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Abstract

Objective: To study the efficacy of PAD™ photoactivated disinfection
(PAD) for treating denture stomatitis (DS) in diabetic rats by establishing a diabetic rat
DS model.

Methods:

The palate and
denture surfaces of rats in the PAD groups were incubated with 1 mg/mL toluidine
blue O for 1 min each, followed by a 1-min exposure to 750-mW light-emitting diode
light. The PAD-1 group received one radiation treatment, and the PAD-2 group
received three radiation treatments over 5 days with a 1-day interval. The nystatin
(NYS) group received treatment for 5 days with a suspension of NYS of 100,000 IU.
The infection group did not receive any treatment. In each group, assessments
included an inflammation score of the palate, tests for fungal load, histological
evaluation, and immunohistochemical detection of interleukin-17 (IL-17) and tumor
necrosis factor (TNF-a) conducted 1 and 7 days following the conclusion of
treatment.

Results: One day after treatment, the fungal load on the palate and dentures, as well
as the mean optical density values of IL-17 and TNF-a, were higher in the infection
group than in the other three treatment groups (P < 0.05). On the 7th day after
treatment, these values were significantly higher in the infection group than in the
PAD-2 and NYS groups (P < 0.05).

Conclusions: PAD effectively reduced the fungal load and the expressions of IL-17
and TNF-a in the palate and denture of diabetic DS rats. Moreover, the efficacy of
multiple-light treatments was superior to that of single-light treatments and similar to
that of NYS.

Keywords: Candida albicans, Photoactivated disinfection, Diabetes mellitus,
Denture stomatitis, IL-17, TNF-a
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INTRODUCTION

Denture stomatitis (DS) is a common infection of the oral mucosa in denture wearers,
and Candida albicans is the most significant etiological agent of DS (Sugio et al.,
2020). Epidemiological studies have found that the incidence of DS ranges from 15%
to 70% in denture wearers (Gendreau & Loewy, 2011). Traditional treatment involves
antifungal drugs, but overuse has led to drug-resistant strains.

Diabetes mellitus (DM) is a common endocrine disorder that is escalating
alarmingly. According to the International Diabetes Federation, 642 million adults will
have diabetes worldwide by 2040, a significant increase from the 415 million reported
in 2015 (Zimmet et al., 2016). Patients with DM are more susceptible to
opportunistic infections (Gianchandani et al., 2020), including oral candidiasis, due to
elevated serum glucose levels and decreased function of the cellular immune system
(Khanna et al., 2021). High blood glucose levels in saliva are one of the main risk
factors for oral Candida infection in patients with DM, with over 77% suffering from
oral candidiasis (Soysa et al., 2006). Research demonstrates that individuals with
diabetes mellitus (DM) exhibit a significantly higher rate of Candida albicans
colonization compared to those without diabetes, making their mucosal surfaces
more prone to fungal infections.

. SM et al. (2014) investigated the sensitivity
of antifungal drugs to Candida in diabetic mice and found that high blood glucose
levels reduce the activity of antifungal drugs. High blood glucose levels pose
challenges in treating DS, necessitating the search for an effective clinical treatment
method that does not lead to drug resistance.

PAD™ Plus-based photoactivated disinfection (PAD) is a novel therapy that
selectively kills diseased cells or tissues through a photodynamic reaction generated
by the interaction of light, photosensitizers (PS), and oxygen without damaging other
normal tissues. Its main advantage is that microorganisms are less likely to develop
resistance to reactive oxygen species (ROS) (Abdelkarim-Elafifi et al., 2021).

Most clinical studies have confirmed that PAD can effectively
treat DS, but the treatment duration is long and requires multiple sessions. For
example, Mima et al. (2012) incubated with 500 mg/L Photogem for 30 min, followed
by 20 min of light irradiation. Alves et al. (2020) incubated with 200 mg/L
Photodithazine for 20 min and irradiated for 4 min. Both studies were conducted
thrice a week, totaling six sessions over 15 days. The prolonged treatment duration,
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along with extended mouth opening during oral treatment, may lead to complications
such as temporomandibular joint disorders and excessive saliva secretion, potentially
affecting the treatment outcome. Therefore, minimizing the oral operation time is

crucial.

Fortunately, we have discovered the PAD technology, which effectively eliminates
C. albicans within a short time. The technology uses a complementary
pharmaceutical-grade 1 mg/mL toluidine blue O (TBO) solution and a 635-nm red
light-emitting diode (LED) with an output power of 500 mW or 750 mW, along with an
irradiation time of 1 or 2 min. The TBO solution is activated at this wavelength to
produce ROS, which selectively kills microorganisms (Baltazar et al., 2013). In vitro
studies have found that increasing the concentration of photosensitizers enhances
the inhibitory effect on biofilms (Pinto et al., 2018). Previous research has shown that
applying 1 mg/mL TBO for 1 min and 750-mW LED irradiation for 1 min had a good
inactivation effect on C. albicans on the dorsal tongue of mice (Gu et al., 2022).
Zhang et al. (2023) found that incubation with 1 mg/mL TBO for 1 min, followed by 1
min of 750-mW LED irradiation or 2 min of 500-mW LED irradiation, could inactivate
over 99% of Candida in the mature mixed biofilms.

MATERIALS AND METHODS

Preparation of fungal suspension

C. albicans SC5314 was provided by Shijiazhuang Hera Biotechnology Co., Ltd. The
C. albicans strain stored at -80°C was inoculated onto CHROMagar™ Candida
chromogenic medium (Comagal Microbial Technology Co., Shanghai, China) and
incubated at 37°C for 24 h under a constant temperature incubator. After growth, a
single colony was selected and re-inoculated onto a new Candida chromogenic
medium and incubated at 37°C for another 24 h. The activated single colony was
then growth into 20 mL of yeast extract-peptone-dextrose broth (Kehua Jingwei
Technology Co., Beijing, China) at 37°C with shaking at 150 rpm overnight. The
resulting fungal suspension was centrifuged at 4000 rpm for 15 min in a high-speed
centrifuge, and the supernatant was discarded. The fungal cells were rinsed in 10 mL
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of the PBS solution, the above mentioned centrifugation and rinsing steps were
repeated thrice before discarding the supernatant to collect the fungal pellets. The
pellets were then stored at 4°C until further use.

Experimental animals and establishment of diabetes model in rats (Deeds et al.,
2011; King, 2012)

Based on the animal attrition rate calculation of approximately 10% in the pre-
experiment, 40 male SD rats (age: 2 months, weight: 300-350 g; Beijing Huafukang
Biological Technology Co., Ltd. ) [animal quality certificate number:
110322220101519632]

This study
was approved by the Ethics Committee of the Hospital of Stomatology, Hebei
Medical University (Approval NO.: [2020]016).

40 rats were fasted for 12 h and then injected intraperitoneally with 60 mg/kg of 1%
streptozotocin to induce diabetes. On the day of streptozotocin injection, the rats
were fed with 5% sterile glucose water to prevent hypoglycemia, and normal sterile
water was provided on the following day. After 72 h, the rats with a fasting blood
glucose level of >16.7 mmol/L were considered to have successfully developed
diabetes and were included in the experiment.

Denture fabrication (Yano et al., 2016)

The alginate impression material
was evenly spread on a tongue depressor and then placed in the rat mouth to obtain
an impression of the palate (Fig. 1A). A corresponding gypsum

model was developed according to the impression (Fig.
1B). The denture was then prepared using light-cured acrylic resin

on the gypsum model to approximately 3-mm

thickness and used to cover the entire hard palate area (Fig.1C). After polishing, it
was placed in distilled water at 37°C for 48 h to release any residual monomers. The
prepared denture was then immersed in sterile distilled water and microwaved at 650
W for 3 min for sterilization.

Denture seeding (Lie Tobouti et al., 2016)
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On the day of denture ligation, the prepared fungal suspension was diluted in PBS
and counted using a hemocytometer to a concentration of 1 x 107 CFU/mL in RPMI-
1640 medium for denture seeding.

The 6-well plate was placed in 37°C water bath oscillation incubator and shaken at 75
rpm for 90 min. The denture was then gently immersed in 2 mL of PBS to remove
any non-adherent fungal cells.

Denture ligation

The experimental rats were anesthetized via intraperitoneal injection of 0.6% (40
mg/kg) sodium pentobarbital. Two stainless steel ligatures (5-cm length, 0.2-mm
diameter) were threaded between the first and second molars on either side of the
maxilla and through the holes on both sides of the denture. The excess wire at the
end was cut, and the tip was covered with a self-curing resin to protect the oral soft
tissues of the rat. A fungal suspension (density 1 x 10° CFU/mL) was applied to the
rat's palate after denture ligation. Preceding modeling experiments showed that a
stable DS model in diabetic rats could be established after 3 weeks of ligation and
denture seeding .

PAD treatment methods

A total of 36 rats were selected as the molded rats and assigned to 4 groups by using
a random number table method (n = 9 per group). For the PAD-1 group, 1 mg/mL of
the TBO solution (Denfotex, UK) was applied to the palate and denture tissue surface
with a small brush, incubated for 1 min, and then irradiated with 750-mW output
power for 1 min (PAD™ Plus instrument, Denfotex, UK; model: DX9001). The light
source was systematically maneuvered to ensure that the entire palate and denture
surface were irradiated. This treatment was conducted once a day for 1 day. For the
PAD-2 group, the same treatment as for the PAD-1 group was administered, but with
an interval of 1 day for irradiation, totaling three times within 5 days. The NYS group
was treated with 100,000 IU of nystatin suspension applied to the palate and denture
once a day for five consecutive days, while the infection group was not treated.

Efficacy observation and euthanasia

The rats in each group were anesthetized via intraperitoneal injection of 0.6% sodium
pentobarbital at 40 mg/kg at 1 day and 7 days after the end of the treatment.

Three rats from each group were randomly euthanized 1 day
after the end of treatment (death by inhalation anesthesia with excessive isoflurane),
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and all remaining rats were euthanized 7 days after the end of treatment. The palate
tissues were collected for histopathological examination and immunohistochemistry
to detect the changes of interleukin-17 (IL-17) (Boorsen Biotechnology Co., Beijing,
China) and tumor necrosis factor (TNF-a) (Bowan Biotechnology Co., Shanghai,
China). Since preceding experiments have proven that the stable period of the model
occurred at 3—6 weeks after denture seeding, the infection group was evaluated at
the same time points as the PAD-1 and PAD-2 groups after treatment (at 1 day and 7
days, respectively). The average data of the two-time points when compared to
eliminate any bias caused by the time difference. The effectiveness of PAD therapy
for diabetic rat DS was evaluated based on the results obtained from these

evaluations.

Palate mucosal inflammation score: Newton's method was applied to visually
evaluate the palatal tissues, and the scores were assigned based on the severity of
inflammation (Johnson et al., 2012). 0: no inflammation; 1: punctate erythema; 2:
diffuse erythema and edema; 3: diffuse erythema/edema and papillary hyperplasia.

Palatal and denture tissue surface fungal burden measurement. The palate and
denture of each group of rats were swabbed with sterile cotton for 1 min. The cotton
swab was then placed into a centrifuge tube containing 1 mL of saline and shaken for
1 min. A 10-pL aliquot of each dilution was spread onto BiGGY agar culture medium
and cultured at 25°C for 48 h. The CFU/mL was analyzed statistically by taking the
logarithm of the CFU number.

Histopathological examination:
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Statistical analysis

Data analysis was performed using SPSS25.0 software[(IBM Corp., USA). The
measurement data was tested for normality and homogeneity of variance tests. If
normality and homogeneity of variance were met, two-factor ANOVA was used and
group comparisons were performed using Student t-tests. Otherwise, the Friedman
rank-sum test was applied and group comparisons were performed using the
Kruskal-Wallis test. As the grade data (the palate mucosal inflammation score of the
rats) used a constituent ratio, it was described and analyzed with the Friedman rank-
sum test. P < 0.05 was considered to indicate statistical significance.

RESULTS

Palate mucosal inflammation score

One day after treatment, the infection group exhibited apparent symptoms of palate
swelling and redness, and the inflammation score was primarily of 2 (Figure 2A). In
the three treatment groups, there was less palate inflammation, with scores between
0 and 1 (Figure 2B-D). The infection group's palate inflammation persisted and
worsened on day 7, with inflammation scores between 2 and 3 (Figure 2E). Partial
redness and edema of the palate were also observed in the PAD-1 group, with
scores between 1 and 2 (Figure 2F). The PAD-2 and NYS groups, with scores
between 0 and1, did not exhibit any discernible redness or swelling on the palate
(Figure 2G and H). One day after treatment, pairwise comparisons revealed that
inflammation scores in the infection group were considerably higher than those of the
three treatment groups (P < 0.05). Seven days after treatment, the inflammatory
score in the infection group was noticeably greater than that in the PAD-2 group 7d
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after treatment (P < 0.05).

Fungal burden analysis

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

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

there were no significant differences in the palate and denture fungal load between
the infection, PAD-2, and NYS groups at either 1 day or 7 days after treatment (P >
0.05; Figure 4).

When comparing pairwise, the fungal load in the palate of the three treatment
groups was significantly lower than that in the infection group 1day after treatment,
with statistical significance (P < 0.05; Figure 5A). There were no significant
differences in the palate fungal load between the three treatment groups (P > 0.05).
On day 7 after treatment, the fungal load in the palate of the infection and PAD-1
groups was significantly higher than that of the PAD-2 and NYS groups (Figure 5B, P
< 0.05). There was no statistically significant difference between the PAD-1 and
infection groups, as well as between the PAD-2 and NYS groups (P > 0.05; Figure
5B).

When comparing pairwise, the denture fungal burden in the infection group was
significantly higher than that in the three treatment groups 1 day after treatment, with
statistical significance (Figures 4 and 6; P < 0.05). There were no significant
differences in denture fungal colonization between the three treatment groups (P >
0.05). However, 7 days after treatment, the denture fungal load in the infection group
was significantly higher than that in the PAD-2 and NYS groups (Figure 4B; P <
0.05). Interestingly, the denture fungal burden in the PAD-1 group was also
significantly higher between day 1 and 7 (Figure 4B) than that in the PAD-2 group,
with significant differences (Figure 6B; P < 0.05). However, there were no significant
differences inthe denture fungal load between the PAD-1 and infection groups; the
PAD-2 and NYS groups; and the PAD-1 and NYS groups (P > 0.05; Figure 6B).
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Palate tissue histology

In contrast, 7 days after treatment, the
epithelial tissue in the infection group showed significant and abnormal proliferation,
while partial proliferation was observed in the epithelium of the PAD-1 group (Figure
7E and F). The epithelial structure appeared more normal in the PAD-2 and NYS
groups, with no significant differences in epithelial structure among these treatment
groups (Figure 7G and H).

after treatment, PAS staining revealed that a number of C.
albicans yeast cells adhered to the tissue surface in the infection group and that
some hyphae invaded the superficial epithelium. The number of C. albicans in the
three treatment groups was less evident compared to that in the infection group, and
occasional C. albicans yeast cells were observed to adhere to the mucosal surface
but without hyphae invasion (Figure 8A-D). There were no significant differences in
fungal load among the treatment groups. Seven days after treatment, a large number
of C. albicans yeast cells adhered to the mucosal surface in the infection group, with
hyphae invading the superficial part of the epithelium (Figure 8E). The PAD-1 group
showed an intermediate number of C. albicans yeast cells adhered to the mucosal
surface and partial hyphae invasion of the epithelium, but less than that observed in
the infection group (Figure 8F). Occasionally, a few C. albicans yeast cells were
observed on the mucosal surface in the PAD-2 and NYS groups (Figure 8G and H),
supporting the previous findings.

The effect of PAD on IL-17 and TNF-a expression in the palate mucosa of
diabetic DS rats

IL-17 is a pro-inflammatory cytokine that can be detected through
immunohistochemistry as a brownish—yellow pattern in the cytoplasm and
intercellular space of various layers of epithelial cells in normal tissues. One day after
treatment, the infection group exhibited strong positive expression in various layers of
epithelial cells, stroma, and vascular endothelial cells (Figure 9A). The treatment
groups were weakly positive in epithelial cells, stroma, and vascular endothelial cells,
with lighter staining compared to the infection group (Figure 9B-D). After 7 days of
treatment, the infection and PAD-1 groups showed strong positive expression in
epithelial cells, stroma, and vascular endothelial cells (Figure 9E-F). In comparison,
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the PAD-2 and NYS groups exhibited a weaker expression pattern in these cell
types, with lighter staining than the infection and PAD-1 groups (Figure 9G-H).

On day 1 after treatment, the average optical density value of the infection group
was significantly higher than that of the treatment groups (Table 3, a super index P <
0.05). The average optical density value of the PAD-1 group was also slightly higher
than that of the PAD-2 and NYS groups (P < 0.05). There was no significant
difference in the optical density value between the PAD-2 and NYS groups (Table 3,
b super index P > 0.05). Seven days after treatment, the average optical density
values of the infection group and PAD-1 group were significantly higher than those of
the PAD-2 and NYS groups (P < 0.05). There was no significant difference in the
optical density value between the infection and PAD-1 groups, as well as between
the PAD-2 and NYS groups (P > 0.05) (Table 3).

TNF-a can also be expressed in normal tissues, mainly in the cytoplasm of cells
across the epithelial layer. It appears as yellow-stained particles in the cytoplasm via
immunohistochemistry. A strong positive expression of TNF-a was observed in the
epithelial and vascular endothelial cells in the infection group. One day after
treatment, a weak positive expression of TNF-a was detected in the epithelial and
vascular endothelial cells of the treatment groups, with lighter staining compared to
the infection group. Seven days after treatment, a strong positive expression of TNF-
a was observed in the surface and basal layers of the epithelium and vascular
endothelial cells in the PAD-1 group, and a positive expression was observed in the
granular and spinous layers. A weak positive expression of TNF-a was observed in
the epithelial and vascular endothelial cells of the PAD-2 and NYS groups, with
lighter staining than the infection and PAD-1 groups (Figure 10).

When comparing pairwise, the average optical density value in the infection group
was significantly higher than that in the treatment groups 1 day after treatment (P <
0.05). Conversely, there was no significant difference in the optical density value
among the treatment groups (P > 0.05). Seven days after treatment, the average
optical density values in the infection and PAD-1 groups were significantly higher
than those in the PAD-2 and NYS groups (P < 0.05). There was no significant
difference in the optical density values between the infection and PAD-1 groups, as
well as between the PAD-2 and NYS groups (P > 0.05) (Table 4).

DISCUSSION

PAD is a noninvasive treatment method that was initially developed in dermatology
and later applied to cancer treatment (Zhao et al., 2012). In recent years, it has been
adopted in the treatment of oral mucosal diseases. Its mechanism of action is based
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on the interaction between a specific wavelength light source and PS in the presence
of oxygen, inducing specific cell damage. PS absorbs photons from a light source of
a specific wavelength, causing the energy to transition from a lower ground state to a
higher excited singlet state. The excited singlet state may decay over time with laser
irradiation or transition to the triplet state. This excited triplet state can undergo two
reactions: In the Type | reaction, electrons or hydrogen molecules are stripped from
the substrate to generate highly active free radicals, which then react with
endogenous oxygen molecules to produce ROS such as hydrogen peroxide,
hydroxyl radicals, and superoxide, leading to massive cellular damage. In the Type II
reaction, the PS reaches the triplet excited state and reacts with oxygen molecules
that exist in the target cells, such as gram-negative and positive bacteria, producing
highly reactive oxygen or singlet oxygen molecules. Oxidative damage affects the
target cells' plasma membrane, including proteins, lipids, and DNA, leading to cell
death without affecting host cell activity (Abdelkarim-Elafifi et al., 2021). Notably,
Type Il reaction is commonly used for anti-infective treatment (Konopka & Goslinski,
2007).

In recent years, the research focus on PAD for denture stomatitis has notably
shifted towards an increased emphasis on clinical trials, while interest in basic
research has diminished. As clinical research is inconvenient for relevant studies on
pathology and inflammatory factors, this study uses PAD technology to treat DS in
diabetic rats. The study results demonstrate that PAD alleviates palatal inflammation
in rats, with all treatment groups exhibiting good fungicidal effects against C. albicans
1 day after treatment. The PAD-2 group had the lowest fungal burden in palatal and
denture samples compared to the infection group. Consequently, the experimental
outcomes, aimed at reducing inflammation and sterilizing the palate, align with the
findings of some previous clinical research (Afroozi et al., 2019; Alrabiah et al., 2019;
Mima et al., 2011; de Senna et al., 2018).

Owing to prior research indicating the possibility of disease recurrence during the
follow-up phase after DS treatment, the present study continued observation until 7
days post-treatment (Alves et al., 2020; Mima et al., 2011). After 7 days of treatment,
the palatal and denture fungal burden in the PAD-1 group showed no statistically
significant difference compared to the infection group, suggesting the onset of DS
recurrence. However, both the PAD-2 and NYS groups exhibited significantly lower
fungal burdens on the palate and dentures than infection and PAD-1 groups at 7
days post-treatment, although slightly higher than at 1-day post-treatment.
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Replacing old dentures is often crucial for full DS resolution, particularly when the
dentures are significantly aged. Regular denture renewal plays a vital role in

effectively managing and preventing this infection.

There was no statistically significant fungal burden on the palate and denture in the
PAD-2 and NYS groups at days 1 and 7 post-treatment, indicating that the efficacy of
multiple photodynamic therapy was similar to that of traditional treatment with
nystatin, consistent with the experimental results of Scwingel et al. (2012).

Notably, PAD stands out for its shorter treatment duration, markedly reducing both
the time and frequency of treatment for patients and offering greater convenience.
Additionally, PAD’s low likelihood of developing drug resistance, coupled with its
biocompatibility and minimal side effects, positions it as a highly favorable option.
Thus, PAD emerges as a promising approach for DS treatment.

DM is a chronic metabolic disease characterized by hyperglycemia and influenced
by multiple factors such as lifestyle, genetics, and environment, with a slightly higher
prevalence in women. Hyperglycemia weakens the immune system; increasing the
risk of infection in patients with DM. Fungal infection is common in DM (Khanna et
al., 2021). Numerous risk factors such as age, gender, nutrition, oral hygiene,
smoking, and dentures make patients with DM more susceptible to oral candidiasis
due to high salivary glucose levels, low salivary secretion, impaired chemotaxis, and
phagocytosis defects caused by polymorphonuclear leukocyte deficiency (Tabesh et
al., 2023; Mohammadi F, 2016). An in vitro study has shown that blood glucose
levels in normal individuals (0.1%) are sufficient to enhance the expressions of
mycelium-associated genes (Buu & Chen, 2014). Thus, higher glucose levels in
patients with DM may induce C. albicans mycelium formation and promote DS

development.

In the treatment of fungal infections, in addition to the direct effect of drugs, the
host immunity is crucial. In adaptive immunity, Th17 cells and IL-17 cytokine are
important mechanisms for regulating fungal immunity and protecting the body from
fungal infection. Currently, few studies have documented the immunological
response during DS. |L-17, a characteristic cytokine secreted by Th17 cells, is a
potent multi-effect pro-inflammatory factor mainly secreted by activated CD4* T
lymphocytes. It is a mediator of various immune, autoimmune, and inflammatory
disorders, including DM (Roohi et al., 2014). Th17 cells secrete the pro-inflammatory
cytokine IL-17, which, in the presence of local inflammation, binds to receptors
expressed on the mucosal epithelial cells in the oral cavity. This leads to the release
of relevant chemokines and the stimulation of massive secretions of inflammatory
cytokines, either promoting or exacerbating the inflammatory response (Lee et al.,
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2015). Research has shown that IL-17 from the same cell cannot only induce
neutrophils to eliminate pathogens—playing a protective role—but can also induce
excessive inflammatory reactions that damage the tissue (Matsuzaki G, 2018). TNF-
a secreted by various immune cells such as macrophages, monocytes, neutrophils,
and CD4*T cells, is a pro-inflammatory cytokine that participates in inflammatory and
immune responses. It can also synergistically regulate the production of other
cytokines. IL-17 and TNF-a play a synergistic role in the pathogenesis of diseases
such as psoriasis. IL-17 can induce macrophages to secrete IL-13 and TNF-a
(McGeachy et al., 2019). Although IL-17 is crucial in combating microbial infections
by triggering the induction of inflammatory cytokines and chemokines, it is also
involved in the development of many inflammatory diseases, such as autoimmune
and metabolic disorders and cancer. It induces inflammation alone or in combination
with TNF-a, which aggregates and fibrillates immune cells (Robert & Miossec, 2017).

PAD has a significant inhibitory effect on C. albicans in vitro (Zhang et al., 2023).
However, it remains unclear whether PAD can regulate antifungal immunity in vivo,
especially through the Th17/IL-17 immunoinflammatory pathway. Therefore, we
established a rat model of DS in this experiment and investigated the immunological
mechanism of PAD in DS treatment by observing the expression of inflammatory
cytokines IL-17 and TNF-a related to the Th17/IL-17 pathway.

In recent years, the identification of genetic defects in the Th17/IL-17 axis in both
mice and humans has highlighted the importance of this pathway in controlling
Candida infection. Patients with specific defects in IL-17 immunity, such as mutations
affecting IL-17 production or receptor function, have shown increased susceptibility to
chronic cutaneous or mucosal candidiasis. Before identifying Th17 cells, the immune
response mediated by IL-12 and Th1 cells was considered to play a major protective
role in mucosal candidiasis (Conti & Gaffen, 2010). Schonherr et al. (2017)
developed a mouse oral candidiasis model and found that; while the neutrophil
recruitment and inflammatory response triggered by IL-17 varied markedly across
different Candida species, the essential role of IL-17 in establishing mucosal
immunity against fungal infections remained consistent across all examined fungal
species. Conti et al. (2009) demonstrated that Th17-deficient mice were extremely
sensitive to oral pharyngeal candidiasis. Saijo et al. (2010) found that IL-17A and IL-
17RA knockout mice are more susceptible to Candida infection compared to wild-
type mice in systemic Candida infections. In previous pre-experiments, attempts to
induce Candida infection in normal rats were unsuccessful, potentially due to the
presence of the Th17/IL-17 axis. In the present study, semi-quantitative analysis of
IL-17 and TNF-a in the post-treatment groups revealed significantly higher optical

density values for both factors in the infection group at 1-day post-treatment.
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Additionally, these values for both factors were significantly higher in the infection
and PAD-1 groups than in the PAD-2 and NYS groups at 7 days post-treatment (P <
0.05). This suggests a potential synergistic action between PAD and the Th17/IL-17
axis in controlling Candida albicans infections. IL-17 and TNF-a may be involved in
the immunomodulation of DS, and the effects of PAD on immune cells and whether
the immune responses it stimulates contribute to DS treatment need to be further
explored.

Although the experimental results showed that PAD technology achieved better
results in the treatment of DS in diabetic rats and shortened treatment time, there are
some limitations in this study. DM was not controlled during the experiment, and the
impact of DM on the treatment effect and long-term prognosis remains unexplored.
Additionally, a small number of C. albicans remained after the treatment, suggesting
that future experiments could consider controlling for DM, increasing the number of
irradiations, or combining with antifungal drugs to develop a more convenient and

effective treatment protocol.

In summary, we used a 1 mg/mL TBO solution, incubated for 1 min, together with
750 mW output power LED light source illumination for 1 min to treat DS in diabetic
rats and evaluated its therapeutic effect. The experimental results showed that PAD
for treating DS greatly reduced the burden of C. albicans in the palate and denture of
the rats, improved inflammation symptoms in the palate, and decreased IL-17 and
TNF-17 in the palate tissues of diabetic rats with DS. We found that multiple-light
treatments are better than single-light treatments, and no adverse reactions were
observed in terms of safety. Compared with previous studies, the operation time was

markedly shorter, offering practicality and convenience for oral treatment.
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Table 1. Palate inflammation score in rats of 1d after treatment

inflammation score

Group N Hvalue P value
0 points 1 point 2 points 3 points
infection 0 1 4 1 12,580  <0.01
group 6
(0%) (16.67%)  (66.67%)  (16.67%)
PAD-1 2 4 0 0
. 6
group (33.33%)  (66.67%)  (0%) (0%)
PAD-2 3 3 0 0
6
group® (50%) (50%) (0%) (0%)
NYS 2 4 0 0
6
group* (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

inflammation score

Group N Hvalue P value
0 points 1 point 2 point 3 points
infection 0 0 4 2 9.387  <0.05
group ’ (0%) (0%) (66.67%)  (33.33%)
PAD-1 1 2 2 1
group ° (16.67%)  (33.33%) (33.33%)  (16.67%)
PAD-2 3 2 1 0
group” ° (50%) (33.33%)  (16.67%) (0%)
NYS 2 2 2 0
group ° (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

IL-17 average optical density values

Group N xES tvalue P value
1d 7d
infection group 3 0.1051£0.0052 0.1201+0.0105 -1.722 0.227
PAD-1 group 3 0.057540.0040% 0.1158+0.0251 -4.525 0.046
PAD-2 group 3 0.0414+0.0020% 0.0630+0.0056% -7.291 0.018
NYS group 3 0.0416+0.0057% 0.0680+0.0055% -4.719 0.042

(a) compared with infection group, P < 0.05; (b) compared with PAD-1 group, P < 0.05.



