Our previous in vitro study has shown that
toluidine blue (TB)-mediated lethal photosensitization of
periodontal pathogens (PPs) from periodontal patients is
possible. The purpose of this study was to investigate
whether TB-mediated photosensitization exerted damaging
effects on periodontal tissues in mice. Twenty-four mice
were randomly divided into four groups; the experimental
photodynamic therapy (PDT) group was treated with 1 mg/
ml TB and light irradiation (60 J/cm2, 635 nm, 337 s).
Those in control groups were subjected to 140 J/cm2 laser
irradiation alone or to 2.5 mg/ml TB alone or received
neither TB nor light exposure. All the mice were killed 72 h
after they had been subjected to PDT, and periodontal tissue
samples were taken for histological examination. During
the 72 h observation period, no mice showed any distress.
No necrotic or inflammatory changes were found in the
gingiva, dentin, dental pulp or alveolar bone of the mice in
any of the groups in this study. The results suggest that TB-
mediated PDT is a safe antimicrobial approach for the
treatment of periodontopathy without damaging effects to
adjacent normal tissues.
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Introduction

Periodontopathy is a common disease caused by bacterial
infection in the adult population. It is often accompanied
by the destruction of periodontal connective tissue and
resorption of alveolar bone. Dental plaque is the major site
of pathogens bringing about periodontopathy. If dental
plaque increases and piles up, it will lead to gingivitis.
Severe gingivitis can even develop into periodontitis.

Conventional mechanical debridement (i.e., scaling
and root planing) can achieve a temporary decrease of
microorganisms in the dental plaques [1]. However,
microorganisms cannot be completely removed from the
majority of periodontal pockets by mechanical therapy
alone. Antimicrobial chemotherapy may further suppress
the periodontal pathogens. Numerous systemic and local
antimicrobial chemotherapeutic agents have been evalu-
ated for the treatment of periodontopathy, with various
degrees of success [2–5]. A lack of effectiveness of some
of the antibiotics used may be due to the development of
drug-resistant strains [6, 7]. To overcome the problems
caused by the emergence of resistance, alternative
antimicrobial approaches need to be developed.

One potential alternative method is photodynamic
therapy (PDT), showing great potential for the treatment
of neoplastic and non-neoplastic diseases [8]. PDT involves
a photosensitizer, light, and molecular oxygen [9]. After
excitation with visible light, highly cytotoxic singlet
oxygen and other reactive oxygen species (ROS) are
generated [9–12].
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The antimicrobial effect of PDT has been proven to be
effective in killing a wide range of oral pathogens and
drug-resistant bacteria. Many organisms that might cause
infection in the oral gingiva have been shown to be
susceptible to TB-mediated photodynamic action [13–
15]. Owing to the localized and non-invasive nature of
PDT, the side effects associated with many antibiotics are
unlikely to occur. In our previous test, our findings
suggested that TB-mediated photoinactivation of peri-
odontal pathogens (PPs) from supragingival plaques is
possible. However, for ideal bactericidal effects to be
obtained, higher doses of light and photosensitizer would
be required for treatment in vivo than their in planktonic
counterparts. The best therapeutic effect was observed in
treatment with 1 mg/ml TB combined with 12 J/cm2 at
159 mW/cm2 light irradiation [16]. Moreover, it is
important for one to verify whether PDT exerts detrimen-
tal effects on the host tissues during the photoinactivation
of pathogenic oral bacteria. The aim of this study was to
determine whether any unfavorable effect was produced
during TB-PDT treatment on normal periodontal tissues in
mice, including gingiva, dentin, dental pulp and alveolar
bone.

Materials and methods

Photosensitizer and laser

We prepared a TB solution by dissolving TB powder
(Sinopharm Chemical Reagent, Shanghai, China) in sterile
saline solution to give final concentrations of 1 mg/ml and
2.5 mg/ml, sterilized by the use of membrane filters of
pore size 0.22 μm, and subsequently kept in the dark. A
diode laser (HPD1202, HPD Inc., USA), with a continu-
ous output of 0.26 W and a wavelength of 635 nm, was
used to illuminate the mouse gingiva. The light was
guided via a fiber-optic applicator with a 0.8 mm
cylindrical diffusing tip. Before laser irradiation, the
output power from the fiber tip was adjusted to 61 mW,
and the irradiation area was adjusted, respectively, to a
diameter of 7 mm and 6 mm to obtain 159 mW/cm2 and
212 mW/cm2 light doses. The laser output energy was
carefully calibrated with a power meter (PS10, Coherent
Inc., USA), and the size of the irradiation area was
adjusted by our changing the distance between the fiber
tip and the irradiation surface.

Animals

Twenty-four healthy male Kunming mice weighing 18–
25 g were used in this study. The mice were kept under
regular laboratory feeding and housing conditions.

Photodynamic therapy assay

The mice were anesthetized by inhalation of Fluothane
(FCI Pharmaceuticals, Cheshire, UK). To gain easy access,
we retracted their mouths with mouth retractors. Their
heads were positioned to the left side so that topically
applied TB solution would stay in place. The twenty-four
mice were randomly divided into four groups, six mice in
each. In the experimental PDT group, the mice were given
1 mg/ml TB, topically applied to the left side of the oral
gingiva, and were left in the dark for 5 min. Then, they
were irradiated (60 J/cm2 , 635 nm, 23 J). The micro-lens
optical fiber was fixed to illuminate the gingiva in an area
6 mm in diameter. The control groups were treated as
follows: (1) the mice were subjected to laser irradiation of
140 J/cm2; (2) the mice were given TB, or (3) the mice
were given neither TB nor light exposure, The test
parameters (photosensitizer and light doses used in this
study) in each group are shown in Table 1.

Histological examination

Following PDT treatment, the treated area was visually
inspected daily during the first 3 days. After the last
observation, the mice were killed by cervical dislocation.
Specimens of the whole periodontal tissue were fixed
immediately in 10% formalin, and, 24 h later, the speci-
mens were rinsed in running water and decalcified in nitric
acid for 36–48 h. The sections were embedded in paraffin
and stained with hematoxylin and eosin (H&E) for
histological evaluation.

Results

During the 72 h observation period, no mice showed any
distress. On macroscopic examination, none of the mice in
any groups showed discernible changes in the gingiva.

Figure 1 shows an H&E-stained histological section of
periodontal tissue treated by PDT (PDT group, 1 mg/ml TB
and 60 J/cm2 light exposure), and Figs. 2, 3 and 4 show

Table 1 Test parameters (photosensitizer and light doses) in mice
periodontal tissue for histological observations

Group TB Light intensity Light dose Irradiation
(mg/ml) (mW/cm2) (J/ cm2) Time (s)

PDT 1 159 60 377
Control 1 0 212 140 660
Control 2 2.5 0 0 0
Control 3 0 0 0 0
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tissues from the controls: control group 1 (the mice were
given laser irradiation alone); control group 2 (the mice
received TB); control 3 (the mice were given neither TB
nor light exposure). No necrotic or inflammatory changes
were observed in the gingiva, dentin, dental pulp or
alveolar bone of any of the mice in the four groups. The
epithelium, connective tissue and bone structures were
intact and remained microscopically unchanged. No distinct
histological differences were detected between those four
groups.

In brief, in all groups, no any histological changes, such
as inflammatory cell infiltration, necrosis or damage to
blood vessels, were observed in the periodontal soft tissues.
What is more, no tissue damage was found in the dentin,
dental pulp or alveolar bone.

Discussion

Periodontopathy is a common oral disease caused by dental
plaque and involves the major pathogens. Conventional
mechanical debridement can temporarily remove dental
plaques, and antimicrobial chemotherapy may further
suppress the periodontal pathogens [1]. However, the
efficiency of those conventional treatments may not be
ideal in some cases. Scaling and root planing are difficult to
carry out in some sites such as furcations, deep invagina-
tions and concavities. Administration of antibiotics, espe-
cially the systemic administration of antibiotics, may
engender considerable side effects. Moreover, the growing
bacterial resistance to antibiotics may further influence the
efficacy of conventional therapy. To overcome these

Fig. 1 Intact structure and normal appearance of periodontal tissues
from a PDT-treated mouse (PDT group)

Fig. 2 A section showing normal structure of periodontal tissues from
a mouse in the control group that was subjected to laser irradiation
alone (control group 1)

Fig. 3 The epithelium, connective tissue and bone structures were
intact and remained microscopically unchanged in a mouse which
received TB treatment alone (control group 2)

Fig. 4 Normal appearance of periodontal tissues in a mouse from the
control group without any treatment (control group 3)
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problems, alternative therapeutic modalities are greatly
required.

PDT is a newly developed therapeutic technique in
dentistry. It involves a photosensitizer, light of a specific
wavelength and oxygen. During the PDT process, the
photosensitizer is excited by the light in the presence of
oxygen. Cytotoxic singlet oxygen, and other reactive
oxygen species, are generated, that actively destroy un-
wanted target cells. PDT may provide a new modality in the
management of various malignant and benign diseases,
among others, periodontal disease. PDT has several unique
properties, such as a non-invasive nature, high selectivity,
ease of reaching deeply situated sites, repeatability and no
resistance to drugs.

It has been demonstrated that PDT is effective in killing
periodontal pathogens such as Porphyromonas gingivalis,
Actinobacillus actinomycetemcomitans, Fusobacterium
nucleatum, Prevotella intermedia and Streptococcus san-
guis [17–20]. Among the many photosensitizers, TB, a
cationic phenothiazine [1, 21], has been shown to be
effective against many microorganisms, as well as their
virulence factors, in vitro [2, 22–25]. Many periodontal
microorganisms have been shown to be susceptible to TB-
mediated PDT [12–14]. The effect of this therapeutic
modality in treating PPs greatly depends on photosensitizer
concentration, light intensity and light energy dose. It was
reported that 100% of P. gingivalis can be killed by 25 μg/
ml of TB and 4.4 J/cm2 of red light irradiation [26].
However, those studies were carried out on pure cultures of
bacteria strains. In fact, the causative agents of periodon-
topathy in vivo are presented as an ecosystem that includes
hundreds of species of bacteria. Our previous study in vitro
has shown that it is possible to achieve photoinactivation of
periodontal bacterial flora taken from patients, but greater
photosensitizer and light doses were needed [16].

Prior to clinical application, it is important for one to
determine whether the increased photosensitizer concen-
trations and light doses would cause damage to host oral
tissues. In our previous test, the best therapeutic effect was
observed in treatment with 1 mg/ml TB combined with
12 J/cm2 at 159 mW/cm2 light irradiation. In this study, in
order to review the safety of TB -mediated photosensitiza-
tion to periodontal tissues in mice, the we increased the
density of TB to 2.5 mg/ml and doses of light to 60 J/cm2;,
those are much higher than in the optimal protocol in our
previous experiment.

There have been several reports that PDT might kill
pathogenic bacteria without damaging normal oral cells and
tissues. In an in vitro study, using up to 2 μg/ml or 5 μg/ml
TB in conjunction with 67.4 J/cm2 of light, there was no
reduction in cell viability of human keratinocytes or fibro-
blasts, respectively, whereas 42.1 J/cm2 of light in the
presence of 2.5 μg/ml TB was sufficient to kill Streptococcus

sanguis [27]. The buccal mucosa of rats showed no necrotic
or inflammatory changes after treatment with up to 200 μg/ml
TB and 340 J/cm2 red light irradiation [28]. The present study
demonstrated that, in comparison with all the mice in the three
control groups (mice without any treatment, mice treated with
140 J/cm2 light irradiation alone, and mice treated with
2.5 mg/ml TB alone), the TB-PDT treated mice (1 mg/ml TB
and 60 J/cm2 light irradiation from a 635 nm diode laser,
much higher than the bacteria-killing doses) did not show
any histological damages to the gingival anatomy, dentin,
dental pulp or alveolar bone. The results of this study are
encouraging, as even much higher doses of TB (to
2.5 mg/ml) and light (to 140 J/cm2) than those required
for the eradication of microorganisms in vitro did not lead
to any detectable adverse effects on the normal mice
periodontal tissue. These results also further confirmed
the safety of topically applied TB-mediated PDT and
supported its potential application in the treatment of
periodontopathy.

There are some reports in the literature that PDT may
cause tissue damage in the oral cavity. Gingival ulceration
in rabbits, following the systemic administration of 5 mg/kg
disulfonated phthalocyanine and 20 J/cm2 of light exposure
(675 nm), was observed by Meyer et al. [29]. Vesicles and
edema were caused by treatment with a hematoporphyrin
derivative at 20 mg/kg in combination with light illumina-
tion at 90 J/cm2 or 180 J/cm2 [30]. However, it should be
pointed out that those two studies were carried out under
very different conditions, in comparison with our study.
Their photosensitizers were administered systematically, the
light doses were much higher than in our study, and the
light exposure was given at many hours after drug
administration. Therefore, those two reports should not
argue with the results of our study, lead to a confusing
conclusion, or deny the safety of topically applied
TB-mediated PDT in the treatment of periodontopathy.

Conclusion

The results of our study indicated that TB-mediated PDT
(within the concentrations and light doses used in this
study) could be an encouraging antimicrobial approach in
the clinical treatment of periodontopathy, and they deserves
further investigation.
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