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Abstract 1 

Objective: To study the efficacy of PADTM Plus-based photoactivated disinfection 2 

(PAD) for treating denture stomatitis (DS) in diabetic rats by establishing a diabetic rat 3 

DS model. 4 

Methods: The diabetic rat DS model was developed by randomly selecting 2-month-5 

old male Sprague-Dawley rats and dividing them into four groups. The palate and 6 

denture surfaces of rats in the PAD groups were incubated with 1 mg/mL toluidine 7 

blue O for 1 min each, followed by a 1-min exposure to 750-mW light-emitting diode 8 

light. The PAD-1 group received one radiation treatment, and the PAD-2 group 9 

received three radiation treatments over 5 days with a 1-day interval. The nystatin 10 

(NYS) group received treatment for 5 days with a suspension of NYS of 100,000 IU. 11 

The infection group did not receive any treatment. In each group, assessments 12 

included an inflammation score of the palate, tests for fungal load, histological 13 

evaluation, and immunohistochemical detection of interleukin-17 (IL-17) and tumor 14 

necrosis factor (TNF-α) conducted 1 and 7 days following the conclusion of 15 

treatment.  16 

Results: One day after treatment, the fungal load on the palate and dentures, as well 17 

as the mean optical density values of IL-17 and TNF-α, were higher in the infection 18 

group than in the other three treatment groups (P < 0.05). On the 7th day after 19 

treatment, these values were significantly higher in the infection group than in the 20 

PAD-2 and NYS groups (P < 0.05). Importantly, there were no differences between 21 

the infection and PAD-1 groups nor between the PAD-2 and NYS groups (P > 0.05).  22 

Conclusions: PAD effectively reduced the fungal load and the expressions of IL-17 23 

and TNF-α in the palate and denture of diabetic DS rats. Moreover, the efficacy of 24 

multiple-light treatments was superior to that of single-light treatments and similar to 25 

that of NYS. 26 
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INTRODUCTION  33 

Denture stomatitis (DS) is a common infection of the oral mucosa in denture wearers, 34 

and Candida albicans is the most significant etiological agent of DS (Sugio et al., 35 

2020). Epidemiological studies have found that the incidence of DS ranges from 15% 36 

to 70% in denture wearers (Gendreau & Loewy, 2011). Traditional treatment involves 37 

antifungal drugs, but overuse has led to drug-resistant strains.  38 

Diabetes mellitus (DM) is a common endocrine disorder that is escalating 39 

alarmingly. According to the International Diabetes Federation, 642 million adults will 40 

have diabetes worldwide by 2040, a significant increase from the 415 million reported 41 

in 2015 (Zimmet et al., 2016). Patients with DM are more susceptible to 42 

opportunistic infections (Gianchandani et al., 2020), including oral candidiasis, due to 43 

elevated serum glucose levels and decreased function of the cellular immune system 44 

(Khanna et al., 2021). High blood glucose levels in saliva are one of the main risk 45 

factors for oral Candida infection in patients with DM, with over 77% suffering from 46 

oral candidiasis (Soysa et al., 2006). Research demonstrates that individuals with 47 

diabetes mellitus (DM) exhibit a significantly higher rate of Candida albicans 48 

colonization compared to those without diabetes, making their mucosal surfaces 49 

more prone to fungal infections. The incidence of DS notably increases in patients 50 

with DM following the repair of removable dentures, further complicating the clinical 51 

management of DS (Javed et al., 2009). SM et al. (2014) investigated the sensitivity 52 

of antifungal drugs to Candida in diabetic mice and found that high blood glucose 53 

levels reduce the activity of antifungal drugs. High blood glucose levels pose 54 

challenges in treating DS, necessitating the search for an effective clinical treatment 55 

method that does not lead to drug resistance. 56 

PADTM Plus-based photoactivated disinfection (PAD) is a novel therapy that 57 

selectively kills diseased cells or tissues through a photodynamic reaction generated 58 

by the interaction of light, photosensitizers (PS), and oxygen without damaging other 59 

normal tissues. Its main advantage is that microorganisms are less likely to develop 60 

resistance to reactive oxygen species (ROS) (Abdelkarim-Elafifi et al., 2021). In 61 

dentistry, PAD is widely used in caries, endodontics, periodontics, and oral clinical 62 

diagnosis and treatment (Haroon et al., 2021). PAD has also proven effective in 63 

inactivating C. albicans. Most clinical studies have confirmed that PAD can effectively 64 

treat DS, but the treatment duration is long and requires multiple sessions. For 65 

example, Mima et al. (2012) incubated with 500 mg/L Photogem for 30 min, followed 66 

by 20 min of light irradiation. Alves et al. (2020) incubated with 200 mg/L 67 

Photodithazine for 20 min and irradiated for 4 min. Both studies were conducted 68 

thrice a week, totaling six sessions over 15 days. The prolonged treatment duration, 69 
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along with extended mouth opening during oral treatment, may lead to complications 70 

such as temporomandibular joint disorders and excessive saliva secretion, potentially 71 

affecting the treatment outcome. Therefore, minimizing the oral operation time is 72 

crucial.  73 

Fortunately, we have discovered the PAD technology, which effectively eliminates 74 

C. albicans within a short time. The technology uses a complementary 75 

pharmaceutical-grade 1 mg/mL toluidine blue O (TBO) solution and a 635-nm red 76 

light-emitting diode (LED) with an output power of 500 mW or 750 mW, along with an 77 

irradiation time of 1 or 2 min. The TBO solution is activated at this wavelength to 78 

produce ROS, which selectively kills microorganisms (Baltazar et al., 2013). In vitro 79 

studies have found that increasing the concentration of photosensitizers enhances 80 

the inhibitory effect on biofilms (Pinto et al., 2018). Previous research has shown that 81 

applying 1 mg/mL TBO for 1 min and 750-mW LED irradiation for 1 min had a good 82 

inactivation effect on C. albicans on the dorsal tongue of mice (Gu et al., 2022). 83 

Zhang et al. (2023) found that incubation with 1 mg/mL TBO for 1 min, followed by 1 84 

min of 750-mW LED irradiation or 2 min of 500-mW LED irradiation, could inactivate 85 

over 99% of Candida in the mature mixed biofilms.  86 

However, the efficacy of PAD on DS infection in diabetic rats compared to 87 

conventional antifungal drugs is unknown. Therefore, in this study, a 1 mg/mL TBO 88 

solution and a 750-mW LED red light for 1 min were selected for treatment, along 89 

with nystatin (NYS). We aimed to compare the therapeutic efficacy of PAD and NYS 90 

on DS infections in diabetic rats and explore potential differences in the efficacy of 91 

PAD with various durations of light irradiation in order to develop a rapid and efficient 92 

treatment method for the clinical treatment of DS. 93 

MATERIALS AND METHODS 94 

Preparation of fungal suspension 95 

C. albicans SC5314 was provided by Shijiazhuang Hera Biotechnology Co., Ltd. The 96 

C. albicans strain stored at -80℃ was inoculated onto CHROMagarTM Candida 97 

chromogenic medium (Comagal Microbial Technology Co., Shanghai, China) and 98 

incubated at 37℃ for 24 h under a constant temperature incubator. After growth, a 99 

single colony was selected and re-inoculated onto a new Candida chromogenic 100 

medium and incubated at 37℃ for another 24 h. The activated single colony was 101 

then growth into 20 mL of yeast extract-peptone-dextrose broth (Kehua Jingwei 102 

Technology Co., Beijing, China) at 37℃ with shaking at 150 rpm overnight. The 103 

resulting fungal suspension was centrifuged at 4000 rpm for 15 min in a high-speed 104 

centrifuge, and the supernatant was discarded. The fungal cells were rinsed in 10 mL 105 



of the PBS solution, the above mentioned centrifugation and rinsing steps were 106 

repeated thrice before discarding the supernatant to collect the fungal pellets. The 107 

pellets were then stored at 4℃ until further use. On the day of denture ligation, the 108 

spare fungal cells were diluted with PBS and counted on a hemocytometer to 1 × 109 109 

CFU/mL for inoculation into the rat palate. 110 

Experimental animals and establishment of diabetes model in rats (Deeds et al., 111 

2011; King, 2012) 112 

Based on the animal attrition rate calculation of approximately 10% in the pre-113 

experiment, 40 male SD rats (age: 2 months, weight: 300-350 g; Beijing Huafukang 114 

Biological Technology Co., Ltd. ) [animal quality certificate number: 115 

110322220101519632] were acclimatized at Bethune International Peace Hospital 116 

Animal Laboratory for 1 week. The environment was maintained at a constant 117 

temperature and humidity, and a paste diet (prepared by mixing ground standard 118 

pellet rat food with warm water) and water was provide to them ad libitum. This study 119 

was approved by the Ethics Committee of the Hospital of Stomatology, Hebei 120 

Medical University (Approval NO.: [2020]016).  121 

40 rats were fasted for 12 h and then injected intraperitoneally with 60 mg/kg of 1% 122 

streptozotocin to induce diabetes. On the day of streptozotocin injection, the rats 123 

were fed with 5% sterile glucose water to prevent hypoglycemia, and normal sterile 124 

water was provided on the following day. After 72 h, the rats with a fasting blood 125 

glucose level of >16.7 mmol/L were considered to have successfully developed 126 

diabetes and were included in the experiment. One rat did not meet this criterion and 127 

was excluded. Finally, 39 rats met the criterion and were analyzed in this study. 128 

Denture fabrication (Yano et al., 2016) 129 

The alginate impression material (Haijiya Medical Equipment Co., Beijing, China) 130 

was evenly spread on a tongue depressor and then placed in the rat mouth to obtain 131 

an impression of the palate (Fig. 1A). A corresponding gypsum (Hanhe Medical 132 

Equipment Co., Linyi, China) model was developed according to the impression (Fig. 133 

1B). The denture was then prepared using light-cured acrylic resin (Huge Medical 134 

Equipment Co., Shanghai, China) on the gypsum model to approximately 3-mm 135 

thickness and used to cover the entire hard palate area (Fig.1C). After polishing, it 136 

was placed in distilled water at 37℃ for 48 h to release any residual monomers. The 137 

prepared denture was then immersed in sterile distilled water and microwaved at 650 138 

W for 3 min for sterilization. 139 

Denture seeding (Lie Tobouti et al., 2016) 140 



On the day of denture ligation, the prepared fungal suspension was diluted in PBS 141 

and counted using a hemocytometer to a concentration of 1 × 107 CFU/mL in RPMI-142 

1640 medium for denture seeding. To allow C. albicans to adhere to the denture 143 

tissue surface, the denture was placed in a 6-well tissue culture plate, and each well 144 

contained 2 mL of 1 × 107 CFU/mL of C. albicans suspension in RPMI-1640 medium. 145 

The 6-well plate was placed in 37℃ water bath oscillation incubator and shaken at 75 146 

rpm for 90 min. The denture was then gently immersed in 2 mL of PBS to remove 147 

any non-adherent fungal cells. 148 

Denture ligation 149 

The experimental rats were anesthetized via intraperitoneal injection of 0.6% (40 150 

mg/kg) sodium pentobarbital. Two stainless steel ligatures (5-cm length, 0.2-mm 151 

diameter) were threaded between the first and second molars on either side of the 152 

maxilla and through the holes on both sides of the denture. The excess wire at the 153 

end was cut, and the tip was covered with a self-curing resin to protect the oral soft 154 

tissues of the rat. A fungal suspension (density 1 × 109 CFU/mL) was applied to the 155 

rat's palate after denture ligation. Preceding modeling experiments showed that a 156 

stable DS model in diabetic rats could be established after 3 weeks of ligation and 157 

denture seeding . 158 

PAD treatment methods  159 

A total of 36 rats were selected as the molded rats and assigned to 4 groups by using 160 

a random number table method (n = 9 per group). For the PAD-1 group, 1 mg/mL of 161 

the TBO solution (Denfotex, UK) was applied to the palate and denture tissue surface 162 

with a small brush, incubated for 1 min, and then irradiated with 750-mW output 163 

power for 1 min (PADTM Plus instrument, Denfotex, UK; model: DX9001). The light 164 

source was systematically maneuvered to ensure that the entire palate and denture 165 

surface were irradiated. This treatment was conducted once a day for 1 day. For the 166 

PAD-2 group, the same treatment as for the PAD-1 group was administered, but with 167 

an interval of 1 day for irradiation, totaling three times within 5 days. The NYS group 168 

was treated with 100,000 IU of nystatin suspension applied to the palate and denture 169 

once a day for five consecutive days, while the infection group was not treated. 170 

Efficacy observation and euthanasia  171 

The rats in each group were anesthetized via intraperitoneal injection of 0.6% sodium 172 

pentobarbital at 40 mg/kg at 1 day and 7 days after the end of the treatment. The 173 

samples underwent two assessments: first, scoring for the extent of palatal 174 

inflammation, and second, measuring the fungal burden on both the palate and the 175 

denture tissue surface. Three rats from each group were randomly euthanized 1 day 176 

after the end of treatment (death by inhalation anesthesia with excessive isoflurane), 177 
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and all remaining rats were euthanized 7 days after the end of treatment. The palate 178 

tissues were collected for histopathological examination and immunohistochemistry 179 

to detect the changes of interleukin-17 (IL-17) (Boorsen Biotechnology Co., Beijing, 180 

China) and tumor necrosis factor (TNF-α) (Bowan Biotechnology Co., Shanghai, 181 

China). Since preceding experiments have proven that the stable period of the model 182 

occurred at 3−6 weeks after denture seeding, the infection group was evaluated at 183 

the same time points as the PAD-1 and PAD-2 groups after treatment (at 1 day and 7 184 

days, respectively). The average data of the two-time points when compared to 185 

eliminate any bias caused by the time difference. The effectiveness of PAD therapy 186 

for diabetic rat DS was evaluated based on the results obtained from these 187 

evaluations. 188 

Palate mucosal inflammation score: Newton's method was applied to visually 189 

evaluate the palatal tissues, and the scores were assigned based on the severity of 190 

inflammation (Johnson et al., 2012). 0: no inflammation; 1: punctate erythema; 2: 191 

diffuse erythema and edema; 3: diffuse erythema/edema and papillary hyperplasia. 192 

Palatal and denture tissue surface fungal burden measurement. The palate and 193 

denture of each group of rats were swabbed with sterile cotton for 1 min. The cotton 194 

swab was then placed into a centrifuge tube containing 1 mL of saline and shaken for 195 

1 min. A 10-μL aliquot of each dilution was spread onto BiGGY agar culture medium 196 

and cultured at 25℃ for 48 h. The CFU/mL was analyzed statistically by taking the 197 

logarithm of the CFU number. 198 

Histopathological examination:  199 

Hematoxylin and eosin (HE) staining: After collection of specimens, the paraffin-200 

embedded sections underwent a series of preparatory steps: Initially, they were 201 

incubated at 60 ℃ to ensure proper adhesion to the slides. This was followed by 202 

dewaxing and hydration process. Subsequently, the sections were stained with 203 

hematoxylin and eosin (H&E) in a sequential manner, which involved dehydration, 204 

clearing with xylene and, finally sealing under a coverslip with a mounting medium. 205 

For Periodic acid−Schiff (PAS) staining, the paraffin sections were baked at 60 ℃, 206 

dewaxed and rehydrated. The sections were oxidized with periodic acid, stained with 207 

Schiff's reagent and counterstained with hematoxylin. Following these steps, the 208 

sections were dehydrated, cleared and sealed. High-resolution photographs were 209 

captured at 400x magnification for detailed observation. 210 

In the case of Immunohistochemical (IHC) staining the process began with baking 211 

the paraffin sections at 60℃, followed by dewaxing and rehydration. Antigen retrieval 212 

was performed using a citric acid-based solution, with the sections heated to 98℃ for 213 

20min. An endogenous peroxidase blocker (SP-9000) was applied dropwise to 214 
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prevent nonspecific staining. This was followed by the application of IL-17 antibody 215 

(1:100) and TNF-α antibody (1:50), with the sections incubated at 37℃ for 2h. 216 

Afterward, a reaction enhancement solution was added and incubated for an 217 

additional 20 minutes. The detection was completed with the addition of an enzyme-218 

labeled polymer (goat anti-mouse/rabbit IgG) and developed using DAB (3,3'-219 

Diaminobenzidine), with hematoxylin used for counterstaining. The slides were then 220 

washed, dried, and sealed with a mounting medium  221 

Microscopic observation, image acquisition, and analysis were conducted using a 222 

OLYMPUS BX63 microscope. For each section, three non-overlapping fields (400x) 223 

from each slice were selected for analysis. Image analysis software (IPP 6.0) was 224 

used to quantify the cumulative optical density (IOD) and area values of positive 225 

cells. The average optical density (IOD/area ratio) was calculated to assess the 226 

relative expression of cytokines. 227 

Statistical analysis  228 

Data analysis was performed using SPSS25.0 software (IBM Corp., USA). The 229 

measurement data was tested for normality and homogeneity of variance tests. If 230 

normality and homogeneity of variance were met, two-factor ANOVA was used and 231 

group comparisons were performed using Student t-tests. Otherwise, the Friedman 232 

rank-sum test was applied and group comparisons were performed using the 233 

Kruskal−Wallis test. As the grade data (the palate mucosal inflammation score of the 234 

rats) used a constituent ratio, it was described and analyzed with the Friedman rank-235 

sum test. P < 0.05 was considered to indicate statistical significance.  236 

RESULTS 237 

Palate mucosal inflammation score 238 

One day after treatment, the infection group exhibited apparent symptoms of palate 239 

swelling and redness, and the inflammation score was primarily of 2 (Figure 2A). In 240 

the three treatment groups, there was less palate inflammation, with scores between 241 

0 and 1 (Figure 2B-D). The infection group's palate inflammation persisted and 242 

worsened on day 7, with inflammation scores between 2 and 3 (Figure 2E). Partial 243 

redness and edema of the palate were also observed in the PAD-1 group, with 244 

scores between 1 and 2 (Figure 2F). The PAD-2 and NYS groups, with scores 245 

between 0 and1, did not exhibit any discernible redness or swelling on the palate 246 

(Figure 2G and H). One day after treatment, pairwise comparisons revealed that 247 

inflammation scores in the infection group were considerably higher than those of the 248 

three treatment groups (P < 0.05). Seven days after treatment, the inflammatory 249 

score in the infection group was noticeably greater than that in the PAD-2 group 7d 250 
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after treatment (P < 0.05). The inflammation score in the PAD-1 group was 251 

significantly higher at 7 days after treatment than at 1 day after treatment (P < 0.05). 252 

However, there was no statistically significant difference in inflammation scores 253 

between the infection, PAD-2, and NYS groups at either 1 day or 7 days after 254 

treatment (P > 0.05) (Figure 3). The inflammatory scores showed no significant 255 

difference between the infection, PAD-1, and NYS groups (P > 0.05, Table 1). 256 

Notably, the PAD-2 group demonstrated a statistically significant reduction in palatal 257 

inflammation, suggesting that its efficacy is potentially greater than that of the NYS 258 

group (Table 2). These findings suggest that only PAD-2 treatment can effectively 259 

reduce inflammation in this context. 260 

Fungal burden analysis 261 

The fungal burden in the palate and dentures of the PAD-1 group was significantly 262 

higher at 7 days after treatment than at 1 day after treatment (P < 0.05). However, 263 

there were no significant differences in the palate and denture fungal load between 264 

the infection, PAD-2, and NYS groups at either 1 day or 7 days after treatment (P > 265 

0.05; Figure 4).  266 

When comparing pairwise, the fungal load in the palate of the three treatment 267 

groups was significantly lower than that in the infection group 1day after treatment, 268 

with statistical significance (P < 0.05; Figure 5A). There were no significant 269 

differences in the palate fungal load between the three treatment groups (P > 0.05). 270 

On day 7 after treatment, the fungal load in the palate of the infection and PAD-1 271 

groups was significantly higher than that of the PAD-2 and NYS groups (Figure 5B, P 272 

< 0.05). There was no statistically significant difference between the PAD-1 and 273 

infection groups, as well as between the PAD-2 and NYS groups (P > 0.05; Figure 274 

5B). These results suggest that, when used efficiently, PAD can kill C. albicans, 275 

achieving a level similar to that of NYS.  276 

When comparing pairwise, the denture fungal burden in the infection group was 277 

significantly higher than that in the three treatment groups 1 day after treatment, with 278 

statistical significance (Figures 4 and 6; P < 0.05). There were no significant 279 

differences in denture fungal colonization between the three treatment groups (P > 280 

0.05). However, 7 days after treatment, the denture fungal load in the infection group 281 

was significantly higher than that in the PAD-2 and NYS groups (Figure 4B; P < 282 

0.05). Interestingly, the denture fungal burden in the PAD-1 group was also 283 

significantly higher between day 1 and 7 (Figure 4B) than that in the PAD-2 group, 284 

with significant differences (Figure 6B; P < 0.05). However, there were no significant 285 

differences in the denture fungal load between the PAD-1 and infection groups; the 286 

PAD-2 and NYS groups; and the PAD-1 and NYS groups (P > 0.05; Figure 6B). 287 
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Palate tissue histology 288 

As observed in the HE staining of the tissue in Figure 7, 1 day after colonization, the 289 

infection group had notable thickening of the epithelial layer with papillary projections 290 

(Figure 7A), while the epithelial layer structure appeared more homogenous in the 291 

three treatment groups (Figure 7B-D). In contrast, 7 days after treatment, the 292 

epithelial tissue in the infection group showed significant and abnormal proliferation, 293 

while partial proliferation was observed in the epithelium of the PAD-1 group (Figure 294 

7E and F). The epithelial structure appeared more normal in the PAD-2 and NYS 295 

groups, with no significant differences in epithelial structure among these treatment 296 

groups (Figure 7G and H). 297 

The presence of fungal colonization was analyzed with PAS staining of the 298 

mucosa. One day after treatment, PAS staining revealed that a number of C. 299 

albicans yeast cells adhered to the tissue surface in the infection group and that 300 

some hyphae invaded the superficial epithelium. The number of C. albicans in the 301 

three treatment groups was less evident compared to that in the infection group, and 302 

occasional C. albicans yeast cells were observed to adhere to the mucosal surface 303 

but without hyphae invasion (Figure 8A-D). There were no significant differences in 304 

fungal load among the treatment groups. Seven days after treatment, a large number 305 

of C. albicans yeast cells adhered to the mucosal surface in the infection group, with 306 

hyphae invading the superficial part of the epithelium (Figure 8E). The PAD-1 group 307 

showed an intermediate number of C. albicans yeast cells adhered to the mucosal 308 

surface and partial hyphae invasion of the epithelium, but less than that observed in 309 

the infection group (Figure 8F). Occasionally, a few C. albicans yeast cells were 310 

observed on the mucosal surface in the PAD-2 and NYS groups (Figure 8G and H), 311 

supporting the previous findings. 312 

The effect of PAD on IL-17 and TNF-α expression in the palate mucosa of 313 

diabetic DS rats 314 

IL-17 is a pro-inflammatory cytokine that can be detected through 315 

immunohistochemistry as a brownish−yellow pattern in the cytoplasm and 316 

intercellular space of various layers of epithelial cells in normal tissues. One day after 317 

treatment, the infection group exhibited strong positive expression in various layers of 318 

epithelial cells, stroma, and vascular endothelial cells (Figure 9A). The treatment 319 

groups were weakly positive in epithelial cells, stroma, and vascular endothelial cells, 320 

with lighter staining compared to the infection group (Figure 9B-D). After 7 days of 321 

treatment, the infection and PAD-1 groups showed strong positive expression in 322 

epithelial cells, stroma, and vascular endothelial cells (Figure 9E-F). In comparison, 323 
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the PAD-2 and NYS groups exhibited a weaker expression pattern in these cell 324 

types, with lighter staining than the infection and PAD-1 groups (Figure 9G-H). 325 

On day 1 after treatment, the average optical density value of the infection group 326 

was significantly higher than that of the treatment groups (Table 3, a super index P < 327 

0.05). The average optical density value of the PAD-1 group was also slightly higher 328 

than that of the PAD-2 and NYS groups (P < 0.05). There was no significant 329 

difference in the optical density value between the PAD-2 and NYS groups (Table 3, 330 

b super index P > 0.05). Seven days after treatment, the average optical density 331 

values of the infection group and PAD-1 group were significantly higher than those of 332 

the PAD-2 and NYS groups (P < 0.05). There was no significant difference in the 333 

optical density value between the infection and PAD-1 groups, as well as between 334 

the PAD-2 and NYS groups (P > 0.05) (Table 3). 335 

TNF-α can also be expressed in normal tissues, mainly in the cytoplasm of cells 336 

across the epithelial layer. It appears as yellow-stained particles in the cytoplasm via 337 

immunohistochemistry. A strong positive expression of TNF-α was observed in the 338 

epithelial and vascular endothelial cells in the infection group. One day after 339 

treatment, a weak positive expression of TNF-α was detected in the epithelial and 340 

vascular endothelial cells of the treatment groups, with lighter staining compared to 341 

the infection group. Seven days after treatment, a strong positive expression of TNF-342 

α was observed in the surface and basal layers of the epithelium and vascular 343 

endothelial cells in the PAD-1 group, and a positive expression was observed in the 344 

granular and spinous layers. A weak positive expression of TNF-α was observed in 345 

the epithelial and vascular endothelial cells of the PAD-2 and NYS groups, with 346 

lighter staining than the infection and PAD-1 groups (Figure 10). 347 

When comparing pairwise, the average optical density value in the infection group 348 

was significantly higher than that in the treatment groups 1 day after treatment (P < 349 

0.05). Conversely, there was no significant difference in the optical density value 350 

among the treatment groups (P > 0.05). Seven days after treatment, the average 351 

optical density values in the infection and PAD-1 groups were significantly higher 352 

than those in the PAD-2 and NYS groups (P < 0.05). There was no significant 353 

difference in the optical density values between the infection and PAD-1 groups, as 354 

well as between the PAD-2 and NYS groups (P > 0.05) (Table 4). 355 

DISCUSSION 356 

PAD is a noninvasive treatment method that was initially developed in dermatology 357 

and later applied to cancer treatment (Zhao et al., 2012). In recent years, it has been 358 

adopted in the treatment of oral mucosal diseases. Its mechanism of action is based 359 



on the interaction between a specific wavelength light source and PS in the presence 360 

of oxygen, inducing specific cell damage. PS absorbs photons from a light source of 361 

a specific wavelength, causing the energy to transition from a lower ground state to a 362 

higher excited singlet state. The excited singlet state may decay over time with laser 363 

irradiation or transition to the triplet state. This excited triplet state can undergo two 364 

reactions: In the Type I reaction, electrons or hydrogen molecules are stripped from 365 

the substrate to generate highly active free radicals, which then react with 366 

endogenous oxygen molecules to produce ROS such as hydrogen peroxide, 367 

hydroxyl radicals, and superoxide, leading to massive cellular damage. In the Type II 368 

reaction, the PS reaches the triplet excited state and reacts with oxygen molecules 369 

that exist in the target cells, such as gram-negative and positive bacteria, producing 370 

highly reactive oxygen or singlet oxygen molecules. Oxidative damage affects the 371 

target cells' plasma membrane, including proteins, lipids, and DNA, leading to cell 372 

death without affecting host cell activity (Abdelkarim-Elafifi et al., 2021). Notably, 373 

Type II reaction is commonly used for anti-infective treatment (Konopka & Goslinski, 374 

2007). 375 

In recent years, the research focus on PAD for denture stomatitis has notably 376 

shifted towards an increased emphasis on clinical trials, while interest in basic 377 

research has diminished. As clinical research is inconvenient for relevant studies on 378 

pathology and inflammatory factors, this study uses PAD technology to treat DS in 379 

diabetic rats. The study results demonstrate that PAD alleviates palatal inflammation 380 

in rats, with all treatment groups exhibiting good fungicidal effects against C. albicans 381 

1 day after treatment. The PAD-2 group had the lowest fungal burden in palatal and 382 

denture samples compared to the infection group. Consequently, the experimental 383 

outcomes, aimed at reducing inflammation and sterilizing the palate, align with the 384 

findings of some previous clinical research (Afroozi et al., 2019; Alrabiah et al., 2019; 385 

Mima et al., 2011; de Senna et al., 2018).  386 

Owing to prior research indicating the possibility of disease recurrence during the 387 

follow-up phase after DS treatment, the present study continued observation until 7 388 

days post-treatment (Alves et al., 2020; Mima et al., 2011). After 7 days of treatment, 389 

the palatal and denture fungal burden in the PAD-1 group showed no statistically 390 

significant difference compared to the infection group, suggesting the onset of DS 391 

recurrence. However, both the PAD-2 and NYS groups exhibited significantly lower 392 

fungal burdens on the palate and dentures than infection and PAD-1 groups at 7 393 

days post-treatment, although slightly higher than at 1-day post-treatment. This 394 

observation might be attributed to the acrylic resin composition of the dentures, which 395 

can function as a reservoir for microorganisms and pose a risk of patient re-infection. 396 

Disinfection of dentures is crucial for DS treatment (Wezgowiec et al., 2022). 397 



Replacing old dentures is often crucial for full DS resolution, particularly when the 398 

dentures are significantly aged. Regular denture renewal plays a vital role in 399 

effectively managing and preventing this infection.  400 

There was no statistically significant fungal burden on the palate and denture in the 401 

PAD-2 and NYS groups at days 1 and 7 post-treatment, indicating that the efficacy of 402 

multiple photodynamic therapy was similar to that of traditional treatment with 403 

nystatin, consistent with the experimental results of Scwingel et al. (2012).  404 

Notably, PAD stands out for its shorter treatment duration, markedly reducing both 405 

the time and frequency of treatment for patients and offering greater convenience. 406 

Additionally, PAD’s low likelihood of developing drug resistance, coupled with its 407 

biocompatibility and minimal side effects, positions it as a highly favorable option. 408 

Thus, PAD emerges as a promising approach for DS treatment. 409 

DM is a chronic metabolic disease characterized by hyperglycemia and influenced 410 

by multiple factors such as lifestyle, genetics, and environment, with a slightly higher 411 

prevalence in women. Hyperglycemia weakens the immune system; increasing the 412 

risk of infection in patients with DM. Fungal infection is common in DM (Khanna et 413 

al., 2021). Numerous risk factors such as age, gender, nutrition, oral hygiene, 414 

smoking, and dentures make patients with DM more susceptible to oral candidiasis 415 

due to high salivary glucose levels, low salivary secretion, impaired chemotaxis, and 416 

phagocytosis defects caused by polymorphonuclear leukocyte deficiency (Tabesh et 417 

al., 2023; Mohammadi F, 2016). An in vitro study has shown that blood glucose 418 

levels in normal individuals (0.1%) are sufficient to enhance the expressions of 419 

mycelium-associated genes (Buu & Chen, 2014). Thus, higher glucose levels in 420 

patients with DM may induce C. albicans mycelium formation and promote DS 421 

development. 422 

In the treatment of fungal infections, in addition to the direct effect of drugs, the 423 

host immunity is crucial. In adaptive immunity, Th17 cells and IL-17 cytokine are 424 

important mechanisms for regulating fungal immunity and protecting the body from 425 

fungal infection. Currently, few studies have documented the immunological 426 

response during DS. IL-17, a characteristic cytokine secreted by Th17 cells, is a 427 

potent multi-effect pro-inflammatory factor mainly secreted by activated CD4+ T 428 

lymphocytes. It is a mediator of various immune, autoimmune, and inflammatory 429 

disorders, including DM (Roohi et al., 2014). Th17 cells secrete the pro-inflammatory 430 

cytokine IL-17, which, in the presence of local inflammation, binds to receptors 431 

expressed on the mucosal epithelial cells in the oral cavity. This leads to the release 432 

of relevant chemokines and the stimulation of massive secretions of inflammatory 433 

cytokines, either promoting or exacerbating the inflammatory response (Lee et al., 434 



2015). Research has shown that IL-17 from the same cell cannot only induce 435 

neutrophils to eliminate pathogens−playing a protective role−but can also induce 436 

excessive inflammatory reactions that damage the tissue (Matsuzaki G, 2018). TNF-437 

α secreted by various immune cells such as macrophages, monocytes, neutrophils, 438 

and CD4+T cells, is a pro-inflammatory cytokine that participates in inflammatory and 439 

immune responses. It can also synergistically regulate the production of other 440 

cytokines. IL-17 and TNF-α play a synergistic role in the pathogenesis of diseases 441 

such as psoriasis. IL-17 can induce macrophages to secrete IL-1β and TNF-α 442 

(McGeachy et al., 2019). Although IL-17 is crucial in combating microbial infections 443 

by triggering the induction of inflammatory cytokines and chemokines, it is also 444 

involved in the development of many inflammatory diseases, such as autoimmune 445 

and metabolic disorders and cancer. It induces inflammation alone or in combination 446 

with TNF-α, which aggregates and fibrillates immune cells (Robert & Miossec, 2017). 447 

PAD has a significant inhibitory effect on C. albicans in vitro (Zhang et al., 2023). 448 

However, it remains unclear whether PAD can regulate antifungal immunity in vivo, 449 

especially through the Th17/IL-17 immunoinflammatory pathway. Therefore, we 450 

established a rat model of DS in this experiment and investigated the immunological 451 

mechanism of PAD in DS treatment by observing the expression of inflammatory 452 

cytokines IL-17 and TNF-α related to the Th17/IL-17 pathway. 453 

In recent years, the identification of genetic defects in the Th17/IL-17 axis in both 454 

mice and humans has highlighted the importance of this pathway in controlling 455 

Candida infection. Patients with specific defects in IL-17 immunity, such as mutations 456 

affecting IL-17 production or receptor function, have shown increased susceptibility to 457 

chronic cutaneous or mucosal candidiasis. Before identifying Th17 cells, the immune 458 

response mediated by IL-12 and Th1 cells was considered to play a major protective 459 

role in mucosal candidiasis (Conti & Gaffen, 2010). Schönherr et al. (2017) 460 

developed a mouse oral candidiasis model and found that; while the neutrophil 461 

recruitment and inflammatory response triggered by IL-17 varied markedly across 462 

different Candida species, the essential role of IL-17 in establishing mucosal 463 

immunity against fungal infections remained consistent across all examined fungal 464 

species. Conti et al. (2009) demonstrated that Th17-deficient mice were extremely 465 

sensitive to oral pharyngeal candidiasis. Saijo et al. (2010) found that IL-17A and IL-466 

17RA knockout mice are more susceptible to Candida infection compared to wild-467 

type mice in systemic Candida infections. In previous pre-experiments, attempts to 468 

induce Candida infection in normal rats were unsuccessful, potentially due to the 469 

presence of the Th17/IL-17 axis. In the present study, semi-quantitative analysis of 470 

IL-17 and TNF-α in the post-treatment groups revealed significantly higher optical 471 

density values for both factors in the infection group at 1-day post-treatment. 472 



Additionally, these values for both factors were significantly higher in the infection 473 

and PAD-1 groups than in the PAD-2 and NYS groups at 7 days post-treatment (P < 474 

0.05). This suggests a potential synergistic action between PAD and the Th17/IL-17 475 

axis in controlling Candida albicans infections. IL-17 and TNF-α may be involved in 476 

the immunomodulation of DS, and the effects of PAD on immune cells and whether 477 

the immune responses it stimulates contribute to DS treatment need to be further 478 

explored. 479 

Although the experimental results showed that PAD technology achieved better 480 

results in the treatment of DS in diabetic rats and shortened treatment time, there are 481 

some limitations in this study. DM was not controlled during the experiment, and the 482 

impact of DM on the treatment effect and long-term prognosis remains unexplored. 483 

Additionally, a small number of C. albicans remained after the treatment, suggesting 484 

that future experiments could consider controlling for DM, increasing the number of 485 

irradiations, or combining with antifungal drugs to develop a more convenient and 486 

effective treatment protocol. 487 

In summary, we used a 1 mg/mL TBO solution, incubated for 1 min, together with 488 

750 mW output power LED light source illumination for 1 min to treat DS in diabetic 489 

rats and evaluated its therapeutic effect. The experimental results showed that PAD 490 

for treating DS greatly reduced the burden of C. albicans in the palate and denture of 491 

the rats, improved inflammation symptoms in the palate, and decreased IL-17 and 492 

TNF-17 in the palate tissues of diabetic rats with DS. We found that multiple-light 493 

treatments are better than single-light treatments, and no adverse reactions were 494 

observed in terms of safety. Compared with previous studies, the operation time was 495 

markedly shorter, offering practicality and convenience for oral treatment. 496 

ADDITIONAL INFORMATION AND DECLARATIONS 497 

Funding 498 

The S&T Program of Hebei supported this work [grant number 20377799D]; the 499 

academic leader-training program of Hebei Provincial government [grant number 500 

2018133206-2]; the Medical Science Research subject of Health Commission of 501 

Hebei Province [grant number 20191079]. 502 

Declaration of interest statement  503 

The authors declare that they have no known competing financial interests or 504 

personal relationships that could have appeared to influence the work reported in this 505 

paper.  506 

Ethics approval 507 



The use of animals in this study was approved by the Ethics Committee of the 508 

Hospital of Stomatology, Hebei Medical University, approval number: [2020]016. 509 

Data Availability  510 

The following information was supplied regarding data availability: The raw 511 

measurements are available in the Supplemental Files. 512 

Author Contributions 513 

Xiao Zhang: Animal experiments, data statistics, writing manuscripts.  514 

Juan Liu, Ruiqi Zhang, Zirui Zhao, Zhijiao Guo, Qiaoyu Hu: Animal experiments.  515 

Na Liu: Experiment design, review manuscript.  516 

Qing Liu: Experiment design, review, and edit manuscript.  517 

 518 

References 519 

Abdelkarim-Elafifi, H., Parada-Avendaño, I., and Arnabat-Dominguez, J. 2021. 520 

Photodynamic Therapy in Endodontics: A Helpful Tool to Combat Antibiotic 521 

Resistance? A Literature Review. Antibiotics 10:1106. 10.3390/antibiotics10091106 522 

Afroozi, B., Zomorodian, K., Lavaee, F., Zare Shahrabadi, Z., and Mardani, M. 2019. 523 

Comparison of the efficacy of indocyanine green-mediated photodynamic therapy 524 

and nystatin therapy in treatment of denture stomatitis. Photodiagnosis and 525 

Photodynamic Therapy 27:193-197. 10.1016/j.pdpdt.2019.06.005 526 

Alrabiah, M., Alsahhaf, A., Alofi, R.S., Al-Aali, K.A., Abduljabbar, T., and Vohra, F. 527 

2019. Efficacy of photodynamic therapy versus local nystatin in the treatment of 528 

denture stomatitis: A randomized clinical study. Photodiagnosis and Photodynamic 529 

Therapy 28:98-101. 10.1016/j.pdpdt.2019.08.028 530 

Alves, F., Carmello, J.C., Alonso, G.C., Mima, E.G.D.O., Bagnato, V.S., and 531 

Pavarina, A.C. 2020. A randomized clinical trial evaluating Photodithazine-mediated 532 

Antimicrobial Photodynamic Therapy as a treatment for Denture stomatitis. 533 

Photodiagnosis and Photodynamic Therapy 32:102041. 534 

10.1016/j.pdpdt.2020.102041 535 

Baltazar, L.D.M., Soares, B.M., Carneiro, H.C.S., Avila, T.V., Gouveia, L.F., Souza, 536 

D.G., Ferreira, M.V.L., Pinotti, M., Santos, D.D.A., and Cisalpino, P.S. 2013. 537 

Photodynamic inhibition of Trichophyton rubrum: in vitro activity and the role of 538 

oxidative and nitrosative bursts in fungal death. Journal of Antimicrobial 539 

Chemotherapy 68:354-361. 10.1093/jac/dks414 540 

Buu, L.M., and Chen, Y.C. 2014. Impact of glucose levels on expression of hypha-541 

associated secreted aspartyl proteinases in Candida albicans. Journal of Biomedical 542 

Science 21:22. 10.1186/1423-0127-21-22 543 



Conti, H.R., Shen, F., Nayyar, N., Stocum, E., Sun, J.N., Lindemann, M.J., Ho, A.W., 544 

Hai, J.H., Yu, J.J., Jung, J.W., Filler, S.G., Masso-Welch, P., Edgerton, M., and 545 

Gaffen, S.L. 2009. Th17 cells and IL-17 receptor signaling are essential for mucosal 546 

host defense against oral candidiasis. J Exp Med 206:299-311. 547 

10.1084/jem.20081463 548 

Conti, H.R., and Gaffen, S.L. 2010. Host responses to Candida albicans: Th17 cells 549 

and mucosal candidiasis. Microbes and Infection 12:518-527. 550 

10.1016/j.micinf.2010.03.013 551 

de Senna, A.M., Vieira, M.M.F., Machado-de-Sena, R.M., Bertolin, A.O., Nez, S.C.N., 552 

and Ribeiro, M.S. 2018. Photodynamic inactivation of Candida ssp. on denture 553 

stomatitis. A clinical trial involving palatal mucosa and prosthesis disinfection. 554 

Photodiagnosis and Photodynamic Therapy 22:212-216. 555 

Deeds, M.C., Anderson, J.M., Armstrong, A.S., Gastineau, D.A., Hiddinga, H.J., 556 

Jahangir, A., Eberhardt, N.L., and Kudva, Y.C. 2011. Single dose streptozotocin-557 

induced diabetes: considerations for study design in islet transplantation models. 558 

Laboratory Animals 45:131-140. 10.1258/la.2010.010090 559 

Gendreau, L., and Loewy, Z.G. 2011. Epidemiology and etiology of denture 560 

stomatitis. Journal of Prosthodontics-Implant Esthetic and Reconstructive Dentistry 561 

20:251-260. 10.1111/j.1532-849X.2011.00698.x 562 

Gianchandani, R., Esfandiari, N.H., Ang, L., Iyengar, J., Knotts, S., Choksi, P., and 563 

Pop-Busui, R. 2020. Managing Hyperglycemia in the COVID-19 Inflammatory Storm. 564 

Diabetes (New York, N.Y.) 69:2048-2053. 10.2337/dbi20-0022 565 

Gu, Y., Zhang, L., Liu, J., Zhang, X., Liu, N., and Liu, Q. 2022. An Experimental Study 566 

of Photoactivated Disinfection in the Treatment of Acute Pseudomembranous 567 

Stomatitis. Photochemistry and Photobiology 98:1418-1425. 10.1111/php.13637 568 

Haroon, S., Khabeer, A., and Faridi, M. 2021. Light-activated disinfection in 569 

endodontics: A comprehensive review. Dental and Medical Problems 58:411-418. 570 

10.17219/dmp/133892 571 

Javed, F., Klingspor, L., Sundin, U., Altamash, M., Klinge, B., and Engstrom, P.E. 572 

2009. Periodontal conditions, oral Candida albicans and salivary proteins in type 2 573 

diabetic subjects with emphasis on gender. BMC Oral Health 9:12. 10.1186/1472-574 

6831-9-12 575 

Johnson, C.C., Yu, A., Lee, H., Fidel, P.L., and Noverr, M.C. 2012. Development of a 576 

Contemporary Animal Model of Candida albicans-Associated Denture Stomatitis 577 

Using a Novel Intraoral Denture System. Infection and Immunity 80:1736-1743. 578 

10.1128/IAI.00019-12 579 

Khanna, M., Challa, S., Kabeil, A.S., Inyang, B., Gondal, F.J., Abah, G.A., Minnal 580 

Dhandapani, M., Manne, M., and Mohammed, L. 2021. Risk of Mucormycosis in 581 

Diabetes Mellitus: A Systematic Review. Cureus. 10.7759/cureus.18827 582 



King, A.J. 2012. The use of animal models in diabetes research. Br J Aesthet:877-583 

894. 10.1111/j.1476-5381.2012.01911.x 584 

Konopka, K., and Goslinski, T. 2007. Photodynamic Therapy in Dentistry. Journal of 585 

Dental Research 86:694-707. 10.1177/154405910708600803 586 

Lee, J.S., Tato, C.M., Joyce-Shaikh, B., Gulen, M.F., Cayatte, C., Chen, Y., 587 

Blumenschein, W.M., Judo, M., Ayanoglu, G., McClanahan, T.K., Li, X., and Cua, D.J. 588 

2015. Interleukin-23-Independent IL-17 Production Regulates Intestinal Epithelial 589 

Permeability. Immunity 43:727-738. 10.1016/j.immuni.2015.09.003 590 

Lie Tobouti, P., Casaroto, A.R., de Almeida, R.S.C., de Paula Ramos, S., Dionísio, 591 

T.J., Porto, V.C., Santos, C.F., and Lara, V.S. 2016. Expression of Secreted Aspartyl 592 

Proteinases in an Experimental Model of Candida albicans-Associated Denture 593 

Stomatitis. Journal of prosthodontics 25:127-134. 10.1111/jopr.12285 594 

Matsuzaki G, U.M. 2018. Interleukin-17 family cytokines in protective immunity 595 

against infections: role of hematopoietic cell-derived and non-hematopoietic cell-596 

derived interleukin-17s. Running title: IL-17 family cytokines in infections. 597 

Microbiology and Immunology 62:1-13. 10.1111/1348 598 

McGeachy, M.J., Cua, D.J., and Gaffen, S.L. 2019. The IL-17 Family of Cytokines in 599 

Health and Disease. Immunity 50:892-906. 10.1016/j.immuni.2019.03.021 600 

Mima, E.G., Pavarina, A.C., Silva, M.M., Ribeiro, D.G., Vergani, C.E., Kurachi, C., 601 

and Bagnato, V.S. 2011. Denture stomatitis treated with photodynamic therapy: five 602 

cases. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and 603 

Endodontology 112:602-608. 10.1016/j.tripleo.2011.05.019 604 

Mima, E.G., Vergani, C.E., Machado, A.L., Massucato, E.M., Colombo, A.L., 605 

Bagnato, V.S., and Pavarina, A.C. 2012. Comparison of Photodynamic Therapy 606 

versus conventional antifungal therapy for the treatment of denture stomatitis: a 607 

randomized clinical trial. Clin Microbiol Infect 18: E380-E388. 10.1111/j.1469-608 

0691.2012.03933.x 609 

Mohammadi F, J.M.N.S. 2016. Identification of Candida species in the oral cavity of 610 

diabetic patients. Current medical mycology 2:1-7. 10.18869/acadpub.cmm.2.2.4 611 

Pinto, A.P., Rosseti, I.B., Carvalho, M.L., Da Silva, B.G.M., Alberto-Silva, C., and 612 

Costa, M.S. 2018. Photodynamic Antimicrobial Chemotherapy (PACT), using 613 

Toluidine blue O inhibits the viability of biofilm produced by Candida albicans at 614 

different stages of development. Photodiagnosis and Photodynamic Therapy 21:182-615 

189. 10.1016/j.pdpdt.2017.12.001 616 

Robert, M., and Miossec, P. 2017. Effects of Interleukin 17 on the cardiovascular 617 

system. Autoimmunity Reviews 16:984-991. 10.1016/j.autrev.2017.07.009 618 

Roohi, A., Tabrizi, M., Abbasi, F., Ataie-Jafari, A., Nikbin, B., Larijani, B., Qorbani, M., 619 

Meysamie, A., Asgarian-Omran, H., Nikmanesh, B., Bajouri, A., Shafiey, N., and 620 

Maleki, A. 2014. Serum IL-17, IL-23, and TGF-β Levels in Type 1 and Type 2 621 



Diabetic Patients and Age-Matched Healthy Controls. Biomed Research International 622 

2014:1-7. 10.1155/2014/718946 623 

Saijo, S., Ikeda, S., Yamabe, K., Kakuta, S., Ishigame, H., Akitsu, A., Fujikado, N., 624 

Kusaka, T., Kubo, S., Chung, S.H., Komatsu, R., Miura, N., Adachi, Y., Ohno, N., 625 

Shibuya, K., Yamamoto, N., Kawakami, K., Yamasaki, S., Saito, T., Akira, S., and 626 

Iwakura, Y. 2010. Dectin-2 recognition of alpha-mannans and induction of Th17 cell 627 

differentiation is essential for host defense against Candida albicans. Immunity 628 

32:681-691. 10.1016/j.immuni.2010.05.001 629 

Schönherr, F.A., Sparber, F., Kirchner, F.R., Guiducci, E., Trautwein-Weidner, K., 630 

Gladiator, A., Sertour, N., Hetzel, U., Le, G.T.T., Pavelka, N., D'Enfert, C., Bougnoux, 631 

M., Corti, C.F., and LeibundGut-Landmann, S. 2017. The intraspecies diversity of C. 632 

albicans triggers qualitatively and temporally distinct host responses that determine 633 

the balance between commensalism and pathogenicity. Mucosal Immunology 634 

10:1335-1350. 10.1038/mi.2017.2 635 

Scwingel, A.R., Barcessat, A.R.P., Núñez, S.C., and Ribeiro, M.S. 2012. Antimicrobial 636 

Photodynamic Therapy in the Treatment of Oral Candidiasis in HIV-Infected Patients. 637 

Photomedicine and Laser Surgery 30:429-432. 10.1089/pho.2012.3225 638 

SM, M., D, M., L, M., A, P., PS, A., M, M., and A., B. 2014. Glucose directly promotes 639 

antifungal resistance in the fungal pathogen, Candida spp. Biol. Chem 289:25468-640 

25473. 641 

Soysa, N.S., Samaranayake, L.P., and Ellepola, A.N.B. 2006. Diabetes mellitus as a 642 

contributory factor in oral candidosis. Diabetic Medicine 23:455-459. 10.1111/j.1464-643 

5491.2005.01701.x 644 

Sugio, C.Y.C., Garcia, A.A.M.N., Albach, T., Moraes, G.S., Bonfante, E.A., Urban, 645 

V.M., and Neppelenbroek, K.H. 2020. Candida-Associated Denture Stomatitis and 646 

Murine Models: What Is the Importance and Scientific Evidence? Journal of Fungi 647 

6:70. 10.3390/jof6020070 648 

Tabesh, A., Mahmood, M., and Sirous, S. 2023. Oral health-related quality of life and 649 

xerostomia in type 2 diabetic patients. Dental and Medical Problems 60:227-231. 650 

10.17219/dmp/147754 651 

Wezgowiec, J., Paradowska-Stolarz, A., Malysa, A., Orzeszek, S., Seweryn, P., and 652 

Wieckiewicz, M. 2022. Effects of Various Disinfection Methods on the Material 653 

Properties of Silicone Dental Impressions of Different Types and Viscosities. 654 

International Journal Of Molecular Sciences 23:10859. 10.3390/ijms231810859 655 

Yano, J., Yu, A., Fidel, P.L., and Noverr, M.C. 2016. Transcription Factors Efg1 and 656 

Bcr1 Regulate Biofilm Formation and Virulence during Candida albicans-Associated 657 

Denture Stomatitis. PLoS One 11: e159692. 10.1371/journal.pone.0159692 658 

Zhang, L., Hu, Q., Zhang, Y., Wang, Y., Liu, N., and Liu, Q. 2023. Rapid Inactivation 659 

of mixed biofilms of Candida albicans and Candida tropicalis using antibacterial 660 



photodynamic therapy: Based on PAD™ Plus. Heliyon 9: e15396. 661 

10.1016/j.heliyon.2023.e15396 662 

Zhao, Z., Han, Y., Lin, C., Hu, D., Wang, F., Chen, X., Chen, Z., and Zheng, N. 2012. 663 

Multifunctional Core–Shell Upconverting Nanoparticles for Imaging and 664 

Photodynamic Therapy of Liver Cancer Cells. Chemistry – An Asian Journal 7:830-665 

837. 10.1002/asia.201100879 666 

Zimmet, P., Alberti, K.G., Magliano, D.J., and Bennett, P.H. 2016. Diabetes mellitus 667 

statistics on prevalence and mortality: facts and fallacies. Nature Reviews 668 

Endocrinology 12:616-622. 669 



Table 1. Palate inflammation score in rats of 1d after treatment 

Group N 
inflammation score 

H value P value 
0 points 1 point 2 points 3 points 

infection 

group 6 
0 1 4 1 12.580 ＜0.01 

(0%) (16.67%) (66.67%) (16.67%)   

PAD-1 

groupa 6 
2 4 0 0   

(33.33%) (66.67%) (0%) (0%)   

PAD-2 

groupa 
6 

3 3 0 0 
  

(50%) (50%) (0%) (0%) 

NYS 

groupa 
6 

2 4 0 0 
  

(33.33%) (66.67%) (0%) (0%) 

(a): compared with infection group, P < 0.05 

 
 



 
Table 2. Palate inflammation score in rats of 7d after treatment 

Group N 
inflammation score 

H value P value 
0 points     1 point      2 point     3 points 

infection 

group 
6 

0 0 4 2 9.387 ＜0.05 

(0%) (0%) (66.67%) (33.33%)   

PAD-1 

group 
6 

1 2 2 1   

(16.67%) (33.33%) (33.33%) (16.67%)   

PAD-2 

groupa 
6 

3 2 1 0 
  

(50%) (33.33%) (16.67%) (0%) 

NYS 

group 
6 

2 2 2 0 
  

(33.33%) (33.33%) (33.33%) (0%) 
  (a): compared with infection group, P < 0.05. 

 
 



Table 3. Average optical density values of IL-17 of each group after treatment 

 

   Group 

 

  N 

IL-17 average optical density values 

χ±s t value P value 

 1d 7d 

infection group 3 0.1051±0.0052 0.1201±0.0105 -1.722 0.227 

PAD-1 group 3 0.0575±0.0040a 0.1158±0.0251 -4.525 0.046 

PAD-2 group 3 0.0414±0.0020ab 0.0630±0.0056ab -7.291 0.018 

NYS group 3 0.0416±0.0057ab 0.0680±0.0055ab -4.719 0.042 
(a) compared with infection group, P < 0.05; (b) compared with PAD-1 group, P < 0.05. 


