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ARTICLE INFO ABSTRACT

Keywords: Objective: To evaluate the effect of antimicrobial photodynamic therapy (aPDT) using the photosensitizer hy-
Hypericum pericin-glucamine in the progression of experimentally induced periodontal disease (PD) in rats.

Phototherapy Material and methods: Subgingival ligatures were inserted around the upper second molars of 30 rats. After 7
Periodontitis

days (Baseline), the animals were randomly distributed into 3 experimental (n = 5) groups: Hypericin-gluca-
mine; LED (amber LED, 700 mA, 590 nm, 90 mW, 34.10 J/cm?); and aPDT (Hypericin-glucamine + LED). The
treated hemimaxillae were randomly chosen. The periodontal disease progression was monitored without
treatment interference in the opposite hemimaxillaes, which were used as the negative control of each animal.
The euthanasia was programmed according to each experimental period, 7 or 15 days after the Baseline.
Microtomographic, histometric and Tartrate Resistant Acid Phosphatase (TRAP) immunohistochemistry analyses
were carried out.

Results: Computerized microtomography analyses indicated that the aPDT group had a significantly higher
percentage of bone tissue when compared to the other 7 days experimental groups. This result was corroborated
by the histometric evaluations of the furcal area. The LED-treated group presented the highest percentages of
bone volume for the 15 days experimental groups, which is remarkably higher than the groups treated with Hy-g
and aPDT. The histometric analyses demonstrated the control groups had greater bone loss in the proximal
regions when compared to the treated groups. The aPDT led to a lower osteoclast activity at both 7 and 15 days.
Thus, we can conclude that aPDT exhibits positive effects in PD treatment by promoting favorable conditions for
periodontal repair.

1. Introduction The aPDT action occurs through the interaction among the light, PS,

and local characteristics of the undertreating site. The success of the

Antimicrobial Photodynamic Therapy (aPDT) has been an out-
standing subject of scientific study in periodontics. Despite the fact that
the number of scientific publications in this topic has been increasing
recently, there is an imminent need for new studies that aim at un-
derstanding the aPDT mechanisms of action during the periodontal
disease development. Two parameters that influence the aPDT effec-
tiveness is the chosen photosensitizer (PS) and the light source. Both
should be discussed widely in order to deepening the comprehension of
aPDT mode of action and for standardizing the technique to obtain
actual benefits in clinical practice.

treatment will depend on light intensity, exposure time, mode of op-
eration and light source wavelength. Laser and light emitting diodes
(LEDs) has been the most applied source of light for aPDT [1].

The physical-chemical characteristics of microorganism-PS interac-
tion, such as tissue color, bleeding or fluids, thermal conductivity and
pH, and other local factors are another aspects to be considered [1-3].
Moreover, the PS type, concentration and mode of action are issues to
be contemplated. That includes the PS relative solubility in water and
lipids, ionization constant, certain specific factors, such as light ab-
sorption characteristics, and the formation efficiency of a triplet excited
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state or singlet oxygen production [1,4].

In view for greater efficiency of microorganism inactivation, mod-
ifying the PS hydrophobicity and charge, according to the cellular
characteristics of each microorganism, is an effective strategy to over-
come some of the current aPDT challenges [5-8].

Hypericin (Hy-g) has several interesting properties for use as a
photosensitizer for aPDT [9]. However adequate solubility in water is
crucial to the process, and this compound is barely soluble in aqueous
solutions [10]. An effective way to improve its solubility is obtaining a
mix the laboratory. In this study, we used the hypericin-glucamine (Hy-
g) sinthetyzed from mixing the hypericin and the N-methylglucamine in
water, obtaining the Hypericin-glucamine.

Hypericin-glucamine (Hy-g) exhibits several desirable properties as
a PS for aPDT, which includes a high quantum yield of singlet oxygen
generation, high extinction coefficient close to 600 nm and relatively
low dark toxicity [11,12]. Studies have demonstrated significant pho-
totoxic hypericin power in PDT treatment of psoriasis and other skin
diseases [13,14]. It also has powerful anti-cancer activity, since it in-
duces both apoptosis and tumor cell necrosis [15], and the ability to
promote microorganism inactivation [12,15-18]. Some studies con-
sidered it one of the most potent PS found in nature [19-21]. In this
context, the present study aims at evaluating the action of Hypericine-
glucamine aPDT activated by an amber LED (34.10 J/cm?) source in the
progression and development of experimentally induced periodontal
disease (PD) in rats.

2. Material and methods
2.1. Animals

Thirty male adult rats (Rattus norvegicus albinus), weighing between
300-330 grams were subjected to this analysis. The animals were kept
in plastic boxes with a maximum of three animals per box, in a con-
trolled light, humidity and temperature environment. The study was
submitted to the Ethics Committee on Animal Use (CEUA n ° 07/2012).

2.2. The Hypericin-glucamine preparation and standards

The hypericin-glucamine used as PS was synthesized by Prof. Dr.
Anderson O. Ribeiro (Federal University of ABC, Brazil). From his
working solution, a stock solution of 200 ymol.L.~! was made in a polar
aprotic solvent — dimethyl sulfoxide (DMSO) - and sterilized by fil-
trating the solution using a 0.22 um membrane. To enhance the PS
action, an ointment was prepared by diluting the stock solution in so-
dium phosphate buffer (pH 7.2), which resulted in a semi-solid sub-
stance with final concentration of 10 ugmL~" and DMSO percentage
less than 1%. The ointment was obtained 15 days before its usage at the
Photosensitizer Laboratory from the Sao Carlos Institute of Chemistry,
University of Sao Paulo (IQSC-USP, Brazil). All procedure was carried
out in dark environment to prevent any pre-treatment activation.

2.3. Periodontal disease induction

The animals were anesthetized with a combination of Xanthine
(Virilaxine Hydrochloride - Virbaxyl 2% - Virbac do Brasil Ind. e Com.
Ltda.) and Ketamine (Ketamine Hydrochloride - Francotar 3% - Virbac
do Brasil Ind. And Com.), at 0.08 mL/100 g and 0.04 mL/100 g body
weight, respectively. Cotton strands (n® 24, Cotton Chain, Coats
Corrente Ltda., Sao Paulo, SP, Brazil) were inserted into the subgingival
region around both upper second molars for PD induction and main-
tained throughout the experimental period until animal euthanasia.

2.4. Experimental groups

All treatments for each experimental group were carried out after 7
days of ligature insertion (Baseline). The treated hemimaxilla (right or
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left) was chosen randomly and its contralateral hemimaxil was used as
negative control. The animals were randomly distributed among groups
(n =5):

- Hy-g (Hypericin-glucamine) Group: 1 mL (approximately, 0.2 mg
of PS ointment) was deposited in the groove, maintained in the dark
for 10 min (incubation time), and removed with the aid of a cotton
swab;

LED Group: An amber-colored LED (tip diameter of 11 mm, wave-
length of 590 nm, 700 mA, and converted power of 90 Mw) was
developed by MM Optics (Sao Carlo/SP — Brazil). The specific wa-
velength matches to the equivalent maximum absorption band for
the hypericin but does not alter for hypericin-glucamine. The dia-
meter of the tip was adequate to simultaneously cover all under-
treating tooth faces. Thus, a transmucosal LED application was
performed for 6 min, which resulted in a 34.10 J/cm2 dosage.
aPDT Group (Hy-g + LED): the PS was applied as described for the
Hy-g group followed by LED activation as described for the LED

group.

Animals were euthanized 7 or 15 days after the baseline with an-
esthetic overdose. Then, the hemimaxillae were removed and fixed in
paraformaldehyde (4%, cured period of 48h). Following this, each
sample was washed in running water for 24 h and stored in 70% al-
cohol.

3. Digital microtomography evaluation (uCT)

Samples were submitted to X-ray beam scanning in a computerized
digital microtomography system, which evaluates the percentage of
bone volume present in the upper second molar region in view to
quantify the bone tissue. All parts were scanned using a SkyScan mi-
crotograph (SkyScan 1176 Bruker MicroCT, Aatselaar, Belgium,
2003),using an Al 0.5 mm filter, voxel size of 17.48 um, 50 KV of vol-
tage, and 500 mA of electric current. The resulting images were stored
and, then, reconstituted by the NRecon software. They were rotated and
repositioned in a standard orientation using the DataViewer software
and, then, saved in the coronal plane. Finally, the CTAnalyser software
was used to define the region of interest (ROI) [22,23]. Two ROIs were
defined. The first one comprised the second molar in the coronoid/
apical sense of the furcation ceiling region up to 1,000 pm in the apical
direction until its proximal limitations with neighboring teeth. The
second one was selected from the same anatomical delimitation of the
first ROI, but circling and covering only the roots of the second molar.
To obtain the percentage of bone volume, the second ROI was sub-
tracted from the first one.

4. Histological processing

After the computerized microtomography analysis, the hemi-
maxillae were washed again in running water for 24 h and submitted to
a decalcification process. A histological processing routine was con-
ducted by embedding the hemimaxillae in paraffin in the mesio-distal
direction along the axis of the tooth. Cuts of four micrometers were
made and three cuts were place in histological slides. A total of 10 slides
were obtained for each hemimaxilla. Slides 1, 3, 4, 5 and 7 were stained
by using the hematoxylin-eosin (HE) technique and then submitted to
the histometric analyses; while slides 2, 6 and 10 were reserved for the
immunohistochemical analyses.

5. Histometric analyses
5.1. Furca and proximal area

Images from the second molar were captured and saved in a local
computer using a DIASTAR optical microscope (Leica Reichert & Jung
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products, Germany), under X40 magnification, with support of a DXC-
1107 A/107 AP video camera (Sony Electronics Inc, Japan).

Three histological images, which corresponded to the initial, middle
and final part of the sample from each animal, were measured using the
Image J — Launcher software (version 1.48b, National Institutes of
Health, USA). The investigated area was defined by measuring 1000 um
in the apical direction from the furcation top region and limited hor-
izontally by the roots of the second molar [24,25]. To evaluate the bone
loss extension in the proximal area, photomicrographs (magnification,
x10) were used. Horizontal lines were drawn from the cement-enamel
junction until the bone crest height. A trained blind examiner con-
ducted all described measurements.

6. Immunohistochemical assessment

The immunohistochemistry was performed to understand the dis-
tribution and localization of expressed tartrate-resistant acid phospha-
tase (TRAP) protein. Non-specific epitopes were blocked by applying a
3% hydrogen peroxide for 30 min and 3% bovine albumin protein
(BSA) for 2h. Then, the samples were incubated for 16 h in primary
antibody (1:100 ration, Abcam, Inc. Cambridge, MA, USA).

Some slides were subjected to IgG (R&D Systems, Minneapolis, MN,
USA) treatment instead of the primary antibody at the same solution as
negative controls. Subsequently, these cuts were treated by avidin-
biotin-peroxidase (ABC) complex method using the ABC Staining
System kit (ABC kit DAKO A/S, Copenhagen, Denmark), following the
manufacturer’s instructions. These slides were counterstained on
Carrazi hematoxulin solution for visualizing the cell nuclei.

The TRAP analysis was carried out by counting the stained osteo-
clasts in contact with the bone tissue in the furcation region and around
the second molar [25]. The sum of the osteoclast values present in both
regions of interest was calculated. All analyses were performed by a
blind and trained examiner.

7. Statistical analyses

The experimental data were statistically evaluated using the
Shapiro-Wilk normality test while data concerning the analyses be-
tween the treated hemimaxillae and their negative controls were sub-
mitted to the paired Student's t-test. Comparisons among the treated
groups were carried out by the Anova parametric test complemented by
the Tukey test. The power of the study was at least 95% for a 5-animal
sample (p < 0.05) and Graphpad 5.0 software (Graphpad Prism ver-
sion 5.00 for Windows, GraphPad Software, La Jolla California, USA)
supported all statistical analyses (Fig. 1).

8. Results
8.1. Computerized microtomography (MCT)

The X-ray micrograph analysis assessed the percentage of bone
tissue present in the second molar region. No significant difference was
observed between the treated hemimaxillae and the control side for
both experimental periods, although treated groups exhibited a trend of
higher percentage of bone tissue volume (Graph 1 ). Hemimaxillae
treated with aPDT showed a significantly higher percentage of bone
tissue volume than those treated only with Hypericin-glucamine only in
the 7 days experiment (p < 0.01).

8.2. Histometric analyses

8.2.1. Furca region

To the 7 days experimental group, the hemimaxillae treated with
hypericin-glucamine (p < 0.01) and LED (p < 0.001) exhibited
greater bone volume percentages in the furcation region compared to
the control side. Higher bone volume percentage in the treated
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hemimaxillae was also observed in all groups. It is also notable that the
hypericin-glucamine treated hemimaxillae from the 7 days experi-
mental group showed higher bone volume percentage when compared
to LED-treated hemimaxillae (p < 0.05). Furthermore, those hemi-
maxillae treated with aPDT also exhibited greater value of bone tissue
percentage than those treated only with hypericin-glucamine
(p < 0.01) or LED (p < 0.001) (Graph inlay in Fig. 2).

To the 15 days experimental group, the LED-treated group pre-
sented the highest bone volume percentage, even when compared to the
groups treated with hypericin-glucamine (p < 0.001) and aPDT
(p < 0.05) (Graph inlay in Fig. 2)

8.2.2. Interproximal region

All control groups had noteworthy bone tissue loss when compared
to the treated ones (Graph 1). Regarding the 7 days treated groups, the
LED one exhibited significantly higher interproximal bone loss than the
aPDT (< 0.01) and Hypericin-glucamine (p < 0.001) groups. More-
over, the aPDT group also lost more bone volume than the group
treated only with Hypericin-glucamine (p < 0.01). No significant dif-
ferences were detected between the proposed 15 days treated groups
(Fig. 3).

8.3. Immunohistochemistry assessment

The control groups manifested the highest TRAP staining and trend
for greater staining values the longer the period of presence of ligature
(Graph 2). Significantly fewer positive TRAP cells for the aPDT group
were observed within days after treatment when compared to the
controls groups all periods analysed. After 15 days, lower staining was
observed to aPDT (p < 0.01) and LEDs (p < 0.01) groups in relation
to the control group.

9. Discussion

The effects of aPDT and its components, Hy-g and an amber LED
source, were assessed concerning PD progression and development.
When the isolated effect of Hypericin-glucamine was evaluated 7 days
after treatment, a significantly higher bone tissue percentage in the
furcation area was detected as well as less bone loss in the inter-
proximal region when compared to the control groups that received no
treatment. These results were better explained by the im-
munohistochemical analyses, which indicates a lower osteoclast cell
staining in the Hy-g treated hemimaxillae compared to the control
groups. The results are corroborates the literature, which reports that
Hypericin effects as a drug — not as a PS — and that it presents ther-
apeutic action with anti-inflammatory and biomodulating properties
[26-28].

Previous studies [10,12,29] verified the best conditions for the
photoinactivation of S. aureus and E. coli, testing hypericin and its hy-
drophilic derivative, hypericin-glucamine, activated by an amber LED,
similar to the present study. Due to Hy-g hydrophilicity, the authors
could conclude that greater intracellular PS accumulation in the mi-
croorganisms was possible without harming their selectivity, though. In
this study, we observed the lowest bone loss occurred in the aPDT-
treated group while the highest bone tissue percentage was detected by
digital microtomography for the 7 days period of treatment - also in the
aPDT-treated group. This can be explained as consequence of the os-
teoclast activity, which showed a significant lower value for this ex-
perimental group in both experimental periods.

Light wavelength, intensity, time of exposure and operational mode
of the light source are aspects to be considered in the photodynamic
therapy. [1]. An amber colored LED was applied herein and, after 7
days, lower osteoclastic activation was observed, leading to higher bone
tissue percentages in the furcation region and lower bone loss in the
interproximal regions compared to the control hemimaxillae. Other
studies corroborate these findings and this evidence the biomodulation
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Fig. 1. Panel of the representative 3D images, generated by computerized microtomography. The representation of the bone tissue percentage present in the region of
interest (proximal and furcation) of the second upper molar is displayed for the experimental groups and periods.

role of LED sources in periodontal tissue. For instance, Choi et al. [30]
analysed the effects of LED application (wavelength of 635nm) on
human gingival fibroblasts treated with Porphyromonas gingivalis lipo-
polysaccharides (LPS) and, comparing to no treat gingival, observed
inhibition of proinflammatory cytokine activation. Their result de-
monstrated that LED irradiation may be clinically useful as anti-in-
flammatory action. Fonseca et al. [31] analyzed the effects of a LED
source application (wavelength of 940 nm) on periodontal healing after
experimental orthodontic traction in rats. They reported less osteoclasts
and inflammatory cells, as well as increased blood vessels, which sug-
gests a decrease in inflammation and root resorption.

No significant differences between the bone tissue volumetric

percentages were observed in the treated groups and their respective
control one for the 15 days of experiment in furcation area in both
histometric and computerized microtomography evaluations. This re-
sult provides a comprehensive reading of the entire second molar re-
gion. Although it was necessary for the aims of this study, the con-
tinuous induction was sufficient to recolonizing of the sites and remark
development of PD. Nonetheless, the model used herein simulates the
disease process in areas that are challenging to be accessed in me-
chanical treatment [25,32,33].

The study individualizing the aPDT components demonstrated that
the employed LED and PS did not cause damage to periodontal tissues.
Contrariwise, they brought benefits to the treatment of periodontitis, by
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Fig. 2. Photomicrograph panel of the furcation region of all experimental groups, and their respective controls, for the 7- and 15-days experimental periods (HE,
100x). The attached-graphic indicates the mean percentages and standard deviations of bone tissue present in the furcation region of the upper second molar,

referring to the different groups and experimental periods evaluated by histometry.

providing a more expressive results when combined in aPDT group.
Nevertheless, the understanding of the mechanisms of action of both
the LED source and hypericin-glucamine is still a matter of further in-
vestigation in view to enhance the technique standards in the period-
ontal site and to produce more expressive results in clinical usage. he
study individualizing the aPDT components demonstrated that the
employed LED and PS did not cause damage to periodontal tissues.
Contrariwise, they brought benefits to the treatment of periodontitis, by
providing a more expressive results when combined in aPDT group.
Nevertheless, the understanding of the mechanisms of action of both
the LED source and hypericin-glucamine is still a matter of further in-
vestigation in view to enhance the technique standards in the period-
ontal site and to produce more expressive results in clinical usage.

10. Conclusions

The purpose of the current study was to evaluate the action of
Hypericine-glucamine aPDT activated by an amber LED source (wave-
length of 590 nm, 34.10 J/cm? dosage) in the progression and devel-
opment of experimentally induced periodontal disease in rats. Both
hypericin-glucamine and LED exhibited therapeutic properties and
contributed to periodontal tissue biomodulation. The outcomes suggest
that the aPDT technique, when applied as proposed in this study, is
promising. However, we recommend further studies to evaluate the
effectiveness of more than one therapy application session and the in-
vestigation of the mode of action.
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graph indicates the mean percentages and standard deviations of the number of cells positively labeled for TRAP in the upper second molar region, referring to the
different experimental groups and their respective controls, at 7 and 15 days.
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