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Water-soluble Au nanoclusters (NCs) show potential
for medical applications. More recently, the Au NCs
have been considered as promising photosensitizers
for photodynamic therapy (PDT) because of good
biocompatibility, photosensitization under near- y :
infrared light irradiation, good resistance to \,‘5)\9
photobleaching, and target specificity via surface

modification. The present article primarily focuses on photosensitization for biomedical therapy
applications of Au NCs. The antibacterial action of Ag NCs is also described.
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Figure 1. Photosensitizing action of gold
nanocluster and PDT application
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Figure 2. Schematic Jablonski's diagram of
Type | and Type Il reactions in PDT. PS:
photosensitizer.
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Figure 3. PDT effect of gold nanoclusters
by near infrared excitation on Hela cells.
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Figure 4. (A)~(D) TEM images of
Streptococcus mutans (S. mutans )after
48 h incubation, and(E)~(H) LIVE
(green)/DEAD (red) results of S. mutans
after 24 h incubation.
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Figure 5. Self-Assembly-Induced
Approach for Efficient AuAg Bimetallic
Nanocluster-Based Photosensitizers
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Figure 6. (a) UV—-vis spectra of ABDA and (b)
ABDA absorbance at 378 nm (A Abs)as a

function of the irradiation time in the

presence of NCs under white LED irradiation
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Figure 7. (a) Antimicrobial effects of
AuAg NCs@nanogel at different Au
concentrations on Streptococcus
mutans (ATCC 35668) under white LED
irradiation for 1 min after 24 h incubation (n = 5,
mean + standard deviation). *P < 0.05 vs other
groups. Fluorescence examination of the
labeled Streptococcus mutans with the
LIVE/DEAD kit after white LED irradiation for 1

min (b) in the absence of

AuAg NCs@nanogel (control) and (c) in the
presence of AuAg NCs@nanogel (the
concentration of gold, 50 ug/mL).
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Figure 9. (a) Fluorescence spectra of MTX at
an excitation wavelength of 370 nm in the
presence of BSA-Au NCs-MB (0.3:1) under
white-light LED irradiation. (b) Increase of the
fluorescence intensity under irradiation for 10
min normalized by the absorbance of MB in the
BSA-Au NCs-MB conjugate (APL).(c) UV-vis
spectra of Alb-Au NCs and Alb-Au NCs-MB
conjugates with various ratios of AUNCs to
MB: (i) AuNCs (ii) AuNCs:MB = 3:1, (ii)
AuNCs:MB = 1:1, and (iv) AuNCs:MB =
0.3:1. (d) UV—vis absorption spectrum of
MB and fluorescence emission spectrum of
AuNCs in aqueous solution.

7. WIEAZERATOBRF/ ISR —hEA
A, AETEHG, BEE, EEHARED
IR, T ANA T T MEEED A
T 4 VLT HUERE & 53 D iU Al O
THENEE > TND. BIEAIDOERSD—D
ThH8UT, H< 2 BIAEMRYYE L < 7o
DIZEDNTE . &Rl R, = LTl
F 2 RITIINE, F7 A, FRREEE &%
< DBYLEDIBRICHWSN TR Y, EXH
IS TIAS ZIF ANLNTE 72, T4, i)
)AL —=NENTHEEE AT L
DRI TG 242 AIEHMSC AT « v
iR E DT T AT 7 Fb (BHHE) ~Pid
REafT 4570120, 77 AF v 27 (#R)
SO ENGT B & BT BERT G- 0 [ NS WA
Ll n. T 2T bR LY ks
DEWIHE, ek, PUEGERH S & WiNL T
X5 VE Ko URE(DHLAR#ER S ) 7 5

74

0 580 620 660 700 740 780 20



Acc. Mater. Surf. Res.

A 2 —(Agos(DHLA) ) & BRAKME D F 4 (7
NTZFTTFNT =T LA A TOA) E D
AT Yy MUHTE A [TOA-Ags(DHLA)14]
[ZOWTHEITT % (Figure 10) 7.

« PN ,N 7

(U gl g gk gk TOA
o%’ ..é. e 'é' ';»:& & ..’5"
e Resin Coating Y
Substrate -
.%!!. TOA-Ag NCs “, Bacteria $¢ m‘m" =
Figure 10.  Organic-inorganic  hybrid
antibacterial nanocomposite [TOA-

Ag2s(DHLA)14]

RO TAL—BIRD Agys(DHLA)s IFHHARIZ 5
B BEL 723> 7273, TOA-Agos(DHLA)
1%, TOBUKMEA T4 TOA O TREHRIZ
WS EE R LTS, R /7T AZ— 13
FHCO T 20 2, TOA-Agos(DHLA), 13622
EMEDNE LS, BIEA e L7 %, TOA-
Agos(DHLA) 4 1322 E T o7

https://www.hyomen.org

(a)
160
'g 140 Gram-negative bacteria
-g 120 (Klebsiella pneumoniae)
o
w 100
o 80
)
- Gram-positive bacteria
o (Staphylococcus aureus)
© 40 ,
@ e
S
S 20
= .-
0 U — -
‘O\ 0.001 0.005 0.01 ‘° 0.001 0.005 0.01
T wit% wite wit% W% wtve wit%
& 8§
(b) Gram-positive bacteria
(0.005wWt%) (Staphylococcus aureus)
& 25 f
o
Q 2.0 |Gram-negative bacteria
el (Klebsiella pneumoniae)
G 15
2
S 10
0]
@
o 0.5
3)
£ o0,
TOA TOA TOA TOA
-AgNCs -AgNCs

TOA-Ags(DHLA) 14 BARDFUFE %, 2507
R ERE (7T LBEIE) B O L3 (7T
PE) IZKE U CHE T, SR OB (80 T 2% and
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of TOA-Agzs (DHLA) 14 NCs and TOA.
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Figure 12. Cytotoxicity test of TOA-Ag2s
(DHLA) 140on NIH3T3 cells [ Left (after 1 day),
center (after 3 days), right (after 5 days)]
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Figure 14. Silver nanoclusters/rose bengal
(AgNCs/RB) nanocomposite-based
photosensitizer with dual antibacterial effects
('O2and Ag+ ions).

AgNCs/RB &K% /- a-PDT 2R %
HofE N W& W) W& (Streptococcus mutans,
Porphyromonas gingivalis, and Aggregatibacter
actinomycetemcomitans) \Zxf L Cail <7z, ZDR&
IR OWEEREIZF VT, Ag NCs /RB B A1RE
RB HKDWMLI=Z N—7"TliE, W hb A
HRIHIZ L > TRIBZRBE DK FE2RLT-. Ag
NCs /RB A% RB BAIZ LT, BICRL ViE
oL, ARSI LD @R RED VRS,
SEM #1%£3TtH Ag NCs /RB A KDTIL=2
=T ~ONRE T, M OESRTE R D
72<, TEM #1%%, LIVE/DEAD Y falZ51  TELD
SEE A B2 U7 (Figure 15). HESLIREHZED Ag
NCs /RB &0 HIZEPIMIEE (542 i 3

76



Turbidity of S. mutans

>
fau

m (au)
o o
= O

Acc. Mater. Surf. Res.

BRIT, SN D2 CRBSEA LI —HE
HFRFIINA T, Bt O — B IHEIER LY
Ag T/ ITAZ—DERILSIN T AgTAA v Dt
IMEHEINDHZET, AENREIZE > TRV
EMEDRIES NI LB 2 b, IS, LT
ST Agt A4V DSERBEL, YRGB HTA
REDSRRE T B &btz

EO‘S 1

SE

b
n

14
-

=}
w
)
w

nsity at 590 nm (au)

o
~
o
o

o
)

Optical density at 590

AT

0 001 01 1 10

Optical des

°

Turbidity of A. actinomycetemcomitans
o

0 0.01 01 1 10
AgNCs/RB (ug/ml)

0 001 01 1 10

AgNCs/RB (ug/mL) AgNCs/RB (pg/mL)

Control AgNCs/RB

5% Ry F W g

SEM

[=]
<
wi
o
=
wi
2
p=]

Figure 15. Evaluation of antibacterial
activity of AQNCs/RB.  (A) Antibacterial
effects of AQNCs/RB on oral bacteria after
24-h incubation (n = 5, mean = SD).
Turbidities of S. mutans, P. gingivalis, and
A. actinomycetemcomitans. (B) SEM and
TEM observation and LIVE/DEAD
BacLight staining of S. mutans after 24-h
incubation in control (no application of
AgNCs/RB) and AgNCs/RB groups.
Reprinted with permission from reference
[30], Copyright © 2020 ELSEVIER.
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Figure 16. Assessments of cytotoxic effects of
AgNCs/RB.(A)WST-8 and LDH activities of
NIH3T3 cells in control (no application) and
AgNCs/RB groups (n = 6, mean + SD). (B)
LIVE/DEAD BaclLight staining and vinculin/F-
actin double staining of NIH3T3 cells after 24-
h incubation in control and AQNCs/RB groups.
Scale bar represents 50 um. AgNCs, silver
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. Reprinted with permission
from reference [30], Copyright © 2020
ELSEVIER.
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