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Objectives: The aim of this study was to perform a histological evaluation of sonodynamic 

therapy (SDT) of hematoporphyrin monomethyl ether (HMME) on artificially induced peri-

odontal disease in rats.

Methods: Submerging ligatures were placed at the subgingival region of the first maxillary 

molar in rats. Eighty rats were randomly assigned into four groups: group 1 received no treat-

ment; group 2 was subjected to 50 μg/mL HMME alone; group 3 was treated with low-intensity 

ultrasound alone (1 W/cm2); and group 4 was treated with 50 μg/mL HMME plus ultrasound 

irradiation (1 MHz, 30 minutes). Ten rats in each group were euthanized at 7 and 15 days, and 

periodontal tissue samples were taken for histological examination.

Results: The animals treated by SDT showed less bone loss (P,0.05) at all experimental 

periods than the other three groups. No significant differences were found between the control 

and HMME groups (P.0.05).

Conclusion: Our results suggest that HMME-mediated SDT can effectively alleviate the 

periodontal tissue destruction in artificially induced periodontitis in rats. Hence, SDT may have 

good clinic potential as a noninvasive treatment of periodontal diseases.

Keywords: periodontal tissues, sonodynamic therapy, histology, alveolar bone loss, animal 

studies

Introduction
Periodontitis is a common chronic inflammatory disease among the adult population. 

The main cause of periodontal disease is the presence of pathogenic microorganisms, 

which can interfere with host defenses through various mechanisms.1 The inflamma-

tory cells in gingival tissue are activated by bacterial products, which may stimulate 

an organism to synthesize lytic enzymes and activate osteoclasts.2 Eventually, the 

immune response often destroys the periodontal tissue, and alveolar bone appears at 

different degrees of resorption.3 Therefore, suppression of the number of periodontal 

pathogens and infectious cells has been a key to the prophylaxis and treatment of 

periodontal disease.

Successful periodontal therapy is based on the complete suppression of periodontal 

pathogenic bacteria and the reduction of inflammatory signs. Conventional treatment 

of periodontopathy involves the application of antibiotics and mechanical debridement 

(scaling and root planing). Although systemic or local application of antibiotics therapy 

can reduce pathogenic bacteria and their endotoxins inside the periodontal pockets, the 

effect is not completely satisfactory, because many bacteria may gain resistance during 

this antimicrobial process.4 Scaling and root planing has been widely used in clinical 
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treatment for periodontal diseases. It can temporarily remove 

the dental plaque on the surface of the root.5 However, due 

to the limitations of periodontal instruments, the mechanical 

therapy often fails to obliterate the microorganisms in dental 

plaque that are hiding inside the periodontal tissue and furca-

tion area.6 Therefore, to overcome these deficiencies, new 

alternative strategies need to be explored.

Sonodynamic therapy (SDT) has a broad application 

prospect to treat various diseases based on the effect of 

low-intensity ultrasound combined with a sonosensitizer. 

Ultrasound has the penetrability to treat the deep tissue with-

out the endoscopy, and the ultrasonic equipment is very simple 

and cheap. When suitable ultrasound waves reach the specific 

target of the tissue, they can activate sonosensitizers.7 Several 

experimental studies showed satisfactory results using SDT to 

kill inflammatory cells, such as THP-1 and U937.8,9 The lethal 

sonosensitization of these cells must involve changes in the 

membranes and/or plasma membrane proteins and DNA dam-

age mediated by reactive oxygen species (ROS).10 However, 

to date, SDT has not been applied to periodontitis.

Hematoporphyrin monomethyl ether (HMME), a por-

phyrin-related agent, has been used in SDT research on 

treating cancers.9 It consists of two positional isomers of 

3-(1-methyloxyethyl)-8-(1-hydroxyethyl) deuteroporphyrin 

IX and 8-(1-methyloxyethyl)-3-(1-hydroxyethyl) deuteropor-

phyrin IX.11 An experimental study has shown that HMME 

has higher selective uptake by tumor tissue, stable composition, 

low phototoxicity to normal tissues, and a relatively short light-

avoiding period.12 By ultrasonicactivation, HMME produces 

ROS to attack the cell mitochondria and inactivate the key 

antioxidant enzymes, which are considered responsible for 

the sonodynamic damage of cells. This result is in line with 

those of other porphyrin sonosensitizers reported by other 

investigators.9,12,13 These studies suggest that HMME might be 

a promising sonosensitizer for SDT applications.

Although SDT has been shown effective on cancer cells, 

inflammatory tissues, and tumors, HMME-mediated SDT 

on periodontitis has not been reported to date. The purpose 

of this study was to perform a histological evaluation of the 

sonodynamic effect of HMME on experimentally induced peri-

odontal disease in rats. We attempt to provide an experimental 

basis for future clinical application of HMME-mediated SDT 

in the treatment of periodontal disease in humans.

Materials and methods
animals
All experimental procedures were in accordance with the 

Institutional Animal Care and Use Committee of Harbin 

Medical University (Harbin, People’s Republic of China). 

The protocol was approved by the Experimental Animal 

Ethics Committee of Harbin Medical University. The sur-

gery procedures were performed under 10% chloral hydrate 

anesthesia. Eighty healthy male Wistar rats, weighing an 

average of 250 g, were used in this study. All animals were 

artificially fed according to the regulations of the Home 

Office of the Chinese Government, and were given food 

and water freely. Rats were purchased from The Animal 

Facilities, Fourth Affiliated Hospital of Harbin Medical 

University.

Protocol of experimental periodontal 
disease
General anesthesia was obtained with 10% chloral hydrate 

(5 mL/kg) via intraperitoneal injection. A periodontal inflam-

mation model was established through plaque accumulation 

in the present study. Bilateral first maxillary molars of the 

rats were immediately ligatured around the subgingival 

position by cotton ligatures.14 The ligatures were removed 

after 4 weeks and the rats were randomly divided into 

four groups (20 rats/group): group 1, no treatment was per-

formed; group 2, rats were subjected to 50 μg/mL HMME 

alone; group 3, rats were treated with low-intensity ultra-

sound therapy (1 W/cm2); and group 4, rats were treated 

with 50 μg/mL HMME plus ultrasound irradiation (1 MHz, 

30 minutes). Ten animals from each group were sacrificed 

at 7 and 15 days. The maxillae were removed and fixed in 

10% neutral formalin for 48 hours.

Ultrasound treatment and sDT
The ultrasound generator and power amplifier used in this 

study was designed and assembled by Harbin Institute 

of Technology (Harbin, People’s Republic of China), as 

illustrated in Figure 1. Ultrasonic intensities (W/cm2) were 

expressed as I
SPTP

 (spatial peak/temporal peak) measured 

6 mm away from the ultrasonic transducer radiating surface 

in the degassed distilled water by a hydrophone (Onda Corp., 

Sunnyvale, CA, USA). In this study, the ultrasonic transducer 

(diameter: 6 mm; frequency: 1.0 MHz; duty factor: 10%; 

pulse repetition frequency: 100 Hz) was placed over the 

periodontal inflammation regions with a medical ultrasonic 

coupling agent and held in place with a canvas jacket. HMME 

was provided by Xianhui Pharmaceutical Co., (Shanghai, 

People’s Republic of China). An experiment was initiated 

4 weeks after establishment of the periodontal inflamma-

tion model, and this was considered as day one. In groups  

2 and 4, the infection sites of each rat around the first maxillary 
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molar region were subjected to HMME through hypodermic 

injection of HMME (50 μg/mL) and left in the dark for 

2 hours. Then, in group 3 and group 4, the area was exposed 

to ultrasound for 30 minutes every other day for the experi-

ment. This treatment was repeated eight times: on day 1, 3, 

5, 7, 9, 11, 13, and 15, respectively. The temperature of the 

transducer was 25°C±2°C. During the sonication procedure, 

temperature increase on the ultrasonic transducer surface was 

less than 1°C, as measured by a thermocouple.

laboratory procedures
Following clinical observation, the maxillae were demineral-

ized in a 10% ethylenediaminetetraacetic acid solution for 

40 days. After washing, dehydration, and transparency, the 

samples were embedded in paraffin. Serial 6 μm paraffin 

sections were made in a mesiodistal direction and stained 

with hematoxylin and eosin.

histological and histometric analysis
To establish the bone loss and characteristics of periodontal 

ligament in the furcation region of first molars, the sections 

were analyzed by light microscopy. After excluding the first 

and the last sections where the furcation region was evident, 

five equidistant sections of each specimen block were selected 

and captured by a digital camera. The area of bone loss in the 

furcation region was histometrically determined using an image 

analysis system (Image Tool; Harbin Medical University).15

statistical analysis
The hypothesis that there were no differences in bone loss 

rate in the furcation region between treatment groups was 

tested using Bioestat 3.0 software (Bioestat, Windows 1995; 

Sonopress Brazilian Industry, Manaus, Brazil).

After normality testing, the histometric data were ana-

lyzed using the Shapiro–Wilk test, and the intragroup and 

intergroup analyses were performed with a two-way analysis 

of variance (P,0.05). When the analysis of variance detected 

a statistical difference, multiple comparisons were performed 

using Tukey’s test (P,0.05).

Results
We first analyzed the control and HMME groups (group 1 

and 2). At day 7 post-periodontitis treatment, the furcation 

area showed an evident inflammatory infiltrate composed of 

polynuclear leukocytes. In addition, an increase of capillar-

ies, disorganization of the connective tissue, and formation 

of bone trabeculae as a result of the resorption process were 

observed. At day 15 posttreatment, most specimens in the 

control (Figure 2A) and HMME (Figure 2B) groups dem-

onstrated some changes. The connective tissue displayed a 

small number of fibroblasts and bone tissue, with thin bone 

trabeculae in the areas of coronal furcation and resorption. 

The periodontal ligament exhibited a mild amount of chronic 

inflammatory cells.

For the ultrasound group (group 3), at 7 and 15 days 

(Figure 2C) posttreatment, most specimens demonstrated 

organized bone and connective tissue with a moderate num-

ber of fibroblasts. The inflammatory cells disappeared. The 

bone trabeculae in bone tissue became thick. The cementum 

surface in most specimens had areas of resorption.

For the SDT group (group 4), at 7 and 15 days (Figure 2D) 

posttreatment, the periodontal ligament appeared intact in 

most specimens. It was possible to observe a small area of 

well-developed connective tissue with a moderate number 

of fibroblasts and no inflammatory infiltrate. The bone tis-

sue demonstrated organization with thick bone trabeculae 

without signs of resorption. The cementum surface did not 

show areas of resorption.

histometric analysis
Histometric data are shown in Table 1. Animals in the control 

group (Figure 3A) and HMME group showed greater bone 

loss; a statistically significant difference (P,0.05) was evi-

dent when compared to the SDT group (Figure 3B) at days 7  

and 15 post-periodontitis treatment. The histometric results 

also demonstrated that there was no statistically significant 

difference in bone loss between the control and HMME 

groups across all experimental periods (P.0.05). The furca-

tion areas treated with ultrasound alone also demonstrated 

Amplifier/generator

Transducer

First maxillary molar

Figure 1 schematic diagram of the ultrasound system.
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Figure 2 Photomicrographs of bone tissue in the furcation region of the mandibular first molar with induced periodontitis.
Notes: (A) Untreated control group at 15 days. (B) hMMe group at 15 days. (C) Ultrasound group at 15 days. (D) sonodynamic therapy group at 15 days. hematoxylin 
and eosin staining; original magnification for A, B, C, and D was ×12.5.
Abbreviation: hMMe, hematoporphyrin monomethyl ether.

significantly decreased bone loss (P,0.05) compared to 

the control and HMME groups at 15 days. Histometric 

analysis demonstrated more bone loss with ultrasound-alone 

treatment compared to SDT treatment at all experimental 

periods (P,0.05).

Discussion
Periodontal diseases are common chronic inflammatory 

diseases caused by the presence of periodontal pathogens 

that invade the organism. Conventional therapeutic strategies 

for periodontal diseases can provisionally reduce the num-

ber of microorganisms in dental plaque, and antimicrobial 

chemotherapy may further inhibit the periodontal pathogens. 

However, shortcomings may still exist in those traditional 

treatments. To overcome these problems, experimental 

research has become popular in this field.16 SDT is a newly 

developed therapeutic technique for cancer. In this respect, 

sonosensitizer accumulates within the special position of the 

tumor and is activated by ultrasound, which has the ability to 

penetrate the organism surfaces to tumor tissue.10 Although 

SDT causes cell-killing effects on cancer cells, it does 

little damage to the surrounding normal tissues; as a result, 

SDT has excellent application potential in the treatment of 

cancer.7,12 Recently, several experimental studies demon-

strated that SDT plays an important role in the induction of 

apoptosis and necrosis of inflammatory cells, such as THP-1 

and U937.8,9 However, its applicability for the prevention of 

periodontitis and feasibility for the treatment of periodontal 
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Figure 3 Photomicrographs of bone tissue in the furcation region of the mandibular first molar with induced periodontitis.
Notes: (A) Untreated control group at 15 days. (B) Sonodynamic therapy group at 15 days. Masson trichrome staining; original magnification for A and B was ×12.5.

Table 1 Bone loss (mm2; mean ± standard deviation) in the 
furcation region of the mandibular first molar

Groups 7 days 15 days

control 1.37±0.06*,#,† 1.06±0.15*,#,†

hMMe 1.34±0.13*,#,† 1.02±0.12*,#,†

Ultrasound 0.91±0.02* 0.74±0.11*
sDT 0.35±0.05 0.27±0.07
rats euthanized in the  
four groups (n)

40 40

Notes: *Significant difference with the SDT group in the same period (P,0.05; 
anOVa and Tukey’s tests). #Significant difference between periods in the same 
group (P,0.05; anOVa and Tukey’s tests). †Significant difference with the ultrasound 
group in the same period (P,0.05; anOVa and Tukey’s tests). The data is shown as 
means ± standard deviation, unless otherwise specified.
Abbreviations: anOVa, analysis of variance; hMMe, hematoporphyrin monome-
thyl ether; sDT, sonodynamic therapy.

diseases has rarely been reported. In the present study, we 

explored the histological evaluation of the sonodynamic 

efficacy of HMME on experimentally induced periodontal 

disease in rats.

Histopathological analyses were used to compare the 

effects of SDT, ultrasound, and HMME treatment in dis-

eased periodontal sites. Our results demonstrated that cot-

ton ligatures around the maxillary right first molar teeth 

resulted in progressive bone loss at the furcation region 

(P,0.05). In the control group, significant alveolar bone loss 

was observed after 7 days; progressive changes continued 

until the end of the experimental period (day 15). We also 

observed a mild amount of polynuclear leukocytes and 

alveolar bone resorption during this time, and there was 

evidence of a small number of fibroblasts into connective 

tissue and the periodontal ligament. This is in agreement 

with previous reports that evaluated periodontal disease 

in rats.15,17

Some factors may influence SDT, such as the energy input 

of the sonication and the sonosensitizer concentration.7,10 

HMME, a novel second-generation photosensitizer, possesses 

a stable structure, higher singlet oxygen yield, higher sonoac-

tivity, lower dark toxicity, and faster clearance rate, especially 

for its cheaper price compared to hematoporphyrin derivative 

(HPD) (a first-generation photosensitizer), and is a promising 

sensitizer for photodynamic therapy.13,18 Recently, HMME 

has also proven to be an effective sonosensitizer for inducing 

the apoptosis and necrosis of cells in SDT research.9,12,13 In our 

study, no obvious effects were found in the sonosensitizer-

alone group compared with the control group (P.0.05), 

which means that the isolated sonosensitizer application 

cannot decrease the areas of chronic inflammation.

Several studies demonstrated the efficacy of low-intensity 

ultrasound in accelerating tissue repair in damaged areas, 

with or without sonosensitizing drugs.19,20 Our finding was 

that, at 15 days, the furcation areas treated with ultrasound 

alone demonstrated significantly decreased bone loss 

(P,0.05) compared to the control and HMME groups. This 

probably is related to the ability of low-intensity ultrasound to 

promote differentiation of immature cementoblasts, simula-

tion of mature cementoblasts,19,20 angiogenesis during wound 

healing, and anti-inflammatory effects.21,22
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With regard to animals in the SDT group, the furcation 

areas treated with SDT demonstrated more significantly 

decreased bone loss (P,0.05) than ultrasound alone com-

pared to the control and HMME groups at days 7 and 15 

post-periodontitis treatment. The beneficial effect of SDT 

for periodontal disease in animals is probably based on 

preferential uptake and/or retention of sonosensitizers in 

inflammatory cells and subsequent activation of the drug by 

ultrasound irradiation.23 In SDT, the activation of sonosensi-

tizers through acoustic cavitation by ultrasound is attributed 

to the generation of ROS, which are cytotoxic and can induce 

cell apoptosis.10

SDT can reduce the treatment time, the discomfort of the 

patient, the need for flaps, and the risk for bacteremia, which 

occurs routinely after periodontal treatment due to physical 

damages to the gum tissue. Unequivocal evidence showed a 

periodontal risk for systemic diseases, such as cardiovascular 

disease and diabetes.24,25 Because of the noninvasive nature 

of SDT, it may be a viable alternative treatment for most 

dental diseases. In addition, as SDT is a local therapy, one 

can reduce side effects that are associated with the systemic 

administration of antimicrobial agents.

Conclusion
Our results clearly demonstrate that HMME-mediated SDT 

can serve as an effective means to alleviate periodontal tis-

sue destruction in rats with artificially induced periodontitis. 

Hence, HMME-mediated SDT offers a promising clinical 

method for treating periodontal diseases.
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