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Abstract  

Ag nanoclusters (AgNCs) / rose bengal (RB) nanocomposite (AgNCs/RB) as a 

novel photosensitizer was created for antibacterial photodynamic therapy (a-PDT). We 

proposed double antibacterial effects of photoexcited AgNCs/RB; (1) singlet oxygen 

(1O2) generated by irradiated RB and (2) Ag+ ion released by AgNCs oxidized by 1O2. 

In present study, the antimicrobial and the cytotoxic effects of AgNCs/RB were 

evaluated.  

1O2 generation, zeta potential and Ag+ release of AgNCs/RB was characterized. 

Subsequently, the antimicrobial effect of AgNCs/RB irradiated by white light-emitting 

diode (LED) was evaluated using oral bacterial cells; Streptococcus mutans, 

Porphyromonas gingivalis and Aggregatibacter actinomycetemcomitans. In addition, 

cytotoxicity of AgNCs/RB on NIH3T3 mammalian cells was investigated.  

The binding of AgNCs and RB, 1O2 generation and Ag+ ion release of 

photoexcited AgNCs/RB were estimated. AgNCs/RB irradiated by white LED (60 sec) 

showed significantly inhibited the growth of oral bacteria when compared to AgNCs or 

RB. In addition, photoexcited AgNCs/RB did not negatively affect the adhesion, 

spreading and proliferation of mammalian cells, even at concentrations that showed 

antibacterial activity. 
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In conclusion, AgNCs/RB irradiated by white LED showed great antimicrobial 

effects via 1O2 generation and Ag+ ion releasing and low cytotoxic properties to be 

provided for dental a-PDT.  
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1. Introduction 

Antimicrobial photodynamic therapy (a-PDT) has a potential of bacterial 

sterilization via generation of active oxygen species using light-irradiated 

photosensitizer. The a-PDT application has recently received broad attention as 

effective dental treatment, such as dental caries, periodontitis, peri-implantitis and 

endodontic therapy1-3). Several organic dye photosensitizers, including rose bengal 

(RB)4), indocyanine green5), toluidine blue6) and methylene blue4), have been clinically 

employed for a-PDT. Compared to antimicrobial drugs, dye system of a-PDT has 

advantages regarding allergy to drugs, antibiotic-resistant bacteria7) and biofilm 

destruction8), however, conventional photosensitizers have some problems for clinical 

use. Since 1O2 generated by conventional photosensitizer has a short half-time of about 

200 ns9), antibacterial effect will be soon disappeared after light-out. The low 

photo-stability of organic dye also decreases the antibacterial ability10). In addition, the 

oxygen-concentration dependency of PDT would reduce the PDT efficiency in the 

region of low oxygen concentration around anaerobic oral/ dental infection.  Hence, 

the creation of novel photosensitizer is required for the enhancement of the antibacterial 

effect of a-PDT. 



6 

 

     Precious and heavy metal; Ag, have been previously known to possess 

antimicrobial properties11). Many researchers have attempted to apply the synthesized 

Ag substrates for medical applications12). Castillo et al.13) reported that application of 

Ag(NH3)2F to the dental caries modified tooth substrate via deposition of Ag and 

inhibited the bacterial cell attachment and caries progression. In addition, medical 

devices penetrating skin, such as, dental implant12,14) and catheters15), was mixed with 

Ag substrate to obtain the antibacterial effects via Ag+ ion release from its surface. 

Recently, there has been a growing interest in water-soluble Ag nanoclusters (AgNCs) 

as antibacterial agents because of their ultrasmall sizes (<2 nm) and high antibacterial 

activity11,16). We previously succeeded to synthesis of antibacterial AgNCs with 

tetraoctylammonium and showed its stability17). As far as we know, however, there 

have been few reports about the application of AgNCs for effective dental treatments.  

In present study, we first created the nanocomposite of AgNCs with rose bengal 

(AgNCs/RB) to show highly efficient antibacterial activity by the light-induced two 

actions: the generation of singlet oxygen (1O2) by RB and releasing of Ag+ ion from 

AgNCs. The antibacterial activity of AgNCs/RB against oral bacterial cells 

(Streptococcus mutans, Aggregatibacter actinomycetemcomitans, and Porphyromonas 

gingivalis) was evaluated. Furthermore, cytotoxicity of AgNCs/RB was assessed using 
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mammalian fibroblastic NIH3T3 cells. To solve the disadvantages of organic dye 

photosensitizers, we speculated that the nanocomposite of RB and AgNCs exerted great 

photodynamic effects for antibacterial therapy. In addition, when AgNCs are configured 

close to RB with nanoscale, 1O2 generated by RB will oxidize AgNCs to release Ag+ 

ions. Thus, we propose integrated double antibacterial strategies for dental a-PDT via 

AgNCs/RB nanocomposite; bacterial cells are damaged under a white light-emitting 

diode LED irradiation by (1) 1O2 generated by photoexcited RB and (2) Ag+ ion 

released by AgNCs oxidized by RB. 

 

 

2. Materials and methods 

All chemicals were used as received without further purification. Glutathione 

(reduced form, GSH, 98%), methanol (99.7%), D2O (99.9%) and silver nitrate (AgNO3, 

99.9%) were purchased from FUJIFILM Wako Pure Chemical Corporation Ltd. (Osaka, 

Japan). Sodium borohydride (NaBH4, 99.99%) was purchased from Sigma-Aldrich (St. 

Louis, MO).  

The bacterial strains used in this study were Streptococcus mutans ATCC 35668, 

Aggregatibacter actinomycetemcomitans ATCC 29522, Porphyromonas gingivalis 
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ATCC 33277. These strains were kept frozen until analysis. Bacterial stocks were 

incubated in brain heart infusion (BHI) broth (Pearlcore®, Eiken Chemical, Co., Ltd., 

Tokyo, Japan) supplemented with 0.1% antibiotics (gramicidin D and bacitracin; 

FUJIFILM Wako Pure Chemical Corporation Ltd.) and 1% sucrose (FUJIFILM Wako 

Pure Chemical Corporation Ltd.) for S. mutans; 1% yeast extract (FUJIFILM Wako 

Pure Chemical Corporation Ltd.) for A. actinomycetemcomitans; and 0.5% yeast extract, 

0.0005% hemin and 0.0001% menadione for P. gingivalis. 

 

2.1 Synthesis of AgNCs/RB 

AgNCs (i.e. Ag32(SG)19) were obtained by the ultra violet (UV) photo-mediated 

size-focusing synthesis according to the literature18). This photo-mediated size-focusing 

synthesis comprises a two-step protocol: (i) the reduction of Ag ions by NaBH4 to form 

polydisperse AgNCs intermediates and (ii) the subsequent photo-mediated size-focusing 

of these intermediates under 365 nm UV irradiation, producing monodisperse 

Ag32(SG)19. AgNCs/RB nanocomposite was prepared through the interaction between 

AgNCs and RB. A 1 mM RB solution and a 1 mM AgNCs solution were prepared as 

stock solutions. The RB solution was mixed with the AgNCs solution in mole ratio of 

1:0.3 (AgNCs:RB). The resultant solution was stirred at 200 rpm for 2 hr using a 
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magnetic stirrer. After that, the solution was purified with a centrifugal ultrafiltration 

tube (Amicon® Ultra-Centrifugal Filters, 3 KD; Merck, Darmstadt, Germany) to 

discard the free RB. After centrifuged ultrafiltration, the filtrate solution did not contain 

RB, indicating the binding of RB into the AgNCs. 

 

2.2. Characterization 

UV-vis (absorption) spectra were recorded using a UV-vis-NIR 

spectrophotometer (V-670, JASCO, Tokyo, Japan) and a fluorometer (FP-6300, JASCO, 

Tokyo, Japan), respectively. Measurements of zeta potential were performed on a 

Malvern Zetasizer Nano ZS instrument (Malvern Instruments Ltd. Worcestershire, UK) 

equipped with a HeNe laser operating at 632.8 nm. Inductively coupled plasma mass 

spectrometry (ICP-MS, Agilent Technologies, 7900, Tokyo, Japan) was utilized to 

determine the concentration of Ag in aqueous sample solutions. 

 

2.3 Detection of 1O2 generation by AgNCs/RB 

1O2 generation by photoexcited AgNCs/RB under white LED light irradiation (a 

wavelength of 420-750 nm, 80 mW/cm2, SPF-D2, Shodensha, Osaka, Japan) was 

evaluated using methotrexate (MTX, FUJIFILM Wako Pure Chemical Corporation 
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Ltd.) as a chemical probe of 1O2. MTX can selectively react with 1O2, resulting in 

increased fluorescence intensity19). The concentration of the AgNCs was adjusted to be 

equal absorbance (ca. 0.1) at 532 nm. A 10 mM stock solution of MTX in 

N,N-dimethylformamide was prepared and then added to a 2 mL aqueous solution 

(D2O) to yield a final concentration of MTX of 20 mM. The solutions were then 

irradiated with a white LED light. The fluorescence spectra were recorded using a 

spectrofluorometer. 

 

2.4 Antimicrobial effects of AgNCs/RB 

AgNCs/RB (final concentration: 0, 0.01, 0.1, 1 and 10 μg/mL) were dissolved in 

the suspension of S. mutans (final concentration: 5.5×106 colony-forming unit 

[CFU]/mL), A. actinomycetemcomitans (final concentration: 1.1×106 CFU/mL) and P. 

gingivalis (final concentration: 3.7×107 CFU/mL). After irradiation by white LED light 

for 1 min, suspension was incubated for 24 hr under anaerobic incubation at 37°C. After 

that, the turbidity of each suspension was measured using a turbidimeter (CO7500 

Colourwave, Funakoshi Co. Ltd., Tokyo, Japan) at 590 nm.  

To observe the morphology of S. mutans, suspension of S. mutans added with 

AgNCs/RB (0 and 10 μg/mL) was irradiated by white LED light for 1 min and 
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incubated for 24 hr. The samples were fixed in 2.5% glutaraldehyde in 0.1 M sodium 

cacodylate buffer (pH 7.4) and dehydrated in ethanol to analyze using scanning electron 

microscopy (SEM; S-4000, Hitachi Ltd., Tokyo, Japan) at an accelerating voltage of 10 

kV after Pt-Pd coating. In addition, some samples were stained by the LIVE/DEAD 

BacLight Bacterial Viability Kit (Thermo Fisher Scientific, Waltham, MA) and 

observed using fluorescence microscopy (Biorezo BZ-9000, Keyence Corporation, 

Osaka, Japan). 

To compare the antimicrobial effect, AgNCs (10 μg/mL), AgNCs/RB (10.35 

μg/mL) and RB (0.35 μg/mL) were added to suspension of S. mutans and A. 

actinomycetemcomitans and received white LED light irradiation (0 and 1 min). After 

24 hr culture, turbidity of suspension was measured. In addition, S. mutans suspensions 

including AgNCs/RB (1 μg/mL) received the irradiation with 0, 30, 60, 90 or 120 sec, 

to assess the time-dependent a-PDT effect. After incubation for 24 hr, the bacterial 

turbidity was measured. To investigate the influence of Ag+ ion release on antibacterial 

activity, BHI medium contained 10 μg/mL AgNCs/RB was photoexcited with LED 

irradiation (1 min). After waiting 10, 60 and 900 sec, S. mutans suspension was mixed 

into medium. The turbidity of the 24 hr cultured suspension was measured. 
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2.5 Cytotoxic evaluation of AgNCs/RB 

To compare the cytotoxicity, AgNCs (10 μg/mL), AgNCs/RB (10.35 μg/mL) and 

RB (0.35 μg/mL) were added to suspension of 1×104 mouse osteoblastic NIH3T3 cells 

(RIKEN BioResource Center, Tsukuba, Japan) and received white LED light irradiation 

(0 and 1 min). Cells culture was performed in 96-well plates using culture medium 

(minimum essential medium alpha, GlutaMAX-I, Thermo Fisher Scientific) 

supplemented with 10% fetal bovine serum (Qualified FBS, Thermo Fisher Scientific) 

and 1% antibiotics (Penicillin-Streptomycin, Thermo Fisher Scientific) at 37°C with 5% 

CO2. The cytotoxicity after 24 hr incubation was determined using the water-soluble 

tetrazolium salt (WST)-8 assay (Cell Counting Kit-8, Dojindo Laboratories, Mashiki, 

Japan) and lactate dehydrogenase (LDH) assay (Cytotoxicity LDH Assay Kit-WST, 

Dojindo Laboratories). The absorbance at 450 nm (WST-8) and 490 nm (LDH) was 

measured on a microplate reader (ETY-300, Toyo Sokki, Yokohama, Japan). 

In addition, vinculin-F-actin double staining of incubated cells was performed. 

The cultured cells were permeabilized with 0.5% Triton X-100 for 10 min and then, 

cells were incubated for 30 min with bovine serum albumin (BSA) (7.5 w/v% Albumin 

Dulbecco's-PBS(-)Solution, from Bovine Serum, FUJIFILM Wako Pure Chemical 

Corporation Ltd.) as blocking buffer. A staining solution was prepared by dissolving 
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4µL of 0.5 mg/mL anti-vinculin monoclonal antibody (Anti-Vinculin Alexa Fluor 488, 

eBioscience, San Diego, CA), 3 μL of 20 μg/mL phalloidin (Acti-stain 555 fluorescent 

Phalloidin, Cytoskeleton Inc., Denver, CO) and 3 μL of 1 mg/mL 

4',6-diamidino-2-phenylindole solution (Dojindo Laboratories) in 500 μL of BSA. The 

mixture was kept shaking for 1 hr at 37°C. After 24 hr at 4°C, the sample was washed 

and observed using fluorescence microscopy. Some samples were stained using the 

LIVE/DEAD Viability/Cytotoxicity Kit for mammalian cells (Thermo Fisher Scientific), 

Stained samples were observed using fluorescence microscopy. 

 

2.6 Statistical analysis  

Statistical analyses were performed by Scheffé and Games Howell tests. P values 

<0.05 were considered statistically significant. All statistical procedures were performed 

using a software package (SPSS 11.0, IBM Corporation, Armonk, NY). 

 

 

3 Result 

3.1 Synthesis and characterization of AgNCs/RB 
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Fig. 1A shows the UV-vis spectra of AgNCs, RB, and the AgNCs/RB. The 

AgNCs show the absorption peak at 485 nm, which is consistent with that of 

Ag32(SG)19
18). Upon conjugation of RB with the AgNCs, the RB absorption is observed 

at around 550 nm in the AgNCs/RB nanocomposite. This indicates the binding of RB 

into the AgNCs. The binding was also supported by the decrease of the ξ value from -27 

mV (AgNCs) to -51mV (AgNCs/RB) due to the negatively charged RB (Fig. 1B). 

 

3.2 Detection of 1O2 generation by AgNCs/RB 

The 1O2 generation by photo-excited AgNCs/RB was evaluated with a 

chemical trap 1O2 probe, MTX. The AgNCs/RB has broad absorbance in the UV-vis 

range of less than 700 nm, and hence a white LED was chosen as an effective 

photo-excitation source for the nanocomposite. The fluorescence spectra of MTX in the 

presence of the AgNCs/RB in D2O were obtained. In the dark, there was no change in 

the fluorescence spectra of MTX. Under white LED irradiation for 10 min., the 

fluorescence intensities at 466 nm increased over time due to the oxidation of MTX by 

1O2 generated by the nanocomposite (Fig. 1C)20).  

Fig. 1D shows the UV-vis spectra of AgNCs/RB before and after the white LED 

irradiation for 20 min. It is clear from the absorbance decrease that the LED irradiation 
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caused the degradation of both RB and the AgNCs in the nanocomposite: the 

absorbance decreases at 550 nm for RB and at 440 nm for AgNCs. The ratio of 

absorbance decrement at 440 nm is more enhanced in the AgNCs/RB (~5%) than that of 

AgNCs alone (~1%), as shown in Fig 1E. This suggests the enhanced photo-induced 

degradation of AgNCs by the conjugate of RB. The AgNCs conjugated to RB will be 

oxidized by the 1O2, resulting in the release of Ag+ ions. The released amount of Ag 

from the aqueous solution (absorbance of 0.4 at 490 nm) of AgNCs/RB during the LED 

irradiation was evaluated by the ICP-MS. This evaluation revealed that the released Ag 

was 370 ppb, which is enough high concentration to show the antibacterial activity17). 

The Ag+ ion release from AgNCs and the 1O2 generation by RB can work as double 

antibacterial actions for dental a-PDT using the AgNCs/RB nanocomposite.  

 

3.3 Antibacterial effects of AgNCs/RB and white LED on oral bacterial cells 

The turbidity of oral bacterial cells was shown in Fig. 2. Application of 

AgNCs/RB and white LED irradiation were dose-dependently inhibited the growth of 

S. mutans, P. gingivalis, and A. actinomycetemcomitans (P<0.05). Especially, 10 

μg/mL AgNCs/RB exhibited the significant reducing effect when compared to control 

(no application). The SEM images of S. mutans at 24 hr after incubation are shown in 
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Fig. 2B. In control (no application of AgNCs/RB), marked colonization of S. mutans 

was observed on the culture dish. In contrast, the sample received with AgNCs/RB (10 

μg/mL) and white LED showed slight bacterial accumulation and less biofilm 

formation. In the assessment of LIVE/DEAD BacLight staining of S. mutans, control 

(no application of AgNCs/RB) was mostly stained in green, indicating live cells. When 

AgNCs/RB (10 μg/mL) and white LED were applied, S. mutans frequently stained red, 

indicating dead cells. 

To compare the antibacterial activity of AgNCs/RB, AgNCs and RB, the amount 

of AgNCs and RB was adjusted to employ in culture test, as the mole ratio of 1:0.3 

(AgNCs:RB). Fig. 3A and B show the turbidity of S. mutans and A. 

actinomycetemcomitans, respectively. When white LED irradiation was not applied, 

turbidity of S. mutans and A. actinomycetemcomitans was comparable in all groups. 

However, white LED irradiation with application of AgNCs/RB or RB significantly 

decreased the turbidity of bacterial cells when compared to control (no application). The 

combination of AgNCs/RB with white LED irradiation significantly inhibited the 

turbidity increase compared to AgNCs or RB. The LED irradiation to AgNCs/RB 

time-dependently decreased the turbidity of S. mutans (Fig. 3C). To assess the 

antibacterial effect of released Ag+ ion, bacterial suspension was mixed into BHI 



17 

 

medium contained 10 μg/mL AgNCs/RB, after waiting 10, 60 and 900 sec since white 

LED irradiation. The turbidity of short wait time (10 sec) suppressed the turbidity of S. 

mutans, suggesting that Ag+ ion released by oxidation of AgNCs exerted the 

antibacterial activity (Fig. 3D). However, long wait time (60 and 900 sec) did not show 

the reduction of turbidity. 

 

3.4 Cytotoxic effects of AgNCs/RB on fibroblastic cells 

The results of WST-8 and LDH activity assays are presented in Fig. 4A. WST-8 

and LDH activity of fibroblastic cells were comparable in all groups after incubation for 

24 hr. The LIVE/DEAD BacLight assay showed that cultured cells exhibited green 

fluorescence (live cells) in control (no application) and AgNCs/RB applied group (Fig. 

4B). In addition, vinculin and F-actin associated with cell adhesion and spreading were 

detected, regardless of application of AgNCs/RB and white LED irradiation (Fig. 4B). 

 

 

4. Discussion 

The combination of AgNCs/RB with white LED significantly suppressed the 

growth of oral bacteria. These results were supported by SEM observation and 
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LIVE/DEAD staining, since photoexcited AgNCs/RB killed the bacterial cells and then 

reduced biofilm formation. As the result of fluorescence intensity measurement using 

MTX, photoexcited AgNCs/RB time-dependently generated 1O2. Therefore, 

antibacterial effects of AgNCs/RB were mainly conducted by RB via 1O2 generation. 

Oxidative stress by reactive oxygen species (ROS), such as 1O2, superoxide, hydroxyl 

radical and hydrogen peroxide, may attack the unsaturated fatty acids in membrane and 

stimulate lipid peroxidation to form toxic substances such as aldehydes21). In addition, 

ROS interrupts the process of DNA replication22) and promotes the degradation of 

amino acid of protein23). Further, application of AgNCs/RB and LED irradiation 

diminished the turbidity of periodontal pathogen bacteria; A. actinomycetemcomitans 

and P. gingivalis, suggesting antibacterial effect of photoexcited AgNCs/RB on 

periodontal bacteria. Since it was reported that 1O2 was effective on Gram-negative and 

positive bacteria24), a-PDT using AgNCs/RB may be beneficial as multitalented therapy 

in various dental treatments. 

We hypothesized that 1O2 generated by RB could also oxidize the AgNCs in the 

RB-conjugated AgNCs. In this study, photoexcited AgNCs/RB showed the absorbance 

decrease of AgNCs in the UV-vis spectrum, indicating the photodegradation of AgNCs 

to release Ag+ ion. In fact, the released Ag was confirmed by ICP-MS. The antibacterial 
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PDT effects of AgNCs/RB against S. mutans and A. actinomycetemcomitans were 

greater than RB alone. Therefore, Ag-supply would up-regulate the inhibition of 

bacterial growth. Since activity of 1O2 immediately disappear to be translated into 3O2 

25), it was considered that antibacterial effect of 1O2 was soon reduced after the LED off. 

However, Fig. 3D revealed that photoexcited AgNCs/RB exhibited the suppression of S. 

mutans growth in the condition of short waiting time. Therefore, it was speculated that 

released Ag+ ion was remained in the long term in the BHI medium compared to 1O2, to 

continuously exert the antibacterial activity. Our strategy, that is, a-PDT of both 1O2 and 

Ag+ ion as antimicrobial attacker of AgNCs/RB, was established. Previous report 

revealed that Ag+ ion penetrated cell body and subjected the inhibition of DNA 

replication and inactivation of protein26). We also found the antimicrobial activity was 

disappeared in wait time of 60 and 900 sec. Supposedly, released Ag+ ion bind other 

substances in the BHI medium to create the compound, due to its low ionization 

tendency. Ostermeyer et al.27) reported that BSA, as a model protein, could absorb the 

Ag+ ion released from AgNCs, to form chelate complex.  

In general, antimicrobial materials frequently show cytotoxic adverse effects26). In 

the present study, the cell morphologies, WST-8 and LDH activity of mammalian cell 

were comparable in all groups, regardless of LED irradiation. Hence, this study revealed 
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AgNCs/RB possessed low cytotoxic effects on fibroblastic cells, even if generating of 

1O2 and Ag+ ion. From the results of measurements of zeta potentials, charge of 

AgNCs/RB negatively sifted compared to AgNCs, suggesting that the stability of 

AgNCs/RB dispersion would be improved to enhance the biosafety. Dispersion degree 

of nanomaterial plays an important role in biocompatibility. Guo et al.28) reported that 

well-dispersed nanomaterial, or carbon nanotubes, could improve their 

cytocompatibility in MTT assay. In addition, conventional dye; methylene blue, 

reportedly inhibited the cell proliferation at the concentration of clinical use for a-PDT 

use29). The advantages of AgNCs/RB include high cytocompatibility as well as great 

antimicrobial effects via 1O2 generation and Ag+ ion in comparison with conventional 

photosensitizer.  

 

 

5. Conclusion 

     Photoexcited AgNCs/RB could generate 1O2  and Ag+ ion to exhibit the 

antibacterial effects. The combination of AgNCs/RB and white LED irradiation 

dose-dependently inhibited the growth of oral bacterial cells involving S mutans, A 

actinomycetemcomitans and P gingivalis, and significantly reduced the bacterial 
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turbidity compared to AgNCs or RB alone. Furthermore, application of AgNCs/RB in 

the absence of LED light showed low cytotoxicity against fibroblastic NIH3T3 cells. 

AgNCs/RB would be anticipated to be provided as the photosensitizer for dental a-PDT.  
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Fig. 3
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Figure legends  

Fig. 1. Characterization of AgNCs/RB 

(A) The UV-vis spectra of AgNCs (red line), the AgNCs/RB nanocomposite (purple 

line) and RB (blue line). (B) The zeta potential of AgNCs and AgNCs/RB. (C) 

Fluorescence spectra of a MTX-containing solution of AgNCs/RB. (D) The UV-vis 

spectra of AgNCs/RB nanocomposite before (red line) and after the white LED 

irradiation (blue line). (E) Decreasing ratio of absorbance when irradiated with white 

LED of AgNCs and AgNCs/RB. 

Abbreviations: Abs, Absorbance; AgNCs, Ag nanoclusters; au, arbitrary unit; LED, 

light-emitting diode; MTX, methotrexate; PL, photoluminescence. RB, rose bengal; UV, 

ultra violet. 

 

Fig. 2. Evaluation of antibacterial activity of AgNCs/RB 

(A) Antimicrobial effects of AgNCs/RB on oral bacterial cells after 24hr incubation 

(n=5, mean ± SD). Turbidity of S. mutans, P. gingivalis and A. actinomycetemcomitans: 

*, P<0.05 vs. 0 µg/mL AgNCs/RB; †, P<0.05 vs. 0.01 µg/mL AgNCs/RB; #, P<0.05 vs. 

0.1 µg/mL AgNCs/RB; and $, P<0.05 vs. 1 µg/mL AgNCs/RB. (B) SEM observation 



and LIVE/DEAD BacLight staining of S. mutans after incubation for 24 hr in control 

and AgNCs/RB groups. Scale bar represents 50 μm. 

Abbreviations: AgNCs, Ag nanoclusters; LED, light-emitting diode; RB, rose bengal; 

SD, standard deviation; SEM, scanning electron microscopy; A. actinomycetemcomitans, 

Aggregatibacter actinomycetemcomitans; P. gingivalis, Porphyromonas gingivalis; S. 

mutans, Streptococcus mutans. 

 

Fig. 3. Antibacterial characterization of AgNCs/RB 

(A-B) The turbidity of control (no application), AgNCs, RB, and AgNCs/RB groups of 

S. mutans (n=5, mean ± SD) (A) and A. actinomycetemcomitans (n=4, mean ± SD) (B). 

*, P<0.05 vs. AgNCs/RB with LED (+); †, P<0.05. (C) Turbidity of S. mutans related to 

white LED irradiation time (0, 30, 60, 90 and 120 sec) (n=5, mean ± SD). *, P<0.05 vs. 

0 s; †, P<0.05 vs. LED irradiated for 30 sec; and #, P<0.05 vs. LED irradiated 60 sec. 

(D) Turbidity of S. mutans in AgNCs/RB-contained medium. Bacterial suspension was 

mixed into the medium after waiting 10, 60 and 900 sec after LED irradiation (n=5, 

mean ± SD). *, P<0.05 vs. 60 and 900 sec. 



Abbreviations: AgNCs, Ag nanoclusters; LED, light-emitting diode; RB, rose bengal; 

SD, standard deviation; A. actinomycetemcomitans, Aggregatibacter 

actinomycetemcomitans; S. mutans, Streptococcus mutans. 

 

Fig. 4. Assessments of cytotoxic effect of AgNCs/RB  

(A) WST-8 and LDH activities of NIH3T3 cells in control (no application), AgNCs, RB, 

and AgNCs/RB groups (n=6, mean ± SD). (B) LIVE/DEAD BacLight staining and 

vinculin-F-actin double staining of NIH3T3 cells after 24 hr incubation in control and 

AgNCs/RB groups. Scale bar represents 50 μm. 

Abbreviations: AgNCs, Ag nanoclusters; au, arbitrary unit; LDH, lactate 

dehydrogenase; LED, light-emitting diode; NS, Not significant; RB, rose bengal; SD, 

standard deviation; WST, water-soluble tetrazolium salt. 


