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Fig. 1. Schematic diagram of fluorescence imaging.
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Fig. 2. Absorption and scattering of biological tissues.
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Fig. 3. NIR-II fluorescence imaging system: (a) Schematic

diagram of system; (b) 3D design of system.
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Fig. 4. Fluorescence image processing: (a) Flow chart; (b) original low fluorescence image; (c) original high fluorescence image;

(d) enhanced image of Fig. (b); (e) enhanced image of Fig. (c).
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G, FEMPLREL gz, y) 15208010 K&
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-1 -1 -1
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|
Xf T 45°JiEh & [nl [l P (0 U A
R R EHG TR AL TE 74 X &l 4(b),
() Ars YRR ZO G IR ST A PR, ARAF 4015 4(d),
() Frs By ZECHE s KR . T LABA & Y, AbBS
1) EHR SR A T 5O0AE S W, 5 58 Sy T, O
ZBR T AR A XA BT S PO ER AT 5
PO HEPR AT, ZR IR 1. AXERR I, A SR
[ A R RIS TE 5 25 T AR $28 15 2 G R 1Y)
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£ 1 EHREATENFETRX T
Table 1. Comparison of image quantitative evaluation
indicators.
P HERR T NG
FIAIL/mretk% 3527 5174 2399.9  10294.3
ARBREAR/E ORISR 25206 723.0  8440.6  17042.3

3.3 ZRERIMEREMNK
331 ARA4WFERE

R TR RG W EBIRE, Wit T A4
FALSEEG . KA Intralipid 54 920 20 A FH LAY
W SRS R, B AR FH Intralipid 7 & ) 65 BE

078701-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 7 (2024) 078701

B, TR AL, BRI & T an T FH
Intralipid % (FRFLHE 0.6%) FIBIIERN K (Fie
e 0.4%) Fifil R SR, FREem i 2 78018
A, SRR BEIACE T R B a5 0L, A5 HS
FIUEE B . A0 5(a) B, — AR BN A
(A8 1 mm) (BRI E T B 5 0L rh TR R
FE, S GE TG ENE T oK FT5 1a) b Al L
RR, 455 LA R R 22 A R A L) N A K
BEREGE, AR BIFERE. Y EE 5(b)
7, B3 A8 VA s i e A e G g R 4 4K
BTSN, & NIRRT 1 mg/mL BFT
I ICG 15 A RGE4AHE Intralipid BEIZ, 41
e 2k i v AT SR P SR €8 I ' i A7 6 4 38 e A4 1L I
JGIH, LA 52 M DG UR 45 . R BN DT
EUR it PR AL S WA 5(c) Fis, BB, AHALEE
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1000 nm, oA 8 W. it Ge i ] Wi
MR R, THES R B IR A2 10.88 mm. 5%
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DL b, AT 2/ NS TS RSO G AR 1 TR oK.

AL
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(b)
Capillary
glass tube
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Fig. 5. Penetration depth testing of the system: (a) Schem-
atic diagram; (b) physical diagram; (c) pseudo color image.
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Fig. 6. ICG gradient experiment: (a) Analysis of fluores-
cence signal intensity in 12 groups; (b) analysis of fluores-

cence signal intensity for the last 4 groups.
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Fig. 8. Fluorescence imaging: (a) Original fluorescence image; (b) enhanced fluorescence image; (c¢) schematic diagram of ROI selec-

tion; (d) ROI analysis of signal-to-back ratio in Fig. (a); (¢) ROI analysis of signal-to-back ratio in Fig. (b).
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Fig. 9. Continuous monitoring results of tissue and organ fluorescence imaging.
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Fig. 10. Dynamic monitoring results of living animals: (a) Original fluorescence image; (b) pseudo color enhanced image.
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Abstract

Fluorescence imaging technology can dynamically monitor gene and cell changing in live animals in real-
time, with advantages such as high sensitivity, high resolution, and non-invasion. In recent years, it has been
widely used in tumor research, gene expression research, drug development research, etc. The imaging
wavelength of traditional fluorescence imaging technology falls in the visible and near-infrared-I region. Due to
the absorption and scattering effects of light propagation in biological tissues, and the inherent fluorescence of
biological tissues, traditional fluorescence imaging techniques still have significant limitations in penetration
depth and image signal-to-noise ratio. In this work, a highly integrated near-infrared-IT (NIR-II, 900—1880 nm)
small animal living fluorescence imaging system is developed by taking the advantages of NIR-II fluorescence
imaging technology, such as low absorption, low scattering, and deep penetration depth in biological tissues.
And a method of enhancing and correcting fluorescence image is proposed to optimize fluorescence images. In
this work, the biological tissue simulation experiments and live animal experiments are conducted to test the
performance and imaging effect of the system. The experimental results show that the system has the
advantages of deep penetration depth, high signal-to-noise ratio, and high sensitivity. Combined with
commercial indocyanine green reagents and aggregation-induced emission dyes, this system can monitor the
distribution of blood vessels in real time and continuously monitor deep tissues and organs in mice, and conduct
the dynamically monitoring research in living mice in a conscious state. This helps to promote tumor research

and drug development research in the field of biomedical imaging to enter a new stage.
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