
www.rsc.org/advances

RSC Advances

This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. This Accepted Manuscript will be replaced by the edited, 
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 



1 

 

A Simple and Reversible Fluorescent Probe Based on NBD for 

Rapid Detection of Hypochlorite and Its Application for 

Bioimaging  

Youming Shen,
 ab

 Xiangyang Zhang, *
a
 Xi Huang,

b
 Siyu Wen, 

a
 Mingdi Liu, 

a 
Yan Deng,

 a
 Youyu 

Zhang,
 
*

b
 Chunxiang Zhang,

 a
 Junling Jin,

a
 Haitao Li,

 b
 and Shouzhuo Yao

b 

a
 College of Chemistry and Chemical Engineering, Hunan University of Arts and Science, 

ChangDe, 415000, PR China  E-mail:zhangxiangy06@163.com 

b
 Key Laboratory of Chemical Biology and Traditional Chinese Medicine Research (Ministry of 

Education), College of Chemistry and Chemical Engineering, Hunan Normal University, 

Changsha 410081, PR China E-mail: zhangyy@hunnu.edu.cn 

Abstract 

   A simple and reversible fluorescent probe bearing 7-nitrobenz-2-oxa-1,3-diazole 

and selenomorpholine fragment was designed and synthesized. The probe showed 

highly selective, sensitive and fast (<10 s) recognition to hypochlorite in aqueous 

solutions. The relative results demonstrated that the linear response range of the probe 

was between 5.0×10
−8

 M and 1.2×10
−4

 M, with a low detection limit of 3.3 nM (S / N 

= 3). The probe was capable of monitoring hypochlorite reversibly in the presence of 

glutathione. In addition, the biological applications in living cells have been 

described. 
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1 Introduction 

   Hypochlorite (ClO
-
) is one of the most significant reactive oxygen species (ROS) 

in biological systems and plays a critical role in many biological processes. [1] It is 

produced from the reaction of H2O2 with chloride ions catalyzed by a heme enzyme 

myeloperoxidase (MPO) in living systems. [2] However, a high concentration of 

hypochlorite can cause tissue damage and a variety of pathological diseases including 

neuron degeneration, [3] inflammatory disease, [4] atherosclerosis, [5] cystic fibrosis, 

[6] arthritis, [7] cardiovascular disease, [8] cancers, [9] and liver cirrhosis. [10] When 

oxidative damage occurs in living cells, the antioxidative and repair mechanisms of 

living organisms start to protect essential components of cells against the hypochlorite 

harm at once. [11] Therefore, it is worth developing a highly sensitive, good selective 

and fast technique to monitor the redox changes between hypochlorite and 

antioxidants in living organisms. 

   Fluorescence sensing are efficient ways for detecting species both in solution and 

living organism due to their excellent selectivity, high sensitivity, ability for real-time 

capability and fast response times. So far, fluorescence sensors for specific detection 

of hypochlorite have been constructed based on the strong oxidation properties of 

hypochlorite. These probes were generally designed on the basis of the conjugation of 

a fluorophore with a hypochlorite reactive group, such as p-methoxyphenol, 

p-alkoxyaniline, dibenzoylhydrazine, hydroxamic acid, thiol, and oxim derivatives. 

[12] These oxidation-reaction based probes were very useful for sensing for 

hypochlorite, however, most of them have not realized to detect hypochlorite based on 
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the redox cycle. The complex redox biology of the cell governs many essential 

biological processes and has broad implications in human health and diseases. [13] 

Thus, it is eagerly desirable to design and develop reversible fluorescent probes. 

Selenium (Se) is a compound with various oxidations and it is applicable to the 

design of reversible ROS probes via the oxidation-reduction cycles. [14] In the past 

few years, Se containing fluorophores have been used for designing reversible 

flurescent probes for detecting hypochlorite. [15] For example, Liu et al reported a 

BODIPY-based fluorescent probe which can reversible recognize hypochlorite. 

[15b] Lou et al developed a reversible fluorescent probe for hypochlorite acid 

based on 1,8-naphthalimide. [15g] The probes could respond reversibly for the 

redox changes mediated by hypochlorite acid and thiols. The reversibly fluorescent 

probes are suitable for visualizing states of redox stress and continuous monitoring of 

real-time hypochlorite. However, some of them still encounter some problems, such 

as low sensitivity, complicated synthetic procedures and long response time. These 

limitations seriously retarded the application of the probe in real biological. In this 

regard, it is worth designing and developing new reversible fluorescent probes being 

able to overcome these limitations in detecting hypochlorite.  

The present study about fluorescent probes for detection of hypochlorite was 

mainly focused on the selection of dyes and recognition fragment. Heptamethine 

cyanine dye, 1, 8-naphthalimide dye, BODIPY dye and other dyes have been 

widely utilized to explore chemosensors for hypochlorite. [16,17] However, to 

the best of our knowledge, there are few studies and applications of visual and 
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fluorometric sensor based on NBD for highly sensitive and reversible detection 

of hypochlorite up to now.  

7-Nitrobenz-2-oxa-1,3-diazole (NBD) derivatives have been extensively used 

in fluorescent labeling reagents because of their good spectral properties, 

excellent biocompatibility, cellular membrane-penetrating capacity, commercial 

availability and easy functionalization. [18] Currently, based on the 

photoinduced electron transfer (PET) mechanism, NBD derivatives have been 

used as fluorescent chemosensors for detecting heavy metal ions. [19] 

According to the PET mechanism, we begin to consider a fluorometric sensing 

integrated with NBD as signaling unit and selenomorpholin as a recognition group 

for detection of hypochlorite. We envisage when NBD is conjugated with selenide, 

the fluorescence of the probe is weak. NBD-selenide is oxidized to selenoxide 

by hypochlorite, the fluorescence of NBD-selenide will increase because of the 

electron-withdrawing effect of NBD-selenoxide. Once NBD-selenoxide is 

reduced to NBD-selenide by antioxidants, the fluorescence of NBD-selenide 

recovers its original weak fluorescence again. In this way, the NBD-selenide is 

expected to acquire positive results for reversible detection of hypochlorite.  

  With these considerations in mind, we decided to incorporate the 

selenomorpholin moiety into the NBD core via a simple substitution reaction, 

obtaining a novel and reversible probe for visualizing the redox changes 

mediated by hypochlorite and glutathione (GSH). As shown in Figure 1, 

compound 1 contains a NBD dye and selenomorpholin moiety for hypochlorite. 
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As expected, compound 1 itself is weak fluorescent, whereas it showed 

fluorescence intensity change response between hypochlorite and GSH in 

aqueous media. Moreover, compound 1 can serve as a naked-eye indicator for 

hypochlorite by color change. In addition, compound 1 could be successfully 

applied for hypochlorite detection in living cells. Notably, this novel and simple 

NBD-selenide based visual and turn on fluorescent probe for highly selective, 

sensitive and fast (<10 s) detection of hypochlorite with a low detection limit (3.3 

nM) will fit the preference of further application. 

2 Experimental 

2.1 Reagents and chemicals 

4-chloro-7-nitro-benzoxadiazole (NBD-Cl) was purchased from Sigma-Aldrich 

Company. All other chemicals used in this work were of analytical grade, purchased 

from Sinopharm chemical reagent company and used without further purification. The 

synthesis of selenomorpholine was similar to the procedures reported by Hu Liming et 

al. [20] The thin-layer chromategraphy (TLC) was carried out on silica gel plates 

(60F-254) using UV-light to monitor the reaction, and Silica gel (200-300 mesh) was 

used for column chromatography. Milli-Q ultrapure water (Millipore, ≥18 M cm) was 

used throughout. Various ROS and RNS including •OH, NO3
-
, NO2

-
, ONOO

-
, 

1
O2, O2

2-
, 

NO and t-BuOOH were prepared according to published methods. [21]  

2.2 Instrumentation 

Fluorescence spectra were carried out using a Hitachi F-7000 spectrophotometer. 

UV-Vis spectra were measured on a Shimadzu UV2450 spectrophotometer. 
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Fluorescence imaging of Hela cells was carried out using fluorescence microscopy. 
1
H 

NMR and 
13

C NMR spectra were recorded using a Bruker AVB-500 MHz NMR 

spectrometer (Bruker biospin, Switzerland). Mass spectra were obtained using a 

Bruker Daltonics BioTOF-Q mass spectrometer in the positive mode. The pH 

measurements were performed with a Sartorius basic pH-meter PB-10. 

2.3 Synthesis of compound 1 

 (Preferred position for scheme 1)   

 

As illustrated in Scheme 1, compound 1 was readily prepared in one step method. 

Briefly, to a solution of 4-chloro-7-nitro-benzoxadiazole (NBD-Cl) (0.2 g, 1 mmol) in 

5 mL CH2Cl2, selenomorpholinel (0.15 g, 1 mmol) and Et3N (0.12 g, 1.2 mmol) 

were added. The mixture was stirred at room temperature for 4 h under N2 atmosphere. 

Then, a rude mixture was concentrated under reduced pressure. The residue was 

purified by silica gel column chromatography (petroleum ether / ethyl acetate, 4:1, 

V/V) to give compound 1 in 85% yield (0.27 g). 
1
H NMR (CDCl3, 500 MHz) δ(ppm): 

8.46 (d, J = 9.0 Hz, 1H), 6.28 (d, J = 9.0 Hz, 1H), 4.57 (t, J = 5.0 Hz, 4H), 2.93 (t, J = 

5.0 Hz, 4H); 
13

C NMR (CDCl3, 125 MHz) δ(ppm): 145.0, 144.8, 145.8, 144.0, 135.1, 

123.6, 102.6, 53.3, 16.8; ESI-MS m/z [M+Na]
+ 

calc 336.1612, obs 336.9810. 

2.4 Measurement procedure 

A stock solution of compound 1 was prepared by dissolving compound 1 in 

acetonitrile. Fluorescence and absorption spectra were recorded in acetonitrile-water 

solution (1:1 v/v, 50 mM PBS buffer solution at pH 7.4). The fluorescence intensity 

was recorded with a fluorescence spectrometer (λex = 468 nm, λem = 544 nm, slit: 10 
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nm / 10 nm). 

2.5 Cell culture  

The Hela cells were incubated on a 96-well plate and allowed to adhere for 24 h at 

37℃, and then washed three times with PBS and incubated at 37℃ in the presence of 

compound 1 (10 µM, 1 : 99 DMSO-PBS, v/v, pH 7.4) for 30 minute. Then the cells 

were washed three times with PBS buffer and incubated at 37℃ in the presence of 

NaClO for 10 minute. The fluorescence images were recorded using an inverted 

fluorescence microscope (NIKON Eclipse Ti–S, Japan) with a 20 x objective lens. 

2.6 Determination of fluorescence quantum yield  

  The fluorescence quantum yield was determined using the solutions of fluorescein 

(ΦF = 0.90 in 0.1N NaOH [22]) as reference. The quantum yield was calculated 

using the following equation:  

ΦF(s) = ΦF(r) (FsAr / FrAs)(ns / nr )
2 

Where ΦF is the fluorescence quantum yield, F is the area under the corrected 

emission curve, A is the absorbance at the excitation wavelength and n is the 

refractive index of the solvents used. Subscripts refer to the reference (r) or 

sample (s) compound. 

3 Results and discussion 

3.1 Spectra properties of compound 1 

(Preferred position for Fig. 1)  

 

The fluorescence properties of the compound 1 were studied in CH3CN-H2O 

solution (1:1 v/v, 50 mM PBS buffer solution at pH 7.4). The compound 1 itself 
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displays weak fluorescence (Φ = 0.002), which suggested the PET process from Se 

atom to NBD fluorophore occurred. Upon addition of ClO
-
, the fluorescence intensity 

of the compound 1 at 544 nm increases steadily (Fig. 1a). After 120 µM of ClO
-
 was 

added, the fluorescence intensity enhanced up to 32-fold, and the final quantum yield 

was 0.048. The results implied that the PET process in compound 1 was inhibited 

upon the addition of ClO
-
, in good agreement with our design. Moreover, the 

fluorescence intensity of compound 1 at 544 nm showed a good linear response to 

ClO
-
 in the range of 5×10

-8 
M to 1.20×10

-4 
M (Fig. 1B). The detection limit for 

ClO
-
 is estimated to be 3.3 nM

 
(S / N = 3). The low detection limit shown that 

compound 1 is highly sensitive to ClO
-
.  

To further get insight into the reaction of ClO
-
 with compound 1, the UV spectrum 

of compound 1 in the absence and in the presence of ClO
-
 were investigated. As 

depicted in Fig. 2, compound 1 itself displayed absorption centered at 344 nm and 483 

nm. However, upon addition of 12 eqv. of ClO
-
 to a solution of compound 1, the 

absorbance bands of compound 1 were recorded with a bule-shift to 294 nm and 468 

nm respectively. Blue-shift in absorption spectra further demonstrated that 

compound 1 can react with ClO
-
. Concurrently, an obvious color change from orange 

to yellow was observed (Fig. 2, inset). This phenomenon indicates that compound 1 

can be employed conveniently for ClO
-
 detection by simple visual inspection.  

(Preferred position for Fig. 2)   

 

3.2 Effects of reaction time on sensing ClO
-
 

Reaction time is an important factor for reaction-based probes, and the 
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time-dependent fluorescence spectra of compound 1 in the presence of ClO
-
 were 

examined. As shown in Fig. 3, the fluorescence intensity of compound 1 at 544 nm 

shows no obvious variations in the absence of ClO
-
, which proves that compound 1 is 

very stable in such a sensing system. When 50 µM and 120 µM of ClO
-
 was added 

respectively, the fluorescence intensities enhanced within just a few seconds (<10 s) at 

544 nm, and the fluorescence intensity remained nearly unchanged over time. 

Therefore, compound 1 is a good candidate for real-time detection of ClO
-
. 

(Preferred position for Fig. 3)   

 

3.3 Influence of pH value 

To test the application extent of compound 1 as a ClO
-
 probe, the fluorescence 

properties of the compound 1 was investigated both in the absence and presence of 

ClO
-
 in different pH values ranging from 1 to 12.0 (Fig. 4). As can be seen in Fig. 4, 

in the absence of ClO
-
, compound 1 did not exhibit any fluorescence changes in the 

pH range of 1.0 - 12.0, and showed weak fluorescence at 544 nm. However, the 

solution pH is between 4.0 and 12.0, a fluorescence increase was induced in the 

presence of 12 eqv. ClO
-
. When the pH value was between 7.0 and 8.0, the the strong 

fluorescence was detectable at 544 nm. This indicated that compound 1 is 

pH-dependence in the detection of ClO
-
, and it could be used to detect ClO

-
 at 

physiological conditions. 

(Preferred position for Fig. 4)   

 

3.4 Selectivity of compound 1 
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To evaluate the compound 1 as a highly selective chemosensor for ClO
-
 under 

simulated physiological conditions (pH = 7.4), we investigated the responses of 

compound 1 to various analytes including a series of ROS / RNS (•OH, ONOO
-
, 

1
O2, 

O2
-
, NO, H2O2, t-BuOOH, NO2

-
, ClO

- 
and NO3

-
) and metal ions (Fe

3+
, Cu

2+ 
and Hg

2+
). 

As displayed in Fig. 5, the fluorescence of compound 1 at 544 nm was a dramatic 

increase with ClO
-
, no obvious fluorescence enhancement was observed for any 

analyte. The excellent selectivity toward ClO
-
 over other interfering species exhibits 

that compound 1 has the potential to detect ClO
-
 in biological environment. 

(Preferred position for Fig. 5)   

 

3.5 Reversibility of compound 1 

To examine reversibility of compound 1, the fluorescence intensity of compound 1 

were mediated by ClO
-
 and GSH in CH3CN-H2O solution (1:1 v/v, 50 mM PBS 

buffer solution at pH 7.4). As shown in Fig. 6, when upon addition of ClO
-
 to a 

solution of compound 1, fluorescence intensity reached a maximum value. Then 

GSH was added to the above solution, the fluorescence intensity showed decrease 

and recovered its weak fluorescence. This reversible redox cycle can be repeated at 

least four times under the same conditions. These results showed that compound 1 

could be used to detect ClO
-
 continuously. 

(Preferred position for Fig. 6)   

 

3.6 Investigation of sensing mechanism 

 (Preferred position for scheme 2)   
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   In our hypothesis, compound 1 exhibited faint fluorescence due to the PET 

process from the selenide to NBD in the excited state. After the reaction with ClO
-
, 

the fluorescence of compound 1 would boost because of the resulting the hampered 

PET process induced by the formation of selenoxide. Once reduction of selenoxide to  

selenide was triggered by GSH, the fluorescence switch was turned off, and the 

compound 1 recovered its weak fluorescence. To verify the proposed mechanism, a 

Job plot of compound 1 reaction with ClO
-
 was examined, and the result displayed 

compound 1 reacted ClO
-
 in a 1:1 molar ration (Fig.7). The mass spectrum of the 

reaction of compound 1 with NaClO showed one new peaks with m/z of 330.9940, 

which can be assigned as [1-O+1]
+
. This result indicated that compound 1 with m/z of 

336.9814 for [1+Na]
+
 can be converted into 1-O in the presence of NaClO

 
(Fig.S5 in 

the supporting information). Thus, the experiment results confirmed the proposed 

reaction mechanism, a possible mechanism was proposed as shown in Scheme 2.  

(Preferred position for Fig. 7)   

 

3.7 Biological imaging studies 

In order to further explore the potential biological application of this sensor, the 

real-time imaging of cellular redox cycles was evaluated in Hela cells (Fig. 8). The 

Hela cells was incubated with compound 1 (10 µM) for 30 minute at 37℃, and a dark 

fluorescence was recorded. Then a strong fluorescence was appeared after the 

addition of 30 µM NaClO into the medium and incubation for another 10 minute at 

37℃, which indicating a good cell-membrane permeability of compound 1. When 

stimulating compound 1-loaded cells with 100 µM GSH for 10 minute after removal 
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of the remaining NaClO, no fluorescence was observed. This indicates that the 

NBD-selenoxide was reduced to the nonfluorescent NBD-selenide by GSH. Those 

experiment results suggested that compound 1 had a good reversibility and could 

monitor the redox status in cells. 

(Preferred position for scheme Fig.8)  

(Preferred position for Table 1) 

4  Conclusion 

In summary, we have developed a simple and novel probe for ClO
-
 by combining 

NBD moiety as the fluorophore and selenide as the recognition unit. Compared with 

some reported fluorescent probes for hypochlorite determination (Table 1), the 

proposed fluorescent probe for ClO
-
 displayed several advantages in terms of high 

selectivity, reversibility, speedy response and a low detection limit. In addition, 

fluorescent imaging of intracellular showed that compound 1 could be used to 

evaluate ClO
-
 in biological systems. This strategy may provide a simple method to 

fabricate a chemical sensor in relevant biological processes of redox biology. 
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Scheme 1 Synthetic route to compound 1. 

Fig.1 (A) Fluorescence spectra of compound 1 (10 µM) in acetonitrile-water solution 

(1:1 V/V, 50 mM PBS buffer solution at pH 7.4) at various concentrations of ClO
-
 

(0-130 µM); (B) the right figure displays the fluorescent intensity vs the ClO
-
  

concentration. 

Fig.2 UV-vis spectra of 30 µM compound 1 in the absence of ClO
-
 (red line) and in 

the presence of ClO
-
 (black line). Inset: the photographic images of compound 1 in 

the presence of and in the absence ClO
-
 under ultraviolet lamp irradiation. 

Fig.3 Time-dependent fluorescence intensity changes of compound 1 (10 µM) in the 

absence (a), in the presence of 50 µM (b) and the presence of 120 µM ClO
-
 (c) in 

acetonitrile-water solution (1:1 V/V, 50 mM PBS buffer solution at pH 7.4).  

Fig.4 Fluorescence intensities of 10 µM compound 1 in the absence (a) and the 

presence of 120 µM (b) in acetonitrile-water solution (1:1 V/V, 50 mM PBS buffer ) 

at various pH with 120 µM ClO
-
.  

Fig.5 Fluorescence emission spectra of 10 µM compound 1 in the absence (a) and the 

presence of 120 µM (b) in acetonitrile-water solution (1:1 v/v, 50 mM PBS buffer 

solution at pH 7.4) with various analyte (120 µM).  

Scheme 2 Proposed mechanism for the response of compound 1 to ClO
-
 . 

Fig.6 Fluorescence response monitored at 544 nm after each addition. (a), (c), (e), (g): 

after addition of 12 eqv. ClO
-
. (b), (d), (f), (h): after addition of GSH. 

Fig.7  Job’s plot diagram of compound 1 for ClO
-
. 

Fig.8 Fluorescence microscopy images of Hela cells. (A) Images of cells pre-treated 

Page 17 of 26 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



18 

 

with compound 1 (10 µM) for 30 min at 37℃. (C) Images of cells incubated 

subsequent with NaClO (30 µM) solution for 30 min at 37℃. (E) Images of cells  

further incubated with compound 1 with GSH (100 µM) for 30 min at 37℃. (B), (D) 

and (F) represent the bright-field images of (A), (C) and (E) respectively. 

Table 1 A comparison of various approaches to ClO
- 
detection. 
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Scheme 1 Synthetic route to compound 1 

 

 

Fig.1 (A) Fluorescence spectra of compound 1 (10 µM) in acetonitrile-water solution 

(1:1 V/V, 50 mM PBS buffer solution at pH 7.4) at various concentrations of ClO
-
  

(0-130 µM); (B) the right figure displays the fluorescent intensity vs the ClO
-
 

concentration. 
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Fig.2 UV-vis spectra of 30 µM compound 1 in the absence of ClO
-
 (red line) and in 

the presence of ClO
-
 (black line). Inset: the photographic images of compound 1 in 

the presence of and in the absence ClO
-
 under ultraviolet lamp irradiation. 

 

Fig. 3 Time-dependent fluorescence intensity changes of compound 1 (10 µM) in the 

absence ClO
-
 (a), in the presence of 50 µM ClO

-
 (b) and in the presence of 120 µM 

ClO
-
 (c) in acetonitrile-water solution (1:1 V/V, 50 mM PBS buffer solution at pH 

7.4).  
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Fig.4 Fluorescence intensities of 10 µM compound 1 in the absence (a) and the 

presence of 120 µM (b) in acetonitrile-water solution (1:1 V/V, 50 mM PBS buffer ) 

at various pH with 120 µM ClO
-
.  
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Fig. 5 Fluorescence emission spectra of 10 µM compound 1 in acetonitrile-water 

solution (1:1 v/v, 50 mM PBS buffer solution at pH 7.4) with various analyte (120 

µM).  
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Fig.6 Fluorescence response monitored at 544 nm after each addition. (a), (c), (e), (g): 

after addition of 12 eqv. ClO
-
. (b), (d), (f), (h): after addition of GSH. 

 

 

 

Scheme 2 Proposed mechanism for the response of compound 1 to ClO
-
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           Fig.7  Job’s plot diagram of compound 1 for ClO
-
. 
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Fig.8 Fluorescence microscopy images of Hela cells. (A) Images of cells pre-treated 

with compound 1 (10 µM) for 30 min at 37℃. (C) Images of cells incubated 

subsequent with NaClO (30 µM) solution for 30 min at 37℃. (E) Images of cells  

further incubated with compound 1 with GSH (100 µM) for 30 min at 37℃. (B), (D) 

and (F) represent the bright-field images of (A), (C) and (E) respectively. 
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Table 1 A comparison of various approaches to ClO
-
 detection 

Detection method 
Detection limit 

(M) 
Testing media Reaction time 

Linearly range 

(µM) 
Ref. 

Irreversible fluorometry  1.98×10
-8

 

DMF / Phosphate 

buffer (20 mM, pH 7.4; 

0.5:100, v/v) 

 

6 min 0-20 12a 

Irreversible fluorometry 4.48×10
-9

  

HEPES buffer (20 mM, pH 

7.4) 

 

30 min 0.5-5  12m 

Irreversible fluorometry 10×10
-9

 

PBS buffer (10 mM, pH 

7.4) 

 

30 min 0-6.4 12p 

Reversible fluorometry 41.3×10
-9

 

CH2OH / PBS (100 mM, 

pH 7.4; 1:99, v/v) 

 

200 s 0-10 21 

Reversible fluorometry 5.86×10
-7

 

PBS  buffer (20 mM , pH 

7.40) 

 

15 min 0-15 15d 

Reversible fluorometry 
9.8×10

-7
 

CH3CN / PBS (20 mM, 

pH 7.4; 3:7, v/v) 

 

5 min 0-70 15c 

Reversible fluorometry 3.3×10
-9

 
CH3CN / PBS (50 mM, 

pH 7.4; 1:1, v/v) 
10 s 0.05-120 This work 
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