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Abstract: At present, fluorescence imaging has become one of the important tools in biomedical applications, but
it is very susceptible to the limited penetration of light and auto-fluorescence in tissues. Compared with the fluores-
cence imaging in visible region and the first near-infrared window(NIR- I ), the second near-infrared (NIR-1I ) fluo-
rescence imaging show the deeper penetration depth, lower background noise, higher imaging resolution, sensitivi-
ty, and signal-to-noise ratio, thus demonstrating the promising applications in cerebrovascular imaging and diagnosis
of major brain diseases. Based on this, we mainly focus on the construction of different NIR- I fluorescent probes
and several strategies to optimize their optical performance. Meanwhile, the recent progress of these probes in brain

imaging is summarized and some issues facing the future clinical applications are discussed.

Key words: fluorescence imaging; NIR- Il ; fluorescence probe; brain diseases

Lo = I 25T 4 52 ST, SR A Kb T % A 1 i i
- ) 235 40 R 2R B SR TR TR TR N T

TERZ AR AP FRT G TRA  AEWEESUE KRR 2 0 A
PR AR B R S R B ARSAE 2  AR I RSO B A ik O S

W B : 2023-05-08; &7 H A : 2023-05-26

BEEWH: FKARFEE4(22020102003,52022094,52272169) 3 7 A BHEL R 1140 (20210101111]C)
Supported by National Natural Science Foundation of China (22020102003, 52022094, 52272169) ; The Program of Science
and Technology Development Plan of Jilin Province(20210101111JC)



1132 K b/

¥R 44 &

2Z B R A W 21 402 1) AE AR FE s £
W RS CEUS AR 2 AW T A R RO
R HET, K ZEPOC YR R S K AT
AL WG BE (Vis: 400 ~ 760 nm) , i1 T 2E ¥y 41 41 %}
2 U5 B TR A 0 B A e L O DA R B AR R
I, 1 BRI 22 PR, 3T AR BIE5E T T
U oKe HOG e AR W AL U E B B 1 44— X
(NIR-T :760 ~ 1 000 nm) 13T £1 4h — X (NIR-II :
950 ~1 700 nm)"™**', JLAE NIR-T Gy ng| e 4
284 36 B T 2 W B A LR (FDA) AL A T Il
JRi2 Wi, A NIR-T A7 BR A 28 B R (1 ~ 3 mm) 4K
SRS BE T A2 B TR 2 ORI B 1R 12 W SR
5 Vis MINIR-T #H Fb , NIR-TT 2 68 51 Al 76 JH K 2%
TR B2 S 0 1o B 25 43 90 22 A M L 9 2 6 g,
PR3 11 T & e Bk 1) NIR-TT 2€ 6 R 74 7 i
R TE AT

AR Ry AR B o 48 ¥ E L i 20 5 B R Y
HoAb 25 B R R B IKR I ks 1 1 % A
RS S, A I R B B AR AR AR
TR R Mk 5 WE 55, 7 32 B0 A0 3 5 45 5 1 i
UIRe AT, 51 & ™ W BB o TR E A )
FLZ 2= 0 A FRRBR , DUTT ™ 5 BR A T K 2 B
i ) LIS W I, B AR 2 I
D7 VR PN B HL T B AL 2 R (CT) R
LR W AS (MR (28 i 22 305 4y 7 A5, (H 22 19 =5
(i) B 5] 43 B e IG5 85088 LA K TG vk 2l 2 52 B i
S TR T 28 33 e T S 0 B AR B
BACR . THIL, 3 — 25 i i I 0 12 W Y R
PR TEJE BE . BE S NIR- 1128 G459 &, BF
98 N Bt R B IX B PR AT 18 W] L S BG4 1k ) NIR-
1T 1 ¢ 56 BUAR ™. 5 4% 48 1 AR 8 R [A], NIR-
I A A% 2 — ol o 368 28 BTG sh o] AL O H R, B
B ICRIE RS B b ST RN o P R AR
I AR AR S B AT A AR R i R A ol R R AL T
B A T LR R 0 i i A o] AR B B P
TN A e NS 1 S e o SN R SR 2
Z I8 B AL T NIR-TT 2O GHE I IF &, DA &
185 M L[] s 3 T LIRS o b 5 22 ) G 50 05 2 X
S, S AR W AR P AR SCZE R T LR
AST) 1 NIR-T 2 6 48 B 19 I & K H AR K i o 1
A8 IR 5 M 5 i A AR AT M 5 1 1R
N FHBESE, IR T HAE A K W R A Ak o B e £
T 11 4 [ 8

2 NIR-II & 3K 4+

M T NIR-1 67 B 8V W 5 B IR JE A
B, BLAS Y 20 B R AN BRALL, DR NIR-T 2GR
AR A AR B B . BE AT LL A SR
EFIFFE AN BIR A, HRTE & B T £ A [ 25
1) NIR-11 2 Y6 1, 1] 4n 4 48 K 7% (Au NCs) (i
T 5 (QDs) i £ & M EHRENPs) A #L2¢  J
BEFNE A TR NIR-T 296 G HR % .

2.1 &K%

T T 4 9 K WORE , Au NCs 38 2 B LA 3
LA &R F AR, R — /N F 2 nm, A F 3%
T A5 B T R LR 19 4 9 oK IR S PR G R T 2
[P, T RSE RN, Au NCs Y E LS 15 A8
gk, Pk R B T R Y NIR-TT 5% 1 =,
2017 4F , Zhou 573 1o "CRD RGN FD 43 B ) 2
WS HA 34 Z A AR Ausy NCs 193 7 35K
fbo BARSRVE, L & B S, L FAS I, Auy, NCs
R HL T 22 100 ps DA 3 A4S A T A G R A4S T A
R B — AT, B B A i S A& . M43
S0 T A R — A A AR ALY Auas NCs (3R
) FN Auys NCs (AR ) o 3% A W52 81 X FP Bl 42 .
Bt 5, Li 7 GE T Augg . Augs Al Aug; NCso 5
Augy NJE Aus TEF DL E Z — D A T, H &
FRCEI 1% $E 5 5 8% (F 1(a)~(h)) o X FE
IF B T s Au AT 3R 2 B BELIS A
TR (9 4R 2 R 2 F 5t 5, T SCIE R G R AR
T 68 39 BR A 1) 3 38 TLF DR A7 AN 7, DT B8 K s 4
# T Aups NCs 9 NIR-TT 2 F 25 . [ B, % 58
B PE— RS T Aus, NCs (B 1(e)) 19 % 5 i K
TR, WE 1D H AT LUE H H K& 5
WK BB (1 520 nm) , & TR N
0. 1%, XE2E LB 875 Au NCs 19 45 44 1] L)
AR G R S U R R 0% DT S B R 2 K
T e A M L NIR-TT 28 6 AR o SR, 3 26 9
BEPERY Au NCs AR METE /K P 43 80, N BB TE AR W 5 7
U N o R N R AR A T R R
T HAT R A A 2 A SR RRE (CD) A R B A4
BT BAG A% 5T 45 K 1 B 53 B CD-Au’@Au' NCs
(CD-Au NCs,#J 1. 85 nm) , H: 7F 808 nm it & F %
551050 nm (6™, T Au 5 CD Y & AREL AL
EH M8 T Bt CD326 Hiik bR i Ab@CD-Au NCs
(Ab@Au NCs) 1 A # [a] 41, 78 8 bk 1 59 I 0l 2%



%7 BEARY, 4% UTELAM — DR GATRE IR AR Y BT 5k Ji 1133

e R /NN A i . ZEdES 24 b5, 40

75% Ab@Au NCs 5 CD-Au NCs 3 A] 3@ & JR W HE

HUAR AN SR T 5 R ARICAY CD-Au NCs JE #8 [i) 2 41
(a)

®0Ay S Op OCl

(c) @@@

Tri-icosahedra

Rod-shaped Au,,

., Ab@Au NCs 7E il 8 X 38 1 9¢ Y A5 5 58 5 29l
CD-Au NCs [ 3 A%, TG S5 30 7 o &5 {5 M kb )
NIR- 1T B A% 12 Wi o

b T
. 990 nm
s b
=L 0Y 1%
%
ET
=

! ! 1
900 1000 1100 1200 1300 1400
A/nm

(d)
. 1520 nm
=
<
E
7
=
2
=
=

1 1 1 1
1000 1200 1400 1600
Alnm

1 (a)Auy, NCsHl Auys NCs 1 JF T Z5 44 78 22 18 5 (b) Auyy NCs (19 & 55635 5 (¢) Auy, NCs 19 5T 2544 7R 2 18 5 (d) Auy; NCs

A

Fig. 1 Schematic diagram of the structure in Au,, NCs and Auys NCs(a), Aus; NCs(c). NIR-1I fluorescence performance of
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Fig.2

(a) Schematic diagram of modifying C18-PMH-PEG polymer on the surface of Ag,Se QDs. (b) Absorbance and fluores-

cence spectra of C18-PMH-PEG-Ag,Se QDs (insert: the digital photos of 0.6 mg-mL™" C18-PMH-PEG-Ag,S QDs dis-

persed in water under white light and 808 nm irradiation)'*’. (¢)Schematic diagram of Ag,Te@Ag,S QDs synthesis. (d)
Optical properties of Ag,Te QDs and Ag,Te@Ag,S QDs in NIR-1 window™*".
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Fig. 3

(a) Core-shell structure of NaY (Er) F;@NaLuF, nanocrystals. The NIR-1I luminescence performance of NaYF,@NaLul,
nanocrystals: (b) fluorescence spectrogram, (c) fluorescence imaging images. (d) Upconversion and downconversion
emission based on Er’'®". (&) Design of NaYF,: 5%Tm™, 50%Er" @NaYF, nanocrystals and their transmission electron
microscope (TEM) images. (f)Schematic diagram of energy transfer pathways for Tm™ sensitized Ho™ and Yb™ lumines-
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