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— Abstract

lasers on multispecies biofilms.

temperature were similar to the range of hyperthermia.

protocol are necessary for clinical application.

biofilm, Early childhood caries

The purpose of this study is to investigate the antibacterial effects of indocyanine green (ICG) and near-infrared diode

Multispecies biofilms of Streptococcus mutans, Lactobacillus casei and Candlida albicans were treated with different
irradiation time using photosensitizer ICG and 808 nm near-infrared diode laser. Colony forming unit (CFU) was measured,
and qualitative evaluation of biofilm was performed with confocal laser scanning microscopy (CLSM). Temperature
measurement was conducted to evaluate photothermal effect.

In the groups using ICG and diode laser, reduction in CFU was statistically significant, but the difference in antibacterial
effect on L. case/ and C albicans with irradiation time was not significant, and similar results were confirmed with CLSM.
Groups with ICG and diode laser showed higher temperature elevation than groups without ICG, and results of measured

In conclusion, ICG and near-infrared diode laser showed antibacterial effects on multispecies biofilms, but studies on
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S. mutans ATCC 25175, L. case/ ATCC 334, C. albicans KCTC
7270 BEZ ©3E Brain Heart Infusion (BHI; Becton, Dickinson
and Company, Sparks, MD, USA) broth0| 5% CO,, 37°C =710
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Fig. 1. Preparation of hydroxyapatite material specimen.



Table 1. Experimental groups

[rradiation Time

Group Treatment (se0)
I Control, ICG (-), Radiation (-) -
O ICGonly -
I Radiation only (808 nm diode laser) 10
v 30
V 60
VI ICG (+), Radiation (+) 10
VI 30
VI 60
n = 3, replicated twice, ICG : Indocyanine green
4. HIO|2 EE XX
2E wellOilM BiXIE HA =, 2aSF0 24AIZ 2 mg/
mL2| ICG & 20 pLE HIO|REE0| HYE AlHO| &350
S 7t oM ESHAC F/ Ak 42 10Z, 30%, 60
= ANHYERoH HHTE Table 11+ 20| HHSIALE
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QlAtetS M| A &4 (phosphate-buffered saline, PBS)E 0|8
S| MA AN 2 AlHS 21+ H2[(VC 100; Sonics & Ma-
terials Inc, Danbury, CT, USA)S0] M|l#= E2HA|ZICE O|= PBS
2 3|M3to] & $HA HiX|(Blood agar plate)0il 50 L% =%

8101 5% CO, 37°C ZUOA 72412t BILBIT, HHFE 24 A
T 4k HiEOR ZHHYUOD 371X 22| ME T2 HElES
S5t0] T2BH0UCH SHE 2 MZ £ Log CFU U2Z B
B5t0] AFBE|UCE

6. =7 B|O|X FAF o0

TUZH L B X2 $ OF 4N Ho|2 B B

H(qualitative) B7tE QI3 S=F 20|X FAt #0|Z(Confo-
cal laser scanning microscopy, CLSM) #&t2 AtE3tict 2t
dol Ao wEh M2|E AIE2 MA 2 200 pLe| LIVE/DEAD
BacLight Bacterial Viability Kit Solution (Molecular Probes, Inc,
Eugene, OR, USA)E O|&3t0] ®ZAL| X|A|0f et 422 &
AMojA 152 ZH SM | ACE LEICA TCS SP8 (Leica Microsystem,
Wetzlar, Germany)S O|8310] 108] HiEZ HIO|QTES HE
SHRUCE
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Table 2. Multispecies bacterial counts

Bacterial Count

Group (Mean + standard deviation, Log CFU/mL)
S, mutans L case/ C albicans
I (control) 6.80 £ 0.08 640 £ 0.17 549 + 0.11
I (ICG only) 6.76 £ 0.10 6.22 + 0.10 545+ 0.12
I (ICG -, L 10s) 6.73 £ 0.04 6.30 £ 0.05 543 + 0.05
IV (ICG -, L 309) 6.73 £ 0.20 6.38 £ 0.16 550 + 0.13
V (ICG -, L 60s) 6.72 £ 015 6.31 £ 0.06 549 + 0.17
VI (ICG +, L 10s) 6.45 £ 0.15* 572 + 0.17* 511 + 0.16*
VI (ICG +, L 30s) 6.32 £ 0.16* 567 + 0.31* 485 + 0.25*
VI (ICG +, L 60s) 570 + 0.15** 558 £ 0.37* 484 £ 0.17*
ICG : Indocyanine green, L : Light irradiation
* : statistically significant different with other groups, ** : statistically significant different with Group VI, VI
p : Kruskal-Wallis test & Bonferroni's post-hoc test
Table 3. Multiple comparisons of Streptococcus mutans bacterial counts
Group I o m v \% VI VI VI
(control) (ICG only) (ICG-, L 10s) (ICG-, L 30s) (ICG-, L 60s) (ICG+, L 10s) (ICG+, L 30s) (ICG+, L 60s)
I (control)
1T (ICG only) 1.000
I (ICG-, L 10s) 1.000 1.000
IV (ICG-, L 30s) 1.000 1.000 1.000
V (ICG-, L 60s) 1.000 1.000 1.000 1.000
VI (ICG+, L 10s) 0.030 0.012 0.029 0.036 0.038
VI (ICG+, L 30s) 0.000 0.000 0.000 0.000 0.000 1.000
VI (ICG+, L 60s) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
p values from Kruskal-Wallis test & Bonferroni's post-hoc test
ICG : Indocyanine green, L : Light irradiation
Table 4. Multiple comparisons of Lactobacillus caser bacterial counts
Group I o m v \Y VI VI VI
(control) (ICG only) (ICG-, L 10s) (ICG-, L 30s) (ICG-, L 60s) (ICG+, L 10s) (ICG+, L 30) (ICG+, L 605)
I (control)
TI (ICG only) 1.000
I (ICG-, L 10s) 1.000 1.000
IV (ICG- L 309) 1.000 1.000 1.000
V (ICG-, L 60s) 1.000 1.000 1.000 1.000
VI (ICG+, L 10s) 0.000 0.003 0.000 0.000 0.038
VI (ICG+, L 30s) 0.000 0.001 0.000 0.000 0.000 1.000
VI (ICG+, L 60s) 0.000 0.000 0.000 0.000 0.000 1.000 1.000

p values from Kruskal-Wallis test & Bonferroni's post-hoc test
ICG : Indocyanine green, L : Light irradiation
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Table 5. Multiple comparisons of Candida albicans bacterial counts

Group I I I I\ V VI VI VI
(control) (ICG only) (ICG-, L 10s) (ICG-, L 30s) (ICG-, L 60s) (ICG+, L 10s) (ICG+, L 30s) (ICG+, L 60s)
I (control)
TI (ICG only) 1.000
I (CG-, L 10s) 1.000 1.000
IV (ICG-, L 30s) 1.000 1.000 1.000
V' (ICG-, L 60s) 1.000 1.000 1.000 1.000
VI (ICG+, L 10s) 0.004 0.017 0.031 0.003 0.005
VI (ICG+, L 30s) 0.000 0.000 0.000 0.000 0.000 0.156
VI (ICG+, L 60s) 0.000 0.000 0.000 0.000 0.000 0.117 1.000

p values from Kruskal-Wallis test & Bonferroni's post-hoc test
ICG : Indocyanine green, L : Light irradiation

70

Table 6. Colony-forming unit count percentage of control group g 65 L L — —
(%) 5 60

Group Percentage of Bacterial Count (%) :? 55 M

S mutans L. casei C albicans S 50
I (control) 100.00 100.00 100.00 T‘; 45
VI (ICG +, L 10s) 6.95 20.92 4323 o 40
VI (ICG +, L 30s) 34.45 21.17 2548 § 35
VI (ICG +, L 60s) 8.35 19.05 23.26 30

I m-wvovovevivi
ICG : Indocyanine green, L : Light irradiation Group

Fig. 3. Mean and standard deviation of Lactobacillus caser
bacterial count.
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Fig. 2. Mean and standard deviation of Streptococcus mutans Fig. 4. Mean and standard deviation of Candida albicans
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*:p < 0.05 *:p < 0.05
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Fig. 5. Confocal laser scanning microscopy
images of Live/Dead cells in in-vitro cariogenic
multispecies biofilm. (A) Group I (control), (B)
Group II (ICG only), (C) Group II (ICG-, L 10s),
(D) Group IV (ICG-, L 30s), (E) Group V (ICG-
, L 60s), (F) Group VI (ICG+, L 10s), (G) Group
VI (ICG+, L 30s), (H) Group VI (ICG+, L 60s).

Fig. 6. Scatter plots of Live/Dead cells analysis.
(A) Group I (control), (B) Group II (ICG only),
(C) Group II (ICG-, L 10s), (D) Group IV (ICG-,
L 30s), (E) Group V (ICG-, L 60s), (F) Group VI
(ICG+, L 10s), (G) Group VI (ICG+, L 30s), (H)
Group VI (ICG+, L 60s).
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OrA= Ml F2 Y50 UCE HHEH ICGA 2H 2[4 diode
HO|ME AL VI - VIZ2 &F24 &2l F2 Mzl Iﬂlgol
=0t A2 golg = UL, VIZECHE VI VIZM § &
FoM &0l HE0| HEELE
3.HIO|REE #H 25 573
ICG2t 2He|i diode 20X ZAF =0 [HE HIO|REE
o B 25 ZTSIULL BE A[HS X7| 2= SY5}
A 28ERALD 312°C2 FEEYLE FZAE Al T - Vi
of CHoll 22t BE™ 2= 3l 2% H3ZE Table 70 Fa[stn
=3t St RHCHFig. 7). ICG Q0] BZALSH I - VZEEL} ICG
o B FZALE Al VI - VIZER 25 MIEHCE 257t
=A2 F577°C 52 2k ¥52 EALL ICG 8O 60
ESECEIN TECHE ICGR B 10X HZXARS VIZQ| 2%
tH =A%, 7MY =2 25 Hats VITOA 13.8°C 4550
45°CE EHE|ALCE
Table 7. Evaluation of biofilm surface temperature
Temperature (°C) AT(C)
I (ICG -, L 10s) 353 4.1
IV (ICG -, L 30s) 36.5 53
V (ICG -, L 60s) 39.7 85
VI (ICG +, L 10s) 403 9.1
VI (ICG +, L 30s) 435 12.3
VII (ICG +, L 60s) 45.0 13.8
Initial Temperature : 31.2°C
ICG : Indocyanine green, L : Light irradiation
Q) 50 30 (0
45 / 25
o 40 20
D g5 — e — 15 4
£
@
30 10
25 5
20 0

10 30 60  (sec)
Irradiation time

AT (ICG-)  -- Temperature (ICG-)
B AT (ICG+) — Temperature (ICG+)

Fig. 7. Evaluation of biofilm surface temperature.
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