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Abstract

In recent years, various methods have been applied to prevent aspiration

pneumonia in elderly people, such as oral rinsing and denture cleaning.

Antimicrobial photodynamic therapy (a-PDT), which has fewer side effects, is

attracting attention.

Many studies have demonstrated that using a-PDT for bactericidal effect

requires many variables to be taken into account. So, when developing the a-

PDT protocol, including light parameters, photosensitizers, and light delivery

techniques. However, although a-PDT has been shown to induce bactericidal

effects by reactive oxygen species (ROS), the details of the amount of

generated ROS is unclear. Also, the degree of bactericidal effects have not yet

been clarified. Especially, little is known on the fungicidal effect on Candida

albicans (C. albicans), which is one of the causative bacteria of aspiration

pneumonia, by using a-PDT. Therefore, the details of ROS's effect via a-PDT

on C. albicans that propagate in oral devices, such as dentures, should be

examined. Moreover, it is necessary to investigate whether a-PDT is effective



in preventing aspiration pneumonia.

Thus, this study aimed to examine the amount of hydroxyl radical ( + OH)

generated from hydrogen peroxide (H202) via 405 nm LED irradiation by using

an electron spin resonance (ESR). Then, to clarify the effect of * OH on C.

albicans was studied using a fungicidal test.

The photocatalyst and the visible light were used with a 1M H20>, and 405

nm LED light source (8.69 mW/cm?). The experimental groups were allocated

into four groups; phosphate buffered saline (PBS) only (control group), 1M

H»O> only (H202 group), 405 nm irradiation only (405 nm group), and

combined with 1M H202+405 nm irradiation (405 nm+ H202 group).

The amount of * OH was measured by an ESR by a spin-trapping method

using DMPO. The mixture of PBS or 1M H20; (510 uM) with DMPO (90 uM)

was immediately left at room temperature or irradiated by 405 nm LED for 60,

120, 180, 240, and 300 seconds. C. albicans was grown on a brain heart

infusion agar and was adjusted to 1 x 10° cells/mL of PBS. The mixture of PBS

or IM H20; (510 uM) with C. albicans suspension (90 pL) was irradiated by



405 nm LED for 60, 180, and 300 seconds. Then, C. albicans was incubated at

37°C for 48 hours on the ager plate and counted the colony forming unit (CFU)

per volume of C. albicans suspension (CFU/mL) to investigate the fungicidal

effects of + OH. The survival rate compared to the control was then evaluated.

In 405 nm+ H20:2 group, the amount of -+ OH-generated was increased

significantly by irradiation in a time-dependent manner compared with the

other groups (p<0.05). In brief, at least 59 uM, 143 uM, and 179 pM of - OH

were detected after 60, 180 and 300 seconds, respectively. In the fungicidal

test, control and 405 nm groups showed no fungicidal effect. The H>O> group

showed a significant fungicidal effect after 180 (60%) and 300 (56%) seconds

compared to the control and 405 nm groups (p<0.05), however, no significant

difference was observed in the 405 nm + H202 group (p>0.05). In 405 nm +

H20; group, the survival rate decreased dependently on the LED irradiation

time: 60 (34%), 180 (7%), and 300 (2%) seconds showing a significant

decrease compared to all groups (p<0.05).

From the above, our findings suggest that at least 179 uM generated * OH



are necessary to achieve the fungicidal effects (>95%) on C. albicans.

Additionally, it is considered that a-PDT using -+ OH is an effective cleaning

method.

Keywords:

405 nm LED, hydrogen peroxide, hydoxyl radical, electron spin resonance,

Candida albicans
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TEHEILETEDOHRMAERIGIC X o TRNKHEKFRNICKRENRZ T L
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H,O, ot fgic X 5 - OH AR IE Tkai b o E DX v, IM H:0,

(EL 7402 M3, KBR)EEHAL 2, £72. XIHEICIZ 405 nm LED

5t &% (8.69 mW/cm? £ U 2 ®{EfT  5{#) 2 v TR RS H (2.6

J/ cm?) % 1T > 7=,

2. C. albicans ® 55 %

C. albicans (ATCC18804 £ ) (X . brain heartinfusion (BHI. Becton.

Dickinson and Co.. NJ. USA) #H#i % FH T 37°C. 24 BFliFr A8 %

707, %D, B L7 Hfk&EOAHE (10,000 pmx 10 min) 70,

phosphate buffered saline (PBS, pH7.4)T 2 [ &% . 1 x 10°fil/mL & 7& 3
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L 7% (controlBf) o4& L 7=,
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1-oxyl (TEMPOL, Sigma-Aldrich, St. Louis. MO)® % &£ 2> & 15 7= SI fH
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4 . C.albicans © # # i k&
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5. itaErLH

TONTMEIL.TEIHT . Scheffe DL BHIEMRE 21T > 2. & B,

fle BT X #EEHMEAT 2 7 & IBM SPSS Statistics ver.22 (IBM, Tokyo, Japan)
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*n < 0.05 (vs. control, 405 nm)
+p < 0.05 (vs. H202)



