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Recent Progress in Fluorescent Probe for the Detection of Reactive
Carbonyl Species

Chen, Yi Hu, Aohan Yang, Lingyi Li, Zaoying Yan, Kun*
(College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072)

Abstract Reactive carbonyl species (RCS) have long been known as carcinogens and human poison. Elevated levels of RCS
have also been associated with pathologies. In order to elucidate these roles of RCS, the design and development technology
for selective and sensitive detection to RCS in vivo are crucial. In rencent years, fluorescent probes for detecting reactive
carbonyl species, reactive oxygen, reactive nitrogen, hypochlorous acid and thiols have been developed due to various
advantages such as simplicity of operation, high sensitivity and selectivity, response quickly and real-time tracking in living
cells. Few reviews have been made for detecting reactive carbonyl species. Therefore, in this review, a general overview of the
reaction-based fluoresccent in the selected recent research is provided involving design, recognition mechanism and
application of fluorescent probes for detecting reactive carbonyl species of formaldehyde, methylglyoxal, malondialdehyde,
acrolein and so on. Finally, the prospect to design and applications of probes for reactive carbonyl species is given.

Keywords reactive carbonyl species; fluorescent probe; molecular design; formaldehyde; methylglyoxal
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Scheme 2 Structure of probe 1 and its responding reaction of formaldehyde
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%, I HIg B WAEA W R AR, Au #%-Ag 4K
BT (Au@AgNRs) X FH I R N HL A 0 e (R Bk, A
MPRAEZE 6.3X 107" g/mL. Au@AgNRs Z4KKL 1) 72 M
FHF /KR AR S (R, HL RIS )3z (9 S FH

2 WNEREZ ZEERTRICRE

O 2 AR N AR Ak o 3 PR B AL S P I —
PEBEE AR I Ak AR B A 55 Bl A U I AR 1
A B2 AR E RN, 55EMKST
WIDNA, & AR SR P E ISR R A N, AR ok
FALLEYI(ACES) ™). WFRR I, NN EIRERIG . O
I IO i B Y DA B R P s 3 2,
S ENTEABRRKR. TER, B RS H
R TBIMIRCEE TR, (HH 2 A
P e 1 R R R LA 0 SR AR D e T AR IRk,
R AN FC R T AR A R AR R O 2 R R R DU R
RGN TR . B, TR ROk
PRET Il 2 R AR W IR R 5 A 2
TRER AR RON.

2013 4E, Spiegel Z71E ARIE T 3 Fi%ET BODIY
RNBEAA, B AR IR O AR R i R, o AR
BODIY F141 & — F fig T i B 3 FH A I FR st 2, —
M ()98 YR EE 19~21, W1 Eq. 14 Fis. 3% 19~21 1)
PUNALEE 32 B TR EH 0 7 W AR K — W i J A 5
BODIY 2 [AI4F{E a-PET FE, 244875 — F ik 4]
SR RN A, X R, A E E ARtk
EVIDOCIRE. Vel ST RIRE 19 5
HE 0 g O B R AR s B g 5, BREE 20 LR,
PREF 21 PRV AL. SERGRIA, $REF 19 5L

H O
o H
—

&L 0

oK)
NH, ) o]
NH, 22 o *
Ho N
Nj) N

TR, WORERIN 10 £5, @ B 0.003 ¥k
0.326, MHREE 20 UK AEFPEESREEI R IGoR, X TR
Branims, WRARAN. T2, E# EERHRER 195 7 2
—PHFL. 7EPBS L2, PREF 19 5 H R 2 gL
17 1 h MRS IIBE 9 50~100 nmol/L, Ff HALAF F I Ak
K, KPR, R 19 52 B — PR
BN 456X 107 87" REF 19 AME F T HeLa v 4 i o
RO 2 Oy B AR 7, TR, e 2 T s A A
oy N FH T L7 B HP R 2 2 SR EE A, A
Ji J1 4% A (32 WAL T {8 R

19 R'=COOEt, R? = CH,4
20 R'= COOEt, R?=H
21 R',R?2=H

SORELEOE B T IE LA, 2R Ah A B R A
DRI bt = 2R LB A B AR N B AA 1) s A B A1, A T
BT AL AN o F O ERE Y. Murphy 260
K FH AR — W e/ R PR 20 AT 20 S 1) S B A 5
R =R AL R A BT BREE 22(10 Scheme 7 B
R). VBB RIL, AL&Y 22 S 32 R OB PEAN
RPEE ST LW, X5 W5 R Ak r) 5
BT O UL BRIk Ah, fEE I ERER 22
WFFE TR N R 2 5 2 ARG 5 2R Ak

s s
T

B 7 %22 5HEZ BN Z RN Y

Scheme 7 Reaction of 22 with methyl glyoxal or glyoxal to form quinoxaline products
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fah T 7.

R FRAE R EGIRSIHLEE, 2015 4F, Zhou M RHZH P
KH 4-35-1,8-Z8 — HEREF N EARL, B IRITE R T —1
FH T A0 RS 2, g (R0 10 B IR EE 23(0 Bq. 15 B
7R). £ PBS 23 A W(10 mmol/L, pH=7.4, & 10%ff] —
RGO F, TREF 23 JUFRARSE, IMAFRE L Z#E,
7E 528 nm A2 5E 33 fi%, @ H 0.029 AN 0.256. 1
H 3L 2, R VU N 0~10 umol/L JEFE N, #4&l 23
(5% 65 FE 5 3k 20 S IIR FE 2L R 0T 1) 2R 1k 56
. PREF 23 0B 2 R ARSI B AT R v ) S B A
RAE, KBRSy 77 nmol/L. bz #h, 4T 23 \JLL
FI-F HeLa 34 o B L 20 86 50 A0 00U 7 4%
T,

Me

FIuorescence OFF >N Fluorescence ON
I

23

R 53 KB IR AT A R 2 A A0 T e P S TR
#, Bz H TR AR, 2R R A TR
SO0V, AR, Liang S HURBA T AR T B
TR E 18 23 TR TAT BRI Cd®t, O ELAEBE
LI M R ABRE R SRR AIE, 93X — BORAE WA
ST N SR AL T R 28{BAHh, 2016 4, Liang 551k

o
N ,
o:Darkfluorophore \O O/

Quencher
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TAR W 5 3 i B RS R NE N, Wit
HET —FOKBER TR 24 (W1 Eq. 16 AiTzw), AT LAERAL A
i (in situ “click”)5 H 3 2 B KA RN R EY) 25,
IRIEHEY) 25 BASRTY RO 73T oK ER, ik F 5
ArAs AN AT IR A, IF HAE# Wit-& &4 24
X EE 2 R AIASZ NO T3k, BT riEs
(63

0
H,N 0 =N
OH \/E \ OHN OH
H2N4<\ >—/( —<\ >—4
HN e HN (16)
24 25

Kool ML I3 T 98 e g Bt it & ik 7 1R & 26(1m
Eq. 17 Fiw), HF RO BERAC AR, 585680
TR T AL LR LA FERREE&M R, SRR
BRI, Ao KEKRE,; 2tk ETERK,
JUF BRSBTS S, DA /T 2= A Fa e A,
T BEIRAE s LRI AE. BREE 26 20 T iseihH 2-fik kit
WA AL, SBT3 2 TR A, A
AAE RS K IR, 5-H AR FRAR R L 2K H IR AR ik
A, TEREER ER R AR, TREF 26 SHE L RN
J&, ROGIRFENE TR 30 £, fEE I AT IR R, RV
Y1 R DA R B ) 435 W) 45 5 THD R 3K — I S R 1R s o 14T
TRV, REF 26 EH IR A 2 B TR
(EX

2017 4F, Zeng SFOUEFA8 R AP I RHA B
E T BER 27(40 Scheme 8 Frawn), W PASZELXT B %
“Turn-ON” B DL F % H 38 2, — 1% “Turn-OFF ” LG

THO g O O g OH

SN
O
o Y o
Me/kr(H 07 “NH
—o, H Fluorescent 7
O\L
O H Me
~ N
HN N
(0]
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B8 REF 27 Mg Jo HoxT FE K YR 2 e Y SN )
Figure 8 Structure of the probe 27 and its proposed reaction products with formaldehyde and methylglyoxal

7 Tris-HCI ZZM A 3(10 mmol/L, pH=7.4, & 30%M1 4
By, REF 27 16 642 nm, AbJLTEA %6, IMNFE
&, REEKEBE 620 nm, @ | 0.07 #i04 0.55, &
Bt 27 X S T A IR A 8.3 pmol/L. A H 32, —
M2 )5, REF 27 MR KABZE 642 nm, WIGIRE
FAAR, @ H1 0.07 FAE N 0.0014. [FIREHD, 55T 27 A
TV 40 P S B “ Turn-ON” YDA M HEE 2 —
% “Turn-OFF” [ BASHIF 5¢

BT FER T & 90 R LA B i e 38 4 I A e Ak
SEVERR, W SRAE N AN UL F R,
2017 4, Zhang VRIZH LT 41 2% — B A SE M bk
BRI RERIE T —FhET IS &9 28 F1—FiEkIIE &4
29, FTFXE S 2 RS TR, 41 Eq. 18 FvR. Hi
TIRE D FNAAOLHEFHETRBEPET) IR, FHE
TR IR SR SR VA R h R I AL T 1%k, ER%ET 28 1 29 1)
RNET IR HN 0.12%F1 0.23%; SHIEZ #x
N5, PET IR IH, $REFTE pH 3~11 JulE N, RI
HERZUT. A E ) 28 A1 29 X YL 2, B IR T 1Y
HA @ikt 4% 28 MK A 0.78 pmol/L,
&9 29 4 1.15 pmol/L. {E35 01 % iz B BB X T IX
— RN EAT TS, BRILZ Ak, BREF 28 A1 29 HF
BRI A, BT LA D A T RAW 264.7 B g4H
WuFN D. magna F () AG AT

3 RNATEERTOCERE

E AL B I (Oxidative Stress)fE AL fAr R I ) —FpE
fReIRE, FELE Ear ik N SRR APTEN R S
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REGHTGIER, X—REH 2R, Wt M.
P T B RS 5 0 72 AR R R A 6 AN AT 43 B BE R L7
P4 % (Malondialdehyde, MDA){E A=A P35 1 B
WA —FhRA, & RO — Fh 2 L AR W hr i
W), A Ak P SR A IS S K A R P T DA LA Y
B S B R R, F 2, T EE AT DAE
N R E AR R bR, MEMRA, B oS ERTT
Bl AR, WA BRI . O
I G LA K% 25 Rk ks R AL T Ry 2570,
2015 4F, Liu A4 L] 5 MDA 1 FH 0 25 F G
SFEEAY, I S SO LIR AR N RIF ST A A T AT R Tk
W RRAE %% YR %t 30 (Scheme 9), B XSEEL T MDA 1E
TEANM N AR, Gleiter UL HRIE 2,4- LI
T e R 1 PR B A 2 LA o A U R R, (AR
MDA HAHBE MR NEME, T2, fEad sk f
BERE B BRI RO B ARG, SRR H TS5 MDA RN
MR R L, 1E8 MDA RRBIZER], AR 58T
NH ¥ 1,8-28WE WAL we e BIE R K, wit& &

B9 $RER 30 M2ty S H R 7Y R S REM L2
Scheme 9 Structure of 30 and its reaction mechanism of
malondialdehyde
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TEREE 30. REF 30 T INAFELE PET iI#E, 7£ DMSO-
BRER EL 2 iAW (V - V=119, 50 mmol/L, pH=7.4)H,
PREF 30 RILH BTS2, 5 MDA K4ERMJE, PET
T FEAANH], 7E 553 F1 520 nm A5G4 HIIG SR 174 4% A0
52 fi5. PR%E 30 X7 MDA iR i BAA S s Rk 8, Al
FRAK A 0.6 umol/L. #R%F 30 B IRSEELT MDA 7E 741
W B BAR A T, B AR PRI N RS MDA, & w]
DASIZH 36 B A8 £ P 1) 9 Y5 MDA B AL B BOIR S T
MDA K&, X — TAERRE T 5 AR S 3
R R T BT A TT R

4 RUABEATLRE

TR 7 S e — o e R R N MR, BT D@ R
AR AL SERLANHAB A HLY R A 56 A R e it = 2,
ATl 2 e IR RIERR A AL A o T IR
BT AR AT AR B R R, E BRIV
2 G P B IP AN SOE Y, B A R e N A R A B
faE. RIEHTRLN . A RO FH KA I TR 0 e 1 7 ¥k 4%
BORH B

2014 4, Nagano “5U°VE:T U B B FHH y B)
WA R T e %R 31(41 Scheme 10 fTz), FFHR

H
N
O N sn
O No
COO

_—
IO
>N 0 SN
| 31 |
H
O N\/\S/\Ao

(QNHNH,

hydrazine microbeads

H
(©) N\/\S/\AN
|

O NH
COO
X
\,il o \,’Tfl/

BIR 10 #REF 31 185 B 5T BN s R
Scheme 10 Structure of 31 and its strategy for detection of
acrolein
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SRS I 2 R T PR P . PRET S T F R o R
FB AT, BECIREN 31 58 TGRS I I R AR 0 7 K
R, RIEmME=mEMER . A SH
NHNH, B (8RB A MERVE R, M i 34 ok 45
o TEBETERE SR L. BEAHERS & H N1 %
BB GG, RIWHBGRI N, I HH A E A S
e A TN, R OTE S A GRS R, H
BEAERI . R H. REERESME, KNRA
0.54 umol/L. 1E3¥8 HiX — 7 IEIE (LA & TRET 31
T R s T )R 0 5 AN B AT s 7 S b At i A i
RENAYX T, (HAEX A RE RS & IR 12 W7 DL K
I R - THI P 57 P

5 REERE

EVESRIEAL S DR A B RS YR 2
—, REAEARESEEREREN, S5 RFZHRMA,
Btk A U T HRIE . R S IR IR S &
TREHEAER, 9 BE LU 2 Wi AN 2 1 7 T OB T8 BAY
HE MR ASORIEEVEIR AL S PRI AP, VA0
SGE TR TR R IO TR, TR
PR I 4 7 R RO BETE, ORI LR .l 2%
BRI, H AR TSI S P 07T E B AR
WML 2, — 8, S R R AL 1 45 2 0 H i
5L R R ARV MU, T EE TR
VIR R A MU AR XD BB, A JE B T
FRBEET BT A9 FH SR A 57 AR AR A R o il P B B AL 5 D AT
HURRNL. BRIEZ AN, HRREHFAEARE R THE VIR,
WRNEALF, RYEAT, BN RIEFELLANXEA L,
A Ja BETH BT A SR AR i R B AL A W PO IR ]
LA AR JUAN 77 T BEAT AR A s 6 3 21 A0 R A 9
W, 5HRLEYE &2 )5 SR “Switch-ON” 52
Wi B B ELAR TS IR e, TREH S VERR B S ik #%
PERBZ 5, PSSR E v, PO AR AN
BT, PR B R A 4 I 75 R AT A R AR A
M, BRI R K I VE B SV R BT R A 5 Mg
PEBRIEAL & MR B B ) R B A Bk 2 —
AR XOE T, LN REE RLAE R — 4l &5
HREREE SO IRE, T SEBLAH IR T RERAR. 1T
A, HETSOCHRET 1R I 7T 3 24T 240 L 15
BB, A ER AT BRSSP B A it g
XPAEMIAREAT IR SE L ShAS R ALK I ) e e 3
PERT REUL RIS TE BRI S WD IREE, TH R AL
AT PR 5 T (2 RO EERT DT 1, 5
2 5 4 di B A AT TR B ORI
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