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Antimicribial Photodynamic Therapy Using Diode Laser on Candida Albicans
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Y Department of Radiological Science, Jeonju University
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Abstract This study aimed to explore whether photodynamic therapy using Radachlorin and diode laser is an effective in-
hibitor of Candida albicans. Suspensions of Candida albicans were obtained, inoculated in petri dishes with Radachlorin,
and incubated for 30 min. Then, the laser light of a diode laser was irradiated at at energy densities of 3 J/ed, 5 J/ent,
7 J/em?’. As a result, Candida albicans showed a killing rate of 91.5% at an energy density of 7 J/cm’, This study found
that photodynamic therapy using a Radachlorin and diode laser was effective for the inhibition of Candida albicans.
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ol o= YolAE o8t 7ttt

oot A& AIE =ol7] flsiA= B (light source)t &
g ool Blof 24 Uehl= 32HAI7E g asioit,
Ao 2 Pl = 57 o] dlof k& wA] ofoH
3 = QoA QAN BAS Yoy e
H g AbA(superoxide, peroxide)E AJAl
SHAA A2 54de UeRdTH12], | ol o]&FiL
UL A Aol At FFAA= s-oh il &R
(5—aminolevulinic acid, ALA)Y} W¥E oju|r-gE
(methyl aminolevulinic acid, ALA)©|tH9]. o]= A 24]
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Hghe = EE 2 A 635 nm o S5 S 7HACH13)L B
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0]+ sodium chlorin €6, sodium chlorin p6, purpurin 5
£ ZEs}= 3714 chlorophyll GE=42] E3MEE 662 *
5 nm9| =2 o &5 IS 7HA] AL QIeH14]), gHE o]
A)9] shpo] oA d 2Ao] Ekshs Zol7t 2014 B
o5t N7 ANE £ & Uk 71Ee] 2 Agohd
aminolevulinic acid (ALA)7} 635 nm% oA X &A]
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E ¢Jto)| AME #E 5= Candida albicans (ATCC 10231)
2 ez Defetatof A Alguiettt, o] ¢F5= nutrient
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SHEHE ovA] WE 3 J/em” (356 s), 5 J/cm? (593 s),
7 J/em® (823 s) & ARSI} o A] Wi (energy density)
= eE3AE B S A glolA7t M= F oA
2 Aot}

Energy density (J/cm® = I (watts/ cm®) x Ty (s)
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Fig. 1. Experimental setup. The photodynamic therapy groups was irradiated with laser energy density of 3J/cm, 5J/ent, 7J/car

using a diffuser tip

Table 1, Study design for determination of the photodynamic therapy

PS-L- no Radachlorin, no Laser
Control groups PS+L- Exposed to Radachlorin without light emission
PS-L+(7) Irradiated with Laser at 7 J/em' without Radachlorin exposure
PS+L+(3) Exposed to Radachlorin then Laser at 3 J/cnt
photodynamic: therapy PS+L+(5) Exposed to Radachlorin then Laser at 5 J/cn
s PS+LH(7) Exposed to Radachlorin then Laser at 7 J/ct

Note, PS: photosensitizer, L: laser

PP 2of F ol AUiALES] W] T2 A
F(CFU/mD)E FRAFHOZ 245kl f-ofn|gh ¥
24517 flete] JPEAREA (One—way ANOVA)S
Steich ek, AW A folnlg Holrh e A
Tukey HSD "S- k835l ALS AALS AAEFgT) 89
T2 0,057 3l om], BARACE SPSS Statistics

ARE-SFRATL

[
T

A=
=

opoé‘i‘

Version 25&

. 2 =t

B AE AuE gokstH &3t 7t} Radachlorind}f

Table 2, Mean value (colony-forming units [CFU]/mL) of C,

o] A& o] g3t Fsta W2 C. albicans®] AY

7‘]%]' TE TAAA, o)== C, albicanso] ot T Q)

1, Z2H9st X|Z(Photodynamic therapy) &1}

738} X)Z(Photodynamic therapy groups) PS+L+(3),
PS+L+(5), PS+L+(7) ol A= 2127ke] Bt 1,06 x 10°, 7.2 X
10%, 8.26 x 10" 7§} WA 2k 57h FA = Aek Table 2).
RadachlorinZA5}e] tho] Q& #|o]#] ZAR= do]#] oy
A W7}t F7kstol| whet C. albicans®] A4 ek 427} 7+
2% HolRQlal FAACE [ouRt Zjols HIh
(#0.05)[Fig. 2]. ®3L, [Fig. 4]o]A] X5o] Radachlorin

albicans in each group

groups Mean value

PS-L- 3.95 X 105

Control groups PS+L- 3.84 X 105
PS-L+(7) 3.83 X 105

PS+L+(3) 1.06 x 105

photodynamic therapy groups PS+L+(5) 7.2 X 104
PS+L+(7) 3.26 x 104
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Fig. 2. Effect of varying the energy density of a diode laser
light on C. albicans viability in the presence of Radachlorin,
Result showing as the laser energy density increased, number
of CFU/ml decreased. (A): PS+L+(3) Exposed to Radachlorin
then Laser at 3 J/er, (B): PS+L+(5) Exposed to Radachlorin
then Laser at 5 J/ar, (C): PS+L+(7) Exposed to Radachlorin
then Laser at 7 J/ew
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Fig. 3. Colony-forming units (CFU)/ml of C, albicans, PS-L-:
no laser no Radachlorin, PS+L-: treated only with Radachlorin,
PS-L+(7): treated only with laser 7 J/ar, PS+L+(3): treated
Radachlorin with laser 3 J/ ar, PS+L+(5): treated Radachlorin
with laser 5 J/er, PS+L+(7): treated Radachlorin with laser
7 Jfem

100
90 )
“ ’_______-—-—':'.'/_-/ R
= 70
S 0 81.21 %
@
£ 5 72.34 %
-
= 40
2 30
20
10
0
3J/cm? 5J)/cm? 7 J/cm?

Fig. 4. Kill rate according to laser energy density after
photodynamic therapy

EAfstel| Ho]oE Flo|A A= 7 J/afe] AgFoRTE
91.5%2] kill rates I3t 2t Ay e oA &
AR Foulgt ztolg Holz= AL $A AR(Tukey
HDS) A5 WHe &-gate] ERlstqlrt

2. Radachlorin Bt= E02} C}O|2E 0N

= ZAtE 0

o] &2 15(Control groups) PS—L—, PS+L—, PS—L+(7)
o] A Ak = B 3,95 x 10°, 3.84 x 10°, 3,83 x 10°
N7t P =l Fig, 3], 2 AF oA FA&A glo] o]
Ak AR 5 o2t TS vk Ay foju|skA|
Ath= A7 UItHP)0.05). E3E, #lo]A A} §lo] &
A Radachlorin{h Foigh 3t tj &2t 153 v wgh
A, foushA] gk Ay Ueh(p)0.05), o=
Radachlorin T+ Foj9} to] o & #lo|#] T ZAM= C,
albicanstgl &+ &7} gl HoFEtt

B oA tho] 2= o] A2} Radachloring o]-&

5 74071 9l 3 WA DNAS] S0l T WAl
o} ghul o) wdolth, e Wk WAL DNA <4
2 ooz Al@e) ulgHste] Rk 7IXE Ao delA
SkeHis),

o)

ofe] qiolN thake BT BEHAS olgaie] C.
albicanso] gt Fst X7 s ZABIECH,17,19,26].
Mima & 3724 PotogemI} 455 nm, 630 nm LED
(305 J/em) S o83t Helst AzolH 72| Blo] Y C.
albicans®] g #7F [fosHA fashe S Wt
[19]. Souza+= F2HA| wEH &5, EFold &7, det
7}olE 18137} 660 nm GaAlAs H©]A(15.8 J/cm?, 26.3
J/em?, 89.5 J/cm®)E RARSE BoIs}t x]Fo||A] C. albicans
o] gAaE FHHUCHII. Giroldo= HEH E572} 684
nm THo] 2= Ho]#(28 J/em’)E 0|83t FetaH oA
C. albicans®] d7o] T4 agrkar HUFeH17],

H ILoj| A= Radachlorin®} 660 nm Tho| 2. &= o)A
S 3 J/em’9] oA YR ZARE g of|A] 72,34%,
5 J/em’ oA W= AL FLojlA] 81.21%, 7 J/cm’9]
oA PR EARE FollA 91.5%9] kill rates H itk
ole A 7I&dt TSl vl HlwA A2 oy|A|
9% 7 J/em®2 Candida albicans®] 3-A&5IMS Btk
[1,17,19]. 3, Fst A= A FLe A} ARt &
A7Hthermal effect)7} Uojupd =324 Flokg A, T
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