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Application of Second Harmonic Generation in Biomedical Imaging
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Abstract  Second harmonic generation (SHG) is a novel optical imaging technology that has been recently
developed. SHG has attracted considerable attention as a new tool for the biological structure and durable tracking.
The SHG technology eliminates many disadvantages associated with the classical fluorescent probes. It is an ideal in
vivo imaging method and exhibits good biomedical application prospects. In this study, we introduce the principle of

SHG and its imaging device, classify the SHG media, review the application of SHG in biomedical imaging, and

prospect future opportunities and challenges.
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Fig. 1 Principles of single-photon excited fluorescence (SPEF), TPEF and SHG. (a) Single-photon excited fluorescence,

two-photon excited fluorescence; (b) second harmonic generation"
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Fig. 3 SHG signaling generation principle for collagen fibers. (a)(b) Collagen fibers acting as dipoles;

(c¢) the amount of SHG signal produced for different polarization orientations
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Table 1 SHG probes for biomedical imaging
SHG probe Type of materials Amae/nm (solvent) B /(107% esu)

KNbO, Inorganic nanocrystal 502 7.2X10"
BaTiO, 1018 Inorganic nanocrystal 425 11.0X 10"
LiNbO, [#726] Inorganic nanocrystal 4,8 X10*
ZnQbe-19-27] Inorganic nanocrystal 502 9.6 10"

Fe(10;) 4% Inorganic nanocrystal — —
BiFeO, 1" Inorganic nanocrystal — 1.2X10°
DANSJ Organic dye 430 (CHCly) 7X107!

DIABY Organic dye 590 (CHCly) 1.9

RH23754 Organic dye 500 (MeCN) 9.0
FM4-640232] Organic dye 500 (MeCN) 1.1X10

di-4-ANEPPSHY
JPW125954
Ap3t
B-GQDM*

Organic dye
Organic dye
Organic dye

Graphene quantum dots

542 (CHCILy) —
542 (CHCLy) —

2 EYBEE AR B4 A

Table 2 Features of biomedical imaging probes
Non- Deep Narrow spectrum  Genetically
Biomedical imaging probe No blinking No bleaching
absorptive spectrum (<10 nm) encoded

SHG nanoprobest"’ N/ NG N N NG

Fluorescent dyes!®"™
Fluorescent proteins-**] N/
UC nanoparticlest 104 N/ NG
SERS nanoparticlest*" J N/ N
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detected in epidirection; (b) SHG nanoprobe targeting specificity
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