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[Abstract] Objective To investigate the antibacterial effect of a new photosensitizer, indocyanine green (ICG)-me-
diated photodynamic therapy, on a biofilm of Fusobacterium nucleatum (F. nucleatum) in vitro. Methods The biocom-
patibility of the photosensitizer [CG was detected by CCK8. F. nucleatum (10° CFU/mL) was cultured in anaerobic con-
ditions (80% N, 10% H, and 10% CO,) mixed with the photosensitizer ICG at concentrations of 0, 10, 20, 30, and 40
pg/mL and then treated with antibacterial photodynamic therapy (808 nm near infrared light with an intensity of 0.1 W/
cm’ for 3 min), and a mature biofilm was formed after 2 days. The bacteriostatic effects of different concentrations of
ICG on F. nucleatum biofilms were compared by colony formation unit count (CFU). The effect of ICG on the formation
of F. nucleatum biofilms and biofilm metabolic activity was determined by crystal violet quantification and MTT assays.

The effect of ICG on the formation of extracellular polysaccharides in F. nucleatum biofilms was determined by the phe-
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nol-sulfuric acid method. The change in the number of bacteria was observed by confocal microscopy. Results CFU

and biomass of the biofilm gradually decreased with increasing ICG concentration, and there were significant differences

compared with the control group. Meanwhile, the metabolic activity of the biofilm and the production of extracellular

polysaccharides also showed a significant difference between the ICG groups and the control group (P <0.01). At the

same time, laser confocal microscopy showed that the number of living bacteria decreased gradually. Conclusion Anti-

bacterial photodynamic therapy with photosensitizer ICG can effectively inhibit the formation of F. nucleatum biofilms.

[Key words] antibacterial photodynamic therapy; photosensitizer; indocyanine green; Fusobacterium nucleatum;

biofilm; colony formation unit count; exopolysaccharides
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The proliferation ability of 1.929 cells was decreased when the
concentration of ICG increased. The cell viability decreased signif-
icantly when the concentration of ICG was 50 wg/ml and 60 g/
mL. **: compared with the control group (ICG=0 wg/mL), P <
0.01, ***: compared with the control group (ICG=0 pg/mL), P <
0.001

Figure 1 CCK-8 detected the effects of different concen-

trations of indocyanine green on 1.929 cell proliferation
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. a: photothermal effects of different concen-

1CG=0 pg/mL trations of ICG at 0.1 W/cm® under near-in-

1CG . frared light irradiation for 180 s, the change
:?Ouf;;‘ 1CG=10 Hg/mltml of temperature of the experimental groups

4+ 20 pg/mL and control group was not obvious; b: infra-

— 30 pg/mL red temperature image for 180 s. ICG: indo-
40 pg/ml. 1CG=20 pg/mL cyanine green

Figure 2 Photothermal effect of indo-
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a: colony of Fusobacterium nucleatum biofilms processed with different concentrations of ICG on agra 10°

0 10 20 30 40

plate, as the concentration of ICG increased, the Fusobacterium nucleatum became less; b: the differ- @ 1CG concentration/(jp.g/mL)

ence of CFU of F.nucleatum showed statistics significance, **: compared with control group(ICG=0
pg/mL), P < 0.01; *#*: compared with control group (ICG=0 pg/mL), P < 0.001; ICG: indocyanine green
Figure 3 Colony formation unit count of Fusobacterium nucleatum under different concentrations of indocyanine

green-mediated antimicrobial photodynamic therapy
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o

a: crystal violet staining of Fusobacterium nucleatum biofilms processed with different concentrations

of ICG. As the concentration of ICG increased, the color gradually lightened; b: the difference in the @ IC% Cuigenti?ion /?3 g/l‘:]_(‘))

absorbance value of biofilm biomass of Fusobacterium nucleatum showed statistics significance. **:

compared with control group(ICG=0 wg/mL), P < 0.01; ***: compared with control group(ICG=0 pg/mL), P < 0.001. ICG: indocyanine green
Figure 4  Biofilm biomass of Fusobacterium nucleatum under different concentrations of indocyanine green-mediated

antimicrobial photodynamic therapy
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values of biofilm metabolic activity showed statistical significance. ***: compared with control group

(ICG=0 pg/mL), P < 0.001. ICG: indocyanine green

Figure 5 Biofilm metabolic activity of Fusobacterium nucleatum under different concentrations of indocyanine

green-mediated antimicrobial photodynamic therapy
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*: compared with control group (ICG=0 pg/mL), P <0.05; ***: compared with the control group

(ICG=0 pg/mL), P <0.001. As the concentration of ICG increased, the color gradually lightened. ICG: indocyanine green; EPS: extracellular

polysaccharide

Figure 6 Extracellular polysaccharide production of Fusobacterium nucleatum under different concentrations of indocyanine

green-mediated antimicrobial photodynamic therapy
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ICG 0 pg/mL

10 wg/mL

20 pg/mL

30 pg/mL 40 pg/mL

Live bacteria were stained green, and dead bacteria were stained red. Bar=100 wm. ICG: indocyanine green

Figure 7 Live/dead staining of Fusobacterium nucleatum under different concentrations of indocyanine green-mediated

antimicrobial photodynamic therapy observed by laser confocal microscopy
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