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Label-Free Optical Microscopy Technique and Its
Biomedical Applications
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Abstract Currently, microscopic imaging methods based on fluorescent labeling are the mainstream approaches in
biomedical research. However, fluorescent labeling faces bottlenecks, such as photobleaching, photo quenching,
specific labeling difficulty, and fluorescence disturbance. Therefore, the development of label-free microscopic
imaging techniques has attracted numerous attentions. In this review, four label-free optical microscopy techniques
are described: coherent Raman scattering imaging, photothermal imaging, surface plasmon resonance imaging, and
interference scattering imaging. The basic principles of these techniques are illustrated, and their applications in
biomedical fields, including morphology of biomolecules, viruses, and cells, as well as biodynamics, are described.
Finally, the performance of the four imaging techniques is compared, and the advantages, limitations, and
application prospects are summarized.
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Fig. 1 CARS. (a) Principle of CARS"” (Reproduced under the terms of the CC-BY license, Copyright 2014, Potcoava M C
et al.); (b) schematic of CARS microscopy™ (Reproduced with permission, Copyright 2018, Society of Photo-Optical

Instrumentation Engineers)
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Fig. 2 Principle of SRS. (a) Energy diagram of SRS; (b) input and output spectra of SRS; (c) detection scheme of SRL; (d) setup of

SRS microscopy"” (Reproduced with permission, Copyright 2008, American Association for the Advancement of Science)
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Fig. 3 CARS images of 3T3-L.1 cell culture at different time after adding induction media™. (a) 0 h; (b) 24 h; (c) 48 h; (d) 60 h;
(e) 96 h; (f) 192 h (Reproduced under the terms of the CC-BY license, Copyright 2003, American Society for

Biochemistry and Molecular Biology )

B T AEBR B 16 1z 8, CRS 36 /] L4 #r
i 4y T3 S R L 2014 4F , Fu 2 F H] SRS
B — AR W BOK 2R 43 Bk 56 TR X 4 i N i 2R T84 T
i 24 9 1k A7 AT A0 AR RN B R 43 B, AL 20 pmol/L
B G % B AILE I8 8 e Ab B 4 h S B T FR DN BUE B
Y M AR , 5 AR = AR A PR Y %5 BR 28 /N BUR B 2
MRk X L, & BRI e FJE i 2 Je Ak B G 41 i
776 W Bk P 2 a5, 0k S A G IR U8 O o 3R A
20 v A N AR R g R i — A T R B2

P K VS 250 1 R B O, AP SCE R X
Bl 5AM A EAEM#TT V5. 20154F, Chiu
S5 i SRS BT B B OF T AR Ak = Rl 24 0 AH OC
V(oK VTR R O L AR AR MR
P H

AN, CRS /] T AR Wy kil AR iR (214
A% %5 )7 T, 2017 4F , Karanja 25 # ] SRS Wi i 4%
AR £ A R TR AR I AR, AF 9T 8 P R e U o
0 2 BR B R 25 1 6 4 2R R 7 IR 7 A2 B TR A A

0617012-4



BE S, BT LATE 5 h N X 40 SRR vk AT 24 1
B, AL G 7 Y 48 h R 5% £ . 2018 4F , Hong
EUOR b i SRS I A AR W B — 35 40 B
F14) 7 25 B X3 3 R BUAE 5 AT DAAE 0.5 ho oy T
T 40 T A SR AP AL A R AR I R . TR
R FH BATJR 2 1t BR O R RO TE A PR AR 8 s n
R 2h 1 AR AR IX — 4 A SRS W R 1
T BT R PR v R /0N LB R i 2 4 b A S R RE B
BEHe A% . 2019 4F , Sarri 2% SRS Wi 5 — 1k
SRH

(a)

E59E F6H/2022 F3 A/ HRERBTFFHE

WAL G, 0T An i/ ALl 2000 Fr i i
g3 B R U0 B 60 ok AR UL TR R ORE B AT AT 4L 1E
(Haematoxylin, eosin and saffron, HES) 4t , 4% {it
TR A SRR AR KR K, K 4(a) g —
AR B i 1) SRS BG4 1 5[] — F8 35 7E K [F)
X I ARAS 1 HES BIH& (] 4(b) ) BA B A A o,
Kl 4(e)  (d) 733l 2 A 21 2L SRS K15 LI & HES
EI& L 18 ACe) () Ay B i 2 2 g IX B SRS LA K
HES El% .

HES histology

B4 BEIRA LU SRS K% 5 HES B H ™ L () IE 7 BRIR 21 210 SRS &5 (b) IE 7 BRIR 20 210 HES 18] 5 (¢ ) J6 728 B IR 4 4L
SRS El; (d) %7228 AR 41 20104 HES & 5 (e ) [ B 41 20 s X3 SRS B 5 (0 g iR 41 20 IX 38 HES B (iR CC-BY
] SO MU A 2019, Sarri B %)

Fig. 4 Comparison between SRS images and HES images of pancreatic tissue

" (a) SRS image of healthy pancreatic tissue;

(b) HES image of healthy pancreatic tissue; (c) SRS image of cancerous pancreatic tissue; (d) HES image of cancerous

pancreatic tissue; (e) SRS image of the tumor area of pancreatic tissue; (f) HES image of the tumor area of pancreatic tissue

(Reproduced under the terms of the CC-BY license, Copyright 2019, Sarri B et al. )
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Fig. 6 Photothermal microscopy images. (a) COS-7 cells before digitonin addition™; (b) () COS-7 cells after digitonin addition
(Reproduced under the terms of OSA Open Access Publishing Agreement, Copyright 2007, Optical Society of America);
(d) single mitochondria™ (Reproduced with permission, Copyright 2010, WILEY-VCH Verlag GmbH &. Co. KGaA,
Weinheim); (e) HeLa cells™ (Reproduced under the terms of OSA Open Access Publishing Agreement, Copyright 2019, Optical
Society of America); (f) melanoma cells™ (Reproduced under the terms of OSA Open Access Publishing Agreement, Copyright
2015, Optical Society of America); (g) oligodendrocytes™ (Reproduced with permission, Copyright 2019, American Chemical

Society); (h) vesicular stomatitis virus™; (i) poxvirus™ (Reproduced with permission, Copyright 2021, American Chemical Society)
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17 2016, Zhang Delong %)

Fig.7 3D images of photothermal microscopy. (a) Zebrafish gill larvae blood vessels™ (Reproduced with permission, Copyright
2010, American Institute of Physics); (b) melanoma™’ (Reproduced under the terms of the CC-BY license, Copyright
2016,He J P et al.); (c) lipid droplets stored in PC-3 prostate cancer cells"” (Reproduced under the terms of the CC-BY

license, Copyright 2016, Zhang Delong et al. )
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Fig.8 Schematic diagrams of SPRM. (a) Schematic diagram of wide-field SPRM; (b) schematic diagram of scanning SPRM"

(Reproduced under the terms of OSA Open Access Publishing Agreement, Copyright 2012, Optical Society of America)
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B9 SPRM M4 . (a) BA HINT G 5 (b) BAS TAMER 1A (R VF nl e 8, RUBUIT AT 2017, [ Bt TR 20) 5
(c)BA DNA GF 86 (ZVF ol 55 80, BUBUTTAT 2014, K [E 4k 2 2% 2%)
Fig.9 SPRM imaging. (a) Single HINI influenza virus'”; (b) single T4 bacteriophage"” (Reproduced with permission,

Copyright 2017, Society of Photo-Optical Instrumentation Engineers); (¢) single DNA molecular chain™ (Reproduced

with permission, Copyright 2014, American Chemical Society)
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Fig. 10  Study on molecular dynamic using SPRM. (a) 3D structure of microtubule™ (Reproduced with permission, Copyright
WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim); (b) z-axis motility profile of single bacteria”” (Reproduced with

permission, Copyright 2016, American Chemical Society); (c) 2D tracking of single exosome
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Fig. 11 Study on cell-substrate interaction using SPRM. (a) Distribution of adhesion 1nten51ty of cell-substrate"™

of cell-substrate distance™

) (¢) 3D reconstruction process of cell-substrate”

; (b) distribution
" (Reproduced with permission, Copyright

2012,2014,2018, American Chemical Society)
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(a) ) ()
OBJ oBJ
L1
QWP
%— BS PBS
OBJ: objective
L2 L1: illumination lens L2
L2: imaging lens
BS: beamsplitter
QWP: quarter-waveplate
G PBS: polarizing beamsplitter ‘ (&)
C: camera

Bl 12 iSCATHE/REE ™. (a) % ISCAT; (b) RHDE AR AR ISCAT (4 CC-BY-NC-ND V¥ ] Z 356 8, BRI A1 2021,
Priest 1. 4%)
Fig. 12 Schematic diagram of iSCAT". (a) Wide-field iSCAT; (b) fast beam-scanning iSCAT (Reproduced under the terms of
the CC-BY-NC-ND license, Copyright 2021, Priest L et al.)
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Fig.13 1SCAT imaging of single virus and biomolecule.
(a) Single SV40"“"; (b) single streptavidin"”
(Reproduced with permission, Copyright 2007,

2017, American Chemical Society)
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Fig.14 Study on biomolecular dynamics using iSCAT.

(a) Vesicle changes"” (Reproduced with permission,
Copyright 2013,

(b) nanodomain formation™; (c) myosin filament

American Chemical Society);

dynamics™ (Reproduced under the terms of the CC-
BY license, Copyright 2020, Biophysical Society)
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Fig. 15 Study on structure of living cells using iSCAT™. (a) Cell
focaladhesions and filopodium  structure; (b) cell edge
structure (Reproduced under the terms of the CC-BY-NC
license, Copyright 2018, The Royal Society of Chemistry)

Wit s

LER T DU AR TC bR ORI R L 4 B
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CARS Fl SRS i Ff 2 Bl . PTM & — Pt Pl 1% £
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15, MR BB S i 455 SR TR 0T 40 ok 56 3 5 49 41 45 B
0 S O AR P AR D 3 o ISCAT 3 i K6 Il ok [ K
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Table 1 Performance comparison of four label-free optical microscopic imaging techniques
Lateral Axial Temporal Imaging
Technique Laser power Sensitivity Ref
resolution resolution resolution time
14 mW (pump)
CARS 600 nm 1.1pm 10 ps ~1.65s [20]
7 mW (Stokes)
CRS
60 mW (pump)
SRS 400 nm 2 pm — 2 us ~1s [27]
100 mW (Stokes)
0.9 mW (pump) several
PTM 290 nm 860 nm 5nm 5 ps [34]
7mW (probe) seconds
Wide-field 260 nm — 5mW 15 nm 2 ms 2 ms [49, 51]
SPRM _ .
Scanning 186 nm 2.3 nm — — 100 ms 73 min [57]
Wide-field ~190 nm — 10 mW 65 ku ~0.33ms ~0.33ms [64]
iSCAT )
Fast beam-scanning 1pm — 2.5kW/cm’ 60 ku — ~100 ps [65]
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