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Application of aggregate-induced emission red emission
moleculesin photodynamic therapy
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Abstract: Photosensitizers (PS) are the core substances in photodynamic therapy (PDT) and play a crucial
role in improving photodynamic therapy effectiveness and reducing side effects. However, traditional
photosensitizers are prone to aggregation in vivo, which leads to the aggregation-caused quenching effect
and result in a decrease in the fluorescence intensity and active oxygen generation efficiency of
photosensitizers, and has limitations in the light absorption and emission wavelength range. Aggregation-
induced emission red emission photosensitizers have the advantages of high active oxygen production rate
in the aggregated state, strong light tissue penetration ability, small background interference, and low or
even no toxicity to normal cells, and show broad application prospects in the field of photodynamic therapy.
Herein, the structural design principles of red light photosensitizer were introduced. The red light sensitizers
based on the aggregation-induced emission of electron-withdrawing groups such as cyano, benzothiadiazole
and dipyrromethene fluoroborate and their relevant applications in photodynamic therapy were then
summarized. Finally, the aggregation-induced emission red emission molecules and their existing problems
in photodynamic therapy were presented, and the future research direction was discussed in order to provide
a reference for the molecular design and application of more efficient and safer aggregate-induced emission
red emission photosensitizers.
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Fig. 2 Develop molecular design methods for molecular absorption and emission wavelengths
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Fig. 3 Schematic diagram of photodynamic therapy by PS 5 (a); Representative photographs of obese mice receiving

different treatments (dotted white lines indicate waist measurements) (b); Confocal imaging of 10 and 20 d
differentiation 3T3-L1 cells stained with 2 pmol/L PS 5 for 15 min (c); Colocalization imaging of PS 5 with
commercial dyes BODIPY 493/503 (d); H & E (hematoxylin and eosin) staining of inguinal white adipose tissue
(IgWAT) and perigonadal white adipose tissue (EpiWAT) sampled from different mouse treatment groups (e)**”’
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FELTZAR, BT B D-A-r-A 458 AR 1O,
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Table 2 Absorption/emission wavelength, ROS yield, indicator and PDT effect of BT PS

PS ¥ & £y AR W/ R ST K /nm - AEgr/eV ROS 7% ey PDT 5% EEPE
14 Q NN AN 510/700 0.9 — ABDA 98.5%° [46]
15 O NSN £ Nf- 538/678 0.82 — ABDA 86%" [47]

@ ()T &N
16 HJCO B ‘Q? - - 0.387 69%" DMA 69%" (48]
17 565/700 0.52 9.24? Rose Bengal 86%"” [49]
18 525/779 0.774 89%% ABDA 90%"” [50]
19 520/645 0.199 — ABDA 80%" [51]
20 600/690 0.73 32 ABDA — [52]
21 600/695 0.61 8.5° ABDA 90%"” [52]
22 390. 500/735 0.04 11.4% DCFH ICs0 < 5 umol/L [53]

(24 mW/cm?)

XU S50y T A P SNSRI TA YT (9 PDT 200 ,
A5AE 4R IT % Se Al F S BT I, E—H Rl
T B2 VR 5 F AT A I RG24 190 o 7 7 7 i
71, FWE5rF ) HOMO RERTERA T H4 LB

W, foFrEHERKEETRENORE, ART
TR0 B ATE PS 16, HoAe 2 i [f] P fig 20 25 il 2
BrEelE . L s A LUK iR (NCs)
IFRETEVE AR A A% & 48 (18] 4a) o I 4b il
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Imaging Therapy
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Merged field
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‘

CRfRFE N H; PBS ACRBEMILTE vh A Bk AR
K4 g K& PDT —(R7RiEl&l (a) 5 JH 4.6- ZREE-2- L0510 (DAPL) | PS 16 49KKL 1G4 (4[5 € HeLa 4fifflf) CLSM
EHR B ILEIFE (b) 5 Bk PS 16 5 AP/ NR IR N2 CEME (o) 5 ANFEEITH /DRI IR 5 A
IO B R R (d) 1Y
Fig. 4 Schematic diagram of imaging and photodynamic therapy (a); CLSM image and combined view of fixed HeLa cells

stained with 4',6-diaminidine 2-phenylindole (DAPI) and PS 16 (b); In vivo fluorescence images of tumor-bearing

mice after intravenous injection of PS 16 (c); Representative photographs and corresponding tumor images of mice in
different treatment groups (d)!*®
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) PS 26~29, iX 4 Fh PS H AL F 63 S #E i fie
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LS %o i i A s i AR BRAC R, 4R PDT 8%0R

#3 BODIPY % PS MMt/ R HHHEK . ROS 75 45551 PDT R
Table 3  Absorption/emission wavelength, ROS yield, indicator and PDT effect of BODIPY PS

PS 7% R k. W/ RS K /nm  AEsi/eV ROS 2% 48R F]" PDT %3 Sk
23 o OronO 351, 592/667 — 5? S0SG 85%" (53]
24 512/622 0.082 222%®  DHRI23 1Cso=12.1 pmol/L  [56]

(2.3 mW/cm?)
% Q“E@\ a9s/621 (JK)  —  71%'  Rose Bengal — [57]
o
L 0 Y :EZ;
N
FF~ T
O
26 564/616 0.901 g® DCFH 78% [58]
27 566/617 0.899 g2 DCFH 64%"
28 564/615 0.896 12.5% DCFH 959,
29 565/603 0.892 3752 DCFH 98%
30 613/680 0.01 38% DPBF — [60]

(AEgi13)®

©@AEsim; 185 —WUR LGRS — Uk =AM =B Z RN R 2.
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Fig. 5 Absorption (a) and emission (b) fluorescence spectra of PS 25; Fluorescence spectra of PS 25 in solid state (c); SEM

image under aggregates (d); Time-resolved fluorescence decay curves of PS 25 (4.,=482 nm) formed in
acetonitrile/ether mixed solvent (e); Optimal structure and frontier molecular orbitals of PS 25 calculated by density

functional theory (f)l*”
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