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Construction Strategies of BODIPY-based NIR-II J-Aggregates and
Their Progress in Bio-optical Applications

ZHAO Kunxiang®, CHEN Tingrui*, LI Yukang®, HU Yangyizhi*, ZHAO Bingjie', DANG Dongfeng’
(School of Chemistry, Xian Jiaotong University, Xi’ an 710049, China)

Abstract Near-infrared II(NIR-II, 1000—1700 nm) dyes have emerged as a promising tool for in vivo fluorescence
imaging due to their enhanced tissue penetration, reduced light scattering, and minimized autofluorescence interfer-
ence. In various aggregated systems, J-aggregates typically form through “head-to-tail” or “slip-stack” arrangements
of dye molecules, resulting in a pronounced red shift in both absorption and emission spectra, offering an effective
strategy for achieving NIR-II emission. Recent studies have introduced a range of borondipyrromethene (BODIPY )
derivatives that, through molecular design and self-assembly, form NIR-II J-aggregates with excellent photophysical
properties. The core construction strategy lies in effectively blocking H-face-to-face stacking between the backbone by
introducing steric hindrance, regulating electronic effects, or constructing non-covalent interaction networks,

thereby inducing and stabilizing highly ordered J-type slip stacking. This review provides a comprehensive overview
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of the progress in the molecular design, synthesis, self-assembly behavior, and structural regulation of
BODIPY-based NIR-II J-aggregates. Furthermore, it highlights their recent advancements in biomedical
applications, including biological imaging, photothermal therapy (PTT), photodynamic therapy(PDT), and integrated
theranostics. The challenges and future perspectives for BODIPY -based NIR-II dyes are also discussed.

Keywords Borondipyrromethene; J-aggregates; Photothermal therapy; Photodynamic therapy; Bioimaging

EEGEE L Ab—IX (NIR-1, 700~900 nm) % FAHHE, JE£L4h X (NIR-II, 1000~1700 nm) % HHA
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N, ARG AR T SRR, WH SRR AR 5 & ) (Aggregation-induced emission, AIE)& R A
¥ SRR B BIE B & A5 5 42 NIR-TT K S5 9% 2141 (Short-wave infrared , SWIR) & Y6567 B E A
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AR A3 DL Sk R AR sl W A HE R 10 0 =R P HES DR B - SRR, 25 i 238 58 20— ) -
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Gb, P BB —E 551 T AT S R A BRI R, TR FHA R 2Ot R, M )-SR 4E
PR T A S B NTR-TT 2 K A ORI 2 — . FAAE 20 tHE 22 304E4K, Jelley™™ 5 Scheibe ™ BN 7E B 1E
FYRPERT -RENSL. 2K ERE, #£% (Cyanines) . ¥ F} B (Rhodamines) ) 75 iR %
(Squaraines ) S5A% 4t Yoot O AE A W B 22 SR AR R VO SR, A A6 YR A YeRae A 2
K Ty R EEREA ", B P Oy R YR AR 25 4 aT IR S A 5 sS AR A7 BRAF BB 1, fE—
R E2 T S RE NIR-ILRE ik —4 L . 20144, Kim ZE 5 HRE T meso- — 350 BE T 175 S 500 —
MR H L (BODIPY )T AR J-SRAE (A . BODIPY 1E A Mo s ye k), HAT B m Aoede e 1 |« T8 b iR 2544 -
P R DL G T H e AL B I S5 A 55, AR S NIR-11 A& 55 1 J-SRAERSEAE T a0 it
5, MR S TR S ARG G, K T 2Rl ays 3 it Ae 5 RS RS, #E
&) ¥ BODIPY 2 NIR-IT J-SRAAAEA YIRS 277 T3 T i IR R .
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Fig.1 Schematic diagram of the energy level splitting of aggregated dimers as a function of the slip
angle(6)"”
When 6<54. 7° (J-aggregation) , transitions to lower energy levels are permitted, resulting in a bathochromic shift
in the spectrum; when 6>54. 7° (H-aggregation) , transitions to higher energy levels are permitted, resulting in a
blue shift in the spectrum.

Copyright 2011, Wiley-VCH.
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BODIPY 2 J- SR AL A (A6 57 S SAE T4 ) BODIPY - 1fif 7 0 B ZR A /K AF B 5 vk 3 4514 1 19 1 - 1T
HEFH (face-to-face stacking)"”', MITE AT F o Ao0E i H-SRAEAR . HATs BT oems E 2 G 7
RO R | 23 i BRI S RS AR B P 328 (1R 2). H 250 4 18 8 e 7R A E A AT A
SR R BRI SRS 5 A (R LR 7, DRI H-SR AR I 02 i S 1 J- U AR, AR AR e 1Y
J-RAERDS Xiong %" 10 7E 28 ML BODIPY B2 11 3, 5-55 3 5 Hh 8] (meso ) 57 5 | A5 I HL -3 A1 il &
BER TR AN NIR-IL A . H HFR2> 7 NOBDP-NOLTE 1065 nm Ab 2 3R HY 5 28 56 & 5, [ 25 446 %)
@,35 3. 21%. 2 1A)A57 BEASON 433 B Sl 1 76 43T B S BEA A5 5 | A KARFRIBUR JE A 18 i 431+ e i 3744
HEFR, BEAS S>3k B R B2 3 sl R AR 0 TR TR AR =K, AT ke 542 ) TR XS TR HEFR TR Al J- 2R
A, PEIMSEBETE LT RS G HR ™. Yan 25258 2 78 A 24 U 0% (aza-BODIPY ) B2 HH 5| A%
(] 457 BELIE P = 2R B (TPA) R ar-#f (EWY ), 4543 F-[0) a7 - MERL S A2 BELAE FH Ay, B o 1E KM
LT [ ZE 2GR R 2R ) J- SR AR A, R A e Bt e A 21 % & 939 nm/1039 nm. 7 5 EME L
JR L2 35 5 15 20 A J- TR T (J-NPs) B RAF/KIEPE ST ek, R 35. 6% B i%
(PCE, %). 73 [ BHI AN e 1 Py PP 5 5 | AR 1) J-HE R, R RB A S I8 15 428 8l ) 2 A e
1, 5 S RBERT A R R TS AR RO, . AL T A RGE T — R AT B A BH A AR X AR D-A B
HEH 2 AR T TR ZR AT ) 2 P A R Sl AR SR A ARAE AR BRIAEE R A stk i K AR
B ERAR A shASTEAR , AR IlRa 0 s B8 B (R ZE K 35 344 h DA, SEBE T Wi HR 28 Sk 2= R A 10 P
IG5, AR AR A R R R i 5 | A A 1) M AR AR A 01 FH T (U B e B 55 ) e |
FIE T A A HER ], (R HETE A HERR Y )-SR AR, SRR IS R S 41 SRR AR .
Li 229 F < A% BODIPY 431-18] () 22 5 151 5 5 a7 MEFR D[R] SRS R J- SR AR A, I 1k 5 5 e ik Bt
HRY I 2 —FE-b-F & TR (PEG-b-PCL) A 51 7K AH ELAE AR AR K ARG E () R AK J- A1k S+
J- R MR LT AN, AR R BRI SEPERE , PCE 535 72. 0%, FEZEIRINSZBL T sk
IR S EIIRTT .
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Fig. 2 Design strategy for J-aggregates of BODIPY derivatives
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DA X 52 2 BRER G Hr AR S T, 25| RIB S s 5 B A AR IR A ) A, DA B ol LA 4 17 A
W1 ARG IS, TG A 0 3 238l . A HER Sh S0 . BT, BODIPY J-3R4E
VRSS2 R Jr i S BTG A% 5 o 2 s 5 oo 1o 1k R 4

AR By 2 R0 T R A T VA AR | T A R B AR A O A R S RO U S R
KT PRI A X RE 42, DT T TR 2R bR AR A v [RIAR” 1) “ #0724 R A AL AR, SN R AEIARTE
B R AT . 2021 4F, Wiirthner 5824 76 7 FRYLEMA 2R rPiiESE , (TSI 1814508 2 R 55 8 ) 27
S5 A BV fiph o 2H 28 B AR A Ak . ZEIGEERE |, Chen 25 R 30 T —Fh 25 1% BODIPY Wi 614> 1, HAE
IKIEW P AEAE SN 12 ST 255 i RAEBEAR , 40 8 O RS A AR IR Age. TR ) 22 SRS E 1Y
Agg. 1. Agg. I RERIE AR URL , 1 Age. 1 B AT Z )2 90454, PIAN R LRI RN J- R L RFEE
[EI3(A) L. Bfife, A1 e — 2GS T 5 TS K % G WG 551 aza-BODIPY 43T, F45 i HAE B
(MeOH)/H,0 H ¥4 H1 [ 41 2% it ST B8 71 2445 R FRZS Age. 1, Bl 218 A0 AT 2 R E /Y
Agg. 11, %55 A PERETE A5 i TG T J90RE i) 55 BE AT 7 MR B4 K i AL [ 3(B) ], [T AE ST £ A X35k
PUREZAS | TR Y -SRI 5 R Sl IR 0 i T

&)

Energy

Agg. Il
Fig. 3 Aggregation pathways of ionic BODIPY(A)®' and aza-BODIPY(B)“" leading to the off-pathway
metastable Agg. I and the thermodynamically stable Agg. 11
(A) Copyright 2024, the Royal Society of Chemistry; (B) Copyright 2024, American Chemical Society.

S 7 A R4 B A 5 | AR pHAE | i L 6B A A AR R S S U B AR, shAS T
U4 R EAE R, 762 4 A B BE v S J-SRAE IR “Fae TR g ™, DT S BRI B 11 ] 45 0
5. 20224F, Hu %87 4E aza-BODIPY 4t b5 ASGIm 7 N-3I il e 5L [T, (3L HL A& NO BEAcRe i -3l
H-RERMTERL . B— LA -R 2 F 0 0k (BDP-NO) Yk F PEG-b-PCL R 4K T i
JJi 1% BDP-NO@PEG-b-PCL 4} K UKL AT 78 Mg i PR 5% sl ot B fl & T B NO, AT IR Fe J-RAE AR
(Kl4).

20224, Yan 2528 DLBR W I 22 Jik 40 K 0RE (P-ipr@Gal ) 75 2 2 FUBE AL 4E BODIPY (Gal-BDP) (1 7k 4
T e 95 553 TR AP 358 PP A1 3 00 K 5 TR A7 5 I BRI Gal-BDP, i SR AR A5 H-SR AR 5578 Oy J- SR 4 . 2024
4 Yang 25231 HOBIB K75, W55 NIR-1 BODIPY 77K H 26T ) Rl K ok, 7607551 A6
P IEF A DL R, 22 808 nm OE IR 24 3. 5 min B AT LA 8541 4 HA NIR-TL A 61 J-REMR (K S).
BODIPY 28 J-SRAE (K i b RS A R 45 A% - A K g 22 sl s | AR iR (55, 5 | SR R B AR B
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Fig. 4 Schematic diagram of BDP-NO @PEG-b-PCL micelle nanoparticles and their different responses to
light irradiation”
Copyright 2022, Wiley-VCH.

808 nm |||.

Photo-facilitated Re-assembly
— T

Photothermal >53°C

Fig. 5 Schematic illustration of NIR-II fluorescence, induced by 808 nm laser irradiation, and molecular
structures of aza-BODIPYs 1—3*!
Copyright 2024, American Chemical Society.
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PRGYOREE D, PRV BL ST 1 T S AR B AR S B - R AL R AL %E , 51 R PO E S SR B 4K
AMLBEAR T G AE M b, LA B = R vl RS | & A etk . DRI, dn o 76 R4 NIR-IT =g B (55 6 1) i
P& B E LT BODIPY J-RAEMRAEMRN S5t fese M 5 A4 WA 281 © B0k 2 10 A= 0 AR 40k a1 2 Al
BAZ 0 ) 3T

2021 4, Liu %' iz JE | PCP-BDP2 J- R £ 1k , HAE Pluronic F-127 H /& Sf i fi7 T 1010 nm
[E6(A)], @ 76.4%, 5T (FWHM)~80 nm, RSN LR K ZE BRI TR 8 mm, AW T & 40 %
55K 096K B /96 B A4S AR NTR-1T Jgjlﬁgj‘—ﬂnij((Fluorescence-gulded surgery, FGS). [FI4E, i
2 E— 25 & T BODIPY A AE 9 £ 4 S B ki (BisBDP2) , i fii AW AE £ Frh A 428 i J- 2R
EIRIG , B UK BODIPY JEb4 AL A 0627 W 41 & 2 NIR-11 b(1500~1700 nm) & [1. BisBDP2 [ K
WIS K LT R B 2401375 nm [ B 6(B) ], FWHM~60 nm, /345 @ AR, (SR W IR il T i
B IGSF = or HER N A S, RN SCIGAE AR, % J- BRI TR R 19 6 75 A R 6 A0 iy T
HAEREI.
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‘\ J-aanrwal-- L/

High PCE (69.6%)

e’
QYerasor wes (4.37%) L,
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Fig. 6 Molecular packing diagram of PCP-BDP2(A)"", construction strategy for the J-aggregation of BisBDP2(B)"”
and BTA-BDP molecules and its applications in photoacoustic imaging and photodynamic therapy(C)™"
(A) Copyright 2021, Springer Nature; (B) Copyright 2022, American Association for the Advancement of Science; (C)
Copyright 2025, Wiley-VCH.

20254, Yin ZPVi 3 51 A B—0 284 HE N} aza-BODIPY 4% .0 TR B2, A A T — R WIS 1fi
FUATTHE PR I8 — - GU —nik i (BTA-BDP) [ B 6(C) |. %5 FAE KA A L 3TE B J- SR AR 40 K r
+, ZEERLE 1014 nm 4b 2 3R NIR-11 9656 & 57, 72 PBS h iy &,3k 4. 37%, PCE ik 69. 6%, LT
KREZEAVEIG (PCE<50% ). IR F /NN B S0, R L 2 B SRS st T3
P, S Xt b BE NIR-IL 9O AR , 500 BUS RS Rl & St BAME B, 5 3 2 30 1 B
2B TS W, 5 - MERRE A5 R e S D W) A K T 25 90 76 I v o R EeE ), BRIk
FHIG R IRELE I TR 1 9 6 A5 5 T RE S AL 344 b, 3 & T HLIR 45 250 o F i AR I RO 1

TR .
24T, BODIPY J-ZRAEIRTE A 9 hii (5 453k 2L S B NIR-IT a 21 NIR-I1 b 7 1A 58, sARIR 543
PR BT SR, SRR R NFEEA L | 9 GE T R R A Bk, ARG IR

FAL R BRI A A B AT Fp it — 2D BE
3.2 EHRST
JERIHIT (Photothermal therapy , PTT) A=y — Rl H S i 55 B b g - TSRS, HAZO AR TR
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FeHGEAT LT AN RE RS HREE , S0 g 2H 4R ARG MR i, [)Rh U el /D o) ] 1 2 41
B350 . T BODIPY A J- SRR HAE 20 4 — X (NIR-TD 7 1 AsR M ScsvE , 7e3 IR 244 o
BEPEFALTE S TR RIS, B s A A 508 7, 2 SR 2 g v R4 PTT iy B AR it
H. BRI, PTTYF AR AE 5 2 AP iR BE RO T R AR SE R 1 se e e . /6 52 2% A AR D9 2B B Al
SEG J-BRAEIR A%, FEOEWICER I 45 /N % PCE 20808, o e AR50 fl e B s 000 v T B
8 AL, f 2 Yy n R B R rT RES | R AE stk , S S BRAS G REE 4k . R, dno 76 52 2= i) AR 3
A 8T BODIPY 28 J-RAEIR MG 70T 450, T 0-F5m PCE AV AE W8t , © A HESh FLiE—2F
I A AZ BRI

2024 4F, Lu %2 4 R ZHL B TR , BT aza-BODIPY U 8 1 A -2 (K -HEA (D-A-D ) 42
FH) 3, 5- e Wy SEEBCFC YL kL (BDP-2) [ B 7(A) 1. %43 F 4 0I5 TR A% Mg 10k & e i - 2R & — 8% 2000
(DSPE-PEG2000) F25% [ £ 55 T it BDP-2 44K KL 1 (NPs) Ji , 50 2 A 384 R 5 %0007 (o FL I i 21 7% =
886 nm, H WIS HBLEM 2 1100 nm DL b . X BT P HERUSE S OO0K, (R0 AR i 2@ ik
RS AL, MR T A RME A et bERE . SEB0 3R, 7 808 nm #(0. 96 W/em?, 10 min) i
5K, 30 wmol/L BDP2-NPs J& i i T+ 4 25 °C, PCE ik 66%; 4556 BUR IS IS | %, %K R
FEVRNSEI T B35 g il SR, 7B R T AL G b AN 28 B RN A2 1) [

D)

nanoslice

oA Ao p

n
/\/\/M/\/\/

BDP-(NO,), F-127

BDP-(NO,); NPs
Fig.7 Chemical structures of BDP-2(A)", meso-CF,-BDP-1(B)™ and meso-CF,-BDP-2(C)**' and schematic
diagram of the assembly of the BDP-(NO2),(D)*"
(A) Copyright 2024, the Royal Society of Chemistry; (B, C) Copyright 2023, Elsevier; (D) Copyright 2021, Elsevier.
kg R TE P AL (SEOG/ROS vs. I ) FEINRCEIIFE, Wang SR T —FEE T4 iz
SRR B REEEAEROR G . A 1HRIE T 1,7- 2R JEHA A U H A7 - = 350 JE 5080 ML (meso-CF3-BDP-1
Hl meso-CF3-BDP-2) B4, F IR 251 S 3R T J- SR TE iU i B HERUE LI 7 (B) A (C) 1. AtbAT s
meso-CF3-BDP-1 15 DSPE-PEG2000 3414 il & T meso-CFs-BDP-1 NPs, Hfge KA T 746 nm, 1 T
meso 1\ =GR 3 (—CF3) L5 1 & B 737 Nl , HAOGR T SRR LS AU A Rl 3 (i
KASRERILT- 582 VAR S IGEIE R . RN R % (690 nm, 0. 6 W/em?, 5 min) T, 80 wmol/L
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meso-CF3-BDP-1 NPs & FHL 15 28 °C, PCE4R T} % 82%. KAk, 1R RAEMARTI (0. 2 W/em?) R
A BELAE B IR AN (SGC-7901) I EE ST, HARMPEAE AW E 2 0 B 32, B T s sk & 10
E AR PAN

FEFETH AR S 38 0 1 5 e Ra T T, Zheng 255G T = RS LU SO ks AT AR W [ =
BE-GE I, BDP-(NO,), |, 2477 A= 90 JE B b R R 0 S5, TC IR ZE AR M IR 2 KA 2y
e H R TE % J- SR, W e 06 DA B A 1 635 nm i 25 21 % 2 765 nm, 5% 25 VT it 3T 21 SO % 1
[E7(D) 1. it 5 R A M- RAE - R A Lt B R Y (Pluronic F-127)3E41%2, rf5 BDP-(NO.)s
NPs AULRER T J-RERHE, IS5 KM S APt . RO AR Y SEEIESE, 7E 730 nm i
J6(0. 6 W/em?) BRES R, 1416 HGRF A 20 we/mL IERIEE THE 15 31 ‘C(PCE 4 28%) , H H.& H @)
SeRa e . (AR RS, AR HeLa AN TCRG 20, (HAECIEIS | ANAE TS RIRME 5 17. 1% ¢
TRPIGYY UL4 gt , /NIRRT e A S FR AR IR IE 5, Feor30iE T H stk S A etk

Zi I, BODIPY J-SRAERAY PTT Hms e 3 H Pt 5 e L 0k B S AR AR W s . R RIS
R TEERA AL S A K R, SEPL T PCE M 28% % 82% AU KIRIR T, HIAR/MAZR AT 7ER )%
RN E MR AR . AR, KA R AR I A R T (0 A B R R AT s T i DR 1) O A
[ 8.
33 gkEhias

J:8) 713697 (Photodynamic Therapy, PDT) & —FAKf6 16 H4: 5 (ROS) A 0 Bl 1) i eg = T s g, L
AU TR FE Y RIGR AR e D KOG IR R 38 & P AR A 2P ROS, SN b 20 40 ) e S vk S TR oA
LT BODIPY [ J- SR A 1 b 40 45 o i B HE R, A2 e T R Al (ISCO 2, & B R
15 ROS 7 A1 FE LR MG . SRTT, PDT Y7 450y BE A TIOR8 b i S SR BE S 25 S HE A . AES O
(A P A SEREE v e [ F B4R MR 48 (Hypoxia) 77 SEBURI 48 1Y Type 11 ROS A BUHL I SZBH.,
Rl J-BRAEARAY 6 Bh SR IR = S0 2 R T s [, B 35 hH0 i A 1 i AR e IR I 41 4
YR, Bl AAERE ORGSR, A T SE I VBRI A _Fak R BRI, BFE EAITE T TR
SRR IEAT T 7z 83E . i, i e Aoeioor 7 e 745 5 41 IEA EAE R, AT
SR TE ISC I BT ROS F= 3. AL, FETF o072 FH 412 SR A4 3714 40 K SR S IR B4 IE B RE A8 S IR i
WA ZY W AE IR S O ) e B Ry B 2 B R T R TR S T AL R,
if— 32T+ BODIPY J-SRAEVR M Ihyeg 4 ) & 4R RE T, IS M i AR X ROS AR B BRIl Canm | A 4t
AR ARE ML) , X S8l SR H 2 4 PDT L AT B2 .

N T ARALSE PDT XRS5 , Xiong %5713 T —Fl 5-5UHU LAY D-A-D # BODIPY fi74: 9 91
B — itk % - 0 (BDP-F). % 43 1 76 K M Hh 48 SCHE OK 25 [ 4138 T8 B J- 8 45 1R 90 K ki F BDP-F NPs
[EI8(A) ], HFRpE 8 7E + 2 i 1 RHLH =B P T (-03) , L AR RS A (10,) iR 42
TCRATLTIE T 1 b4 b i 1 dle A o7 1 A0 I AR AR 1 I R B v B (ICs0, wmol/L) 43531
26. 91 F128. 91 pmol/L, /s AR A A URMIE . HAb, %K 2 3 HAL S 09 NIR-IT DG A% [ & 5k
£ 1000 nm, @,=0. 18% | 5 YeHERAE /1 (PCE=50. 9%). £ 808 nm It (1. 0 W/em?, 6 min) BT,
BDP-F NPs /Y € il 32 PDT/PTT P[5 %4 57 4 HeLa 41 i 19 1C,, % 28 11. 33 wmol/L; 14 N 5236 £ 0,
BDP-F NPs 7E {3 415 29 12 h ik Bl =0 & 45, JF0y 54. 2 CRY R IR AL, A 16 dINE 2 TH Ak
i HJCHH B R, BUEAR T 2 S SRR YR P MERE . o — 5 THT, Wang 57V 80 T R &
R ROS A2 5 IR )2 A% 8 1 i SR FTJRBDGEGR . AT T BRI 45 - F AT A2 ) ATX-6, I3 i
DSPE-PEG2000 /5 H: [H 412598 % J- R AR GUKR AL T ATX-6 NPs[ [ 8(B) 1. 1Ak 5 3= 23 1 11 B AL il
PR PR (102) , T AL 38. 2%, R BN H AR A ROS Az BURCR JO e S PR 1 A 328 oy 1
ATX-6 NPs [ NIR-T1 % §f R 5B 4E {1 2 1200 nm DL |, JeIFE sl ik 42%. (RPN SEIR D], ATX-6 NPs
FEFEST G 6 h BV ATk B i & S0, OB IGHA SRR THR 252 °C, G s PDT R0 8 2
PO T R A . LR, RENESR Y] R R LR, UESE T IZOR N AR SR IR VR Y T Y [
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GV ® Electronic-donating substituent @ Electronic-withdrawing substituent
(A . (-OMe) (-ClI, -F)
J N
AN b N .
1) Jmeso /s ? Large steric hindrance ®- - Small steric hindrance - -
2 6 -
3 r 5 2
o ® 4 Intermolecular interaction
(Hydrogen bonds, Electrostatic attraction)
/‘ Loose Stacking Tight Stacking
R R = ACQ Enhanced NIR-Il FL
R= OMe, H,C|,F Weak O, generation ability Strong O, generation ability
” O
R = 3
{ =
O Self-Assemble P ————
ATX-5 Monomer
H-Aggreagtion
. — ®
R = S
] Z
Self-Assemblg = = ==
ATX-6 Monomer Looser J-Aggreagtion
,” 2 Different aggregation mode \'\\\ 808 nm ! Syl Closer J-Aggreagtion
: induced by steric effect E N DSPE-PEG2000 A X .
1 ~ TPy g
1 ' SN
i [ Enhanced J-aggregation : N o e
- regulated by dual-strategy H ‘\\
1 - S
1 ~
i Distinguished 'O, quantum yield | - t
: 0f 36.2% in aqueous solution : A ATX-6 NPs
1 ' .
1 -
E g NIR-II FI-guided photodynamic ’: __________ Tumor ‘ \
. therapy ST Yy - = -

Fig. 8 Strategy for regulating Type I O; generation in BODIPY derivatives(A)"” and assembly preparation
process and antitumor mechanism of AXT derivatives(B)"*
(A) Copyright 2024, American Chemical Society; (B) Copyright 2024, Royal Society of Chemistry.

(PSR I/ ey i

Zi b, LT BODIPY J-SEAEIR I PDT RIFSY C K i ) TRLHN 1L BL P AP ROS A= B - 1AIHLI A (S
AR, AROEIR T IR B AT R BRI, (H ROS 77 S AHXT A R 5 T AL L4 2+ %4 , ROS
A GRS, ABAEZ SR T IS R IE KA . SRR AL L3 B ] SRS A B I Ak PDT BF5Y
0 Sy
34 B —iE

i?ﬁ*ﬁqh(Theranostics)%%E@&L‘E?T‘@@“i@ﬂfﬁ%lgffﬁﬁ N ?ﬁﬁﬁiﬁi@%ﬁ”ﬁ@lﬂ%%%, M
ST e T R A U 5 B AT AL . BODIPY J-5R A AR A5 Ll RS A 845 1 1 43Ol A, ik
SEP X — M Y BEAR AR AR R NIR -1 26 & S 2 IR 2 At 1 e £ W b i) S I B AR S, T
] — SRR GG IR T SCRE R RO E 063l J1808s, SR SR T I RERE & . E— P Ry BE
G A Y A S AL AL R, A= B J1IRYT (CDT) S HL G I AR Rz, IR s i g 5
ZRESENGST T — IR RRISIT V-6 AU B T2 B — 7 e R 2 IR R R h i JR PR, 3k
AT E A ZRASE S 1S I IR R IR YT P EE , A RSU M R T R AT 0 L

TES> TR R, Hao 551 F 2024 4E4R1E 1 —Fh M E H A SE Y 5 35 P05 aza-BODIPY 1L 45
Y (BDP-a). %53 T 1E/KAH P 5 Pluronic F-127 B 2H 3 i J- S ARG AL 1~ (JBDP-a NPs) , H i
£IH5 % 968 nm, BE/R{E R BRI 2. 71X10° Lomol ™' ~em™", HL PCEAE72. 9%. HNEEHE, J- R4
PSR TS BN AGRAE TOCHMERE, 16 2 F 0 1T TRITE PR (A0 - OH) B AR i, AATISEEE 1 PTT
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5PDT AR K 9(A) |, ZEMART R ZE T (915 nm, 0. 27 W/em?) OGBS, iZ AR5 4T1 FLIE
JEEAN LAY IC, A A 8. 0 wmol/L; FEAffRg /)N B TR ih S8 T g /9 58 4Tl s, UERH T ZE(RBE S A R AY &
BORIT IS .

(A) MeQ e = 674 802 932 nm -
O Neg 201 :g Monomer \\//
1.5 A .,.5 o
Wl | A D

N’ 0
0.0 J-aggregates

H aggregates
BDP-a: R, = OMe, R, = H: BDP-b: R, = H, R, = OMe:

: nooﬂ’ K ’OOO »OQO
Y4 = D= D% ol o, @@

EDC/NHS

)
J-aggregauon

Autt <&@ ChlFe Y CPBA 1 glycoprotein

Fig. 9 Schematic diagram of aromatic fused cyclic aza-BODIPYs J-aggregates(A)™“" and schematic of the
synthesis of Chl-G-guided Au@ Chl/Fe nanorods and their synergistic effect on PDT and CDT in
breast cancer treatment(B)™!

(A) Copyright 2024, Wiley-VCH; (B) Copyright 2022, American Chemical Society.

AL S Z SR, Liao S8 4R H T —Fh om0 IE MR LR (5 RIS . AT TR ER
BRIT2E 2 (Chl/Fe ) VE R J- RN, JEA A K g kps, ME T HAA ZHINFER Au@Chl/Fe 221k 40K
BELEIOB) | A RIBL T ZFHLEINE : MR R A R L AT LTINS 15 S PDT 8500, A48k
P A 1 LS PTT, 4 i e 2o 28 S50 2 oy A Ak ™= A #5558 1 Hh S5 528 CDT. WL 5T 3%
B, 04 0 PDT 1 B AT R RE AN N A8 B H K (GSH) , BI85 Hxt ROS BE BRVE T, T B 2 ok m
S CDT MRYTROR . SR HOR IR (CPBA) B W& f5 , Au@Chl/Fe-CPBA 44 K Jig 1L 1 1l 5 1 R
B, TEMAR 4R (660 nm 4L 0. 16 pg/mL; 785 nm 4k 1. 6 peg/mL) F BIAT 55 T24 i i 40 i A8 T %58
1 85%. £ JE B EIRE /N UL 3 ek B DT T 48 I BT AT AR IR IR RSB T PDT 5 CDT /Y
s TP, R RGUE SR LT e IR HER &, JRAR TSRS iRy S ke
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FARTAERY, g R RO MO L AR, 2R A2 e S AL AL,
T BODIPY J-RAR ML G W REA RUE & 2SR S U RIGITIIRE . X SE R TE B E IR R &
BEME SIRYT A AR, S SR RS HERY IR AR R B AL 15 T R S 4%

4 LDESRZ

ATCEEAR T AT BODIPY B 42H NIR-ILX J AR A SE AL | ShASZH B FNLEA: ) B8~ sk 1) 1
(R . 3% BODIPY fiTAE M)A T 16 BRI M s S 4R A5, #8717 HAEA IR . PTT,
PDT FiZYT — KA B LR3I, IR RAFAOCRE RS TR E 4L, fEAE Y bR il
BRI

SR, RS Z A & B & VE R, B2 P BODIPY J-BEAER BT 12 I AR HE A AT ThI Ifs — 26 56 ik
f: (1) HETRZ2NIR-IT BODIPY J-SRIEARRY A7) R BRAE 0. 5%~5% Z 0], S (% T + 44 A0k 15
AL (2) TR T 5900 BAE 8 4B . 7252 2 1 MRG0 S by iR B v
AR NRTS Ty 52 B8 11 W B B30 R 28000 52 T T A A, S BOGIS IER IG5 Rk . 5IA B FRA
(Supramolecular polymerization ) " , i ixf 2 5 U5 ul = & AVE A (A SRR 25 A 0 2L sh S 354
REY, WREFHIRNR S A R GRR . (3) HEMI FEAEDTEMIE =, ST O M | s
AR B A D, AR B ER BRI T IS R, TR AL B L AR )-SR AR
AR A 0 15 7 S0 1 0 T 7 1] 2 AR R 1 B B T o) . X — R A B R I Ry A R A R AR
AL SR T — R REI2IT V&, I BeoO A8 B0 RS i 2 97 S Ak st A 77 11
TH.
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