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ARIBUE T %5 F W47 80E B, I e T 58 b mli
itk U & B TE K ATE Rk . 8 TTM 43
T A W 2 A R R WA A M R TR L D0 TE B
AOBs H 4 2 2 il TTM 44 K ki 7 (nano particles,
NPs) , il 15 i HooK A R0AE | Zeta HL A FIAN M 7 PE
W15 B T AW N g . i fE MDA-MB-
231 R R ST T TTM NPs 1Y 48 Jifd 15 BRE 1 e 3t
i 98 5 Cln & 1R 70
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1.1 TTM &SR

W 5 -(A- (R BB RO -2, 2'- B me
Wy 1-5-H B CTTC) N H5 1 = Z B £E 25 “CF §i
FERRE 24 he , G i€ 78 WL B 250 L, SR BUHE 2 B
Baife SRl E R TTMD . TTM
R T Sl b, 38 B3 R W S HAE X4
J & [R]BELCRF TTM [ R T 2 B/ I © b TR
B R BN O, W E £ 0% .
10% .20% .30% .40% .50% . 60% . 70% .80 % A
90 Y6 BF ¥ W 14 %< D' 6 i, ik I 5 Ol R S R R Y
AL S B ATE P fiE
1.2 TTM NPs )& &

4% 5 FR B TTM B 5 15.7 mg #1 DSPE-PEG
230. 3 mg B T Z& W L A DY S0k g CTHEF D {5
VR IR S M A 30 min, HEHES BEREE R E
JiE 75 ALK ik S 45 °C % 3 R 58 r/min, JiE 78 & 2K 1R
T S N Gy R N R 2 [ o S 1 B B e S
A 40 mL ZR 8K, FRUORE A B AR B
TS 5B 2 20 AR AL B B AT AS v HE R4S R
Jei F e 78 Bt B 24 he femalad 0. 22 pm jE B
T UE WA B Y R Sy i £ 52 A TTM NPs'™
K B B (DLSO I 52 TTM NPs i 7K & ki
1234 Fll Zeta LAV o

1.3 BES|TERN

KR AL 22 2 TTM NPs ) 328 45 48 (PO,
PR LL9, 10— - N R 48 £k (Disodium-9,
10-anthracendipropionic acid, Na,~ADPA) fE } 'O,
i #R 5, BB 4T (Rose Bengal, RB) E 4 by i 5 %
o 4B ECT mL AR 9 TTM NPs KW 5
RB /KW, 4 A 1 mL Na,~ADPA ¥ i , %60 1R
G5 AR E G IR 43 51 T AN [6) B 1] €0, 60,120,
180, 240, 300, 360,420, 480, 540, 600 s) #E 47 ¥ I .
i FH 48 A1 43 5Ok BE 112 5% Na,—~ADPA £ 380 nm Fff
T 1Y) e K58 AW SO B B A D' R ] i) AR A R ¢
g A X = Prp X Kup X Agp/ (K X Apy)
B0, R, Hd @l @y 50 TTM NPs Al
RB 110, %, Kxp, Ml K 73 %1 3 TTM NPs I RB
T Z T Na,—ADPA 1 B fiff 5 50, Ae B Agy 535014
TTM NPs Fl RB 78 # & 6K T 1 5 4h i fi =
1.4 HBESBHEELE

¥ FH MDA-MB-231 il MCF-7 40 g , i &
Cell Counting Kit-8(CCK-8) 5 B 1¥ 1 44 K ki T Y
A0 M T o B 4E M DL 55X 10° cells/cm? Y %% B Fh 4l
T 96 FLAH, 7E 37 CHEIR L IR B R i % . il
& ANFWE TTM NPs(2. 5,5,10,20,40,80 ug/mL)
) DMEM K 77 5 0 5 4 24 h )5 , 4 CCK-8 1K
FN Ak LT 45 min, 55 A FH BEAR A 2 492 nm 4b
LT e A i R T R
1.5 AR EEE

¥ MDA-MB-231 4 fi LA 110" cells/cm® 1Y
PR T AL R AR, B IR 2 A0 R S B
% TTM NPs B8 323, 73 0 S A ja L e | 2,4,
6,8 h, bifi J& ) FH 00 2 3R AR 0 BB A5 L A DU AN [
Fsf [ 5 40 L X T'TM NPs 9 8 BCRs B  DLAH [R] 7 i
P a0 M4 Ah TR AR L, A TTM NPs By 85
FIE G ML T 6~8 h )T, 3¢ L5 IR 5L I A 40 e
¥ BRIV R R T R SRR (A
Hoechst 33258, Mito—Tracker Green. Lyso—Tracker
Green .BODIPY 493/503)## & 45 min, il PBS &
PR U 2~3 YK, B 8 JC 1ML JC 8 DMEM 15 37 5,
I O R A O BOU £ 4 i X TTM NPs
118 4 B R S o 1
1.6 X AEFTHRIEM

Wi 2 KOR S B MDA -MB-231 40 g 1 b T
96 FLAR 8 IR, TR SR I I A R TR vk
J TTM NPs B # fif DMEM 15 5235 15 & S h 5 B
B 85 9% 3, 7E 60 mW /em? )6 B 3 E T RO 40
10 min, 58 5 ff DMEM 15 55 Je 4k 22 5 8~12 h.
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B 5 45 L A 10 pL. CCK-8 3K # 5 90 pl & 4
DMEM 5 3% 3 AR A W, & 45 minJ& , AR (X
W2 20 MG 1o BeAh % MDA-MB-231 40 g 4 Ff
FHERAE M A, A & AR E TTM NPs #9357 fif
DMEM 85 #5385 & 8 h (5 fif SC W% & A 18] Ff 5 —
O, 7E 60 mW /em? Ol ISR B BRI 10 min, 55 3 5r
fif DMEM 35 7 4% 22 F 3 h. &% Ji JH Calcein-
AM (45 18 4% 2 - £ Bt W 0 2 T E ) 5 Propidium
Todide LAk P 1 D 3 %% 30 min, £ PBS 2% i Uk 15
Jei A8 1R I A0 3

2 ZR518

2.1 TIM A FHERREXFHENRIE
TTM 4 F i 5'-(4-( R FLF ) FKIH-[ 2,
2'-BRWEW |-5-HEE(TTC) 5 N i 18 i Knoeve-
nagel 4f & KNG o 48 g 4k &3l ('H NMR)
g A 85 # B dE an R . 'H NMR (500 MHz,
CDCly) 6 7.79 (s, 1H), 7.68~7.67 (m, 1H) ,
7.52~7.50 (m, 2H) , 7.45~7.44 (m, 1H) ,
7.36~7.30 (m, 6H), 7.19~7. 11 (m, 8H). NIIEF
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W1 R K B (B 3D . 5 R BN, TTM [
LA T I 437 T 510 nm Ak (Bl 3Ca)) , 58 & B i 7
F 830 nm &b C(E 3(b)) . X KM TTM 4+ F HA I
R J62F R, R Sk 4 n] B a5 Gl 41 A0 X
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(b) FORIEIE

3 TTM 45 F B 28 SN IR U 5 o 0 3% 5 & 5 e ik

A, RS TTM 4 F I REFH kb
CATED HEME 70 AN TR R HE 19 £ 182/ 1 & Be TR A 7 571
oo D R BOG I HEAT T E o S5 R RN A
AN R R CE & 86 Bl /9 34 m, B TTM 43+ 19 3R
LR B W T LA kI L 2 e X
FRIZ KR (TTM 43 ) B A 8 5 19 ATE F¢ 1k
Chn & 4 FE ) .

2.2 TTM NPs#H &R EKERFHRN

RHESN TTM 48 F 78 A Wik & b i1 i 2800 H
F KT ¥ TTM 2 7 5 3 7 DSPE-
PEGoo & £, i 3 i #8515 3 TTM 41 K Bk (TTM

NPs)., N BI#G TTM NPs ki #2855 fF ffa s v, i
i B GBS (DLS) I 7 HoK & kL2 Fl Zeta FL
FECEIS) . 455 B8, TTM NPs 7K % W K A ki 42
25 80 nm (¥ 5Ca)), Zeta B4 i N —34.41 eV(IE 5
(b)) o ERMIAZE L FRY, TTM NPs B A7 i B 1Y)
2y 4 35 16 ST RN R A A R o
2.3 R#E THIROS &£ B 88 HilE

I M P R (ROS) S PEAl g8 K297 76 80 4
TBIT ORI G R AR, BB U LB A R IR
STAER . L, R AL A% TTM NPs 724210, 1
RE b fr e B E . LR L9, 10-BH- "Nk —
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B 5 TTM NPsH /KA HL1ZEFA Zeta B 4Ll FE

# £k (disodium-9, 10-anthracendipropionic acid,
Na,~ADPADE R 'O 4l 355, LLBUR L1 (RBOE M
THE (6 B 5 FE 6 B R 8] B ] (0~600 ) J
Na,~ADPA 7£ 380 nm Fff 3 19 5z K 48 F1 W 0k 58 3 Fifi
6 HE ] (% ZE i R R CAn L 6 ir D o &3 F 5,
TTM NPs #9'0, 7= R K 84.6% ., k&R EY,
TTM NPs 765600 T e 81 i B 47 19 ROS A i iig
T3, ELA& V8 A 1) iR 4 B R 4 0
2.4 EYREEITMH

LT Y IS B 1 2 DAL AR ) A 25 0 R e A
TR R B S bR . A UIEH TTM NPs (194
Wy 41k %l MDA-MB-231 Fl MCF-7 4 i, , %
FH CCK-8 3 5 & #E 47 40 i 2 vl il . 25 SR &l 7
B e Bl 20,40, 80,160 pmol/L # TTM NPs
ST 24 h)E A6l e B0 A0 B A 1% R A 4 R AR
90% LA I, XFEH], TTM NPs£EA KT 160 pmol/L
F14) ¥ JBE U L P9 oA e B o I S A P RE b, R R A
A W) a A TG R S 5 ) IO R

2.5 YHPERL & EE AT

J3 58 MDA-MB-231 41 i %} TTM NPs # 4%
BURE 1, K TTM NPs 5 MDA-MB-231 4 Jifg 34 %
HIE LR HROG I R AE B (CLSMD i 47 BU& 43
B, S5 R 8 i o A5 R W, bl % SR 00 & B ] Y
FER AR P TTM NPs 1928605 5 12 @i 1 i (A 8
(a)), < W i 98 40 Jfd %) TTM NPs f8) £5 B 5S 300 i 7]
A

HE—45 , W TTM NPs #E A i 98 40 i )5 19
F R AETAL K TTM NPs 5 MDA-MB-231 41
Ml AL F 6 h 5, 48 5 A Hoechst 33258, Lyso-
Tracker Green. Mito-Tracker Green & BODIPY
493/503 5N IHER , MUK A0 M A% IR A L 2ok 1A
KR PE AT SR AR D, 4k 2 L E 30 min J5 HEAT
BA% . S5 R R RS S TTM NPs iy
LI H A (B 8 (b)), F W K& TTM NPs
W TR A DR AV IR . R
S B2 T — R AL R AL T 3 AR
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6 I At R K el fd R R
E6 TTM NPsHIHBLSRS=ERITMH
5[ IEMDA MB 231 I MCF-7 JFH T #9555k 60 mW /em2(1 B 56 % 40 B 3 17 R 5
Ab B f el A CCK -8 3k 57 & A6 I 4 A7 16 % . 45
o FUE 9 Fros 5 RCEA C BRADMI L, SE R4
E 90 M0 B 77 3% 2R % TTM NPs He % (19 7+ 55 5 % %
R0 . :
E i, B TTM NPs 78 56 B 25 044 F v] 35 5 i 78 41 B
g, 5 T AR T T
W Ah Ry ik — 2B S TTM NPs 1956 30 11 4 i
SRR MDA-MB-231 41 il 322 Fh T 3 58 48 15 5%

0 20 40 80 160
WePE/ (umol-L)

7 TTMNPsXMDA-MB-23151M CF-7 RS 4mhst

2.6 EINEBETHRIEM

AT LR E R RGN, B — P T
TTM NPs 5631 16 I7 (PD TR . 52567 e
TTM NPs 5 MDA-MB-231 21 il L 085 & , Bifi Ji5 2%

LA, 3 4 20 5256 - % B ZH (Control) \PBS+ i
H (PBS+Laser) , TTM NPs 21 (NPs) . TTM
NPs+ ot I 40 (NPs+Laser) . S5 8 v ¥ e 5 o
4 pmol/L i TTM NP 54 e JL 5% 5 6 h, Xl R 41
(PBS+Laser 41 \NPs+Laser 2 ) & F T R % & -l
60 mW /cm®#Y (G #EAT RS Ak 3 5 Bl S >R FH AM/PI
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B9 CCK-8E# il TTM NPs BIXE BT R
Mo B F Yo o, H A 45 3 48 K -AM (Calcein-
AM, AMD bRiC % 40 5 , s Ak 3 g (PD AR 12 48 40 i
O I R AR W AR A AR TR A . 4
W E 10 AR, 5 %5 B8 4 (ControD M Lt , 4 pmol/L
TTM NPs 05 5 Ji5 2% 18 b B 5 46 ffi (NPs—+ Laser
O U MR R W 2, REM M A AT
XKW, TTM NPs 7600 B T v 20 57 190
Bl 1 BT i A

Control PBS+Laser

4 pmol/L. NPs

4 fimol/L NPstaser

E10 EFLAAESEE LM TTM NPs BI3EH /17677 R

3 digHREH

3.1 #ig

A5 1 1 3 Y — 2P Knoevenagel 45 & N
WG T AIES 1 TTM, %50 73 EAE B 86w
FIRRE S0 55 00 ATEYERE . N sh HAE Ak &R
R e 5L L R FH AR R LT e B R 4136l 4 T TTM
PR ORL(TTM NPs) . RIELS R 75, TTM NPs
(7K A B2 298 80 nm, Zeta FL A —34. 41 mV, B
A I E 2 W 38 % RS B R ) I AR R 1

B S5, 76 40 8 7K S X 3% 40 K328 97 30 10 16 2 ok
FFiEAs . 453, TTM NPs 76 I 38 % 5 35
(AN KT 160 pmol/L) A & B Btk 40 il 54, FL &%
K47 09 A WA 250,y AR DR & 0 TR 1 T 22 4
PR o iF— 25 1 40 M B 52 B IE 52, TTM NPs 1]
B it Jeg 2 e LA B T A8 %) O XA B, HL e A A S
(5 5 BUAR 8 1 5 Jig 1 0 o) e 1k

BT, ALK /G 3l 16 5T (PDTORCR PFAl
45 R W@on , TTM NPs 78 6 BT % i 9 48 g 2
AEENRGME R . 28 L, TTM NPs 7& i3
BT — AL S AT BRI 1
3.2 RE

ATE B BHE A= 9 B2 2 iR 12 W R G 7 55 900
Je& B LR R R TV 3, 4B R AT T I 1 2 R
fife D B G SHEXE R . S, TR ATE 1297 R By i & O
I, 75 2 — 20 o A R e AR SR AL 5 A
B ) RE LR RE AL, T R HL m R E TR
AW e XA PE R ATE 2T /. XA BY
T4 T H A B 4 A W A B b i R S e A
i O i (T S o R e 177 N VA MRS M T N =
K, 5 0 ATE 1297 35 (0 505 12 97 1 G [l . B
MBI FE R TR b R 12 9T SR A i T IRR



55 4 1]

R 15, 45 - — BRI 2050 ATE 98GR B T I e I 108 A% Kot 3 ik 7 ik 5

333

FOAE O M4 P A 2B AT MR Wl R 45 R
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PEIEAL , DL TR AR 58 AR 0 TR /0 T 2 i 1R
FIHL 5 0 7 5 o
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A Near-Infrared AIE Fluorescent Probe for Tumor Lipid
Droplet Imaging and Photo Dynamic Therapy

HAN Yuanyuan'?, MA Qin"*, WU Ping"*, LU Xiaoli"®, WEI Yen”
(1. Key Lab of Ministry of Education for Protection and Utilization of
Special Biological Resources in Western China, Ningxia University, Yinchuan 750021, China;
2. School of Life Sciences, Ningxia University, Yinchuan 750021, China;
3. Department of Chemistry, Tsinghua University, Beijing 100084, China)

Abstract: Aggregation Induced Emission (AIE) materials have demonstrated significant potential in the bio-
medical field due to their unique optical properties and structural tunability. Addressing the current challenges in
cancer diagnosis and treatment, AIE materials exhibit remarkable performance in oncological applications. This
study focuses on the design, synthesis, and biomedical applications of AIE theranostic agents. The TTM fluo-
rescent molecule was synthesized via the Knoevenagel condensation reaction, and its molecular weight and
photophysical properties were characterized. Subsequently, nano-self-assembly technology was employed to
encapsulate the molecule into nanoparticles (TTM NPs). The hydrodynamic diameter and stability of TTM
NPs were evaluated, and their cellular uptake behavior and photodynamic therapy (PDT) efficacy were
assessed through cytotoxicity assays, confocal imaging, CCK-8 assays, and live-dead cell staining. The results
show that the TTM molecules were successfully synthesized and exhibited excellent ATE properties. Further-
more, TTM NPs demonstrated an appropriate size for drug delivery, good stability, efficient reactive oxygen
species (ROS) generation, low biotoxicity, favorable fluorescence imaging characteristics, and notable PDT
efficacy. In conclusion, this study successfully synthesized the AIE nanotheranostic agent TTM NPs, whose
superior antitumor effects provide important theoretical support for the biomedical applications of AIE materi-

als, and are expected to hold significant value in future clinical research.
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