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A simple sensor based on 1,8-naphthalimide with
large Stokes shift for detection of hypochlorous
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Hypochlorous acid (HOCI), one of the most reactive and deleterious reactive oxygen species (ROS), plays
a vital role in many pathological and physiological processes. However, as a result of the highly reactive
and diffusible nature of HOCI, its uncontrolled production may lead to an adverse effect on host
physiology. Because of its biological importance, many efforts have been focused on developing
selective fluorescent probes to image HOCL However, it is still challenging to design a fluorescent probe
with exclusive selectivity towards HOCL. In this study, a novel fluorescent probe for HOCI, Probe 1 was
rationally designed based on 1,8-naphthalimide. As the concentration of HOCL increased, the
fluorescence intensity of the probe gradually decreased, and the solution color changed from yellow-
green to colorless, indicating this is a "naked-eye sensor”. Probe 1 has a large Stokes shift (120 nm),

which can effectively avoid fluorescence self-absorption. In addition, Probe 1 shows excellent selectivity
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Accepted 25th Sgptember 2019 to HOCLl among different ions including common ROS, high sensitivity, fast response (<2 min), high
fluorescence quantum yield (® = 0.93) and low detection limit (0.237 uM). Finally, the imaging results in

DOI: 10.1039/c9ra06174f Hela cells showed that the probe could be used for the detection of exogenous and endogenous HOC|,
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Introduction

Reactive oxygen species (ROS), such as hypochlorous acid
(HOCI), superoxide (O,"), hydroxyl radical ("OH), hydrogen
peroxide (H,0,) and peroxynitrite (ONOO™), are the natural
byproducts of normal metabolism and play vital roles in various
physiological processes.” Among them, hypochlorous acid can
partially ionize hypochlorite at slightly acidic and physiological
pH. Endogenous hypochlorite is mainly produced by the reac-
tion of H,0, and Cl™ under the catalysis of myeloperoxidase
(MPO), which is a major antimicrobial and oxidant agent for the
immune system.®® However, abnormal levels of HOCI may
cause tissue damage and a variety of human diseases such as
cardiovascular diseases, cystic fibrosis cancers, atherosclerosis,
arthritis and neuron degeneration.”** Accordingly, it is urgent
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and proved the potential of the probe as a biosensor for the detection of HOCL

to develop new analytical methods for the sensitive and accu-
rate detection and monitoring of HOCI.

Recently, in order to carry out this research, many sensitive
and selective analytical methods have been developed such as
colorimetric, luminescent, radiolysis, electrochemical and
optical imaging methods.””?® Notably, fluorescent methods
have advantages of high sensitivity, good selectivity, strong
specificity and fast response time, which is widely used in bio-
logical imaging.”*** In addition, in order to avoid serious self-
absorption of fluorescence, probe molecules will be designed
with large stokes shift, and when excited at the maximum
absorption peak, the interference of excited light on fluores-
cence signal will be greatly reduced.

A variety of mechanisms for detecting hypochlorous acid
have been discovered so far, such as Photoinduced Electron
Transfer (PET),>**” Intramolecular Charge Transfer (ICT),*®
fluorescence resonance energy transfer (FRET).>® The selection
of probe molecules for fluorophore is also diverse, such as
rhodamine dye,**** boron-dipyrromethene (BODIPY),*** 1,8-
naphthalimide-derived,* coumarin,*” anthocyanins*+° and so
on.

In this work, we designed and synthesized a small-molecule
fluorescent probe (Probe 1), which connected the electron
donor group benzothizole to the naphthalimide backbone
through covalent bond. The electron donor capacity of benzo-
thizole increased the fluorescence quantum yield of the probe

This journal is © The Royal Society of Chemistry 2019
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molecule.*” Upon reaction to HOCI, the fluorescence intensity of
Probe 1 decreased and significant change with the solution
colour (yellow-green to colourless), which could be used as
a fluorometric or colorimetric indicator for HOCI. This molec-
ular probe features a thioether group (MeS) fluorescent modu-
lator that is integrated into naphthalimide. The probe is found
to be selective for the reversible monitoring of HOCl and
glutathione (GSH) redox cycles. The fluorescent intensity of
Probe 1 showed a good linear relationship with the concentra-
tion of HOCI at 0-15 eq., a low limit of detection (0.237 uM), and
could be applied to monitor fluctuations in basal HOCI levels
and endogenous/exogenous HOCI levels in HeLa cells.

Experimental
Material and instruments

All solvents and chemicals were purchased from commercial
suppliers and were used without further purification unless
otherwise stated. Column chromatography was conducted on
silica gel (200-300 mesh) and thin layer chromatography (TCL)
was performed using silica gel 60 F254 (Qingdao Ocean
Chemicals, Qingdao, China). "H NMR and '*C NMR spectra
were recorded on a Bruker Avance 300 MHz spectrometer. High
resolution mass spectra (HRMS) were recorded on an Agilent
1290LC-6540 Accurate Mass Q-TOF by using electrospray ioni-
zation (ESI). Fluorescent spectra were measured by using TU-
1901 (Beijing Purkinje General Instrument Co., Ltd.) and F-
280 (Tianjin Gangdong Technology Co., Ltd.). The cytotoxicity
assay measures the absorption wavelength at 490 nm by means
of an enzyme labeling device (Synergy HT). Fluorescence
imaging of HOCI in live HeLa cells was measured under an
Olympus FV1000 confocal fluorescence microscope.

Preparation of ROS and RNS

Various ROS and RNS, including NO,, NO;~, HOCI, H,0,, NO,
'OH, ONOO, O, and -BuOOH, were prepared according to the
following methods. The source of NO,~ and NO;~ was NaNO,
and NaNO;, respectively. The concentration of hypochlorite was
determined at the absorption wavelength of 292 nm (¢ =
350 M~ ' cm™ ') with commercial NaClO solution as the source
of HOCI. The concentration of H,0, was determined from the
absorption at 240 nm (e = 43.6 M~ cm ™ '). NO is made from
sodium nitroprusside. Hydroxyl radicals were generated by
Fenton reaction, and hydrogen peroxide (H,O,, 10 eq.) was
added to FeSO, in deionized water. ONOO™, O, and t-BuOOH
were prepared according to the reported method.**

Synthesis

6-(Methylthio)benzo[de]isochromene-1,3-dione (2). 6-Bro-
mobenzo[de]isochromene-1,3-dione (0.552 g, 2 mmol) was dis-
solved in 10 mL of DMF. K,COj; (0.276 g, 2 mmol) and CH;SNa
(0.280 g, 4 mmol) was added into the solution in sequence. The
mixture was then heated to 80 °C and reacted for 4 h under N,
atmosphere. After completion of the reaction, the mixture was
poured into 100 mL ice-water and 10 mL hydrochloric acid (1 M)
was added slowly to precipitate the yellow solid, then filtration.
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The crude product was purified by column chromatography
over silica gel using dichloromethane/petroleum ether (4 : 1 v/v)
as eluent to afford the compound (2) as pale yellow solid (0.36 g,
yield 74%). 'H NMR (300 MHz, CDCl,) 6 = 8.58 (dd, J = 7.3, 1.0,
1H), 8.53 (dd, J = 8.5, 1.0, 1H), 8.44 (d, J = 8.0, 1H), 7.74 (dd, ] =
8.5,7.4,1H), 7.43 (d,J = 8.0, 1H), 2.66 (s, 3H). **C NMR (75 MHz,
CDCl;) 6 = 160.5, 148.8, 133.6, 132.9, 131.0, 130.2, 129.1, 126.9,
121.2, 119.4, 114.4, 14.8. HRMS: [M + H]" caled for C;3Hg0;S:
245.0272; found 245.0259.

2-(Benzo[d]thiazol-2-yl)-6-(methylthio)-1H-benzo[ deliso-
quinoline-1,3(2H)-dione (1). Compound 2 (0.488 g, 2 mmol) was
dissolved in 10 mL of DMF. (CH3COO),Zn (0.044 g, 0.2 mmol)
and benzo[d]oxazol-2-amine (0.322 g, 2.4 mmol) was added into
the solution in sequence. The mixture was then heated to 140 °C
reacted for 12 h under N, atmosphere. After the reaction, the
mixture was poured into ice-water to obtain the yellow solid.
The solid was collected through filtration and wash with water
three times. The crude product was purified by silica gel column
chromatography (dichloromethane: petroleum ether = 1: 1) to
afford the compound (1) as pale green solid (0.522 g, yield 69%).

"H NMR (300 MHz, CDCl; + CF;COOD) 6 = 8.92 (d, ] = 6.8,
1H), 8.82 (d,J = 8.4, 1H), 8.76 (d, J = 8.2, 1H), 8.25 (d, ] = 8.2,
1H), 8.14 (d,J = 7.9, 1H), 8.01-7.93 (m, 1H), 7.88 (dd, J = 11.5,
4.2,1H), 7.82 (dd, ] = 11.3, 4.1, 1H), 7.66 (d, ] = 8.2, 1H), 2.80 (s,
3H). *C NMR (75 MHz, CDCl, + CF;COOD) 6 = 163.3, 163.2,
160.5, 153.9, 135.2, 134.7, 134.6, 133.4, 130.5, 129.0, 128.7,
127.7,127.5,122.1, 121.6, 119.1, 117.7, 113.8, 14.6. HRMS: [M +
H]" caled for CyoH;,N,0,8,: 377.0418; found 377.0400.

Determination of the detection limit

The limit of detection (LOD) for HOCI was calculated by fluo-
rescence spectrometry. The LOD was obtained by the following
equation: LOD = 3g/k (o is the standard deviation of the blank
measurement, and k was the slope of the fluorescence intensity
graph with sample concentration). In order to reduce the error,
the fluorescence of the Probe 1 was calculated 20 times to obtain
an S/N ratio, and the standard deviation of the blank
measurement was obtained.

Cytotoxicity assay

The methyl thiazolyl tetrazolium (MTT) assay was used to
measure the cytotoxicity of Probe 1. HeLa cells were seeded into
a 96-well cell-culture plate. Various concentrations (5, 10, 20, 30
uM) of Probe 1 were added to the wells. HeLa cells were incu-
bated in culture media (DMEM) in an atmosphere of 5% CO,
and 95% air at 37 °C. After that, 10 mL MTT (5 mg mL ') was
added to each well and incubated at 37 °C under 5% CO, for 4 h.
The supernatant from the orifice plate was removed, 150
microliters of DMSO were added, and shaken with a shaker. The
absorption wavelength was measured by an enzyme labelling
apparatus (Synergy HT) at 490 nm.

Cell viability (%) = (mean of absorbance value of treatment
group)/(mean of absorbance value of control group).

RSC Adv., 2019, 9, 31196-31201 | 31197
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Cell culture and fluorescent imaging

HeLa cells were cultured in an atmosphere of 5% CO, and 95%
air in Dulbecco's modified Eagle's medium (DMEM) at 37 °C for
24 h, and then some of the cells were incubated with LPS
(lipopolysaccharide, 1 pg mL ') for 6 h, and further incubated
with PMA (phorbol 12-myristate 13-acetate, 1 pug mL ") for
30 min, and then with Probe 1 (10~° M) for another 30 min.
Cells were imaged using confocal fluorescence microscope
(Olympus FLUOVIEW FV1000).

Results and discussion

Probe 1 was synthesized by reflux reaction of 6-(methylthio)
benzo[de]-isochromene-1,3-dione and benzo[d]oxazol-2-
aminein in DMF under nitrogen protection and catalyzed by
(CH;3CO0),Zn with a yield of 69% (Scheme 1). The product and
intermediate were characterized by 'H NMR, *C NMR and
HRMS (Fig. S1-S57).

Absorption and fluorescence spectra of Probe 1 titrated with
HOCI

To explore the spectral properties of Probe 1, the UV-vis absorption
spectra and fluorescence emission spectra of Probe 1 (107> M)
were investigated in DMSO-PBS (1:9, v/v; pH = 7.2) solution.
First, we performed a selective test on the probe between HOCI
and other influencing factors (all 10 eq.; F,Cl~, Br,NO; ,NO, ",
N;~, SO,>7, SOs*~, HCO;~, CO;>~, PO,*”, H,PO,”, HPO,*",
CH;CO0™, Ag*, AI**, Ca®", Cr*", Co™, Fe**, Fe**, Mn®", Ni**, Pb*",
Zn**, Cu™, Hg®", Cd*', H,0,, NO, ONOO~, O,, ‘OH, T-Buoo ). As
shown in Fig. 1a, other ions or molecules such as showed no
obvious affect on the UV absorption spectrum of the Probe 1
except for HOCL. These results suggested that Probe 1 exhibits
good selectivity toward HOCI in physiological conditions. After
reaction with HOCI of Probe 1, a new absorption peak appeared at
350 nm, which gradually enhanced with the increase of HOCI
concentration accompanied by decreasing of original absorption
peak at 400 nm until disappear, and formed an isosbestic point at
375 nm (Fig. 1b). The absorption ratio of Probe 1 at 350 nm and
400 nm (A3zs50/A400) has a good linear relationship with HOCI
concentration (0-10 eq.) (Fig. 1c). The absorption spectrum has
undergone a significant blue shift compared to the original state.
That is because the electron donating ability of the S element is
inhibited after the thioether oxidized to the sulfoxide by HOCI,
and the effect of intramolecular charge transfer (ICT) is prevented.
The colour of Probe 1 solution changed from yellow-green to
colourless after adding HOCI (Fig. 1g), which could be used as
a “naked-eye sensor” and a highly accurate ratio determination.
After studying the UV absorption spectrum, we examined the
specificity of the Probe 1 for the fluorescence response of HOCI.
All fluorescence instrument parameter settings are as follows:
excitation wavelength 400 nm, slit 5/5. In the DMSO : PBS buffer
(1:9, v: v) containing the Probe 1 (10~> M), various ions and
molecular including H,0,, NO, ONOO™, O,, ‘OH and T-Buoo™
was added separately, only HOCI led to a strong decrease of the
fluorescent intensity at 520 nm. No obvious changes were
observed in the case of other ions and molecular (Fig. 1d). The

31198 | RSC Adv., 2019, 9, 31196-31201

View Article Online

Paper

§of prossomome
e "

]

Z

2

3% 50 300 3% 40 450 [ 1 10 15

400
Wavelangth(nm) Equivalents of HOCI

¥ = 10418333k + 19728
#¥=09937

Fluorescence Intensity )

§
-—

5 10 1 2 2
[HOCI )/ Probe 1]

e SE—

gt gl Nl Nt

Fig. 1 In the UV absorption experiment and fluorescence spectrum
experiment, Probe 1 concentration was 10> M and the solution was
DMSO-PBS (1: 9, v/v, pH = 7.20) solution. (a) UV-vis spectra of Probe
1 and UV-vis spectra with different influence factors added (all 10 eq;
F~, Cl", Br, NOs~, NO,~, N3 ~, SO,2~, SOs>~, HCO3 ™, CO3%, PO,*,
HoPO4~, HPO,42~, CHsCOO™, Ag™, A, Ca?*, Cr**, Co?", Fe2*, Fe,
Mn2*, Ni2*, Pb2*, Zn?*, Cu?*, Hg?*, Cd?*, H,O,, HOCL, NO, ONOO™,
05, ‘OH, T-Buoo™). (b) UV-vis spectra of Probe 1 with the presence of
HOCL(0-15 eq.). Inset: the photo of Probe 1 (left) and Probe 1 + HOCI
(15 eq.) (right). (c) Linearity of the ratio Asso/A400 With the presence of
HOCL(0-15 eq.) of Probe 1. (d) Fluorescence spectrum of Probe 1 and
fluorescence spectrum after response to 15 eq. of HOCLI and other
influencing factors (all 10 eq.; F~, Cl7, Br, NO3z~, NO,, N3~ S04,
SO27, HCO3~, COs2™, PO4>~, HoPO4~, HPOL2™, CHsCOO™, Ag™, ALY,
Ca2+, Cr3+, C02+I Fez+, F63+I Mn2+l Ni2+, Pb2+, Zn2+, CU2+, H92+: Cd2+,
H>0,, NO, ONOO™, O,, "OH, T-Buoo). (e) Fluorescence response of
Probe 1 treated with different concentrations of HOCl (0-25 eq.).
Inset: the photo of Probe 1 (left) and Probe 1 + HOCL (15 eq.) (right). (f)
The corresponding linear relationship between fluorescence emission
intensity at 520 nm and HOCIL (0-15 eq.) with Probe 1 (A¢x = 400 nm,
slit = 5 nm). (g) Dependence of the color change of Probe 1 on the
amount of HOCL (0-18 eq.) added in DMSO-PBS (1 : 9, v/v, pH =7.20).

fluorescence quantum yield (¢ = 0.93) of Probe 1 solution
without HOCI was calculated with 9,10-diphenylanthracene (9
= 0.95 in ethanol)* as the reference fluorescence standard
substance. This can be attributed to the strong electron-
donating ability of S atoms in methyl sulfide, which is

SN

0y, 0.0 N O N0
H—NH,
s
i R

0 0

S\ ~
2 1

0y _0._0
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OO K,COs; DMF; N
2vee EE T2 (CH4C00),Zn, DMF
Br
Scheme 1 Synthetic route of Probe 1.
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transferred to the naphthalene imide through ICT process, thus
making the fluorescence quantum yield of Probe 1 extremely
high. With the increase of HOCI concentration (0-25 eq.), the
fluorescence intensity at the 520 nm gradually decreased and
eventually almost completely quenched (¢ = 0.04) (Fig. 1e). The
fluorescence intensity of Probe 1 had a good linear relationship
with the concentration of HOCI between 0 equivalent to 15
equivalents (R* = 0.9937) (Fig. 1f). The LOD of Probe 1 for HOCI
were found to be 0.237 pM. Under the UV light, only HOCI lead
to the obvious colour changed of Probe 1 significantly (blue-
green to colourless). The results illustrate that Probe 1 has
good selectivity and sensitivity to HOCI (Fig. 1d and S67).

Time response and pH stability of Probe 1 to HOCI

The reaction of Probe 1 with HOCI was very quick, addition of
HOCI (aq) (15 eq.) to the solution of Probe 1 caused a significant
change in fluorescence intensity within 2 min (Fig. 2a). The time
response has shown good results, then we evaluated the pH
effect on the fluorescence of Probe 1 toward HOCI. It can be
seen from Fig. 2b that Probe 1 was very stable at pH value of
4.00-7.50 in the absence of HOCI, when pH value was higher
than 7.50, the fluorescence of it decreased slightly, but still
maintained a relatively high. After the addition of HOCI, the
fluorescence of Probe 1 was almost completely quenched at any
location with a pH value of 4.00-12.00. The results indicated
that Probe 1 has good stability in the range of pH 4.00-7.50, and
can be used for in vivo cell HOCI imaging studies under physi-
ological pH conditions. The above results indicate that Probe 1
has certain advantages for HOCI detection compared to the
reported fluorescent probe (Table S17).
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Fig. 2 (a) Time-dependent fluorescence intensity of Probe 1 (107> M)
in DMSO-PBS (1 : 9, v/v, pH = 7.20) solution after the addition of HOCI
(15 eq.). (b) The effect of pH at 520 nm on the fluorescence intensity of
Probe 1 (10~° M) before and after the addition of HOCL (15 eq.). (c)
Effect of HOCIL (10 eq.) and GSH (10 eq.) on fluorescence intensity of
Probe 1 (107> M) in DMSO-PBS (1: 9, v/v, pH = 7.20) solution. (d)
Effect of HOCIL (10 eq.) and GSH (10 eq.) on fluorescence intensity of
Probe 1 (107> M) to redox cycles in DMSO-PBS (1 : 9, v/v, pH = 7.20)
solution. The time interval is 3 minutes.
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Cyclic response of Probe 1 to HOC] and GSH

The S atoms of methyl sulfide in the probe can be oxidized by
HOC], in order to investigate the stability of oxidation products,
after added HOCI (15 eq.) into the probe solution for 2 min, and
then added different antioxidants (20 eq.) to determine which
antioxidant could trigger the fluorescent switch on efficaciously
(Fig. S71). The results showed that GSH could restore fluores-
cence in the probe solution oxidized by HOCI (Fig. 2¢), and the
fluorescence recovery rate could be up to 95% within 1 min.
Other antioxidant including cysteine, Fe**, vitamin C, vitamin
E, histamine and so on could not restored the fluorescence of
the reaction solution during 10 min. Experiments with round-
trip addition of HOCI and GSH show that the reversible oxida-
tion-reduction cycle could be repeated at least 3 times with
a modest fluorescence decrement (Fig. 2d), because part of the
thioether was oxidized to sulfone (Scheme 2 and Fig. S8%),
which could not be reduced by GSH.

Proposed reaction mechanism and NMR analysis

As has been well shown in previous studies,**** the electron rich
sulfide was easily oxidized to sulfoxide by HOCI. To elucidate the
detailed signal mechanism, the “turn-off” fluorescence sensing
mechanism for Probe 1 toward HOCI was proposed in Scheme 2.
The oxidation of Probe 1 by HOCI was demonstrated by HRMS,
FT-IR and '"H NMR. By HRMS analysis of the product of the
reaction of Probe 1 with HOCI (20 eq.), We could get a new
compound (m/z: 393.0362, [M + HJ]" caled for CyoH;,N,055,:
377.0418), which was the sulfoxide of Probe 1 oxidized by HOCI,
then after adding the excess HOCI again, another new compound
was found (m/z: 409.0311, [M + H]" caled for CpgH;,N,0,S,:
409.0317), which was the oxidized sulfone of Probe 1 (Fig. S87).
Meanwhile, the characteristic peaks of sulfoxide and sulfone
were also obtained by FT-IR spectrum (Fig. S9t). The S=O in the
sulfoxide has a strong absorption peak in the range of 1070-
1030 cm™ !, and it is observed that a new absorption peak appears
at 1059.38 cm ™' (Fig. S9bt). The spectrum of sulfone is strongly
absorbed in the range of 1350-1300 cm™ " and 1160-1120 cm ™',
and these bands are generated by the stretching vibration of
symmetric and asymmetric O=S=O0, respectively. Two strong
absorption peaks 1307.08 cm ™" and 1127.01 cm™* can be found
very well in Fig. S9c.t As the probe was gradually oxidized by
HOC], the peak position of S-C bond changed from 774.32 cm™*

O _N_O clO- o O c¢cio Os _N_O
—_—
SONNCO NS
-0
S\ O//S\ O’/S\

Scheme 2 Probe 1 reacted with hypochlorous acid and added GSH.
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Fig.3 'H NMR before and after reaction of Probe 1 with HOCL (CDCly).

to 760.71 cm™ ' to 758.41 cm™'. Because the electron cloud

density decreases after the sulfide is oxidized, the shielding effect
is weakened, and the chemical potential of hydrogen on the
methyl group moves to a lower field. We can clearly see the
change in the degree of "H NMR on the methyl group after the
reaction with HOCI (H1 = 2.80; 2.87; 3.39). At the same time the
chemical displacement of the hydrogen at positions H2 and H3 is
also affected by the shift to the lower field (Fig. 3).

Cell imaging

In order to explore the potential application in the biological
field, MTT assay and cell imaging assay were performed on the
probe. The stained HeLa cells cell were still survival viability
than 80% after incubated for 24 h when used at higher probe
concentrations (40 pM), indicating Probe 1 has low toxicity and
good biocompatibility for living cells (Fig. S10t). These results
suggested that Probe 1 is a good fluorescence probe for cell
imaging. Images were obtained using confocal fluorescence
microscopy of cells, when HeLa cells were incubated with Probe
1 (107> M), the cells can observe a distinct bright green fluo-
rescence (Fig. 4a). After the treatment with exogenous NaClO (15
eq.),* the fluorescence in HeLa cells was obviously quenched

Bright-field Fluorescence

Probe 1

Probe 1
L .
NaCIO

o
Probe1 Probe1 +CIO™

Fig. 4 Fluorescence images of Hela cells. (a and d) Bright-field
transmission images of Hela cells, (b) HelLa cells pretreated with Probe
1 (107> M) for 30 min, (e) pretreated with NaClO (15 eq.) for another
30 min after Hela cells preincubation with Probe 1 for 30 min, and (c
and f) overlay of (a) with (b), (d) with (e), respectively, (g) the bars
represent the fluorescence intensity of the corresponding cells. The
provided images of live Hela cells macrophage are representative
ones (n = 6 fields of cells).
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+
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o

Fig. 5 Fluorescence images of Hela cells. (a and d) Bright-field
transmission images of Hela cells, (b) Hela cells pretreated with Probe
1 (107° M) for 30 min, (e) pretreated with LPS (1 ng mL™) for 6 h, and
further incubated with PMA (1 ng mL™?) for another 30 min after Hela
cells preincubation with Probe 1 for 30 min, and (c and f) overlay of (a)
with (b), (d) with (e), respectively, (g) the bars represent the fluores-
cence intensity of the corresponding cells. The provided images of live
Hela cells macrophage are representative ones (n = 6 fields of cells).

(Fig. 4b). The superposition of fluorescence and bright field
images showed that the fluorescence signal located in the
intracellular region, indicating the subcellular distribution of
NaClO and good cell-membrane permeability of Probe 1. To
further investigate whether the Probe 1 has an inhibitory effect
on endogenous HOCI, HeLa cells were selected as a cell model
and treated with phorbol myristate acetate (PMA) and lipo-
polysaccharide (LPS) to produce HOCL.* After stimulation with
PMA and LPS in the presence of Probe 1 (10~> M), bright green
fluorescence was clearly observed to be quenched in HeLa cells
(Fig. 5). These data indicate that the probe can be used as an
indicator in the process of endogenous HOCI production in
cells.

Conclusions

In summary, a novel thioether responsive fluorescent probe
based on ICT mechanism was constructed for the detection of
HOCI. At the same time, since it has high selectivity, fast
response speed (<2 min), large Stokes shift (120 nm), high
fluorescence quantum yield (¢ = 0.93), low detection limit
(0.237 uM) and visible colour change, the probe has good
potential application. In addition, fluorescence confocal
imaging experiments on HeLa cell model showed that Probe 1
was feasible in detecting endogenous and exogenous hypo-
chlorous acid.
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