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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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Fig. 1. Preparation of hydroxyapatite material specimen.



Table 1. Experimental groups

[rradiation Time

Group Treatment (se0)
I Control, ICG (-), Radiation (-) -
O ICGonly -
il 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|2EE XX
2E wellol M XIS FHA 2, TSR0 3AAIZ 2 mg/
mL2| ICG & 20 pLE HIO|QE S0 HYE AHO| &5t

55 7t QHO|A 2RGIOICH B EAKS 212 104, 30, 60
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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 + 017* 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 I 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)
TT (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 309) 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 109) (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 309) 1.000 1.000 1.000
V (ICG-, L 60s) 1.000 1.000 1.000 1.000
VI (ICG+, L 109) 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
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Group 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 109) 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
VIT (ICG+, L 60s) 0.000 0.000 0.000 0.000 0.000 0.17 1.000
p values from Kruskal-Wallis test & Bonferroni's post-hoc test
ICG : Indocyanine green, L : Light irradiation
7.0
'(I(')/ao?le 6. Colony-forming unit count percentage of control group % 2(5) m + —=— M = —F—
Group Percentage of Bacterial Count (%) :? 55 T m
S mutans L. casei C albicans S 50
I (control) 100.00 100.00 100.00 r_;’ 45
VI (ICG +, L 10s) 6.95 20.92 43.23 o 40
VI (ICG +, L 30s) 34.45 21.17 2548 § 35
VI (ICG +, L 60s) 8.35 19.05 23.26 30 m m v v Vi TR
ICG : Indocyanine green, L : Light irradiation Group

7.0
6.5
6.0
55
5.0
45
40
35
3.0

Bacterial count (Log CFU/mL)

NV

Group

L

VIVl VI

Fig. 2. Mean and standard deviation of Streptococcus mutans

bacterial count.
*:p < 0.05

Fig. 3. Mean and standard deviation of Lactobacillus caser
bacterial count.
*.p <005

Bacterial count (Log CFU/mL)

7.0
6.5
6.0
55
5.0
4.5
40
35
3.0

v

1

V \4 VIl VI

Group

Fig. 4. Mean and standard deviation of Candida albicans
bacterial count.
*:p <005
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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 VII (ICG+, L 60s).

26



A QA T - v2 FASH HREE2 25N &2 o0, #
OfU= MZ=Z F2 &0 RALE BHEH 1CGeF 22X 2l diode
gO|ME A8 VI-VIZ2 H2M &2 =2 Moo HIEO|
S0t A2 =g + AL, VIZTEOE VI IZOM O =
oM 332 H20| ZHEEICE

3.HO|IQEE BH 2= 53

ICGe 22| diode 2i|O[X ZAF =240] 2 HIO|QEE
o B 2L S ZFIIACL ZE AHES 27| 2E= Y}
A AHEAD 312°CE SHEUCH FERAE A|HSH T - VIE
of Chell 22t M 2= 9 25 #ot2F2 Table 70 F2[stY 0

oF SH FZAE AIME VI - VI 2ZF HUHeE 2Lt
=%, B A 577°C =2 2 k. 1CG 210] 60

Table 7. Evaluation of biofilm surface temperature

Group Temperature (°C) AT (°C)
I (ICG -, L 10s) 353 4.1
IV (ICG -, L 30s) 36.5 53
V (ICG -, L 60s) 39.7 8.5
VI (ICG +, L 10s) 403 9.1
VI (ICG +, L 30s) 435 123
VI (ICG +, L 60s) 45.0 13.8
Initial Temperature : 31.2°C
ICG : Indocyanine green, L : Light irradiation
(*CQ) 50 30 Q)
o 40 20
% g5 — ceeesmeSeETE - 15 5
IS
k3]
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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