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a b s t r a c t

A new ratiometric fluorescent probe (RPM) was developed based on through-bond energy transfer
(TBET) mechanism for detecting hypochlorous acid. The probe was constructed from imidazo[1,5-a]
pyridine as the energy donor and the rhodamine as the energy acceptor. The probe could be used to
determine the concentration of HOCl with high selectivity and sensitivity (the detection
limit ¼ 2.08 � 10�6 M). In addition, RPM had a good time resolution for measuring HOCl with the
response time of less than 30 s. Upon addition of HOCl, the fluorescence colors of probe RPM solution
changed from green to red. Moreover, the probe has been successfully utilized for sensing HOCl in living
cells.

© 2017 Published by Elsevier Ltd.

1. Introduction

Hypochlorite is widely used as a kind of disinfectant, deodorant,
and bleaching agent in our dairy life. As one kind of reactive oxygen
species (ROS), HOCl plays vital roles in living organisms [1]. Mod-
erate endogenous HOCl can kill a lot of bacterium and pathogens in
cells to protect human body; while abnormal level of HOCl can lead
to some diseases such as arthritis, asthma, lung injury and kidney
diseases [2e9]. Therefore, over the past few decades, scientists
have developed many analytical methods to detect hypochlorite
such as colorimetric, fluorescent, electrochemical and chromate
graphic methods [10e18], among which the fluorescent probe
attracted much attention due to its high selectivity and sensitivity,
real-time response and low cost. Beyond that, the fluorescent probe
can detect HOCl both in environment and in living system [19e28].
Recently, many fluorescent probes based on fluorescein, coumarin,
BODIPY, cyanine and rhodamine have been reported to detect HOCl
[29e35]. But most of them were single wavelength sensors, which

may be influenced by many external factors including test tem-
perature, probe concentration and measuring instruments
[36e44]. In contrast, ratiometric fluorescence probes employed the
signal ratios of two fluorescence intensities at different wavelength
to get a more accurate analysis [45e48]. Herein, the ratiometric
HOCl fluorescent probe RPMwas designed and synthesized. Before
adding HOCl, probe RPMwas in a spiro ring-closing form, resulting
in that the process of TBET can't happen. At that time, only the
imidazo[1,5-a]pyridine can emit fluorescence. After adding HOCl,
the oxadiazole was formed and spiro ring was opened, accompa-
nied with TBET-on process. Compared with fluorescence resonance
energy transfer (FRET) system, a TBET system, related to an elec-
tronically conjugated bond, had no need to have spectral overlap
between the acceptor and the donor of the fluorescent probe [49].
Moreover, TBET-based probes exhibit large pseudo-Stokes shifts,
high energy transfer efficiency [50] for fluorescence imaging.

2. Experimental

2.1. Materials and instrumentations

Unless otherwise stated, all reagents were used with no purifi-
cation. Deionized water was used throughout all experiments. All
samples were prepared at room temperature. 1H NMR and 13C NMR
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spectra were obtained on a Bruker Avance 300 MHz spectrometer,
using DMSO-d6 as solvent. Fluorescence spectra were measured by
a Perkin-Elmer LS-55 luminescence spectrometer and UVevis
spectra were measured with a Hitachi U-4100 spectrophotometer.

2.2. Synthesis of probe RPM

Compound 1 (3.0 g, 6.5 mmol) and Lawesson's Reagent (3.0 g,
7.4 mmol) were dissolved in dry toluene. Then themixture refluxed
for 5 h under nitrogen atmosphere. Crude product was purified by
column chromatography on silica gel (petroleum ether/ethyl
acetate ¼ 7:1, v:v) to give compound 2 (0.98 g) in 31.6% yield.

Compound 3 (0.5 g, 1.98 mmol, synthesized according to the
literature [51]) was dissolved in SOCl2 (5 ml) and stirred at room
temperature for 2 h, the crude product (compound 4) was used for
next step directly.

Compound 2 (0.5 g, 1.05 mmol) and compound 4 (0.54 g,
1.98 mmol) were added in pyridine (30ml) and refluxed in the dark
place for 8 h. Then removed the solvent and extracted with CH2Cl2.
The crude product was purified by column chromatography on
silica gel to give a yellow solid (probe RPM) in 39.4% yield. The
structure of RPM was proved by 1H NMR, 13C NMR, HRMS, IR
spectra (Figs. S1eS4). m.p.: 135e137 �C. 1HNMR (300 MHz, DMSO-
d6) d (ppm) ¼ 10.81 (s, 1H), 8.20 (d, J ¼ 7.5 Hz, 1H), 8.04 (d,
J ¼ 4.2 Hz, 1H), 7.91 (s, 1H), 7.60e7.69 (m, 2H), 7.18 (d, J ¼ 6.9 Hz,
1H), 6.80 (d, J ¼ 6.9 Hz, 1H), 6.33e6.46 (m, 6H), 3.28e3.36 (m, 10H),
2.97 (t, J ¼ 7.5 Hz, 2H), 1.62e1.72 (m, 2H), 1.31e1.38 (q, J ¼ 7.6 Hz,
2H), 1.09 (t, J ¼ 6.9 Hz, 12 H), 0.94 (t, J ¼ 7.35 Hz, 3H). 13C NMR
(DMSO-d6, 75 MHz), d (ppm) ¼ 162.96, 153.75 (2C), 149.13 (2C),
139.59, 136.47, 133.58, 130.02 (2C), 129.38, 124.90, 124.35, 123.65
(2C), 122.68, 122.43 (2C), 120.42, 117.79 (2C), 111.49 (2C), 108.21
(2C),103.96, 97.53, 44.13 (4C), 29.05, 26.80, 25.63, 22.13,14.10,12.86
(4C).IR (KBr), y/cm�1: 2969, 2931, 2872, 1615, 1516, 1469, 1357, 1307,
1221, 1119, 768. HRMS (C40H43ClN6O2S): calcd [MþH]þ: 707.2857;
found value [MþH]þ: 707.2929.

2.3. Preparation of the test solution

All of fluorescence measurements were made at room temper-
ature. Phosphate buffered saline (PBS,10mM)was used throughout
the absorption and fluorescence detection. Probe RPM was dis-
solved in DMSO for a stock solution. The test samples weremade up
by placing 50 mL the stock solution into 10 mL buffer solution (PBS:
CH3CN ¼ 1: 1, pH ¼ 7.4). Various ions including Al3þ, Zn2þ, Ca2þ,
Fe3þ, Cu2þ, Mg2þ, CO3

2�, SO4
2�, NO2

�, AcO� were prepared by dis-
solving corresponding salt in twice-distilled water. Tert-butoxy
radical (t-BuO�) [52], peroxynitrite (ONOO�) [53], superoxide (-O2)
[54], single oxygen (O2) [55] were produced as the reported
methods. Meanwhile, any changes in the fluorescence intensity
were detectedwith a fluorescence spectrometer (lex¼ 400 nm, slit:
5nm/10 nm).

2.4. Cell culture and image

RAW264.7 cells were all cultured in DMEM-H andmaintained at
37 �C in a humid atmosphere of 95% air and 5% CO2. After scheduled
treatments, cells were washed 2 times with PBS buffer and imaged
with LSM700 confocal microscope. Exciting light wavelength was
405 nm, while the received emission wavelength range of the blue
and red channel were 405e555 nm and 560e700 nm, respectively.
Fluorescence imaging was conducted by the fluorescence analysis
software Image J.

2.5. Cytotoxicity assay

The standard SRB assay was carried out to evaluate the cyto-
toxicity of probe RPM. RAW264.7 cells were cultured for 24 h and
then incubated with RPM (1, 5, 10 mM) for 6 h at 37 �C.

3. Results and discussion

3.1. Design of probe RPM

As shown in Scheme 2, the probe showed the emission of imi-
dazopyridines at 462 nm in absence of HOCl, because the ring of
rhodamine was closed and the TBET process was off. Upon the re-
action of probe RPM with HOCl, spiro-ring was opened to produce
the oxadiazole derivative. Therefore, the TBET process was on and
the rhodamine fluorescence emission was observed. Probe RPM
was easily synthesized from imidazopyridines and rhodamine
(Scheme 1). What's more, the detection mechanismwas proved by
MS data of the reaction product of probe RPM and HOCl (Fig. S5).

3.2. Fluorescence and UV spectra of probe RPM

Fluorescence and UV spectra of RPM were explored at different
HOCl concentrations (Fig. 1 and Fig. S6). With the addition of HOCl
from 0 to 50 mM, the fluorescence intensity of imidazo[1,5-a]pyri-
dine at 462 nmwas almost unchanged, while a new emission band
centered at 587 nm appeared, accompanying significant color
changes from green to red. Meanwhile, the fluorescence intensity
ratio (I587/I462) of RPM and the HOCl concentrations (0e50 mM) had
a perfect liner regression. Furthermore, at low concentration of
HOCl, fluorescence intensity of RPM (with the detection limit of
2.08 � 10�6 M) changed obviously. Before adding HOCl, the
rhodamine moiety in probe RPM was non-fluorescent because the
TBET process was off. At this time, probe RPM only could emit
green fluorescence of imidazo[1,5-a]pyridine (lex¼ 400 nm).When
HOCl was added, the oxadiazole derivativewas generated, resulting
in that the spirocyclic form in rhodamine moiety became the ring-
opening form and the TBET was on. At this time, probe RPM only
could emit red fluorescence of rhodamine moiety (lex ¼ 400 nm).
Based on our previous work [56,57], imidazo[1,5-a]pyridine as the
donor exert a mechanism of intermolecular charge transfer (ICT)
process. Before adding of HOCl, the nitrogen in position 2 donate
electron to carboxide group to form a push-pull system. After
adding of HOCl, carboxide group in imidazo[1,5-a]pyridine became
oxadiazole, making its ability of accepting electron become weak.
So the fluorescence intensity of imidazo[1,5-a]pyridine moiety
changed after adding of HOCl. Hence, the fluorescence intensity of
rhodamine enhanced and the fluorescence intensity of imidazo[1,5-
a]pyridine remain unchanged under the ICT and TBET mechanism
work together.

3.3. Selectivity

To estimate the selectivity of RPM toward HOCl, the fluores-
cence spectra of RPM containing different analytes were measured
(Fig. 2). Only HOCl could lead to a new significant fluorescence
emission at 587 nm, which should be assigned to rhodamine. The
fluorescence response of probe RPM toward the other analytes
(Al3þ, Zn2þ, Ca2þ, Fe3þ, Cu2þ, Mg2þ, CO3

2�, SO4
2�, NO2

�, AcO�, $OH, t-
BuO$, NO, ONOO�, H2O2, -O2, 1O2) was hardly observed.

3.4. pH-dependent and response time of probe RPM

To determine the proper pH for the detection of HOCl, the
fluorescence intensity ratios of probe RPM at different pH ware

G.-J. Song et al. / Dyes and Pigments 148 (2018) 206e211 207



Download English Version:

https://daneshyari.com/en/article/4765718

Download Persian Version:

https://daneshyari.com/article/4765718

Daneshyari.com

https://daneshyari.com/en/article/4765718
https://daneshyari.com/article/4765718
https://daneshyari.com

