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Abstract

Objective: To study the efficacy of using PAD™ PRlus-basedPlus based photoactivated
disinfection (PAD) for the treatment of denture stomatitis in diabetic rats by establishing a
diabetic rat denture stomatitis model.

Methods: Te-create-tThe diabetic rat denture stomatitis model_involved; the aleatory

selectio<n of two-month-old male SD rats were-chosen-and randomly separated into four
groups. Rats in the PAD groups had their palate and denture surfaces incubated with 1
mg/mL Toluidine Blue O (TBO) for 1 min each, followed by 1 min of exposure to 750 mW
light-emitting diode (LED) light. The PAD-1 group received one radiation treatment; the PAD-
2 group received three radiation treatments over the course of five days, one at a one-day
interval. The NYS group received treatment for 5 days with a suspension of nystatin (NYS),
100,000 IU. The infection group did not get any treatment. In each group, inflammation score
of palate;-, tests for fungal load, histological evaluation, and immunchistochemical detection
of IL-17 and TNF-e-a were earried-eutconducted 1 and 7 days following the conclusion of
treatment.

Results: At 2d-day one following treatment, the fungal load on the palate and dentures, as
well as the mean optical density values of IL-17 and TNF-a, were all substantially
greatergreater in the infection group than in the other three treatment groups (P<0.05). At Z¢
the seventh day following treatment, the infection group of those were significantly higher
than the PAD-2 group and NYS group (P<0.05). Importantly, +-there were no differences

between the infection group and PAD-1 group_nor in the; PAD-2 group and NYS group were
Aotstatistealhsighificant-(P>0.05).

Conclusions: PAD can effectively reduce the fungal load and the expression of IL-17 and
TNF-a in the palate and denture of diabetic DS rats. The efficacy of multiple light treatments
is superior to that of single light treatments and similartelike 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 in denture wearers ranges from
15% to [70%_(Gendreau & Loewy, 2011). BS-This stomatitis is commonly treated with
antifungal drugs, but the-their overuse efthese-drugs-has led to an increased appearance of
-drug-resistant Candida albicans strains. As an alternative, Phoetedynamie-photodynamic

therapy has emerged as a potential treatment option for DS, especially in patients with
diabetes|

Diabetes mellitus (DM) is a common endocrine disorder that is escalating at an alarming
way. According to the International Diabetes Federation, 642 million adults will have
diabetes worldwide by 2040, up from 415 million in 2015 (Zimmet et al., 2016). According to
some studies, Patients-patients with DM are also more susceptible to

opportunistic infections fincluding| oral candidiasis due to elevated

serum glucose levels and decreased function of the cellular immune [system. High blood
glucose in saliva is one of the main risk factors for oral Candida infection in DM patients, with
over 77% of DM patients suffering from oral candidiasis_(Soysa et al., 2006). Studies have
shown that DM patients have a higher prevalence of Candida albicans carriage compared to
normal individuals, and that their oral mucosa is more susceptible to fungal infections. The
incidence of DS notably increases in patients with DM following the repair of removable
dentures, which further complicates the clinical management of DS -Afterremevable-denture

diffieulty-of clinical-treatmentef BS(Javed et al., 2009). 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. The presence of high blood glucose factors
undoubtedly brings new challenges to the treatment of DS and finding an effective clinical
treatment method that does not produce drug resistance is particularly urgent.

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). In recent years, the antimicrobial effect of PAD on Candida albicans has been
confirmed, and scholars have started to focus on the study of PAD in the treatment of DS.
MestexistingMost clinical studies have confirmed that PAD can effectively treat DS, but the
treatment duration is gererally-longlong and requires multiple sessions. For example, Mima
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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 are-were iluminated-conducted 3three times per week, with
a total of 6six times per 15 days. This is a lengthy treatment duration, and prolonged mouth
opening during oral treatment may lead to temporomandibular joint disorders, excessive
saliva secretion, etc. The treatment effect will be greatly-affectedaffected, so reducing the
oral operation time is crucial.

Fortunately, we have learned about the PAD™ Plus-based PAD technology that can
effectively eliminate Candida albicans within a-shert-perieda brief period. The technology
uses a complementary pharmaceutical grade 1 mg/mL TBO solution and a 635_nm red LED
with an output power of 500 mW or 750 mW and the-an irradiation time of 1 min or 2 min.
The TBO solution is activated at this wavelength to produce ROS, which selectively kills
Imicroorganisms!.. In vitro studies have found that increasing the concentration of
photosensitizers enhances the inhibitory effect on biofilms_(Pinto et al., 2018). Previous
studies showed that 1 mg/mL TBO for 1 min and 750 mW LED irradiation for 1 min had a
good inactivation effect on Candida 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, can inactivate over 99% of
Candida in the mature mixed biofilms. Therefore, in this study, we selected Img/mL TBO
solution and 750 mW LED red light for 1 min to explore the therapeutic effect of different
timesvarious times of light on DS in diabetes rats, in order to provide a rapid and efficient
treatment method for clinical treatment of DS.

MATERIALS AND METHODS

Preparation of fungal suspension

The Candida albicans SC5314 was provided by Shijiazhuang Hera Biotechnology Co., Ltd.
The Candida 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 hours in a constant temperature incubator. After growth, a single colony was
then-selected and re-inoculated onto a new Candida chromogenic medium, incubated at 37
°C for another 24 hours. The activated single colony was then-selected-and-inoculated into
20 mL of yeast extract-peptone-dextrose medium broth [medium\ for amplification at 37°C with
shaking at 150 rpm overnight. The resulting fungal suspension was aspirated-into-a
centrifuge-tube-centrifuged at 4000 rpm for 15 min in a high-speed centrifuge, and the
supernatant was discarded. The fungal cells were washed with 10 mL of PBS solution, the
above centrifugation and washing steps were repeated three times before discarding the
supernatant to collect the fungal pellets. The pellets were stored at 4°C until use.

Comentado [EO7]: | would recommend to insert this
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Experimental animals and establishment of diabetes model in rats (Deeds et al., 2011;
King, 2012)

Calculated based on the animal attrition rate of about 10% in the pre-experiment, forty male
SD rats, 2 months old, weighing from 300-350g, were purchased from Beijing Huafukang
Biological Technology Co., Ltd. (animal quality certificate number: 110322220101519632).
The rats were acclimatized for 1 week and maintained under constant temperature and
humidity with free access to food and water. This study was approved by the Ethics
Committee of the Hospital of Stomatology, Hebei Medical University (Approval NO.:
[2020]016).

A total of 40 rats were fasted for 12 hours and then injected intraperitoneally with 60 mg/kg
of 1% streptozotocin to induce diabetes. On the day of streptozotocin injection, the rats were
given-feed with 5% sterile glucose water to prevent hypoglycemia, and normal sterile water
was provided on the following day. After 72 hours, rats with a fasting blood glucose
concentration >16.7 mmol/L were considered to have successfully developed diabetes and
were included in the experiment, while one rat that did not meet this criterion was excluded.

Denture fabrication (Yano et al., 2016)

The alginate impression material was evenly placed 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 made according to the impression (Fig. 1B). The denture was then prepared
using light-cured acrylic resin on the gypsum model (Fig.1C) to approximately 3 mm
thickness and covered the entire hard palate area. After polishing, it was placed in distilled
water at 37°C for 48 hours to release residual monomers. The denture was then immersed in
sterile distilled water and microwaved at 650W for 3 min to achieve sterilization.

Denture seeding (Lie Tobouti et al., 2016)

On the day of denture ligation, the prepared fungal suspension was diluted in PBS and
counted using a hemocytometer to a concentration of 1x107 CFU/mL in RRM-RPMI-1640
medium for denture seeding. To allow Candida albicans to adhere to the denture tissue
surface, the denture was placed in a six-well tissue culture plate, and each well contained
1x107 CFU/mL of Candida albicans suspension in RPM+-RPMI-1640 medium. The six-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

Rats were anesthetized by intraperitoneal injection of 0.6% sodium pentobarbital 40 mg/kg.
Two 5 cm long, 0.2 mm diameter stainless steel ligatures were threaded between the first
and second molars on both sides of the maxilla, and through the holes on both sides of the
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denture. The excess wire at the end was cut, and the tip was covered with self-curing resin
to protect the oral soft tissues of the rat. A bacterial suspension with a concentration of
1x10° CFU/mL was applied to the rat's palate after denture ligation. Preceding modeling
experiments have shown that a stable denture stomatitis model in diabetic rats can be
established after 3 weeks of ligation and denture seeding.

PAD treatment methods

A total of 36 rats were selected as molded rats, and the random number table method was
divided into 4 groups (n=9 per group). For the PAD-1 group, 1 mg/mL 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

Comentado [EO11]: Shouldn't this section refer to
‘fungal' instead of 'bacterial'? Additionally, it's important
to specify the administered volume for clarity and

precision in the methodology.

was-meved-to ensure that the entire palate and denture surface were eeveredirradiated. This
was done once a day for one day. For the PAD-2 group, the same treatment as PAD-1
group was given, but with an interval of 1 day for irradiation, and a total of 3three times were
irradiated 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 by intraperitoneal injection of 0.6% sodium
pentobarbital sedium-at 40 mg/kg 1d and 7d after the end of the treatment. The samples
underwent two assessments: first, scoring for the extent of palatal inflammation, and second,

measuring the fungal burden on both the palate and the denture tissue surface. ;-and-were

thefungaHoad-ei-thepalate-and-the-denture-tissue-suiface—respectively—Three rats in each

group were randomly executed 1d after the end of treatment (death by inhalation anesthesia

with excessive isoflurane), and all remaining rats were executed 7d after the end of
treatment;-and. -tThe palate tissues were taken for histopathological examination and
immunohistochemistry to detect the changes of IL-17_(Boorsen Biotechnology Co., Beijing,
China) and TNF-a (Bowan Biotechnology Co., Shanghai, China). Since preceding
experiments have proven that the stable period of the model occurs at 3—6 weeks after
denture seeding, the infection group was evaluated at the same time points of PAD-1 group
and PAD-2 group after treatment (at 1 day and 7 days respectively), with the average data of
the two time points compared to eliminate bias caused by time difference. The effectiveness
of PAD therapy for diabetic rat denture stomatitis was ther-evaluated based on the results
obtained from these evaluations.

Palate mucosal inflammation score. The Newton's method was used to visually evaluate
the palatal tissues, and scores were assigned based on the severity of inflammation
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(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 lead-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 hours. The bacterial-fungal colony count was measured in CFU/ml and analyzed
statistically by taking the logarithm of the CFU number.

Histopathological examination. Routine hematoxylin and eosin (HE) staining, periodic
acid-Schiff (PAS) staining and immunohistochemical (IHC) staining were performed, and
microscopic observation and image collection were conducted.

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 t Student- tests. Otherwise, the Friedman rank sum test
was used and group comparisons were performed using the K-ruskal-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 set as the level
considered to be statistically significant.

RESULTS

Palate mucosal inflammation score

One day after treatment, Fhe-the infection group displayed apparent symptoms of swelling
and redness of the palate-1d-after-treatment; and the inflammation score was primarily 2
(Figure 2A). In the three treatment groups, there was less inflammation in the palate, with
scores typically between 0 and 1 _(Figure 2B-D-). The infection group's palate inflammation
persisted te-getand -worsened at -day 7d-aftertreatment, with inflammation scores typically
at 2-3 points_(Figure 2E). Partial redness and edema of the palate were seen-also observed
in the PAD-1 group, with scores typically ranging from 1 to 2 points_(Figure 2F). The PAD-2
group and NYS group, with scores primarily at 0—1 point, did not exhibit any discernible
redness and swelling in the palate (Figure 2_.G and H)). At 1d following treatment, pairwise

comparisons revealed that the infection group's inflammation scores were considerably
greater-higher than those of the three treatment groups (P<0.05). The| inflammatory score in
the infection group was noticeably greater than that in the PAD-2 group 7d after treatment
(P<0.05). The inflammatory scores showed no significant difference between the infection

Comentado [EOZ12]: In this section, it would be
beneficial to provide a brief yet detailed description of
how the PAS and IHC staining procedures were
performed. Including specific details will aid in accurately
replicating your findings and understanding your

methodology more clearly.
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group, PAD-1 group, and NYS group (P>0.05) as illustrated in Figure 3. However, it is

noteworthy that the PAD-2 group demonstrated a statistically significant reduction in palatal

inflammation with a P value of 0.024, indicating its efficacy is potentially greater than that of

the NYS group. These findings suggest that only the PAD-2 treatment, can effectively

reduce inflammation in this context. Fhe-inflammatory-score-between-the-infection-group;

Fungal tead-burden analysis

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

7d after treatment than at 1d after treatment (P<0.05). However, there were no significant
differences in the palate and denture fungal load between the infection group, PAD-2 group,
and NYS group at either 1d or 7d after treatment (P>0.05) (Figure 4).

As illustrated in Figure 5A, wWhen comparing pairwise, the fungal load in the palate of the

three treatment groups was significantly lower than that in the infection group 1d after
treatment, with statistical significance (P<0.05):). There were no significant differences in the
palate fungal load between the three treatment groups (P>0.05). On the 7d after treatment,
the fungal load in the palate of the infection group and PAD-1 group was significantly higher
than that of the PAD-2 group and NYS group (Figure 5 B, P<0.05). There was no statistically
significant difference between the PAD-1 group and infection group, as well as between the
PAD-2 and NYS groups (P>0.05) (Figure 5B). These results suggest that, when used
efficiently, -PAD can kill Candida albicans, and-the-efficacy-ofthe PAD-2 greup-was-better
than-that-ef the- PAB-1-groupand-was-in a grade similar to that of the N¥S-greupnystatin.

When comparing pairwise, the denture fungal lead-burden in the infection group was
significantly higher than that in the three treatment groups 1d after treatment, with statistical
significance (Figure 4B and 6, P<0.05). There were no significant differences in the denture
fungal lead-colonization between the three treatment groups (P>0.05). However, 7d after
treatment, the denture fungal load in the infection group was significantly higher than that in
the PAD-2 group and NYS group (Figure 6B, P<0.05). And-Interestingly, the denture fungal
burdentead 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 in the denture fungal load between the PAD-1 group
and infection group, the PAD-2 group and NYS group, as well as between the PAD-1 group
and NYS group (P>0.05) (Figure 6B).

Palate tissue histology
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As can be observed in the HE staining of the tissue in Figure 7, 1d after colonization

treatment-HE staining-shewed-that-the infection group had notable thickening of the
epithelial layer with papillary projections_(7A), while the epithelial layer structure appeared

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 relativmore ely-rermalnormal in
the PAD-2 group and NYS group, and there were no significant differences in epithelial
structure among these treatment groups (Figure 7G and H).

The presence of the fungal colonization was analyzed with a PAS staining of the mucosa.

1d after treatment, PAS staining showed that a number of Candida albicans yeast cells were
adhered to the tissue surface in the infection group, and some hyphae were observed to
invade the superficial epithelium. The number of Candida albicans in the three treatment
groups was significanth-less evident than that in the infection group, and occasional

Candida albicans yeast cells were observed to adhere to the mucosal surface_but without
hyphae invasion_(Figure 8 A-D). There were no significant differences in fungal load among
the treatment groups. 7d after treatment, a large number of Candida albicans yeast cells
adhered to the mucosal surface in the infection group, and hyphae were visible invading the
superficial part of the epithelium_(Figure 8E). The PAD-1 group showed a intermediate
number of Candida albicans yeast cells adhered to the mucosal surface, and partial hyphae
invasion i-of the epithelium, but less than that showed of the infection group_(Figure 8F).
Occasionally, a few Candida albicans yeast cells were observed on the mucosal surface in

the PAD-2 group and NYS group (Figure 8G and H)}—Fheseresults supporting the previous
findings.

The Effect of PAD on IL-17 and TNF-a Expression Levels in the Palate Mucosa of
Diabetic DS Rats

IL-17 is a secretory protein that can be detected through immunohistochemistry as

expressed-in-a brownish--yellow pattern in the cytoplasm and intercellular space of various
layers of epithelial cells in normal tissues. 1d after treatment, the infection group showed
strong positive expression in various layers of epithelial cells, stroma, and vascular
endothelial cells_(Figure 9A). The treatment groups were mainh-weaklyweakly positive in
epithelial cells, stroma, and vascular endothelial cells, with lighter staining compared to the
infection group_(Figure 9 B-D). After 7d of treatment, the infection group and PAD-1 group
showed a strong positive expression, mairh-ain epithelial cells, stroma, and vascular
endothelial cells_(Figure 9E and F). In comparison, Fthe PAD-2 greupgroup, and NYS group

showed a weaker pesitive-expression_pattern, maih-irin epithelial cells, stroma, and
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vascular endothelial cells, with lighter staining compared to the infection group and PAD-1
group (Figure 9G and H).

On the 1d after treatment, the average optical density value of the infection group was
significantly higher than that of the treatment groups (Table 1, a super index P<0.05). The

average optical density value of PAD-1 group was also slightly higher than that of PAD-2
group and NYS group (P<0.05). There was no significant difference in the optical density
value between the PAD-2 group and NYS group (Table 1, b super index P>0.05). At 7d after
treatment, the average optical density values of the infection group and PAD-1 group were

significantly higher than those of the PAD-2 group and NYS group (P<0.05). There was no
significant difference in the optical density value between the infection group and PAD-1
group, the PAD-2 group and NYS group (P>0.05) (Table 1).

TNF-a can also be expressed in normal tissues, mainly in the cytoplasm of cells
throughout the epithelial fayer—andlayer and can be seen as yellow-stained particles in the
cytoplasm_with immunohistochemistry. Strong positive expression of TNF-a was observed in

the epithelial cells and vascular endothelial cells of the infection group. 1d after treatment,
weak positive expression of TNF-a was ebserved-detected mainbinin the epithelial eells
and vascular endothelial cells of the treatment groups, with lighter staining compared to the
infection group. 7d after treatment, strong positive expression of TNF-a was observed in the
surface layer and basal layer of the epithelium and vascular endothelial cells of the PAD-1
group, and positive expression was observed in the granular layer and spinous layer. Weak
positive expression of TNF-a was mainly-ebservedobserved in the epithelial eelis-and
vascular endothelial cells of the PAD-2 group and NYS group, with lighter staining compared
to the infection group and PAD-1 group (Figure 10).

When comparing pairwise, the average optical density value in the infection group was
significantly higher than that in the treatment groups 1d after treatment (P<0.05). On the
other hand, Fthere was no significant difference in the optical density value between the

treatment groups (P>0.05). 7d after treatment, the average optical density values in the
infection group and PAD-1 group were significantly higher than those in the PAD-2 group
and NYS group (P<0.05). While there was no significant difference in the optical density
value between the infection group and PAD-1 group, as well as between the PAD-2 group
and NYS group (P>0.05) (Table 2).

DISCUSSION

PAD is a non-invasive treatment method that was initially developed in dermatology and
later applied in cancer treatment| In recent years, it has been gradually-applied-adopted in
the treatment of oral mucosal diseases. Its mechanism of action is based on the interaction
between a specific wavelength light source and PS in the presence of oxygen, inducing

Comentado [EOZ14]: Which wavelength and program
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accurate comparison, it would be beneficial to use images
that are more uniform in terms of the anatomical regions

they represent. This would ensure a clearer and more

consistent comparison across the groups.
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specific cell damage. PS absorbs photons from a specific wavelength light source, causing
the energy to transition from the lower ground state to the 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 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—Fhisreaction-nrduces-rreversible- that cause
massive cellular damage. In Type Il reaction, the PS reaches the triplet excited state and
reacts with oxygen molecules that exist in the target cells such as gram-negative and gram-
positive bacteria-eells, 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).
Among them, tFype Il reaction is commonly used for anti-infective treatment_(Konopka &
Goslinski, 2007).

Recent years have seen a significant shift in the PAD on DS research, with a greater
emphasis on clinical trials and fewer fundamental investigations. Since clinical research is
not convenient to carry out relevant studies on pathology and inflammatory factors, this
study uses PAD™ Plus-based PAD technology to treatment of DS in diabetic rats. The
results of this study demonstrated that PAD eancould alleviate palatal inflammation in rats,
and all treatment groups showed good baectericidal-fungicidal effects against Candida
albicans 1d post-treatment. The PAD-2 group had the lowest fungal lead-burden when it
came to the palatal and denture samples from the treatment groups compared to the
infection group. As a result, this experiment's outcomes for reducing inflammation and
sterilizing the palate are comparable to those of some earlier clinical research (Afroozi et al.,
2019; Alrabiah et al., 2019; Mima et al., 2011; de Senna et al., 2018).

Due to prior research indicating the possibility of disease recurrence during the follow-up
phase after DS treatment, this study continued observation until 7 days post-treatment
(Alves et al., 2020; Mima et al., 2011). AtZdAfter 7 days of -pest-treatment, the palatal and
denture fungal leads-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 greupgroup, and NYS group exhibited significantly lower fungal loads on the palate
and dentures at 7d post-treatment, although slightly higher compared to 1d post-treatment.

This observation might be linked to the acrylic resin composition of the dentures, which can

function as a reservoir for microorganisms, thereby posing a risk of patient re-infection.

Furthermore, replacing old dentures is often crucial for the full resolution of DS, particularly

when the dentures are significantly aged. Reqular renewal of dentures, therefore, plays a
vital role in the effective management and prevention of this infection. This-observation-may
. : ¢ . . . i f
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There was no statistically significant fungal leag-burden on the palate and denture in the

PAD-2 group and the NYS group at 1d and 7d post-treatment, indicating that the efficacy of
multiple photodynamic therapy was similar to that of traditional treatment with NY¥-Snystatin,
which is in line with the experimental results of Scwingel et al. (2012) .

Significantly, PAD stands out for its requires-a-shorter treatment duration, sigrificantly
markedly redusing-decreasing both the treatmenttime and frequency fer-of treatment for
patients, erhaneing-thereby offering greater convenience. tmpertantlyAdditionally, PAD’s low
likelihood of developing -shews-lowpetential-for-drug resistanee;resistance, coupled with its
demenstrates-biocompatibilityand-hasfewer and minimal side effects, position it as a highly

favorable option. Thus, PAD appears-te-beemerges as a promising approach for DS
treatment.

Currently, few studies have documented the research-en-the-immunological response

during y-ef DS-is+elatively rare. Th17 cells secrete pro-inflammatory cytokine IL-17. In the
presence of local inflammation, IL-17 binds to the receptor expressed on the mucosal

epithelial cells in the oral cavity, releasing relevant chemokines and stimulating the massive
secretion of inflammatory cytokines, promoting or exacerbating the inflammatory
response(Lee et al., 2015). Studies have shown that IL-17 from the same cell can not only
induce neutrophils to eliminate pathogens to play a protective role, but also induce excessive
inflammatory reactions te-damagethat damage the tissue s(Matsuzaki G, 2018). IL-17 and
TNF-a play a synergistic role in the pathogenesis of diseases. IL-17 can induce
macrophages to secrete IL-18 and TNF-a(McGeachy et al., 2019). In addition to local
lesions, IL-17A can induce inflammation alone or in combination with TNF-a, causing
immune cell gathering, fibrosis, and inducing systemic diseases(Robert & Miossec, 2017).

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

defeets-in-mice and humans, have revealed the importance of this pathway in controlling
White| Candida infection. Research-shows-that-pPatients with petential-specific defects in IL-
17-related immunity, such as mutations affecting IL-17 production or receptor function, have
been shown to be more susceptible -defects-are-mere-prene-to chronic cutaneous or
mucosal candidiasis. Before identifying Th17 cells, the immune response mediated by IL-12

and Thl cells was considered to play a major protective role in mucosal candidiasis_(Conti &
Gaffen, 2010). Schonherr et al. (2017) constructed a mouse oral candidiasis model and
found that while the neutrophil recruitment and inflammatory response eaused-triggered by
IL-17 differed-varied significantly-markedly depending-onacross different the-Candida

species, but-the necessity of IL-17 reguirementfor establishing fungal-mucosal immunity
was-against fungal infections remained consistent for the-sameall the fungal species

Comentado [EO17]: | recommend adding a transition in
this section to more clearly articulate the rationale behind
focusing on the production of both cytokines in this

study, particularly within the context of diabetes.
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Comentado [EO19]: The claim that IL-17A ‘induces
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examined. Conti et al. (2009) also showed that Th17-deficient mice were highly
sensitiveextremely sensitive to oral pharyngeal candidiasis. Studies have found that IL-17A
and IL-17RA knockout mice are more-prone to Candida infection than wild-type mice in
systemic Candida infections(Saijo et al., 2010).

In summary, this study gsed-demonstrated the conditions required for the treatment of DS

in a diabetic rat model. Specifically, we propose using 1 mg/mL TBO solution incubation for
1 min, combined with 750_ mW output power LED light source for 1 min-te-treat-BS-in
diabetierats. Our study contributes to the demonstrate that Fthis technology significanthy
reducesé the operation time compared to previous studies, making it more practical and

convenient for oral therapy. The experimental results showed that using PAD to treat DS can
greathyreducereduce the load-burden of Candida albicans in the palate and dentures of rats,
impreve-decrease the palate inflammatory symptoms, and reduce the expression of IL-17
and TNF-a in the palate tissues of diabetic rats with DS. Fhe-We found that therapeutic
effect-of-multiple light treatments isare better than that-of-a single light treatment, and no

adverse reactions were observed in terms of safety. However, there are some limitations in
this study. DM is-was not controlled during the experiment, whether the existence of DM will
have an impact on the treatment effect and long-term prognosis has not been deeply
explored. Additionally, a small number of Candida albicans remained after the treatment,
suggesting that future experiments could consider controlling for DM, increasing the number
of irradiatienirradiation, or combining with antifungal drugs to develop a convenient and
effective treatment protocol.
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Average optical density values of IL-17 of each group after treatment
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1 Table 1. Average optical density values of IL-17 of each group after treatment

IL-17 average optical density values

Group N xS tvalue P value
1d 7d
infection group 3 0.1051%0.0052 0.1201+0.0105 -1.722 0.227
PAD-1 group 3 0.0575£0.0040* 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+0.00572 0.0680+0.0055% -4.719 0.042

2 (a) compared with infection group, P<0.05; (b)compared with PAD-1 group, P<0.05
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Table 2(on next page)

Average optical density values of TNF-a of each group after treatment
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1 Table 2. Average optical density values of TNF-a of each group after treatment

TNF-a average optical density values

Group N AetS tvalue  Pvalue
1d 7d
infection group 3 0.0723+0.0004 0.0756%0.0006 -6.043 0.026
PAD-1 group 3 0.0653£0.00182 0.073240.0031 -10.678 0.009
PAD-2 group 3 0.0640+0.00022 0.0659+0.001 12 -2.876 0.103
NYS group 3 0.0665+0.00372 0.0672+0.00252 -1.958 0.189

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

Figure 1 Denture fabrication

(A)Impression of the palate. (B)A corresponding gypsum model. (C)The light-cured acrylic

denture.
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Figure 2

Figure 2 Palate inflammation lesions of rats after treatment

(A-B) Infection group, PAD-1 group, PAD-2 groupkNYS group of 1d after treatment. (E-H)
infection group, PAD-1 group, PAD-2 group, NYS group of 7d after treatment.
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Figure 3

Figure 3 Palate inflammation score of rats after treatment

(A)1d after treatment. (B)7d after treatment. (N=6)
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Figure 4

Figure 4 Comparison of palate and denture fungal l-eaﬂat 1dand 7 d after treatment

(A)palate fungal teae (B)denture fungal teaek (N=6)
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Figure 5

Figure 5 Palate fungal load of each group after treatment

(A)1d after treatment. (B)7d after treatment. (N=6)
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Figure 6

Figure 6 Denture fungal Leaﬂof each group after treatment

(A)1d after treatment. (B)7d after treatment. (N=6)

>
*
o

g 6 [ LE 1 | *ok |
£ - [ ¥ fmd I ¥ 1
2. L £ —
O 54 t i
s =
-
g 4- 5 o
5 20 2 e .
% 5 “ - P
2 7 S s A
© ® e
[

> 2+ - o faata

A c '
2 93555%% 5 e

— A
g 1 277 e q..b.:.
2 52 E o
Q 0 $97.| = o
= T £ T T
infection group PAD 1 group PAD 2 group NYS group infection group PAD 1 group PAD 2 group NYS group

Peer] reviewing PDF | (2023:09:90859:0:2:CHECK 1 Nov 2023)


emmanuel.orta
Tachado

emmanuel.orta
Texto insertado
burden


PeerJ Manuscript to be reviewed

Figure 7

Figure 7 HE staining of palate mucosa of each group after treatment E

(A-B) Infection groupfAD-l group, PAD-2 groupiNYS group of 1d after treatment. (E-H)

Infection group, PAD-1 group, PAD-2 groupi\lYS group of 7d after treatment.
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Figure 8

Figure 8 PAS staining of palate mucosa of each group after treatment E

(A-B) Infection groupfAD-l group, PAD-2 group,i\lYS group of 1d after treatment. (E-H)

Infection group, PAD-1 group, PAD-2 groupi\lYS group of 7d after treatment.
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Figure 9

Figure 9 Expression of IL-17 in the palate mucosa of each group after treatment

(A-B) Infection groupfAD-l group, PAD-2 group, NYS group of 1d after treatment. (E-H)

Infection group, PAD-1 group, PAD-2 groupi\lYS group of 7d after treatment.
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Figure 10

Figure 10 Expression of TNF-a in the palate mucosa of each group after treatment

(A-B) Infection groupIAD-l group, PAD-2 group,i\lYS group of 1d after treatment. (E-H)

Infection group, PAD-1 group, PAD-2 group,i\lYS group of 7d after treatment.
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