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Research Progress in Surface-Enhanced Raman Scattering for
the Detection of Oxidative Stress Biomarkers

Zeng Ruying, Luo Xinrui, Zhang Jia, Huang Lu®, Liu Qian”
(Integrated Chinese and Western Medicine Institute for Children Health & Drug Innovation, Discipline of Chinese
and Western Integrative Medicine, Jiangxi University of Chinese Medicine, Nanchang, 330004 )

Abstract  Oxidative siress refers to a pathophysiological process triggered by the imbalance between the
generation and clearance of reactive oxygen species ( ROS) in organisms, which dominates the initiation and
progression of severe diseases such as tumors, neurodegenerative disorders and cardiovascular diseases. High-
sensitivity and accurate quantitative detection of oxidative stress biomarkers is critical for early disease screening,
dynamic monitoring of disease progression and exploration of pathogenic mechanisms. Benefiting from superior
characteristics including ultrahigh sensitivity, molecular fingerprint identification and non-destructive in-situ
measurement , surface-enhanced Raman scattering (SERS) has evolved into a cutting-edge analytical tool for oxidative
stress biosensing. In this review, we classify typical oxidative stress biomarkers and their inherent detection
bottlenecks, systematically summarize the fabrication strategies of SERS-active substrates and multiple signal
amplification approaches, and elaborate diverse SERS sensing systems targeting various biomarkers. Furthermore, the
existing technical challenges in this field are concluded, and prospective research directions are proposed. This work
is expected to offer theoretical support for the fundamental research and clinical translation of SERS biosensors applied
to oxidative stress analysis.
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Fig.2 Schematic overview of SERS-based applications for oxidative stress biomarker detection
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HL LA 5 SERS 45 AR K, AR TC 75 B AME
i B AT 52 B0 8-OHAG =y R k% U, LOD 7] ik
0. Inmol/L,iZ &R W N FH T4 Cr(V1) 5 H,0, &b
P A4 4N 43T

Ak, H AT E A SERS Kl GPx  CAT %
PrEACER RIS AR A R, A7 TAE EZ 5
2, —20NE T PR B AL UL B Zhang AT

1 SERS A, IHA T GPx4 AR ALIBEHAM 15 1 o0 Y
AR S A A AL 5 53— 2S00 B T 6 A 1k B
B B3 4 I, Kochylas %0 JE T 5k 44 % £
(SiNWs)/Ag BEJIESEHL T CAT 19 SERS il 44
T, 13 T i 35 6 12 2 90 %o Bt AR A A Ak 5 P 1)
etk EIrh, 3T SERS £ A 1A AL A
KR B PRI A I WL 1,

F1 SUHEXFREYE SERS #i7l

Tab.1 SERS-based detection of oxidative stress-related biomarkers

K FLIE M R LOD FEA P72 R K 454 10 8 SCHk
533cm™ PO 45 35 5075 833em™ . H, 0, 173
"00H.H,0, Au@ Pt \ A, chl; . @qﬁﬂ:ﬂ’ o . %iz/ﬂi@ [53]
o u gk FEAE %;675/733@1 : + OOH ¥ 3l 4+ 1iF 0
973cm™" ; - OH IR SIHHAF I
m™'; B-O XJ K M 45 ¥§ 3 (4-MPBA ) ;
H,0, Au@ MPBN@ AuNPs 1. 97pmol/L g vem B0 X1 4 IR 3 ¢ )i [ss)
2223¢m™': C=N 45550 (4-MBN) ;
H,0, :0. 14umol/L; » A "
H,0, .-OH, -OH ;0. 14mol/L; , 1077em” € = € 0 45 + C5 M 4 (4-ATP);
0,”.R00- | Au NPs 0, :6. 87pmo/L; B, H2en CHS L CN R AT CDMAB ) g
1 , /N 1386em™' N = N fil 4 + C-N {1 45 ( DMAB) ;
0, ROO:3. 89mol/Ls 1432em™" ;N=N {fi%i+C-H 25l (DMAB
10, :0. 18pmol/L om :N=N {5 +C-H T )
ROS Au/4-MBN/AgNRs 43.91umol/L i 1065cm ™" :4-MBN AL i [57]
H,0, MAP NPs 7. 44pmol/L 4l 1069cm ™' :4-MPBA 1 [58]
H,0, Au@ Ag \ 4 i 1072cm™" :4-MBN H5AE i [59]
807cm™" ; C-H T #ME 1% ; 1176em ™" : C-H T P
GSH AuNPs 0. 05pmol/L. il 2515 1376em ™" ; C-N i 45 4% 3015 1619em™" ., [60]
C=C RXIFrfhgs
GSH AgNPs 10nmol/L i ol 1338cm ™! ; —-NO, XIFRI4E %S0 (TNB) [61]
GSH Au NCs film 50nmol/L NN 1333em™ ; -NO, M FRMZEIR S (TNB) [62]
SOD SiNWs/Ag NPs 0. 015pmol/L ANTMER  1605em™" S ALK TMB = H) Rk g [65]
- 1081cm™" ; C-S/C-C {14 (4-ATP) ; 1170cm™" .
SOD Au-AgNB: 10U/mL JIIRG : ; Pole6
u-AgNBs array m N L7 C-H T P25 i ( DMAB) [66]
593,918, 1180, 1363, 1533 cm™'; TBA-MDA
MDA SiNWs/Ag NPs 0. 32umol/L T PRI ’ ’ ; 67
INWs/Ag NPs pmo B RE o]
, 1083cm™" ; C-S #1455 (4-ATP) ; 1663cm™" ; J& K
MDA Au@ Ag NPs 0. 5pumol/L PNI(F 4 ) o ’ ’ 68
& * =N g o8]
1084em™ ;C-S 145 (4-ATP) 5 1596em™" ; # 3
MDA AuNSs@ ZIF-8 9. 38nmol/L TH C=C 45 (4-ATP) ; 1658cm™ ; J& KB C=N [69]
fin
~650cm™" s 44 FIRIE W HR 35 ~ 1394em ™ .
8-OHdG fGNE/AgNPs 0. Inmol/L, i) N -HAER N, -Cy-Ny/No-Cy Sl BRI 5 ~ [70]

1560cm™" :N,-C40-N, . C40-C5-C H4HIR SN

2 SERS 7R %% 4L R el i iy
Rz

2.1 SEMEME

il 20 i R S 90 R A4 e A Rl L 2ok A T
AE H 98 M AR ROA T, HE ROS /K- e 3 5 T
TEH M & B T B9 ROS A H T i i 40 Bt 155

B ERS SM 2 i S AKCE W AT RE S R Tk
FET=1 R A B v I B S5 R AR Ol SERS £
BEAG R AR AE TR A Y DR, AR A 6
AR AR B AT S AR, AN BT g
TIPS 2 AL 3R o IR AT P AOR . R
N E B, K SERS 78 % M M v i 58 o R
(eSS
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2N B AR SERS 5 A K I 923 240 i
SR ZH 21 7P B ROS 7K F, 520 b e Y 12
Wr %, 7E 40 B 2 1, Wang =151 D) — A AL gk
(TiO,) NPs & SERS FLJiX, 1F 5-R IL/K iR 5 B
Wit E YIS 5T, S8 T X MCF-7 ZLAR e 40
ML H,0, PR | RN £ PG L R 107 ~
107? mol/L,LOD A 0. 55umol/L, 5 H,0, 7k, 4
MDY GSH 7K - [R5 i 9 A= FHCHR 2 25 DDA G
Wang 257 B2 F Ag/PU A AL =46 (Mn,0,) B AR
B (Ag,PO,) FFEIRHR (Ag,Cit) = FhERFEG4 K1
B M T SERS £l i 4CHLAL B S, I H AR
20N GSH & 25 5%, S0 T 1E 5 41 g 5 i
Je8 2 M B9 DX 43, 5 22 T R A (] SIS 70 e 400
TE g 0 A R B N AT S, N TS
02 2 1) BT L 43 A, Wang 251770 Mg 8 T 1O TR -
SERS M- &, AT [F] 25 W 0 480 Ak g JHOIR 28R B
20 BRSBTS P B AR K R, SO A pHL i B
B IR 45 A LR ) Bk B T IR w4
-5 A [ IV 780 2L g 200 %) 00 X 7 A0 A
I Al 1 A OCHIF o i — 20 HEE 20 Rk 5h )
K210, He 2578 FF & T 2T 22 2 AMNE AL
21 (NOA61 ) 37 BB SERS 14 J8&s , il i 77
T R MM Au NPs 5 4-ATP #4H 91, IKFT
4-ATP 5 0, [l 58 Ak J5 i W 5] & SERS {5 %5
AL ST R AR /N BRI 0,7 MR EE Y R AL
T ORI, R T ) 1) R R A AN [ R R By
B, NS E A 11 PR SE SR, Zhang 2517
#1457 DTNB Zh etk Au@ Ag ¥ 74549 SERS
T PECED , K ZH 2N GSH F &, AT 7E 12min
PR PRI DX 53 I B B 20 LR ( GBM) 5 1E i 41 4
[ P22 WA A e ] S 300 A 2 235 ) 43 BT 2 i
18RS HER TR IR I8 ] B E s X ek, |
WWFFE R, SERS AR MAH A 236 4 | AR S
DA TR S8 RT3 280k I e A G B9 5 ROS
s EAL TR, R R 2 W 5 4 AR T
LT A,
2.1.2 IRITI R AN SERS SR
Bk FH T Bb i 12 Wi 5 43 B 46, SERS i AR 3£ 1]
S e AR MY R U RN 0K =R C AT & o N ]
VEAGAS [RIE I7 R W AR, 76 Ak Y7 9, Wang
ST Ag/ Au YKSE R EE T L (5 -SERS XUE
EHE, R H,0, ZIThER 5 R EE AR L S5
SERS {5 5055 , 22 5 A AL 7 259 (40 4542

P 85 ) SO A AL FS = A ) ROS 7KK, 7 L4l FF
J&& ROS Kl i L aih I, A58 & E— LR R A H N
JR ROS S BHL R 16 7 RO SR ms, Li S il & T
Au@ i 15 (CDs ) B se gk 4 kL, 264 B e L 2
FAL YIS 7 e H R S A B S M BE T T RE B Y
GSH Ff-A: B K 5 ROS , SE B I 53 8 AL 47T e g
1RIT ;IR FC SERS 15 5 T 5% i3 B bR S 2R
5 AL N KT YT — IRk R A gL T
BT CIE 4) o B IR B X — PR IR YT
XE 15, Guo S e Ag NPs ZIREGIKRIR R,
ZRRAH GSPs@ L L (PDA) A 5%
TBRMEIER FR Y ( AIPH) -FRARAS E - H & R-K
K W2 K (¢cRGD) ( GSPs @ PDA-AIPH-cRGD)
ZRR DL, 4K 2 AR R h 2 (5 5 IR S
16 EF iR A e sh A8k TR I LU AN IR T
JEHGR ATPH AT RE 40 B 25 PE 13 pR 2 0F 1 S 3
SO AR T R, Horp SERS Wil AT
WA UE [ R 36 B 2, TR AR 97 ROR PE 42
BECHEEKHE . 28 b, SERS 5 AR ] 3 4 Wi 1y
HEALIR YT JEIT A 2P ia T AR X s 40 Ak 1z 9%
IV BE AR FUARE , Y7 A e 5 R IR YT O &
AR ) RAEFBL

JUE RBFSE 20 SERS 7E M8 55 ROS IR
I Hh B A g R AU 5 A () ) R {HL I B S
Bl R AT A 7E — 2 2508, b 28U ROS
HA B E A 5 T, B A I 25 e AR i
PRI AR OKOY o 15 AR B2 ORI rh
% HBVEBRE AR et SR ARERE R
W RGVHE . BAFTEAS R T L 54
T BEARAE B Ty vk 25 SR D KRR AR I PR BA
H ST A A5 1), PR, AR O Y R
A AW fE SRR e T R R A
SERS #REF sl i 5L 15, I 45 A A o AL 6 1% B aE
S HLAR A > 3 B 7 i, i 3 D S5 = B Uk
i I R B2 W R Al
2.2 HALREHRGEREEERR
2.2.1 D IE RGBS

AR O 1 A T R FE EE AR T, O
HAEB PRk AL AL O U BE 55 ke 1P 3 460 s
H i ROS RIS 80N B2 347 | 90 55 2R kAR )
RERREAT . SR, SERS ¢ A A8 0 Il A8 952 95 S Ak 1
PRI ) B 5 AT A TR 4P B B, Barshutina
S D BORAE IR SRR 45 T LA B 5 R
P54 SERS BEN%, AT T 0 B A 21 48 i i) 5 30
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Fig.4 Dynamic SERS monitoring of Au@ CDs-induced oxidative stress in tumor catalytic therapy[
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Z 5zttt 12 B 0F 9T 2 BT A E
SR RS A AN 1 R ST 5 A AU A A
() EHECHE X SEREIE Z A T Or ik IR R B B,
WA/ HEGIE T SERS $ AR 1E K AL I 3G
T E I8 77,
2.3.1 RIESHPE

SERE S, H L 4T A I T i ] K
77HE ROS/TEPEA H 2 (RNS) ,C10™ 5 H,0, /K
AR A A T R R B E
FIFH Au NPs /E4 SERS JLJi, ToARic Wl 1 ig £
W S 10 B 40 0 (RAW 264, 7) M1 B fb i 72
H ROS AR X & A Gk i sh 28 b, 7
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