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An NIR-absorbed cationic photosensitizer for high-efficacy
eradication of drug-resistance bacteria
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Abstract: With the widespread use of antibiotics, the emergence and spread of drug-resistant bacteria have
become a major threat in the global public health field. Small-molecule photodynamic antimicrobial therapy has
shown great potential in the treatment of drug-resistant bacteria due to its unique mechanism of action, but small-
molecule photosensitizers with near-infrared absorption, which have higher tissue penetration, are still rarely
reported. In this study, a cationic small-molecule photosensitizer coumarin-flavylium (CF) with near-infrared
absorption was developed, which exhibits excellent anti-drug-resistant bacteria performance. The structure of CF
was characterized by ultraviolet-visible absorption spectroscopy, fluorescence emission spectroscopy, efc. The
antibacterial effect of CF against methicillin-resistant Staphylococcus aureus (MRSA) was evaluated by the plate
coating method, and the antibacterial effect of CF against MRSA was also assessed by experiments such as
scanning electron microscopy and LIVE/DEAD™ staining. The experimental results show that CF has low
cytotoxicity, and under the conditions of near-infrared light irradiation (660 nm), low dose (0.5 pmol-L™") and low
light intensity (20 mW-cm™), it exhibits significant antibacterial effect (sterilization efficiency > 99%) and can
effectively remove biofilms. This photosensitizer is expected to become a powerful tool to deal with drug-resistant
bacterial infections.
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Scheme 1 Synthesis route of compound coumarin-flavylium (CF)

) M E AL LR A IR A W OH R R
(dimethyl sulfoxide, DMSO, &% 2, - ¥ i 15 35 3
AR A A, & F %t (dichloromethane, DCM, i
9, w7 A F R A R 2 A)); cell counting kit-8
(CCK-8, 119, 3£ [H GlpBio Technology, Inc.)-

FEMNIFE B WAOWE T (TU-1901, Eifg
VHE IR AR A PR A A, 266X (fluoro max-4,
5% [E Horiba 24 #]); 3L R A HOL B 7B (A1, HA
Nikon 23 7)); #% W LRI HE AL (QUANTUM-1-400 MHz,
OB B2 T B R IR 7], B R G A B
(SU8010, H Z< HITACHI A )

WEYICFIERR CFIIE R AN G 4 1
o FALAYI A (97 mg, 0.5 mmol) FILAYB (130 mg,
0.5 mmol) ¥ T UKEERR (4 mL), 253 T # bk 2 [ 44 52 42
Wi RIEAER PR G RH IMA 1 mL 75% HCIO,
W, FETHRZ 110 °ClElR . MY 6 h &, 35 MR
ZER, B R BN VKOKH, ST UTE . HE, I8
B2 IR Ve S R T, 13 B AR K 160 mg. 7
#:62%- 'HNMR (400 MHz, CDCl,-d) 6,;: 9.35 (s, 1H),
8.31 (d, J = 8.4 Hz, 1H), 8.19 (d, J = 8.4 Hz, 1H), 8.07
(d,J=9.0 Hz, 1H), 7.67 (d, J = 9.4 Hz, 1H), 7.54 (s, 1H),
7.07 (d, J = 7.4 Hz, 1H), 6.72 (d, J = 9.0 Hz, 1H), 6.45
(s, 1H), 3.69 (d, J = 7.7 Hz, 4H), 3.52 (q, J = 7.1 Hz,
4H), 1.36 (t, J = 7.2 Hz, 6H), 1.28 (t, J = 7.1 Hz, 6H);
C NMR (100 MHz, CDCl,-d) d.: 164.00, 159.02, 158.79,
158.57, 156.10, 148.19, 146.95, 134.91, 131.67, 117.71,
116.86, 111.72, 110.96, 97.72, 96.55, 46.49, 45.97, 12.77,
12.67; ESI-MS: m/z: Calcd. for C,;H,,N,0," 417.217 3,
found 417.217 1.

A CFBIRME 6 BN BRI A [F) % 77
HIOMA T em YEFEK I A S L B, SR RE S B
B3 mL WA . G BOR 2K N 10 pmol L. Horp
10 wmol-L™ 48 ¥ ¥ - % L ) 2 1 & 5 W W AR AR LG
{8, BRI R 0 F 10 OB R IS TR . TE= T 4
ol 451 AN TRV 70 b T Ol BRI R R IO 1 5 9 O R A
i

WA CFRIIE MR PREURANH A P AR
4 78 {0 ] %) BR B (methicillin-resistant Staphylococcus
aureus, MRSA) T V& 2 B K S R RUAA 5 75 5 (tryptic

X
oG
0o =
w00,
N

O
CF



© 638 -

2452243 Acta Pharmaceutica Sinica 2026, 61(2): 636-642

soy broth, TSB) 1, Jf:7£ 37 °CHE R iF 4k 2 %7 H Ak K
B 5 0I5 1 TR B RORR BE 2 1x10° CFU-mL™, /N J5 4-
S0 (1 b A R VR . SR T 1) 4 ) % ORI BE VA TSB
R 22 R VR 2 - 30 WO B 5 T s oA T ARV, %) B2
TN -V BE (1) CF ¥, 3078 9 B BGRI R 20k
40.0.2.0.5F11.0 umol-L", B J& 76 2018 50 . i FHIE 4L
A% (660 nm, 20 mW-cm™) fE 5 5 min, PLTEE 41N
X HR AR 5 b TR VR P OO B & 1x10° CFU mL,
HEL30 uL ¥ AT, BT 37 CCRER P R ), &
TR, AL E R 3R

LEY CFRIMBET TN R B R 2 4
F£ 41 B (rat skin fibroblasts cells, RS1) 1% 7% T & 10%
FBS 1 1% 75 % 2 — 4 % 2 [ dulbecco's modified eagle's
medium (DMEM) ¥ #7251, #£37 °C.5% CO, N3
FRAA IR . BRI AR, B — R — Ik EE IR k.

TE TG TR 96 FLAR Hh 42 i A o Jek 1) 440 M 2 ¥ 100 L,
FEANFLTKAE 1x10° > RS0 . 85322 Feh 3 40 B0 1)
96 FLAR I TE 241 i 1 77 46 55 1 24 h, B S e 40 i s
TR, N A AR B S8 (0.0.2.0.5.1.0. 1.5,
2.0 pmol-L™) 85723 100 pL, 4k 4205 7 24 he. W% IH
B Rk, FH DA R AR 1 CCK-8 T AR B #e, B 4L In
NI 5N 10% 1) CCK-8 5577 (CCK-8: Bi 77k =
1:9). % & 30 min J5 F B A5 OO 7€ Y6 BRI AE 450 nm
A )W G FEARL, IR B A9 e TE A AR AR . S
WEE 3R,

MBS S A H R LS 000 r-min
BB 0 2 min J5, B R 35 22 v (phosphate-buffered
saline, PBS) & ¥t 3 K, 2.5% /& % [& & i 1%, A PBS
BRI, (I BE B CREEAT K, T8 S5 4, 4 Bl
bR A J5 38 i 9 4 B 8% (scanning electron microscope,
SEM) W82 4 B WL T 25 A2 4K,

F R LIVE/DEAD™ R K br vl o Wk
FEREE S 1x10° CFU-mL" . HUJC 18 24 FL 40 i 3% 752 4,
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TEJEHF H 15 min.

GitF 7535  {# ] GraphPad Prism 8.0 # {1 47
Gt o tr. A B R 7 2 0 M1 (one-way analysis of
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Figure 1 Characterization of CF. A: The ultraviolet absorption spectra of CF in different solvents; B: Fluorescence emission spectra of CF

in different solvents. Excitation wavelength: 620 nm; Slit width: 5/5 nm. DMSO: Dimethyl sulfoxide; MeCN: Acetonitrile; MeOH: Methanol;

THEF: Tetrahydrofuran; DCM: Dichloromethane
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Figure 2 Detection of ROS production by CF after 5 min irradiation with a 660 nm laser (20 mW-cm™) using different indicators. A:
DCFH (Ex 488 nm/Em 525 nm); B: DHR123 (Ex 488 nm/Em 525 nm); C: HPF (Ex 490 nm/Em 515 nm); D: SOSG (Ex 504 nm/Em 525 nm).
ROS: Reactive oxygen species DCFH: 2’,7'-Dichlorodihydrofluorescein; DHR 123: Dihydrorhodamine 123; HPF: Hydroxyphenyl fluores-

cein; SOSG: Singlet oxygen sensor green
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Figure 3 Energy levels (S,-S,, T,-T,) of CF
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Figure 4 Safety evaluation of compounds. Cell viability of RS1
cells treated with CF at different concentrations for 24 h. RS1: Rat

skin fibroblasts cells; ns: No significance
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T B CF ik FEAH R, J6 o' 2 B v& 4500 3 v T
HEZH . EASEENE, MREIAF 1 pmol L', CF1E
TR A TR B — @ MR 7). B0
&I AL (colony forming units, CFU) #H47 48 it 247
Hr (B 5B), J: HEZH 01 58 6 il CF 94 5 38 n =2 8 #2412
T, 0.5 pmol- L™ B RIGE £ 100% A% B ZUE (P < 0.000 1).
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2 P % €0, S0 350K CF IR FE 158 29 0.5 pmol- L i
HEAE R
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Figure 5 The in vitro antibacterial activity of CF at different
concentrations (with or without light irradiation). A: Photographs
of MRSA bacterial colonies formed on TSB agar plates containing
CF at different concentrations (with or without light irradiation); B:
The corresponding CFU count of MRSA with various treatments.
The power density was 20 mW-cm™ for 5 min. n=3,x+s. " P <
0.000 1; MRSA: Methicillin-resistant Staphylococcus aureus; TSB:
Tryptic soy broth; CFU: Colony forming units

Control 0.2 umol-L"! 0.5 umol-L"!

Light ()
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Figure 6 Scanning electron microscopy (SEM) images of bacte-

rial morphology after CF treatment
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LIVE/DEAD &7l £ F SYTO-9 H1 PI W M 2 ek, 52
TGS 240 B 3 RS PR TR N 5 X 43 o, SYTO-9
e O R0 2 125 FIT A7 200 1 1Y) e B A L, R3O G R
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[ Y4 T T 3021 €5, 5 5, B A T R ) T 4 R R,
R B B A TS 4T 1 5 A4 1 A B R R B A 0 A

ELIEIRAL R (B TA), £ IN CF KX IR AE )
JIEE 52 0 350 50 B0 1) 45 M RRAE, TR ET N BLGR L6
F, AN s, LA R A BRI
CF 1 T I 200 1 A= 9 ot e e v R0 o 6 it I Ik B2
(0.2 pmol-L™") AL (0.5 pmol-L™") CF A3 5, B4R
S0 TG R B IR AR B, (E A A R A ATy DA SR £
FH T, 46T AE T RIS, TEE =
ZAF TR, CF 0] 20 B 41 B 15 5 52 P R A= 03 A 1 5 i A
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Figure 7 LIVE/DEAD" images of biofilms after CF treatment;
the orthogonal reconstruction images are shown above, and the
three-dimensional images of the biofilms are displayed below. A:

Without light irradiation; B: With light irradiation
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T [FVE B, A28 P 4 €658 e B R ek /b, 40 6858 12
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SR G 28 A A7) 2 BB N i R ) B DR e A
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AN T OGHETR CF X4 B 2548 1) SBCK PR RO o 1 — 2 4,
CF X ZE s th R B R 4T i 5 B ik

FHEL T A BN T BB Ak &, CF AL B AR ILTE
“OBUIG R R AR & (0.5 pmol L) 5K 5
(20 mW-em™) &4 B AT s B A R 1) e R O, AR
BEAS 17 I PR VB 7 X 50 4% 2 50 ™ 87 K, 388D 1ok
ORI R 5l R I R IR L. SR, AHTF FAT) A7 7E R BR
PE, WARIRANIRTE CF 7E 2 A AL R A AR I 78 A K
W2z 2, HohZ 56K — &4 R PR BREXS T
Bl . ARHE TR — 2D 46 i CF 15 3 P K G s 7 o
(470 BV VRSO IE, 25 254K 30 1 2% 4 B B A LA 4
RN, FEa I Al 7 7 S5 K 5 T+ AR M 1, J9otsh )
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