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Rapid Histological Imaging Using Stimulated Raman Scattering Microscopy
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Abstract Rapid histological imaging of pathological tissues with sufficient diagnostic information has great potential
to aid doctors in intraoperative decision making. Stimulated Raman scattering (SRS) microscopy is an emerging
label-free imaging modality capable of obtaining histological images of tissues without the need for time-consuming
tissue processing, such as fixing, sectioning, and staining. An increasing number of studies have demonstrated SRS

microscopy as a “virtual histology” tool for rapid diagnosis of various diseases. In this review, we focus on the basic

principles and current developments of SRS microscopy as well as its applications for rapid tissue histology.

Key words biotechnology; stimulated Raman scattering; biomedical imaging; histology; label-free diagnosis

OCIS codes 170.1610; 170.3880; 180.5650

1 5l B

TIAKE FPHLL (HE) e 22 FH AR I R 32 W 1)
T 1) 2L 2P B A g L B N R 1 O R 44
Yo i BA 5 10 B T €5 L T I3 A 00K B 1 25+ (an
DNA) Pty i 58, SR, HEE Ye ot — MRS
P B T B T T ) R Y b B 5
B EILRE ], ARG H TR s, R
HEAMFENE K, 2T ZE 30 min, K, Pk
WE 10 AR 7 2% T R Hag W& 3B #  Z L i H
XF T U0 S 14 0 2 RO TR PSR i e B B O

i 3ot — 28 8] A R AG I R A B B 5T B A9 3
THGEE R . AR A ARy A TS AL
i (CT) AZ G PR & (MRD | IE HLF & 5 )2
FREPED ™ A EMTFER KA b #f 2 2 2K
[ 53 HE AR TP A PR BRI . AR A R S PR 1%
AIAEAR PR AT R 1 FR, R X R R AR K
(478 77 5 A Fl T i AR R AEE K T R B ) i A2 3] T RR
il R (US) FDE 22 M W2 H 5 (OCT) B #
TIE B BB 52 o B2 41 45 44 15 . FE A R A8 K
PRI T o AR X A5 380 NI 200 6 % 236 114 o 3 A1 2L A A
B HBZ SRR

B HEI: 2019-10-10; fEE B HI: 2019-11-13; FHEBHI: 2019-11-26
EEWME.: ERHAKREIS(8171725,61975033) , LifF T AL T K L1 (2017SHZDZX01D) | L DAt A B & =

JTE I (2018ZHYL0204)

" E-mail: minbiaoj@ fudan.edu.cn

0207018-1



th i

i ot

AR SR R o AR E Y 28 6 AR B T
ZEME AR TH T AR PRI A SR 1 Gn 7E R A4
A B N G 0 %, 3 B AT S Z 8 — BB
0w e, AR A T B e T
U ekt LA AR S AR 1 W Bl ol s T3, O R A
WOLR T A2 R AESORE . I B O
7T X e Yehric i 4L 8Lk AT R oA (HE il
FAUTE AR R B 45 R AR 4 M 2 R
ARAL T HSURA% 40 — R I (SHG) il = 1k i
W EMBAR(THG) . Horpr . g il B R nl L
6 PR b G LA A v ST R 1 85 R CAn i i 2R
YR BEAT AR 5 = U Dl B B AR i R
R B 5] M U (RO R 4R L R 98 1 775 B

I5 361 A% A i PR 42U S v AR B4 T
— BT IR SO SO T L S 2T Ak
eSOk AT IC S R AL A
P A5 23 52 51 55 47 5 500 B RS 1 A% 3 %) B
e DL B T AR B 2 AR . R TR SR I S U
(SERS) 7 B4R BLAT W Wb sl hr = {5 5 i e 05, 1R
o EAE B A KR TS AT AN IR AR RN L 22
U (SRS) 8 U AG A AR B A L 1) Ak 27 Bl Ry
PR T RE O A L W R 2E A5 8 Tz N
& TCARIC I DNA BURS (258 50 F B B0 g

(@)

virtual state

T T

<
5]
8
P
k)
-
v

vibrational state

ground state
(b) SRL
| | | SRS ‘ |
pump | | I I
Stokes modulated

P12 B A AR A SO RN S By R A

LR RN 1= D0l T o RN i R AW D SR
VR FIBLAR] S50 590 UG A LE L 2 L &
SE AR B [ — KA R A T ZATAT I AR iC A
B HE 58 BB AR I BAT v R 1 ke R R A
BEASEIE L. WAL 2 WU RO R R DU TE bR
OB B 5 e IR T RS A0 BAR B AR A R B 7 A TR
S AR S PR AR I B PR 0 2 BR 0 19 AR 0 AR
U

2 UL S HUN AR B B A

2.1 ZHHEBHHFEE

S 2 B SR AR MR = B 8 R
TR R BB AR S B UAR . 2 Wh S U R
F14) 2 T SR 2 IR A% 1 1 O S B SRR O R
FETLHOG, B AT R 22 45 F 4 T I IR sl R,
AR MR 2 B A B P, — A DO TR AR
— IO T A OG R A B FE R O 2 2
PAAE (SRL) L 1117 7 4G 5 0 ' 5 1Y 14 0 FR S 52 s 2
W45 (SRG) ., EIA ML % X P A2 M 2
55 R AT LLRIORS B s M 2L A 1 BR . B L
PD Rt H AR EOM R G #% . FL %
RUEE R srefl RARSHE 5, in R AMG 5, out
ForfibfE Y.,

(©)
sHG [l——F—\
TPEF.—'A
pump Mi
Stokes
I ‘ < <\
' EOM
: N
i fref in e \
B T
lock-in | !
£ A4 -
. [l
1 n/
&= PD
SRS

() Z WAL & 5 B K4 & B REgUR B AL

(b) 32 A7 B FE IR M BLE] 5 (o Z WP 2 BUH L1 R GRS R
Fig. 1 Scheme and principle of SRS. (a) Energy diagram of SRS and spontaneous Raman;

(b) SRL detection scheme; (c¢) system design of SRS microscope
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Fig. 2 Stimulated Ramam loss spectrum, spontaneous

Raman spectrum and coherent anti-Stokes Raman spectrum™*
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9] (a) Schematic of SRS spectroscopy setup; (b) spontaneous Raman spectra of oleic

Fig. 3 Hyperspectral SRS imaging
acid, acetone and ethanol; (c¢) calibration of Raman shift with respect to pump-Stokes pulse delay using a set of

Raman peaks of acetone and ethanol, inset showing the schematic illustrating the relationship between Raman shift

and interpulse delay; (d) SRS spectroscopy measured by swept-delay chirped femtosecond pulses
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Fig. 4 SRS images of Hela cells at different Raman shift and SRS spectra of local region. (a-c): SRS images of cells at
different Raman shift; (d) overlay of protein and lipid; (e) SRS spectra of lipid and core in Fig. (b) and Fig. (¢);

(f) spontaneous Raman spectra of oleic acid and bovine serum albumin
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Fig. 13 In vivo two-color SRS microscopy images of live animals®® (red: red blood cell; cyan:protein).

(a) Two-color SRS image of heart of a zebrafish embryo; (b)two-color SRS image of blood streams in a mouse ear
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strip mosaicing; (b) strip mosaicing SRS image of mouse brain frozen section(lipid: green; protein: blue)
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(b) schematic illustration of work flow for training and validation of the model; (c¢) five-fold cross validation results
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Fig. 16 SRS histology of larynx tissue with the aid of ResNet34P™ (lipid: green; protein: blue; neoplastic: red; gray:

normal). (a) Imaging and prediction results of a laryngeal squamous-cell carcinoma tissue; (b) results of a normal

laryngeal tissue
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Fig. 17 Diagnostic results of untrained cases using ResNet34%7 . (a) Diagnostic results of 33 independent cases using

ResNet34 vs. true pathology results; (b) ROC analysis of the results from ResNet34 (AUC: area under the curve)
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