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A Naphthalimide-Based Hypochlorous Acid-Selective Fluorescent
Probe and Its Application in Cell Imaging
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University, Changchun 130031)

Abstract A novel naphthalimide-based fluorescence probe ethyl (E)-3-(2-butyl-6-hydroxy-1,3-dioxo-2,3-dihydro-1H-benzo-
[delisoquinolin-5-yl)-2-cyanoacrylate (NAEC) containing C=C double bond group with intramolecular charge transfer (ICT)
effect for hypochloric acid detection was synthesized, which could selectively and sensitively respond to hypochloric acid
within 10 s in phosphate buffer saline (PBS) buffer solution [V,N-dimethylformamide (DMF)/PBS (V. V=1 : 19), pH=
7.4]. The mechanism is that the C=C double bond in the probe can be oxidized and turned to aldehyde group, then the original
ICT effect of probe is destroyed, and the fluorescence of naphthalimide restores. The spectroscopic properties of the probe
NAEC towards CIO were studied through UV-vis absorption and fluorescence emission spectroscopies. The results showed
that the probe NAEC possessed a large pseudo Stokes shift (100 nm) and the limit of detection (LOD) for NAEC has been
estimated to be 2.4 nmol/L. In addition, the probe exhibited good response and anti-interference performance for hypochloric
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acid in the presence of 22 kinds of interferences, such as other reactive oxygen, small molecule biosulphol and common ani-
ons. And probe NAEC exhibited good cell permeability and was successfully applied in living cells by fluorescence imaging.
The method is expected to be extended to the diagnosis of diseases and the detection in environmental samples, efc.

Keywords naphthalimide; hypochlorous acid; fluorescence probe; cellular imaging
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Figure 1 (A) Fluorescence spectra of NAEC (5.0 X 10™® mol/L)
before (a) and after (b) addition of Cl1O in different pH condi-
tions [DMF/PBS (V' : V=1 . 19), 1,=420 nm, A,,=520 nm,
slit: 5/5 nm] and (B) time-dependent fluorescence intensity
changes of NAEC (5.0X 107 mol/L) after addition of CIO~
[DME/PBS (V: V=1 :19), pH=7.4, =420 nm, Agn=>520
nm, slit: 5/5 nm]
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19), pH=7.4]

Figure 2 UV-Vis absorption spectra of probe NAEC (5.0 X 107¢
mol/L) upon addition of different concentrations of CIO  (0~9
equiv.) [DMF/PBS (V. V=1 . 19), pH=7.4]

Insert: emission color changes of probe NAEC (5.0X 10 ¢ mol/L) before
and after addition of C1IO™ (9 equiv.) under a 365 nm light
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Figure 3 (A) Fluorescence spectra of probe NAEC (5.0X107°
mol/L) upon addition of different concentrations of CIO  (0~9
equiv.) [DMF/PBS (V. V=1 : 19), pH=7.4, =420 nm, slit:
5/5 nm] and (B) Linear fit curve of fluorescence intensity of
NAEC vs ClIO  concentration [DMF/PBS (V' : V=1 [ 19), pH=
7.4, Jex =420 nm, A, =520 nm, slit: 5/5 nm]
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Figure 4 Variation in the fluorescence of NAEC (5.0X107°
mol/L) before and after adding 9 equiv. CIO in the presence of
90 equiv. of various interferents [DMF/PBS (V@ V=1 : 19),
pH=7.4]

722 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

1.5 Bt FRIRMHIE R

RNIRFTERER NAEC 301 Cl1O™ fALEE, @i &40 ¥
JREERHMA CIO™ J& WIEREH AT TR, S5 R, iR
015 Clo 1M &, 1€ m/z=298.10 4b.7x H B B4F
1EME, S5EY4 K T RE(M+H]298.10) 5. AR
7E 420 nm FURFEK T, AV 4 78 520 nm &b [FIFEA
BRI RSB SA), 5IREFNAEC RV 5 158564
WA G, UIHIRE S IREREHE=E TIEYD 4.
BANGA LR R T e /E ML 5B), HPER
£ F NAEC 1] C=C XU # IR R AL, 2E AR,
PREF NAEC JEA I ICT BN HRIR, P2 E 5.

- 520 nm

A -
® 600 Excitation: 420 nm o

500 -
400

3004 [
/

Fluorescence/a.u.

200+ /

100 -

0 - —
450 500 550 600 650
Wavelength/nm

B)

(@) N (0] O_N_O
HCIO N (0]
X + Ny
SO SIS 6Pt
= ~0
COOEt
OH OH
4

NAEC

B 5 (AT 4 FHFEE NAEC JBEE I3 etit; (ByF4Er
NAEC X} CIO™ s I LB R & &
Figure 5 (A) Fluorescence spectra of molecule 4 and NAEC

and (B) proposed reaction mechanism of probe NAEC towards
ClOo

1.6 4HAEEMESLIE

K 6 T ik N B2 4B (HUVEC) 5 NAEC ¥ (0~
30 umol/L)F A 24 h JEHISEIGEE R, 45 R W I 21 i
TEAIEH, fEIERERE 90%LL I, IR NAEC A
1 R U 1A AR 25 P AT B 1) 0 2 12k

1.7 %t NAEC BYARIMABERR &

N T HEFEIREE NAEC 7E4H I BRAR r (1 S B2 2
R, WE T =AML, 4REN, K HUVEC 40
S5IREF NAEC JLHi57Jm, ISR, A AR

Chin. J. Org. Chem. 2021, 41, 719~725



Chinese Journal of Organic Chemistry

KNS5 TA); £ HUVEC 4iffl 54t NAEC K35 5%
RN IRE 12- T DUERER 13- ZFRER(PMA) G, 4
MIFE PMA FIBAE R P2 A IR A TR AR, 7R e
AR SR R, E A0 M P H B L A Ok S (B
7D); #£ HUVEC 4Hili 544 NAEC Bk R inA
WA G, 1R EMEE N REM 25 B HAFRMM N
SR N(E 7G). FIRGE R, % NAEC BRI
HIMEYE, REA RS IL4E M AR CIO I 58s s, B
C 5 10 15 20 25 30 & SER IS AE AR A ClO™ Y RE

Probe NAEC/(pmol-L") .
2 #ig
H 6 FF 8 UM 5 (MTT)7: 143 HUVEC 40 g 5 #8 &1 s . e - D e
o O S Wb A ML T — T3 I 0 57 78 5 R A
NAEC 307 & 24 h J5 40 A7 28 Oh B2 A 100%, C X HE) N i _ o
Figure 6 Viability of HUVEC cell after incubated with probes NAEC, &AM E\ZJEE'EE%(< 10 s). RIPE W(KTL\
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B 7 HUVEC 40} 544t NAEC (5.0X 10 ® mol/L)3£0 & 30 min (A, B, C), HUVEC 4014 PMA (1 mg/mL)JL & 2 h J5 IIAE
£F NAEC (5.0X 10 ° mol/L)J5 4k4L0 & 30 min (99 6L R AL B (D, E, F); HUVEC 41 54841 NAEC (5.0 X 10 ° mol/L) 3
H 30 min, ZKZINA 9.0 equiv. CIO LI H 30 min J& M 9OCILRER B RR(G H, D) (& ZORIE; & WG, 4 £8K
%)

Figure 7 Optical confocus microscopic images of HUVEC cells incubated 30 min with the NAEC probe (5.0 X 10~ mol/L) (A, B, C);
pretreated for 2 h with PMA (1 mg/mL) and incubated with the NAEC probe (5.0X 107 mol/L) for 30 min (D, E, F) and incubated 30
min with the NAEC probe (5.0 X 10~® mol/L), followed by treatment with 9.0 equiv. CIO~ for another 30 min (G, H, 1) (left: fluorescence
images, middle: bright-field images, right: merge images)
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