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Objectives: The purpose of this study was to provide photodynamic bactericidal effect against Entero-
coccus faecalis by erythrosine concentrations and LED irradiation times,

Methods: Erythrosine was used as a photosensitizer and green LED (3 Watt, 520-530 nm) was used as
light source, E. faecalis ATCC 1943 and E, faecalis ATCC 29212 were used in this study, Approximately
10° CFU of bacteria were added in wells of a 96-well microtitration plate, For examining the effects of
concentrations of erythrosine, 0, 0.625, 1.25, 2.5, 5, and 10 uM of erythrosine were added in wells
containing bacteria, The irradiation time with LED was 30 sec. In another set of experiment, the effect of
irradiation time for killing of bacteria was investigated by increasing irradiation time from 0 to 30 s with
10 uM of erythrosine final concentration, After irradiation, each sample was serially diluted with PBS and
50 pl of diluents was spread on duplicate blood agar plates, The plates were incubated for 72 h at 37°C
under aerobic conditions and the number of CFU was determined. The experiments were repeated four
times, The results were analyzed using one-way ANOVA, and Tukey’s multiple comparison at a signifi-
cance level of 0,05,

Results: When the erythrosine concentrations were more than 2.5 uM, E, faecalis ATCC 29212 was
significantly decreased (P<0.05). The more erythrosine concentrations increased, the more E, faecalis
ATCC 1943 decreased statistically significantly (P<0.05). In another set of experiment, when LED ir-
radiation time was more than 20 s, E. faecalis ATCC 1943 decreased significantly (P<0.05), and if the
irradiation times was more than 5 s, E, faecalis ATCC 29212 decreased significantly (P<0.05).
Conclusions: PDT using erythrosine and green LED was found to be an effective method in kiling E.
faecalis,
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1. LTI H

T2 A+ erythrosine (Sigma-Aldrich, St. Louis, MO,
USA)S ARgskaL, F2 7o) 520-530 nm¢l 3 watt =4

(green) LED (Photron Co. Ltd., Seoul, Korea)E A&-8}3iL}.

2. Mot iz

Bt A 22122 (Chosun University, Gwangju,
Korea) 2 25 E| E. faecalis ATCC 19431} E. faecalis ATCC
29212 AlFdoktt. Ale-EL Brain Heart Infusion broth
(BHI; Becton, Dickinson and Company, Sparks, MD, USA)
oA 37°C 713+ stoll 18A1%F &<t vl £33 =A
(Smart Plus 2700, Young-woo Inst., Seoul, Korea)E ©]-&3}
of 660 nmoll A Al ] BE s 24eolc). vle] Zujt
EEFAEL vs. Alt )22 Aldt5E Z745t3om, Al
PBS (phosphate buffered saline)Z ©]€-3}0] 1x 10’ CFU/ml
2 BBt

3. ZZtZH(Photosensitization) 147

°F 10° CFU2] Al#-2 96-well microtitration plate (SPL
Lifesciences, Pocheon-Si, Gyeonggi-Do, Korea)2] wellof 3=
7¥sk9drt. Erythrosine?] ko] W 2aks AARsH] ¢, 2+
7+ 10, 5, 2.5, 1.25, 0.625, 0 uM €] erythrosines Alsto] 3£t
=l wellsof] F=J3F3Aeh BE oA =4 LEDE o] g-sto] <
= 307 ARSI AlstAREe] QlofAl Fe] ZARAt] mh
£ a9E g7l fisted, 10 M9 erythrosineo] =) Hlj#|
off 0-30% % FURAF AIZES F7FPAA S48, FE0 &
23ko] ZAMAE= 1 emo| ¢t} ZF A¥-e duplicate wells&
TG, BRA T, 7 RRSS PBSS olgole] 3415},
3] H 9] 50 IS duplicate blood agar plates (Hanil-KOMED,
Sungnam, Gyounggi-Do, Korea)o] =45}¢ic}. Plates 37°C
371344 tof| 72417t 2t vljoFslal automatic colony counter
(IUL, Barcelona, Spain)& ©]-83to] CFUE Z74¢}9itt A
2 43] 9HE519i Tt

4. SAEN
7} 5+ 7k9] Apo] & H] w5k} one-way ANOVAE Al2istel
11, Tukey ARERAS AJRYS}SITH AR 2 150 0 2 PASW

19.05 AR5l
A

1. PDT M2 & HZAZ ¥ erythrosine SEof| L2 A7 £

Erythrosines A 952 2131} H|WSGlS o, E. faecalis
ATCC 1943+ erythrosine®] %7} 0.625 uMo|Aro] A 5L
SAAOE o8 A FATIEIL(P<0.05), E. faecalis ATCC
29212+ erythrosine®] 7} 2.5 uMoliof A 5E FA KR
FoJSHAl FAsHHEHP<0.05). T B A erythrosine®] &
55 pM ol/doll Al ZL oSttt FOJSHA Alate] 7E A 0
G018} 74t THP<0.05) (Table 1).
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Table 1. CFU/Well (x 10%) of E. faecalis by erythrosine concentration after PDT

Contents LED irradiation time (seconds) Erythrosine concentration (uM) CFU/Well (x 10%) (Mean+SD) P-value
E. faecalis ATCC 1943 30 10 2.39+0.82" <0.001
5 3.82+0.24"
2.5 11.70+0.66"
1.25 16.51+3.98°
0.625 17.30+0.99°
0 23.82+1.81"
E. faecalis ATCC 29212 30 10 0.74%0.25" <0.001
5 3254220
2.5 7.27%0.66"
1.25 9.32+0.66"
0.625 8.81+0.86™
0 10.71+1.18¢

*2¢The same letter indicates no significant difference by one-way ANOVA and Tukey's multiple comparison at o.=0.05.

Table 2. CFU/Well (x 10 of E. faecalis by LED irradiation time after PDT

LED irradiation ~ CFU/Well (x 10°)
Contents time (seconds) (Mean+SD) Prvalue
E. faecalis 0 24.44+591" <0.001
ATCC 1943 1 26.56+7.22°
5 22.21+2.24°
10 21.84+3.30"
15 12.20+3.31°
20 9.12+1.29
30 4.78+0.53"
E. faecalis 0 7.26+1.20° <0.001
ATCC 29212 1 7.40+1.47"
5 6.36+1.15"
10 4.04+0.46°
15 2.93+0.27>
20 2.54+0.38"
30 0.89+0.81°

*b“The same letter indicates no significant difference by one-way ANOVA
and Tukey’s multiple comparison at o.=0.05.

2.PDT HE & HFAF H FEAL A7l HE M7
E faecalis ATCC 1943%= LED XA} AJ7Fo] 15% o)Al
& 1 oletert o Y gAE BAI(P<0.05), E. faecalis
ATCC 29212+= ZAF AJTb0] 102 o 79- 11 ofstitt o 7

& A4S Br(P<0.001) (Table 2).
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PDTOll= Algtol thet Stasts U9 4= Jles 243t
BAA L Fdo] Zagt], & dAto A= erythrosined} <44
LEDE ©o]-&-5}%lt}. Erythrosine il‘ﬁ*ﬂv}‘%* ZPAA| = X 3o
A &84 ARgSH AAIRIE A LA ] Yle F4etke] Fofeh4]
HhS-S Ao &= Qloj A SPEA R ARgsh=of| I} o] b,

LED: 3ol 459 $U& 918 Aubao Agahe
Ao, dolAreh AFHL Aol Foldhs] Wl ol

o] tiAI=A A|F=] AT, o]Hof erythrosine¥} LEDE ©]-§-3}
o] Aol ti$t PDTO] &3S 291ek 5704 520-530 nm
=M LED7} tf2 u}4-9] LEDe|| H|38}| Streptococcus mutans
9} Streptococcus sobrinus®|| t|et S A 77} S53-S BHelst
A7 olg TAR 2 Aol 520-530 nm 54 LEDE 3
How ARGSIGIT Ut FazAetaL st of W ube]
Hlo] ZAbE|=A]of whet 71 37} Afo]7F U] wfiZoltt. Eryth-
rosine®]| 520-530 nm &A1 LEDE ZASHH, erythrosine 37+
A= =2 olUAE 2= A3/l (triplet —state) = HI}E]
o, AR} W B fe1E AL e RSt whe
tto] AEGAAS wrEojylo] Alie] YE AT DNAS ARIA]
7| D 2H] A& AFEA] ﬂqm

Erythrosine®] =0 2 4+a 7= E. faecalis ATCC
19432} E. faecalis ATCC 2921204 erythrosine< 5 uM ©]
& A0S wf, 11 o] ARG o] vl SAIH o= fost
7| 57¥8F3 o.m, erythrosine®] =7t 57145 CFU7} &4
A O FOfolA Fadl= AaHs Eoth(Table 1). ©]&= S. mu-
tans®] 3l FHZEA R erythrosineS ARE-SH Jung 572 91t
A% FLsHA Yrebti=t], erythrosine®] 527t S71845%
GetAN7} S7FsH, 5 uM ool A FAISHE HAE BYS &

o3} 2= 9] it}

LED ZAA|ZH| uf2 a3lo| A= E. faecalis ATCC 1943
7} LED ZAF Al7to] 15 o] - 1 ofstiet o g2 Alat
9 TAE B (P<0.001), E. faecalis ATCC 29212% %
AP AlZEO] 102 oY A% 11 olgkET v W AAE Hott
(P<0.05)(Table 2). Metcalf 5*Vo] erythrosine< ©]-8-3}] S.
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mutans®] tgt ZAAZE] w2 PDTE] 29HE <16ka1A}; A 6}5
8 AN FAb ST ALl 98%7H AbEslel
$o] Al 59] 14 S57} BolEl o et B %—L
ol AR TeLak ZAAIZE 1] Xol7} QofA] Hlmal A
A1 A Lo, A1) 4 ket A ol 1147 ot
AR AT Selsholon], 23 urt oR whele] 2}
moﬂ 2 W5 o413 F @7} 9t} Kaushik 5772 ofg] 7}
A AN O] E. faecaliso]] thet St aiE YA @] Ao
& AP et vl LSS, o] FollA At =9k Al
A= 5.25% NaOCl7} oF 85%, 3% H,0,7} &F 45%2] St
& 7Tk B asgict B Atofl A= 10 pM 9] erythrosine©]
T Sloll A Y& RARSHA] kS wi ol Blasto] 3027 Y& =
AFslglS wf oF 80-88% A TE UERGITh Az Ao] i
7] Wi&of 254 v oYY E. faecalisol| Hfgt PDT9] &}
A= 7| WeE pEoleial dekETh T 2 ¢l5kof| A
= AlddE Al (planktonic) ] E. faecalisE Ao & A9
*}oﬂ omg o] /\ﬂ-;!-o] biofilm< oﬂ/ﬂt‘)‘ S| Q= A]—Eﬂoﬂ/\{J PDT
ko] gt et oo g A gsh Ao 2 AzZFEL)
B A= E. faecalisof| §2A|9F BH 02 erythrosinet
528 LEDE ol §1a12 @2k 204 21 ok siek &
¥ el 98 4ok o, 25 45 st oo
sine?] =529} LEDQ] ZA|7E ZAAE] & 284 ol 3k &
1771 Bastl, ol A4 Aolel 2k ol el ol
w3} 2N oA HETHA0] ot ARl 1

wofof 3 Zlole} Azbeic.

PDT= 7]&9] g A5 o] tieh e B4 BiRie
E A=A Q7] wiszel, ool & At 7 W Aol A, &
B 7ol A 9 By (3299 Yolo] Hi= E. faecaliso] tf
5}o] erythrosine 552} =4 LEDQ] ZAFAIZ ] w2 PDT
o] A5 Eelstarat P E ey, A-date] 2w, LEDS
ZARAZEFO] 30% A 7§, erythrosine 57t 5 uM ©]/JoflA]
E. faecalis 7} SAX 02 {-2oJ8HA 74131 2™ (P<0.05),
erythrosine %7} 10 pM & 7-%-, LED?] 7\/\}/\]7}0] 10-15

OVOlA] E. faecalis %7} FAH 0 $of317] 2hasioict
(P<0.05). o]4e] A-+43E 5of erythrosine¥t =4 LEDE
0]8-31 PDT7} E. faecaliso]] t)ot &+ a7} 982 301319
o, erythrosine®] 5%=%719} LED ZAMA[ZE Z7]o] wha) o
T Z7)eleh, 29 109441) PDT 26 it 77 ol
Aje] 8715 Aol Tl 34 A7k Hat Aol
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