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In vivo fluorescene imaging in the superior NIR-II sub-window
using clinical-grade fluorescent dye

LI Jia-Yi', ZHANG Pei-Jin', XIA Qi-Ming’, QIAN Jun"
(1. Centre for Optical and Electromagnetic Research, College of Optical Science and Engineering, International
Research Center for Advanced Photonics, Zhejiang University, Hangzhou 310058, China;

2. Department of General Surgery, Sir Run Run Shaw Hospital, School of Medicine, Zhejiang University,
Hangzhou 310058, China)

Abstract: NIR-II fluorescence imaging demonstrates significant advantages in biological imaging with its high signal-to-
background ratio (SBR) and deep tissue penetration, showing broad application prospects in biomedical fields. The
classification of NIR-II imaging windowsfacilitates the optimization of imaging processes. Among these, the 1400-1500
nm imaging window benefits from its unique water absorption characteristics, enabling effective suppression of scatter-
ing background and achieving high-contrast imaging. This study systematically evaluates the imaging potential of the
1400-1500 nm window through simulation studies and in vivo experiments. To advance the clinical translation of fluores-
cence imaging in the 1400-1500 nm window, indocyanine green (ICG), an organic small-molecule dye approved by
the U. S. Food and Drug Administration (FDA ), was employed as the fluorescent probe. Utilizing its extended fluores-
cence emission tail in the NIR-II region, high-contrast and high-resolution imaging of mouse vasculature and intestinal
structures was achieved in the 1400-1500 nm window. Furthermore, in combination with methylene blue (MB), anoth-
er FDA-approved agent, high-quality dual-channel NIR-II imaging was successfully implemented enabling precise local-
ization of blood vessels and lymph nodes in mice. This research further explores the unique advantages of the 1400-
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1500 nm imaging window in biological imaging and its clinical application potential. It also provides valuable referenc-

es for the clinical translation of NIR-II fluorescence imaging.
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Fig. 1 Simulation results of NIR-II bioimaging by Monte Carlo m
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- (b) #5481 900-1300 nm . 1300~1400 nm , 1400-1500
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ethod: (a) The absorption spectrum of water at 9001700 nm. (b) The

imaging simulations at 900-1300 nm, 1300-1400 nm, 1400-1500 nm, and 1500-1700 nm (through 1 mm thickness of biological tissues). (¢) SBR

analysis of the simulation results in (b). (d) FHWM analysis of the simulation

results in (b). (e) SSIM analysis of the simulation results in (b).
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Fig. 2 Optical characterization of ICG: (a) Normalized absorption spectra of ICG@FBS (0.01 mg/mL) and ICG@water (0.01 mg/mL). (b) Nor-
malized emission spectra of ICG@FBS (0.1 mg/mL) . (¢) Fluorescence imaging of ICG@FBS (0.1 mg/mL) in the ranges of 900~1300 nm, 1300~1400

nm, 1400~1500 nm, and 1500~1700 nm under 793 nm laser excitation.
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Fig. 3 NIR-II fluorescence imaging of whole-body vasculature in mice. : Whole—body vascular fluorescence Imaging of the same mouse in
the bands of (a) 900~1300 nm, (b) 1300-1400 nm, (c¢) 1400~1500 nm, (d) 1500-1700 nm. Scale bar: 10 mm. (e~h) Cross—sectional fluorescence

intensity profiles of the two vessels along the red dashed line in (a—d) and the corresponding SBR.

2.4 ETFICGHI/NNRIFE BN

FE 3R /N BRI A BUS 5, NIR-1x 7£ 1
PR RAG b0 e X L B AR T A5 LS IE , #E T, 3R
AT FH NIR=TI DU/ 12 11 %/ U 18 9017 3 1A ¢
HAGIRE . ML TR A, A T/ AR
IR FE 7 1B AR B S e G5 E A
ZUZ R B S AR R v IR, R,
150 A 1 B T AR AR R T R R
FEATTH FHVE B8 /N0 HUKE 200 L 19 1CG K (1
mg/mL) A /NELE S5 R 36 I 2 — BL R ]
Jei %N R T AT T AS TR I B i AR 0T b, L2
FanE 4(a)~ ()R . 45 9% B SBR 20T 4 & de
B 7w, Hor, 1400~1500 nm 3% Bt 19 SBR 5% 55 , M
3.81, M T HALE 1T Bl 45 4 10 2% i FOR
NIR-TIx A% T i 38 (14 45 T8 45 A6 100 2% T 85 0l , 22 B0
TR R B E SR, 3 — 25 UE B T NIR-TIx 7
AR AL R BE . R, 364 NIR-TIx i
157 WS I8 G SRS W 2 O L 209 B )5
TE 2546 Wi 0 2 1 25 ) A A AR Ak . SRR, R
1CG AT ASEEE NTR-Tlx i 6 Fb 2 %) B 1 45 44 T AL o
T E A X DR 25 B 100 BEORS B 100 245 4 PP A G B
o5 s AR HE— 2 1 W AR VA Sk SRS HE Y 48 L Y
I, NIR=T0x e X b 3 A s 15 5L A (B A5 S 1 1 I
IR & R 5% o

2.5 /NERh BB 45 0 1M B i OUIE B A 1

FEANBEF AR kS50 0 —WOCHE D IR
JC A B IR a7 v RS T R 22 BRIk e 25 %)
Tl 2O H 2 BRI, F8 43 b B 485 7 e 350 o7
ST AR, i iE 3k T EERIK g R L
Sk XN T F AR A2 AR, 727 H
LR B TR LA S i A = T ) A 3 ol R
T2V F 5 I A B it i i A R B 8405, T H R i ik
BERSTE, W oy R AR, — HOm A B, TR S8
AR R L, H 2 5 R Ay . L RS HE DI BRI
b 1) [0 B sk 20> T 1 {2 2 43 0 2 b HE B T
() EE 22 H bR, 263 85 1 45 2 A rh R 2L AR T
ER LK) 1ief i VAT N 7 ] i i 9 1 (1K S T o
ify b 2 A7 6K £ 85 ML A M R X R EERATI X
I A5 R L 485 3 S0 T A7 355 A B A%, DA S Bk L 25 40)
B TF-ANE T o

PEAER  NIR 9 UG & il , HAA e 8 H
TS R R A, AT R — R 5L T T R A T B
R FFARTM . IR EF R 2OERE A 166 M
MB., Hrh, MBAE Ay it FDAAIERY LR, E 712
HFZ2RRF AR, LR 5 SUEIR T E
U B 5 1) 0 S SR, MB A S Ok T
BE o MBASAYZE AT W63 R HL AT 3 %) I 5y
P, RIHA R BT LT A . AR MB@K I



XX 5

ZEAE— A5 BT R AT O I B9 NIR-THE BOR 23 H 8976 AR R e 7

900-1300 nm

1300-1400 nm

20 min 40 min

85 min

K4 /NI IE NIR-ITHEOE R « [7l—/NEUAE (2)900~1300 nm, (b) 1300~1400 nm, (¢) 1400~1500 nm , (d) 1500~1700 nm % B 14 1 655 6 L
18 () H I BUR & LAY SBR 3HT . HLBIR 5 mmo (F) [F]—/N RFEE B AR RIS )5 (20 min, 40 min, 85 min, 95 min) R [RIJE 2 19 718

NIR-TIx %R . HEAR : 10 mm,

Fig. 4 NIR-II fluorescence imaging of mouse intestine. : Intestinal fluorescence imaging of the same mouse in the bands (a) 900-1300 nm,
(b) 1300-1400 nm, (c¢) 1400-1500 nm, and (d) 1500-1700 nm. (e) SBR analysis for each band along the yellow dashed line. Scale bar: 5 mm. (f)

The fluorescence imaging in the NIR-IIx window of the different morphologies of the intestine of the same mouse at different times after gavage (20

min, 40 min, 85 min, 95 min). Scale bar: 10 mm.
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Fig. 5 Dual-channel imaging of lymph nodes and blood vessels in mice. : (a) Normalized absorption spectrum of MB@water (0.01 mg/
L). (b) Normalized emission spectrum of MB@water (0.1 mg/mL) beyond 1000 nm. (¢) Fluorescence imaging of MB@water (1 mg/mL) in the 900-
1300 nm range under 665 nm laser excitation.(d) Schematic diagram of mouse injection operation. (e) Mouse lymph node imaging at 900-1300 nm per-
formed under 665 nm laser excitation after injection of MB aqueous solution into the footpad. (f) 1400-1500 nm mouse vascular imaging performed un-
der 793 nm laser excitation after injection of ICG aqueous solution in mouse eye canthus. (g) The merged dual-channel image of Fig. (e) and Fig. (f).
(h) Cross—sectional fluorescence intensity distribution of lymph nodes along the yellow dashed line in (e). (i) Cross—sectional fluorescence intensity

distribution of blood vessels along the yellow dotted line in Figure (f). Scale bar: 10 mm.
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