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An oxime based fluorescent probe has been designed and 

synthesized which detects free as well as enzymatically 

generated hypochlorite with low detection limit and high 

sensitivity. In addition, the probe was successfully utilized for 

the monitoring of endogenously produced hypochlorite in 10 

LPS stimulated cell lines, C6 glioma and BV2 microglial. 

Recently there has been lot of interest in the development of 
chemosensors for reactive oxygen species (ROS) due to vital role 
played by these ROS in many biological processes.1 Hypochlorite 
(ClO¯) is one of those important reactive oxygen species (ROS) 15 

which plays a crucial role in the immune defence against 
microorganisms and also in inflammation.2 In living organisms, 
hypochlorite (ClO¯) is the major oxidant generated by the 
hydrogen peroxide and chloride (Cl¯) ions in a chemical reaction 
catalysed by the heme protein myeloperoxidase (MPO) and 20 

which then can react with O2
· to produce OH·.3 Although 

hypochlorite has strong antibacterial properties but excess and 
abnormal production of hypochlorite in living systems has been 
linked to a variety of diseases, including cystic fibrosis, kidney 
disease, and certain types of cancer and can also have harmful 25 

effect on host tissues.4 Thus, the development of effective 
chemosensors for selective detection of hypochlorite in the 
presence of H2O2 and other ROS to understand the role of 
hypochlorite in cellular physiology has immense potential.5 
Recently, a few fluorescent probes for hypochlorite detection 30 

have been reported in literature, 6 but these probes fail to fulfil the 
appropriate criteria for imaging of endogenous hypochlorite. The 
fluorescent probe for biological chemosensing should be 
permeable through cell membrane, act fast under physiological 
conditions, be chemically stable, low interference from other 35 

species and should have low molecular weight.  
Recently from our laboratory we reported a charge transfer 
assisted fluorescent probe for selective sensing of hydrogen 
peroxide among the different reactive oxygen species tested.7 In 
continuation of this work we have now designed and synthesised 40 

a dimethylaminocinnamaldehyde linked oxime based probe 1 
which undergoes fluorescent enhancement in the presence of 
hypochlorite. In addition probe 1 can detect endogenously 
produced ClO¯ in living cells. We believe that this is one of the 
best reaction based chemosensors for ClO¯ among various 45 

chemosensors reported in literature8 (S17 ESI†). 
Thus, condensation of N,N-dimethylaminocinnamaldehyde with 
hydroxylamine in ethanol furnished compound 1 in 78% yield 

(Scheme 1). The structure of compound 1 was confirmed from its 
spectroscopic data (S12-13 ESI†). 50 

The molecular recognition behaviour of probe 1 toward different 
reactive oxygen species (ROS) was studied by UV-vis and 
fluorescence spectroscopy. The absorption spectrum of probe 1 
(5.0 µM) in HEPES, 50 mM, buffer solution pH 7.4 and 0.5% 
acetonitrile as cosolvent (Fig. S11 ESI†), shows an absorption 55 

band at 391 nm (ε = 6.44 × 104 M-1 cm-1) (Fig. 1a) due to the 
transition from S0 to S1 states.9 This absorption band at 391 nm is 
due to π-π* transitions. Upon addition of ClO¯ (0-25 µM) to the 
solution of receptor 1, the absorption band at 391 nm apparently 
decreases (ε = 4.64 × 104 M-1 cm-1) and a new red shifted band 60 

appears at 450 nm (ε = 2.52 × 104 M-1 cm-1) with an isosbestic 
point at 418 nm (ε = 4.3 × 104 M-1 cm-1) (Fig. 1a). The colour of 
the solution changes from colourless to dark yellow, allowing 
colorimetric detection of hypochlorite in aqueous medium by 
naked eye (Inset, Fig. 1a). No such colour change was observed 65 

in the presence of other ROS’s (H2O2, tert-butyl hydroperoxide 
(TBHP), HO•, tBuO•, OONO•) (Fig. S8 ESI†) tested.  
 The fluorescence spectrum of receptor 1 (1.0 µM) does not 
exhibit any emission when excited at 450 nm. This non-emissive 
(ΦF=0.008) nature of receptor 1 in solution is due to non radiative 70 

deactivation through rapid isomerization of the C=N-OH bond.10 
On addition of ClO¯ to the solution of receptor 1 an emission 
band at 556 nm (ΦF = 0.51) is observed (Fig. 1b), the 
fluorescence intensity of which increases with increase in 
concentration of ClO¯ (0-25 µM) with a linear regression 75 

coefficient of 0.993. The formation of an emission band at 556 
nm is due to the conversion of oxime into nitrile oxide.11 The 
nitrile oxide has a positive charge on nitrogen atom as result of 
which the intramolecular charge transfer (ICT) from nitrogen 
atom of the dimethylamino group to nitrogen atom of nitrile 80 

oxide takes place which gives an emission band at 556 nm when  
 
 
 
 85 
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Fig. 1: (a) Absorption spectra of probe 1 (5.0 µM) upon addition of 
increasing concentration of hypochlorite (0-25 µM) in H2O:CH3CN 
(99.5:0.5, v/v) buffered with HEPES (50 mM), pH = 7.4. (b) Emission 
spectra of probe 1 (1.0 µM) upon the addition of increasing 
concentration of hypochlorite (0-25 µM) in H2O/CH3CN (99.5:0.5, v/v) 
buffered with HEPES (50 mM), pH = 7.4; (λex = 450 nm).  

NaOCl 
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excited at 450 nm. To confirm the formation of nitrile oxide we 10 

performed a separate reaction of compound 1 with the 
hypochlorite and recorded the spectroscopic data of the product. 
In the 1H NMR spectrum of the isolated product 2 the signal 
corresponding to the imino proton (Ha) of the compound 1 
disappears. Further the 13C NMR spectrum shows a characteristic 15 

peak at 99.90 ppm corresponding to the carbon atom of nitrile 
oxide. In the mass spectrum a peak corresponding to the nitrile 
oxide 2 appears at m/z-189.103. These spectroscopic data 
corroborates the structure 2 for this compound (S14-15 ESI†). 
Further we also carried out the reaction of in-situ generated nitrile 20 

oxide with 2-butene which gave isoxazoline 3.12 The formation of 
isoxazoline 3 was confirmed from its mass spectrum which 
shows a peak at m/z 267.13 corresponding to the cycloaddition 
product 3. (S16 ESI†).  
 We also studied the effect of pH on recognition behaviour of 25 

probe 1 towards hypochlorite and it was found that there was 
fluorescence enhancement until pH 5 and pH 9 during the 
addition of ClO¯ to the solution of 1 (Fig. 2b). However when 
ClO¯ was added to the solution of probe 1 at pH <5 there was 
very weak fluorescence enhancement. This is due to the fact that 30 

at pH <5 ClO¯ is present as HOCl which is less reactive than 
ClO¯. Moreover at pH <5 the probe 1 which contains imino 
moiety is likely to undergo hydrolysis. Both these factors 
contribute to poor responses of probe 1 at pH <5. Similarly when 
ClO¯ is added to the solution of probe 1 at pH >9 the fluorescence 35 

response is poor. This is again due to the hydrolysis of probe 1 
under basic conditions,13 although in basic condition ClO¯ will be 
present exclusively and therefore the maximum enhancement 
should be observed. Based on these studies we may propose that 
probe 1 can detect ClO¯  in broad pH range (pH 5-pH 9). We also 40 

carried out time dependent fluorescence studies and it was found 
that there was no fluorescence enhancement after 35 minutes 
which indicate that reaction is complete during this time. The 
detection limit of the probe 1 for ClO¯  was found to be 1.63 ×10-7 
M (Fig. S9 ESI†), which is sufficiently low for monitoring  45 
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the endogenously produced hypochlorite. 70 

 To investigate whether the probe 1 can selectively detect 
hypochlorite under physiological conditions, the fluorescence 
response of the probe was also studied with other competing 
ROS’s and biothiols like cysteine, glutathione and homocysteine 
whose concentration is generally high in biological systems (Fig. 75 

S10A & B ESI†). As shown in the selectivity bar diagram (Fig. 

2a), only ClO¯ shows dramatic fluorescence enhancement. Other 
ROS like H2O2, tert-butyl hydroperoxide (TBHP), HO•, tBuO•, 
OONO• and biothiols like cysteine, glutathione and homocysteine 
did not show any significant fluorescence enhancement. Further, 80 

since the probe 1 contains an imino nitrogen atom and hydroxyl 
groups which are known to interact with different metal ions and 
anions respectively, we studied the fluorescence response of 
probe 1 toward different metal ions (Ag+, Ca2+,  Cd2+, Co2+, Cu2+, 
Hg2+, Mg2+, Mn2+, Ni2+, Pb2+, Zn2+, Fe2+, Fe3+, Cr3+) (Fig. S7A & 85 

D ESI†) and anions (Br−, CH3COO−, CN−, F−, SO4
2−, H2PO4

−, I−, 
SCN−, HSO3¯) (Fig. S7B ESI†), but no noticeable change in 
fluorescence intensity was observed in the presence of these 
cations and anions which indicate that receptor 1 is selective for 
ClO¯ only. Having done all these studies, we were then interested 90 

to check whether the probe 1 can be used for the detection of 
endogenous hypochlorite generated in living cells by oxidation of 
chloride ions in presence hydrogen peroxide catalysed by heme 
protein myeloperoxidase (MPO).14 We studied the feasibility of 
probe 1 for monitoring the generation of ClO¯ in an 95 

MPO/H2O2/Cl¯ enzymatic reaction. For this 1 µL of MPO 
solution was added to 3 mL probe solution followed by addition 
of H2O2 and then recorded the fluorescence spectra. The 
fluorescence intensity of probe 1 increased but the increase in 
intensity was low (30%) as compared to direct addition of 100 

hypochlorite to the solution of probe 1 (Fig. 3b). This is probably 
due to the fact that the in-situ generation of hypochlorite is slow 
and it takes time. On the other hand in the absence of 
myeloperoxidase no change in emission was observed at 556 nm. 
Thus, the above results indicate that ClO¯ generated in the 105 

enzymatic reaction can be easily detected by probe 1. 
The potential biological application of probe 1 was evaluated by 
in-vitro detection of hypochlorite (ClO¯) using a cell based model 
system of LPS stimulated murine BV2 microglial cell line (brain 
resident macrophages) and C6 glial cell line. Both the cell types 110 

are known to be activated by lipopolysaccharide (LPS), which is 
secreted by bacterial cell wall during neuroinfections and 
generate ROS.15 The experiments were performed on four groups 
of cells (I) control group, (II) unstimulated cells exposed to probe 
(5.0 µM) alone, (III) unstimulated cells exposed to exogenous 115 

ClO¯ ions (1.0 µM) and probe (5.0 µM), (IV) LPS stimulated 

a 

5 min 
10 min 
20 min 
35 min 

ClO¯, H2O2, •OH, •O
t
Bu, TBHP, ONOO• Cys, GSH, Hcy 

Fig 2. (a) Fluorescence response of 1 (1.0 µM) in H2O:CH3CN (99.5: 
0.5, v/v) with HEPES buffer at pH = 7.4 (λex= 450 nm) with various 
analyte (25 µM each). Bars represent selectivity (fluorescence intensity 
at 556 nm after the addition of analyte) of 1 upon addition of different 
analytes. Data were collected after incubation with the appropriate 
analyte after 5, 10, 20 and 35 min; (b) Fluorescence response of  receptor 
1 (1.0 µM) in H2O:CH3CN (99.5:0.5, v/v) with HEPES buffer in pH 5 
and 9 (λex= 450 nm) to addition of Sodium  hypochlorite (NaOCl) upto 
25 µM and spectra recorded after 35 mins. 

b 
Probe 1+ ClO¯ at pH 9 
Probe 1+ ClO¯ at pH 5 
Probe 1 at pH 5 

Probe 1 at pH 9 

Fig 3. (a) Fluorescence response of 1 (1.0 µM) in H2O:CH3CN (99.5:0.5, 
v/v) on addition of H2O2 on the receptor 1 + myeloperoxidase + Cl¯ ions 
in PBS buffer, pH 7.4 (λex = 450 nm) at 37 °C. (b) Fluorescence response 
at 556 nm of 1, 1+Cl¯ +H2O2, 1+Cl¯ +H2O2+MPO, 1+NaOCl  within 35 
mins time scale (X-axis) at 37 °C (λex = 450 nm). 

b 
1+ NaOCl 
1+ MPO+Cl

-
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Scheme 1: Synthesis of probe 1 and proposed ClO¯  generated product 2. 
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cells exposed to probe (5.0 µM) for the detection of endogenous 
ClO¯ ions. The images of the cells were taken using Confocal 
Microscope in both fluorescence and DIC modes (Fig. 4). No 
fluorescence was detected in control cells (Fig. 4 A-Ia and B-Ia). 
The cells in group II were incubated with probe 1 (5.0 µM) for 30 5 

min at 37 °C and washed with PBS (pH 7.4) to remove excess of 
receptor 1. Microscopic observation did not exhibit any 
intracellular fluorescence in red channel, which indicates the 
presence of oxime group in the receptor 1 (Fig. 4 A-IIa and B-
IIa). In the third group, the cells loaded with probe 1 (5.0 µM) 10 

were then exposed to exogenous ClO¯ ions (1.0 µM) for 30 min at 
37 °C and washed with PBS buffer. The cells showed 
fluorescence in red channel which suggests that the probe 1 is 
permeable through cell membrane and is an effective 
hypochlorite imaging agent (Fig. 4A-IIIa and B-IIIa). To further  15 

 
 
 
 
 20 

 
 
 
 
 25 

 
 
 
 
 30 

 
 
 
 
 35 

 
 
 
 
 40 

 
 
 
 
test the efficacy of probe to detect  endogenous ClO¯ ions, C6 45 

cells were stimulated with 2µg/ml of LPS for 24 hr and BV2 cells 
with 100 ng/ml LPS for 48 hr and then exposed to probe 1 (5.0 
µM) for 30 min at 37 °C and washed with PBS buffer. After 
exposure to probe, the images of the cells were taken and cells 
showed fluorescence in red channel which indicates that the 50 

probe 1 is an effective intracellular hypochlorite sensing agent 
(Fig. 4 A-IVa and B-IVa). 
 BV2 cells exposed to exogenous ClO¯ and probe (Fig. 4B IIIa) 
showed rounding and reduction in number of cells as compared to 
control as well as the corresponding group of C6 cells (Fig. 4A 55 

IIIa) but LPS activated cells on treatment with probe retained 
their normal morphology thus indicating the nontoxicity of probe. 
Although the intensity of fluorescence in both the cell types  
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exposed to exogenous ClO¯ with probe was almost similar but in 
case of group IV of LPS activated cells secreting endogenous 
HOCl, BV2 cells showed lower fluorescence intensity as 90 

compared to C6 (Fig. S18 ESI†). This may be due to less 
generation of HOCl in the BV2 cells. Further, our probe could 
detect HOCl in both the cell line tested, thus suggesting that this 
probe can be used for HOCl detection in different types of cells 
exposed to oxidative stress. 95 

 The cytotoxicity of probe 1 was further tested using Annexin 
V/ FITC apoptosis assay. FITC conjugated Annexin V has strong 
affinity for the exposed phosphotidyl serine which is translocated 
from inner to outer side of plasma membrane during early 
appoptosis and is used to estimate the population of early and late 100 

apoptotic cells.16 After treatment cells were trypsinized, washed 
with PBS, stained with Annexin V/ FITC and PI and then viable, 
early apoptotic, late apoptotic and necrotic cells were detected 
and analysed by using BD Accuri C6 flow cytometer. Percentage 
of late apoptotic cells in control group was 9.23% and 4.64% for 105 

C6 and BV2 cells, respectively (Fig. 5 A-Ia and B-Ib). Cells 
exposed to exogenous ClO¯ (1.0 µM) showed cytotoxicity as is 
apparent from high percentage of late apoptotic cells (C6 cells 
35.06% and BV2 cells 72.36%) in this group (Fig. 5 A-IIa and B-
IIb). The probe was not cytotoxic in LPS stimulated C6 and BV2 110 

cells producing endogenous ClO¯ as is evident from the low 
percentage of late apoptotic cells (4.20% and 7.53% respectively) 
and the values are similar to control cells (Fig. 5 A-IIIa and B-
IIIb). The percentage changes in living, early apoptotic and late 
apoptotic cells are shown in Fig. 5 C for both the cell lines. 115 

(B)   (A) 

Control 

 

Probe 

 

 

Probe + 

NaOCl 

 

LPS+ Probe 

                              

TRITC TRITC DIC DIC 

I a 

II a 

III a 

IV a IV b 

III b 

I b 

II b 

I a 

II a 

III a 

IV a 

I b 

II b 

III b 

IV b 

Fig 4. Fluorescence and DIC images of C6 Glial (A) and BV2 Microglial 
(B) cell lines. (Ia) Control of C6 Glial and BV2 Microglial cell lines 
respectively. (Ib) DIC images of Ia. (IIa) Images of cell lines (C6 Glial 
and BV2 Microglial) upon treatment with probe 1 (5.0 µM). (II b). DIC 
images of IIa. (IIIa) Red fluorescence images of cell lines (C6 Glial and 
BV2 Microglial) upon treatment with probe 1 (1.0 µM) and then NaOCl 
(5.0 µM). (IIIb) DIC images of IIIa. (IVa) Red fluorescence images of 
cell lines (C6 Glial and BV2 Microglial) of probe 1 upon treatment with 
LPS, 2 µg/ml (C6-Glial cells) and 100 ng/ml (BV2 Microglial cells). 
(IVb) DIC images of IVa. Scale bar represents length of 50 µm. 
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Fig 5. Flow cytometric examination of apoptosis, necrosis and cell viability 
of C6 Glial (A) and BV2 Microglial (B) cells by Annexin V/FITC assay.  
Viable (Q1), early apoptotic (Q2), late apoptotic (Q3) and necrotic (Q4) cell 
populations. (Ia) Control of C6 Glial cells  and (Ib) Control of Microglial 
cells.  (IIa) C6 cells treated with probe and exogenous hypochlorite. (IIb) 
BV2 cells  treated with probe and exogenous hypochlorite (IIIa) C6 cells 
activated with LPS and exposed to probe.. (IIIb) BV2 cells activated with 
LPS and exposed to probe. (C) Histogram represents percentage 
distribution of the cells in different quadrants for control cells (Con), probe 
plus exogenous NaOCl treated cells (P+NaOCl), LPS stimulated and probe 
treated cells (LPS+P) for C6 and BV2 Cell line. 
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Conclusions 
In conclusion, we designed and synthesised a turn-on fluorescent 
probe 1 for selective detection of hypochlorite among the various 
reactive oxygen species tested. The probe 1 can also be used for 
the detection of enzymatically generated hypochlorite in cell 5 

based model system under physiological conditions. Furthermore, 
the probe 1 was successfully tested for the detection of 
endogenous hypochlorite in LPS activated C6 glia and BV2 
microglia cells. 
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