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ARTICLE INFO ABSTRACT

Keywords: Hypochlorite (C1O™) being an important reactive oxygen species plays a crucial role in the oxidative damage to
AIE ) tissue and other various diseases. Highly selective, sensitive, and quick detection of aberrant ClO™ is vital for the
Turn-olr:l c}%emoc}osimeter protection of living organisms and the environment. Accordingly, fluorescent molecules are most effective sensor
?k}:ggrceti(c);lltztffi o) system for ClIO™. Herein, we have synthesized and characterized a water soluble AIE-active tetraphenylethylene
Solid state sensir}:g (TPE)-based fluorescent molecule TPE—Py ™ (TPP) for rapid (10 s) and selective detection of CIO~ based on ClO™~
Real water sample analysis induced oxidation of N-alkylpyridinium to N-methyl-2-pyridone. ClIO™ mediated aggregation-induced emission
Cell imaging (AIE) enhancement corresponds to turn-on response. Scanning electron microscopic (SEM) study supports AIE
behavior of the probe upon treatment with CIO™. The detection limit of TPP for CIO~ was found to be 8.89 nM
and exhibited high selectivity among other possibly interfering analytes (ROS, RNS, other ions). TPP-based
handy test kits were developed for the solid-state detection of CIO™ in environmental samples. Furthermore, our
probe was effective in detecting ClO™ in real water samples, fetal bovine serum and able to detect endogenous

ClO™ in live cell.

1. Introduction

Recent research suggests that the elevated reactive oxygen species
(ROS) production promotes both viral replication and monocyte acti-
vation. Coronavirus infection increase the oxidative stress which in-
crease the concentration of ROS which can oxidize the cysteine residues
on the peptide domain of Angiotensin-Converting Enzyme 2 (ACE2)
receptors and RBD (receptor binding domain) of SARS-CoV kept them in
oxidized forms (disulphide), rather than reduced form (thiol). It looks
convincible that oxidation of these thiol to disulfides, during oxidative
stress, would rise the rapport of SARS-CoV-2 proteins for the ACE2 re-
ceptor, and thus, enhance the seriousness of COVID-19 poison.
Enhanced oxidative stress may accompanied with endothelial affliction
and community inflammation, that put up to acute lung injury, throm-
bosis, cytokine storm and found in serious COVID-19 sickness [1-5].

Among the several ROS, hypochlorous acid (HCIO)/hypochlorite
(ClO07) is frequently utilized as an influential bleaching agent in our
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daily lives and as a primary antimicrobial agent in the natural immune
system [6,7]. Due to strong oxidizing effect of ClIO, it would resistance
the invasion of bacteria and regulates the lifecycle in the cell. The
workable level of ClO™ in the living body is essential to human health,
whereas excessive ClO~ production from phagocytes can influence
inflammation-related tissue injury and various diseases, including se-
vere liver injury, rheumatoid arthritis, peritonitis, cardiovascular dis-
eases, atherosclerosis, neuron degeneration, pulmonary lesions and even
cancers [8-18]. Endogenous ClO™ can be produced by the peroxidation
reaction of HyoO3 (hydrogen peroxide) and Cl~ (chloride ion) catalyzed
by the MPO (myeloperoxidase) in triggered leukocytes such as mono-
cytes, macrophages, and neutrophils [19,20]. As aresult, it is essential to
effectively identify ClO™ in living systems for medical diagnosis and
therapy.

A number of conventional analytical techniques are developing to
detect ClIO™ but fluorescence spectroscopy technique is the best tech-
niques since its good selectivity, low detection limit, sensitivity, cost-
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effective, non-destructive nature, fastness and reliability [21]. Fluores-
cence bio imaging based on small-molecule fluorescent probes is
becoming research hot topic [22-24]. To date, many fluorescent probes
have been developed to detect CIO™, including pyrene, BODIPY (bor-
ondipyrromethene), benzothiazole, rhodamine, coumarin and cyanine
[25-37]. Generally, these fluorescence sensors suffered from severe
limitations such as long response time, working in high pH condition,
excitation or emission in the ultraviolet region, fair photostability.
Eventually, many of them suffer from an ACQ (aggregation-caused
quenching) owing to the n- n* stacking interactions and it is potent in the
solid state or, in a large number of organic solvents, limiting the real
applications in biological systems [38-42].

Till date, lots of fluorescent sensors for CIO™ have been reported but
still there are some opportunity to construct a fluorescence sensor of
ClO™ to develop performance there by optimizing the recognition moi-
ety which upon reactions with ClO~, may deliver intensified fluores-
cence distinction. Shen et al. have reported a mitochondria-targeted
coumarin-pyridine derivative (CPD) for ClO~ through dual fluores-
cence emission peaks [43]. Again Wu et al. have reported pyrene de-
rivative (Py-Cy) for ClO~ through cleavage of the double bond [44].
Generally, their design strategies are based on oxidation of thioether to
sulfonate [45-49], deprotection [50-52], oxidation of phenol to
quinone [53-55], oxime to aldehyde [56,57] and C=C bond to aldehyde
[58,59]. Again Liu et al. have reported a deep-red AlE-active fluo-
rophore for CIO™ [60]. But these probes showed specific turn-off fluo-
rescent-response. Recently, Wang et al. have reported a TPE based
fluorescent probe for C1O~ through cleavage of the Py*-N group [61].

With the aforementioned concerns in mind, herein, we report a new
Tetraphenyl ethylene (TPE) conjugate N-alkyl pyridinium ion (TPP) for
sensing OCl~ with significant aggregation-induced fluorescence
enhancement in aqueous solution. TPE was chosen as AlEgen, as it has
been applied in biological imaging and hold good photo-stability
[62-64]. Quaternized pyridine have been employed with TPE to
extent the emission wave length. Again, quaternized pyridine moiety is
mitochondria-targeted functional groups [65-67] and able to improves
compound’s water solubility considerably. In this work, CIO™ oxidizes
N-alkyl pyridinium moiety to N-methyl-2-pyridone and then the hy-
drophobicity of the probe is changed which is accompanied with
aggregation-induced emission enhancement. Scanning electron micro-
scopy (SEM) study revealed that oxidation of N alkyl pyridinium to
N-methyl-2-pyridone influences the aggregation of AlEgens. The probe
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exhibited good selectivity, rapid response, and high sensitivity to ClIO™
over other ROS and ions. Interestingly, TPP can be applied for detection
of CIO™ in fetal bovine serum sample. Furthermore, TPP can detect CIO™
in live MG63 (osteosarcoma — human) and MC3T3 (osteoblast — mouse)
cells. The results of this effort are described below.

2. Results and discussion
2.1. Synthesis of the probe

Synthetic procedure of sensor for CIO~ (TPP) is quite simple. Desire
compound TPP can be conveniently synthesized by condensation of
TPE-CHO with N-methyl-4- methyl-Pyridium iodide under the catalysis
of piperidine, affording the target product in a good yield (Scheme 1).
Structural characterization of the probe TPP was characterized by
HRMS spectroscopy, H NMR, and 13¢ NMR (Figs. S5-57).

2.2. Absorption spectra responses of TPP towards ClO™

Photophysical properties of the probe was studied in PBS buffer (pH
= 7.4,10.0 mM, 0.1% DMSO, 25 °C) solution. NaClO was employed as
the standard CIO™ source in the entire photophysical study. UV-visible
spectral measurement of the probe TPP (1.0 pM) exhibited an absor-
bance band at 386 nm. With the addition of 3.2 equiv. ClO™, the peak at
386 nm was progressively quenched and a new peak at 292 nm was
increased steadily. An isosbestic point was observed at 330 nm, indi-
cating that a chemical reaction occurred, which was concomitant with
the production of a novel N-methyl-2-pyridone compound. As a result of
the inhibition of the ICT process from TPE to pyridinium moiety, a
hypsochromic shift was found in absorption spectra.

Eventually, an apparent naked eye colour transformation from yel-
low to colourless was observed (Fig. 1), allowing for the identification of
ClO™ in environmental samples through the naked eye.

2.3. Fluorescence response of the probes to CIO™

Next, motivated by the distinctive UV-vis spectrum, we investigated
the emission spectra of probe for CIO™ under the same condition. The
probe TPP generated a very weak emission at ~522 nm (® = 0.021)
when excited at 400 nm in PBS buffer (pH = 7.4, 10 mM, 0.1% DMSO,
pH = 7.4, 25 °C) solution. With an increase in CIO~ concentration, the
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Scheme 1. The Synthetic procedure of chemodosimeter TPP.
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Fig. 1. Absorption spectra of TPP (1.0 uM) upon addition of CIO ™ in PBS buffer
solution (10.0 mM, pH = 7.4, at 25 °C).

emission intensity of the probe TPP at 544 nm (® = 0.25) increased
significantly (10-fold), emission intensity reached maximum after the
addition of 3.2 equiv. of ClO™ (Fig. 2). Initially the probe is nonfluo-
rescent in PBS solution due to aggregation caused quenching (ACQ).
Probe TPP have a propensity to aggregate when they move from the
organic to the aqueous phases, increasing the possibility of collisions
between molecules and resulting in energy loss, resulting in fluorescence
quenching.

However, TPP showed strong yellow fluorescence with gradual
addition of ClO™. Interestingly a nonemissive probe showed a “turn-on”
response due to the oxidation of N-alkylpyridinium moeity to N-methyl-
2-pyridone moiety in presence of ClO . Since hydrophobicity of the
probes is changed as a result increased aggregation-induced emission
(AIE).

Furthermore, a linear relationship (at 544 nm) with ClIO™ concen-
tration range of 0-0.3 pM was observed with a relationship coefficient of
R%=0.99237 (Fig. S3a). The detection limit of CIO™ was calculated to be
8.9 nM (Fig. S11). The results of time-dependent fluorescence response
studies are displayed in Fig. S3b. The probe TPP had a low intensity
fluorescence band that was enhanced by 3.0 equiv. CIO™ and reached
plateau within 10 s. The pseudo-first order rate constant k = 0.01878
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Fig. 2. Fluorescence spectra of TPP (1.0 pM) at Aex = 400 nm, upon addition of
ClO™ in PBS buffer (10.0 mM, pH = 7.4, at 25 °C) solution.
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sec”! (Fig. S4). TPP displayed outstanding response time and a lesser
detection limit, which might be appreciated in sensitive, real-time
monitoring of ClO™ in living systems.

2.4. Fluorescence lifetime studies of the TPP

Time resolved fluorescence experiments were performed to assess
the AIE tendency of TPP before and after addition of ClO™. This
experiment displayed a significant increase in lifetime in presence of
ClO™ ions (Fig. 3). The average lifetime was calculated to be 1.68 ns for
TPP only and 35,889 ns after addition of CIO™ ions, using the standard
method. Results suggested a slower tri -exponential (13) decay for probe
TPP emission (Tables S3 and SI). To evaluate the AIE effect, lifetime in
case of TPP + ClO™ has been determined which was more delayed and
also tri-exponential (13).

These results conclude that by adding ClO ™, the decay of the excited
state was much slower i.e., remain for much time, which evidently
described the presence of AIE phenomenon [68] (Fig. 3).

2.5. SEM study

To get inside in to the aggregation behaviour of the probe scanning
electron microscope (SEM) study were carried out. SEM image of TPP in
PBS buffer displayed small spherical aggregates (Fig. 4a, b, c). Whereas
upon addition of ClO™ self-assembled big spherical aggregates were
observed (Fig. 4d, e, f). These studies suggest the change in the
morphology and increase in size of the aggregates in the presence of
ClO™ was due to self-aggregation of AIE-gen. This study also revealed
that size of TPP molecule was in the range of 68-230 nm (Fig. S12a,
Table S4). Whereas, size of the molecules increased (320-540 nm) upon
treatment with of ClO™ (Fig. S12b, Table S4). It is believed that the
limitation in intramolecular rotation (RIR) and aggregation-driven
development is the major cause of the fluorescence enhancement [69].

2.6. Selectivity and specificity of TPP

Unlike ROS (reactive oxygen species), RNS (reactive nitrogen spe-
cies) and RSS ((reactive sulphur species) were chosen to study the
selectivity of TPP. As estimated, compared with CIO™ no apparent
fluorescence changes were observed when probe TPP was incubated
with various competitive species, including HyS, CH3COsH, NO,
ONOO™, «OH, 105, 0?7, GSH (glutathione), S052~, Hy0, (Fig. 5a). and
furthermore, no fluorescence alteration was perceived for different
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Fig. 3. Red dot represents fluorescence lifetime decays of TPP and blue dot
represents fluorescence lifetime decays of after addition of ClO~ in PBS
buffer solution.
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Fig. 4. The SEM picture of TPP (a, b), TPP + ClO™ (d, e) and zoom SEM image of TPP (c) and TPP + ClO™ (f).
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Fig. 5. The fluorescence intensity of probe TPP (1.0 pM) in the presence of various analytes (10 equiv.) in PBS buffer solution (pH 7.4, at 25 °C). (a) (1) TPP; (2) H,S
(3) CH3COsH (4) NO (5) ONOO— (6) CIO™ (7) *OH (8) 10, (9) 0%~ (10) GSH (11) SO5%~ (12) H;0,. (b) (1) TPP (2) Al3* (3) CIO™ (4) Co®* (5) Cr®* (6) Cu?* (7) Ni%*+

(8) Zn* (9) Cd** (10) Pb?* (11) Fe>* (12) Hg>*.

cationic (AI**, Cr®*, Co?*, cu®*, Ni**, cd?*, Zn?, Pb?, Fe3', Hg?")
under biological conditions (Fig. 5b). The results indicated that TPP can
be employed as a selective fluorescence probe for the sensing of hypo-
chlorite even in the presence of various ROS, RNS and other competitive
analytes. Furthermore, a competitive experiment was accomplished to
confirm the detection ability of CIO™ in the presence of a large excess
(50.0 equiv.) of the other allied analytes ((Fig. S2). The results estab-
lished that TPP showed high selectivity towards CIO™ in physiological
conditions (aq. PBS buffer medium) over comparable analytes.

2.7. Effects of the pH

The impact of pH on the fluorescence spectra of TPP to hypochlorite
in the pH range of 2-12 was thoroughly studied for physiological use.

In the absence of hypochlorite, the TPP displayed almost minimal
emission variations over the pH range of 2-12. Nonetheless, when hy-
pochlorite was added, the fluorescence intensity of probe TPP increased
up to pH 6 and subsequently levelled off at pH 8, confirming that TPP
was suitable for detecting hypochlorite in both weakly acidic and
alkaline environment (Fig. 6). This result implies that TPP can working
well in biological atmosphere.
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Fig. 6. pH-dependent fluorescence emission response of TPP (10 pM) to ClIO—
(50 pM) in PBS solution (pH 7.4, 10 pM).
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2.8. Sensing mechanism

Turn on response of TPP towards ClO™ is due to change in hydro-
phobicity of the probe due to oxidation of N-methylpyridinium to N-
methylpyridone moiety. To validate this, TPP was reacted with ClIO™
and the reaction product was separated for usual characterization
(Figs. $9 and S10). The 'H NMR spectra of TPP and its oxidized adduct
were compared (TPPO). It is observed that the N-methyl proton in TPP
resonance at § 4.42 ppm shifted up field at 5 1.65 ppm due to positive
charged nitrogen atom reduced to neutral nitrogen atom (Fig. 7).

The result demonstrated CIO~ promoted oxidation take place and N-
methylpyridone derivative is formed (TPPO). Again, mass spectrum
analysis was explored to prove the reaction mechanism. As shown in
Fig. S5, TPP exhibited a peak only at m/z = 451.4690, which corre-
sponds to [TPP+H]". However, addition of CIO™, the initial peak of TPP
(m/z = 451.4690) completely vanished and a new peak displayed at m/z
466.2173 [TPPO+H]", which was assigned to N-methylpyridone
(TPPO) (Fig. S8).

2.9. Theoretical studies

In order to illuminate the optical phenomenon of TPP, DFT and TD-
DFT calculations were performed with 6-31G (d, p) basis sets. We
observed that HOMO of TPP is distributed over tetraphenylethylene
moiety while LUMO is located at pyridinium ion (Fig. 8). This result
suggests an obvious ICT from tetraphenyl ethylene to pyridinium ion
conjugated through n-bond. Agin to know the optical change of TPP and
TPPO, we performed DFT and TDDFT calculated in gas phase. The

Non-fluorescent

b)
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calculated Apqy, oscillator strength (f), main orbital transition, are listed
(Tables S2 and SI). Fig. 8 depicts the optimized structures of TPP and
TPPO. The corresponding HOMO-LUMO energy gaps of TPP and TPPO
are 3.1092 eV and 3.4257 eV (Table S2).

There is a substantial alteration in the energy minimisation structure
of TPP and TPPO. In TPP alone, the vertical major transition observed at
~386 nm is equivalent to those of the experimentally measured spectra
at ~398 nm. The ultimate electronic transition ascends due to HOMO-
—LUMO (3.1092 eV/398 nm) transition. In case of TPPO vertical major
transition is similarly HOMO—LUMO (3.4257 e€V/309 nm). Extend in
energy gap (HOMO—LUMO) in TPPO is responsible for blue shift in
absorption spectra. And also, the electronic distribution indicates the
ICT in TPP which in turn interrupted in case of TPPO.

2.10. Solid state sensing

Thus, by affording positive findings in the colorimetric/fluorometric
sensing of ClO™ in solution phase, its detecting ability has been checked
in solid state. For this purpose, Whatman filter paper was exploited to
make detection tests more operationally expedient and helpful. TPP
(1.0 mg/mL) solution in acetonitrile was placed on filter paper and air-
dried to produce a simple low-cost solid-state demonstrating strip. After
that, dried filter papers were deeped into different concentration of
ClO™. As shown in Fig. 10 fluorescent color of the filter paper strip
changes from colorless to yellow upon increasing the concentration of
ClO™. Thus, the preparation of simple test trips can be valued for naked
eye detection of ClO™ in a cheap method.

To evaluate the aggregation behavior of TPP upon treatment with

Yellow fluorescent (e}

Fig. 7. a) The proposed reaction mechanism. b) Partial H NMR spectra (400 MHz, CDCl3, 25 °C) of TPP before and after the addition of CIO™.



S.K. Samanta et al.

Dyes and Pigments 196 (2021) 109758

.

9
a) ”y b) ‘45‘, > .
‘>4 L) e y %=
a J 4 9 >
2 L u‘, ,o 0@ LUMO 2am -
[ 2 A LIy 29, 34 "W
50 ISERA R W s =l
‘J
““, TPP AE=3/1092
: " AE=3|4257
%
b ' 5 d N
J ‘9 ' P ) & 2 .J‘ 9 9
9 4 9 : ? >3
26 po b3 940 ” Ve e
5 29 ‘JJ“JJ: ) AR " R; s‘"
<
J J "f) J HOMO; ’s! “: )
‘9
TPPO 94"

Fig. 8. (a) Energy Optimized structures of TPP and TPPO (b) HOMO-LUMO distribution and energy difference of TPP and TPPO.

ClO7, solid state fluorescence experiment was carried out. Fig. 9 sug-
gests that fluorescence intensity of TPP was increased drastically after
treatment with CIO~. Furthermore, we studied the outcome of water
volume fraction on the fluorescence of TPP. Change of fluorescence of
TPP was examined in water/DMSO cosolvents with different water
volume fractions (fw = 0-90 vol %). Results of these experiments are
shown in Fig. S13. Both in a good solvent (fw = 0 vol %) and in a poor
solvent (fw = 90 vol %), TPP scatters well and displays no fluorescence.
These results suggest that TPP does not show any AIE behavior. Due to
presence of positively charged pyridininium ion, TPP in aqueous solu-
tion, remains in free molecular state and consequently its hydrophilicity
increases. This attributes to its negligible fluorescent intensity in
aqueous medium.

Whereas, addition of ClO™ leads to disappearance of positive charge
which is accompanied with hydrophobicity of the probe and trigger AIE
behavior. In this context, it is not worthy to mention that, in pure
organic solvent TPP shows a red emissive band at about 630 nm. It is
experimented that in pure organic system TPP reluctant to sense ClO™.
Whereas, in aqueous PBS buffer solution TPP displayed a very low
intense emission band at 544 nm which was gradually increased upon
concomitant addition of CIO™ due to enhanced AIE behavior.

2.11. Detection of OCl™ in real water samples

After that, we investigated the scenarios for the probe TPP to detect
ClO™ in various water samples. Because ClO™ is widely used in industrial
processes and daily life, there is a risk of the dangerous chemical
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Fig. 9. Solid-state emission of TPP in presence and absence of ClO™.
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Fig. 10. Filter paper treated with TPP (1.0 mg/mL) solution in CH3CN, with
different concentrations of NaClO under UV light.

combining with water. As a result, detecting ClO™ in various water
samples is significant for human health. Three water samples with
varying concentrations of CIO~ were evaluated in this study. Our pro-
cess data was consistent with the actual amount of CIO~ added
(Table S1). This result shown that TPP is capable of quantitatively
detecting CIO™ in real-world water samples.

2.12. Biological application

We explored the capability of the probe TPP to estimate ClIO™ in
buffer solution and fetal bovine serum sample. The concentration of the
probe TPP was sustained at 1.0 pM, whereas ClIO™ concentration was
varied from O to 35 pM. As revealed in Fig. 11 the fluorescence intensity
was linearly correlated to CIO™ concentration in the certain concentra-
tion range. The regression equation employed was F544 = 3E12
[CIO™]1+31,963, with R? = 0.996 (Fig. 11a). Next, we prepared the fetal
bovine serum samples having CIO™ in different concentrations (0-35
pM) and the corresponding regression equation was F544 = 3E12
[ClO~1+51,354, with R% = 0.998 (Fig. 11b). This relative result suggests
that TPP could recognize CIO™ in biological systems both qualitatively
and quantitatively.

2.13. Cell imaging studies

Due to outstanding fluorescence response of TPP toward ClO™ in
aqueous solution, we then examined the practical applications of TPP to
image intracellular ClO™. For this purpose, two different cell line were
chosen e.g. (MG63 (osteosarcoma — human) cancer cells and MC3T3
(osteoblast — mouse) cells). Therefore, in order to achieve this aim, the
cytotoxicity of TPP and TPP+ CIO™ on these living cells must first be
evaluated. Thus, traditional MTT assay experiment reveals that both
TPP and TPP+ CIO™ exhibited low cytotoxicity to live MG63 and
MC3T3 cells (Fig. S1) up to 15 pM, suggesting that probe is allowable for
uses in living organisms.
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Fig. 11. (a) The relationship between fluorescence intensity and ClO™ concentration in PBS buffer solution (100 mM, pH 7.4, at 25 °C) and (b) in commercial fetal

bovine serum.

Initially, MG63 cells were incubated with 1.0 pM TPP for 5 min and a
yellow fluorescence was exhibited in the intracellular part of the cell.
This result confirmed that TPP is cell membrane permeable. Much
intense yellow fluorescence was observed when 10.0 pM CIO~ was
added to the cells which were pretreated with TPP. Again, when MG63
cells were pretreated with 10.0 pM of GSH for 20 min followed by in-
cubation of TPP, almost no fluorescence was observed (Fig. 12). GSH
being a ClO™ scavenger, reduced ClO~ concentration inside cells and
thus fluorescence intensity was diminished [70,71]. Thus, increase in
fluorescence intensity was due to hypochlorite.

Meanwhile when MC3T3 cells were treated with TPP almost no

fluorescence was observed, this result agrees well with the phenomenon
that cancer cells (MG63) remain under more oxidative stress and also
TPP can distinguish normal cell from cancer cells. Again, when MC3T3
cells were treated with TPP followed by ClO™, a strong yellow fluores-
cence was achieved. Furthermore, when MC3T3 cells were incubated
with TPP and former was pretreated with LPS (1.0 pg/mL) for 1 day
followed by PMA (1.0 pg/mL) for 45 min showed yellow fluorescence.
LPS/PMA (lipopolysaccharide/phorbol-12-myristate-13- acetate) are
responsible for intracellular generation of CIO™ (Fig. 13). The result
suggests that TPP was capable of detecting endogenous ClO™.

Fig. 12. Fluorescence microscopy images of exogenous ClO~ detection in living
MG63 cells using TPP. Cells were incubated with (a) TPP (1.0 uM) alone for 5
min; (b) TPP treated with 10.0 pM ClO~ for 30 min; (C) MG63 cells were pre-
treated with GSH (10.0 pM) for 20 min followed by incubation of TPP (5.0 pM)
for another 30 min; (d) Bright field image of the cells of TPP (1.0 pM) alone; (e)
Bright field image of TPP treated with 10.0 pM CIO~ for 30 min; (f) Bright field
image of the cells were pre-treated with GSH (10.0 M) for 20 min followed by
incubation of TPP (5.0 pM) for another 30 min; (g) merged image of TPP(1.0
pM) alone; (h) merged image TPP treated with 10.0 pM ClO~ for 30 min; (i)
merged image of cells were pre-treated with GSH (10.0 pM) for 20 min followed
by incubation of TPP (5.0 pM) for another 30 min; Emissions were collected at
the green channel (500-600 nm) with 380 nm excitation. Scale bar, 20 pm.

Fig. 13. Fluorescence microscopy images of endogenous ClO~ detection in
living MC3T3 cells using TPP. Cells were incubated with (a) TPP (1.0 uM) alone
for 5 min; (b) TPP treated with 10.0 pM ClO~ for 30 min; and (C) TPP pre-
treated with LPS (1.0 pg) for 1 day followed by PMA for 45 min; (d) Bright field
image of the cells of TPP (1.0 pM) alone; (e) Bright field image of TPP treated
with 10.0 pM ClO™ for 30 min; (f) Bright field image of TPP pretreated with LPS
(1.0 pg) for 1 day followed by PMA for 45 min; (g) merged image of the cells of
TPP (1.0 pM) alone; (h) merged image of TPP treated with CIO~ for 30 min; (i)
merged image of TPP pretreated with LPS (1.0 pg) for 1 day followed by PMA
for 45 min; Emissions were collected at the green channel (500-600 nm) with
380 nm excitation. Scale bar, 20 pm.
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3. Conclusion

In summary, we have reported an AlE-active “turn-on” fluorescent
chemodosimeter TPP for the detection of CIO™ in PBS buffer solution
and living cells. In presence of ClIO~, chemodosimeter TPP exhibited
ratiometric absorption changes along with notable fluorescent
enhancement (10-fold) due to the oxidation of N-alkylpyridinium part to
N-methyl-2-pyridone moiety. This chemodosimeter displayed quick re-
action time (10s), high selectivity towards ClO~ over other competing
analytes (ROS, RNS, other interfering ions), ensuring the specificity
required for any real implementation. In addition, the scanning electron
microscopy (SEM) results indicated a change in morphology from
spherical to aggregates upon addition of CIO™ to the buffer solution of
TPP. Furthermore, test kit experiments demonstrated that TPP can be
employed for the solid-state sensing of ClO™ in environments. It is
particularly able to measure the ClIO™ concentration in fetal bovine
serum samples and a wide range of real water samples, implying a va-
riety of useful applications. Moreover, cell membrane permeable probe
TPP can be successfully used for the detection of intracellular CIO™ in
living MG63 (osteosarcoma — human) cancer cells and MC3T3 (osteo-
blast — mouse) cells with very low cytotoxicity. Importantly, the probe
can distinguish between cancer cells and normal animal cells quite
efficiently. Therefore, we hope that our chemodosimeter will be of in-
terest to scientists investigating the various activities of CIO™ in envi-
ronmental and biological systems.
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