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ABSTRACT: A simple molecular probe displays highly selective turn-on response towards NO by the unprecedented NO-
induced formation of 1,2,3,4-oxatriazole ring exhibiting no interference from various endogenous biomolecules including
DHA, AA etc. Kinetics of the reactions between NO and the probe provide a mechanistic insight into the formation of
1,2,3,4-0oxatriazole which showed that though initially 1,2,3,4-oxatriazole is formed and extractable in solid form, it exists
in equilibrium with ring opened azide form which ultimately hydrolysed and converted to carboxylic acid and nitrate. The
reaction displays second-order dependence on [NO] and first-order on [Probe]. The probe is water soluble, cell permeable
and non-cytotoxic and appropriates for live cell imaging. This constitutes the first report where, there is a direct evidence
of NO-induced ring closing reaction of acyl hydrazide moiety leading to the formation of 1,2,3,4-oxatriazole.

INTRODUCTION

Nitric oxide (NO) is an extra- and intracellular messen-
ger molecule mediating diverse signaling pathways in
target cells. It plays important roles in many physiological
processes that include neuronal signaling, inflammatory
response, modulation of ion channels, immune response,
phagocytic defense mechanism, penile erection, cardio-
vascular homeostasis and decompensation in atherogene-
sis." Depending upon the location and concentration, NO
plays major roles in cardiovascular system and central and
peripheral nervous systems.” In contrast, micro molar
concentrations of NO not only forms the reactive nitro-
gen species (RNS) leading to neurodegenerative disorders
and carcinogenesis, but also provides a defense against
invading pathogens* NO, a diatomic free radical, un-
dergoes a variety of reactions with other radicals in tis-
sues, generating highly reactive nitrosating species in-
volved in nitrosation or oxidation of zinc finger-
containing proteins in DNA repair.

NO being lipid-soluble, highly reactive and easily dif-
fuseable in cells and tissues makes it difficult to capture
and detect. Several methods, like, chemiluminecence,
electrochemical, fluorescence and EPR etc. have been
proved to be useful for the in vitro and in vivo analysis of
NO.* In view of sensitivity, selectivity, spatiotemporal
resolution, fluorescence technique is considered as the
most favorable method for the detection of endogenous
NO. There are a number of inorganic and small organic
fluorescent NO probes, many of which are involved in the
reaction of aromatic diamines with NO/O, forming an
electron deficient triazole moiety, that modules the PET
(photo induced electron transfer) mechanism and anoth-

er is oxidative deamination process.16 However, it exhibits
some unexpected limitations which include: (a) oxidation
of aromatic diamines and (b) reactions with other reactive
oxygen/nitrogen species. All these may result with the
generation of fluorescent species.'®* Another important
methods of NO sensing involve oxidative deamination of
aromatic amines, diazotization leading to ring formation
and N-nitrosation.??

Very recently, we have synthesized a thiosemicarbazide
containing moiety for the selective detection of NO.
Where, thiosemicarbazide group reacts with NO/O, to
form 1,3,4-oxadiazole and eliminates thionitrous acid.*
Acylhydrazide, an important organic intermediate, is used
in the pharmaceutical industry for the synthesis of
nifuratrone.* Protein and carbohydrate chemistry rou-
tinely utilizes hydrazide functionality. * Hydrazides are
also used in the modification of oligonucleotides.®

Herein, we have developed a new acylhydrazide based
molecular probes for NO detection in an oxygenated
aqueous medium leading to the formation of 1,2,3,4-
oxatriazole ring without any interference by ascorbic acid
(AA), dehydroascorbic acid (DHA) or other reactive ni-
trogen (RNS) and Oxygen (ROS) species. Previously, it
was reported ** that 1,2,3,4-oxatriazole moiety may be
formed from acyl hydrazide by the reaction with NaNO,
in strongly acidic medium; however, this constitutes the
first report where a direct reaction between NO and acyl
hydrazide leads to 1,2,3,4-oxatriazole in quantitative yield
under the physiological pH conditions at very low (micro
molar range) concentration. Detailed kinetic studies and
product analysis shed some light on the mechanism of
such reaction. Moreover, aqueous solubility makes it a
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potent molecular probe for in vitro application for moni-
toring nitric oxide.

RESULTS AND DISCUSSION

The receptor (quinolin-8-yloxy)-acetic acid hydrazide
(QAH) was synthesized in two steps. In the initial step
(quinolin-8-yloxy)-acetic acid ethyl ester was synthesized
from a reaction between 8-hydroxyquinoline and ethyl
bromoacetate in 1:1 mole ratio in dry acetone in the pres-
ence of anhydrous K,CO;. In the second step, ester was
reacted with hydrazine hydrate under reflux to afford
white coloured QAH (Scheme 1). The pure material was
characterized by 'H-NMR (Figure S1), *C{'H}-NMR (Fig-
ure S2), HRMS (Figure S3) and FTIR (Figure S4) studies.

Scheme 1. Synthetic route of QAH
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The QAH in aerated aqueous buffer was found to dis-
play a highly sensitive and selective fluorogenic response
towards NO. The idea of inclusion of 8-hydroxyquinoline
as fluorophore unit comes from the fact that it is an im-
portant moiety in many biological activities.

Mechanism of fluorescence response of receptor
QAH to NO. The PET-ON effect from the high electron
rich hydrazide group to the quinoline fluorophore makes
parent compound QAH very weakly fluorescent. Howev-
er, due to the formation of electron deficient 1,2,3,4-
oxatriazole moiety out of the reaction between QAH and
NO in aerated water, the PET process is blocked.
(Scheme 2) (vide infra). As a result, a remarkable turn-on
fluorescence response is observed at A, = 380 nm (Figure
1).

Scheme 2. Schematic presentation of the PET effect
towards Fluorescence response of QAH on interac-
tion with NO/O,.
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Spectral Response of QAH toward NO. The K; (ap-
parent formation constant) for the reaction between QAH
and NO was calculated by the fluorescence titration
method maintaining fixed QAH concentration at 20 pM
and varied the NO concentrations between o - 40.0 pM in
aqueous HEPES buffer at 25 °C. A regular enhancement of
an emission peak at ~490 nm was observed with the in-
cremental addition of NO leading to a 23-fold fluores-
cence enhancement with A, = 380 nm (Figure 1). We
have also performed the excitation wavelength variation
study, where approximately fourteen and seven fold of
fluorescence enhancements were observed when QAH
was excited at 400 and 410 nm respectively, in the pres-
ence of excess NO. It is sufficiently high for the detection
of NO and also for the intracellular applications (Figure
Ss5).

An excellent linear curve was obtained on plotting FI as
a function of [NOJ up to 40 pM. On further addition of
NO the FI remains almost unaltered. The linear part was
analyzed using ** eqn. 1.

__a+bxcxx™ |
-_—— 1
1+cxx™

Where a and b are FIs of the free probe and in the pres-
ence of excess NO (= 40 pM), ¢ = K. Assuming 1>> c*x
and n =1 eqn. 1. turns to y= a+b*c*x. The b*c corresponds
to the slope of the curve, which ultimately gives ¢ = K¢ =
(3.01 + 0.15) x 10* M.
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Figure 1. Fluorescence spectra of QAH (20 pM) upon reac-
tion with various amounts of NO (0-40 uM) in 10 mM HEPES
buffer (pH 7.20, p = 010 M NaCl at 25 °C, A, = 380 nm). Inset
is the plot of FI vs. [NO] (S.D. = £3).

To shed some light on the mechanism of fluorescence
enhancement for the reaction between QAH and NO we
have isolated the product of the reaction and character-
ized by exploiting different spectroscopic techniques.
Here, QAH (5 mmole) was reacted with nitric oxide in
acetonitrile in open air and the light yellow product was
isolated and purified by recrystallization from ethanol
and elucidated by NMR (Figures S6 and S7) (in DMSO-
ds), HRMS (Figure S8) and FTIR (Figure S9) spectrome-
try. The ESI-MS® peak at 248.0983 (1,2,3,4-
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oxatriazole+H,0") clearly suggest the formation of 1,2,3,4-
oxatriazole (QOT). The receptor QAH showed IR absorp-
tion bands at 3321 cm”, 3136 cm™ and 1660 cm™ corre-
sponding to -NH,, -NH and -C=0 stretching vibrations,
respectively. The product (QOT) showed -C=N and -N=N
frequencies at 1679 cm™ and 1646 cm™ respectively de-
voiding any peaks for -NH,, -NH and -C=0 groups. Thus,
it clearly demonstrates that on reaction with NO, IR
peaks corresponding to -C=0 in QAH is replaced by new
peaks for -C=N and -N=N at 1679 cm™ and 1646 cm™
(sym.) respectively in QOT *** (Figure S9) signifying the
formation of 1,2,3,4-oxatriazole. The ®C{'H}-NMR studies
also support this fact showing a shift in -C=0 and -OCH,
(167.3 and 68.7 ppm) signals of QAH to 170.1 and 66.2
ppm for -C=N and -OCH, carbon atom in the QOT. Also
from the 'H-NMR titration in CD,CN it showed that with
increasing the concentration of NO the peak correspond-
ing to -NH, (4.04 ppm) and -NH (9.38 ppm) of the probe
(QAH) gradually diminishes (Figure S10) and ultimately
vanishes to the base line. We run another IR spectrum
after few days of isolation of the product QOT; a very
small peak at 2073 cm™ is observed due to the opening of
the oxatriazole ring and formation of a very small quanti-
ty of azide product (Figure Su). We attempted to grow
single crystals of QOT in CH,CN and after one month
single crystals of the hydrolysis product of QOT was
formed which was characterized by single crystal X-ray
diffraction studies (Figure 2). So with time QOT is con-
verted to carboxylic acid very slowly through the inter-
mediate azide form* (Scheme 3). We also studied the
stability of the probe (QAH) in CD,CN and D,O (1:99 v/v)
by 'H-NMR study. After 24 hrs. no observable change in
'H-NMR spectra (Figure S12) was noticed. So the sensor
QAH is stable in pure water, at least for 24 h.

Figure 2. Molecular view of 8-Carboxymethoxy-
quinolinium ion.

Fluorometric Kinetic Studies. Pseudo-first-order
conditions were maintained for the kinetic studies of the
reaction of QAH with aqueous NO at pH 7.2 and 15 °C by
keeping QAH at 5 pM and NO concentration was varied
in the range 30-170 pM (Figure 3). The time dependent
fluorescence response and corresponding growth curve
for [QAH] = 5.0 uM and [NO] = 10 uM at 15 °C is illustrat-
ed in Figure S13. The kinetic traces at 490 nm display
single exponential growth curves which clearly manifest a
first-order dependence of rate on [QAH]. The k., (pseu-
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do-first-order rate constants) were extracted by the grafit
program.

When we plot ks vs. [NO] it yields a non-linear curve
with an upward curvature. However, when we plot k, as
a function of [NO]J* it gives an excellent straight line indi-
cating [NO] dependent second-order kinetics (Figure 3)
which was further confirmed by a plot of log(kys) vs.
log[NO] yielding a slope = (2.2+ 0.03) (Figure Si14) with R
= 0.999. In a second experiment, we have determined the
dependence of rate on [QAH]. Here the [QAH] was varied
ranging between 20-100 pM w.r.t fixed [NO] i.e. 5 pM. A
plot of logk,y, vs. log[QAH] gives slope (1.00 + 0.26) (Fig-
ure S15) with R = 0.997, which also clearly indicates
[QAH] dependent first-order kinetics.
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Figure 3. Plots of ks vs. [NO] (Blue) and [NO]J* (Red) rep-
resents the reaction among QAH and NO. Conditions are:
[QAH] = 5 uM and [NO] = (30 to 170) pM, 10 mM HEPES
buffer (pH = 7.2, NaCl = 010 M, temperature = 15 °C) em-
ploying fluorimetric techniques (S.D. = +3).

Tentative reaction sequences can be framed as:

2NO + 0, 3 2NO, @)
NO, + NO 2 N0, 3)
N,05 + H,0 S 2H* + 2N0y 4)
N0y +L 21— NO+NO; + H* (5)
L-NO+ H* 51 4 10 (6)

In the eqn (3) N,O, is formed which act as a NO* donor
and react with L (QAH) to form L-NO, which leads to the
formation of the ring-closed 1,2,3,4-oxatriazole moiety (L')
(Scheme 3). The reported rate constants for the above
reactions are: k, = 6.33 x 10° M*s™%,* k= 1.1 x10° Ms™,*
k;[H,O] = 1.6 x 10° s°. It clearly indicates that small con-
centration of NO, and N,O, are present as reactive inter-

mediates.
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Scheme 3. The proposed mechanism of the reaction of QAH with NO/O.,.
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Employing steady-state approximation for the concentra-
tion of NO, and N,O, eqn (7)*' can be derived for the for-
mation of QOT (L’).

diL’ kyky[L]
dt — 2(ks[H,0] + ky[L]

[NOJZ[02]c (D)

Experimentally, we observed that the reaction rate is
second-order in [NO] and first-order on [L] (QAH) which
helps us to assume that k;[H,O] >>k,[L] and eqn. (7)
turns to (8).

dlL)  kyky[L]
dt ~ 2ks[H,0]

[NOJZ[02]c  (8)

Adoption of pseudo-first-order conditions with L as a
minor component and in open air (the dissolved [O,], =
2.5 mM at 25 °C) reduces eqn. (8) to eqn (9), where kg, =
{d[L]/dt}/[L].

kops = k' [NO]% (9)
Where,
po= ks 10
- 2 k3[H20] [ Z]t ( )

The k' = (2.13 x 0.03) x 10° Ms™ at 15 °C was extracted
from a linear curve fitting of the plot of ks vs. [NOJ™
With the help of reported values of k,, k;[H,O], and k', the
value of k, = 4.31 x 10> M™'s™ was calculated and revealed
same order of magnitude for the alike reactions between
N,O, and different thiols:, GSH (2.9 x 10° M™’s™ ), N-acetyl
cystein (1.5 x 10> M7's™), HSA (0.3 x 10° M's™ ), Cys (2.6 x
10° M™'s™), BSA (0.06 x 10> M™'s 7')*" and also to our previ-
ous results *°.

Selectivity studies. The high specificity of the probe
(QAH) toward NO was determined by detecting its fluo-
rescence signal to a variety of reactive species, biomole-
cules, ROS, RNS and other species (50 pM) such as O*
,H,0,, NO;’, *OH, NO,’, ONOO’, TEMPO, HCHO, gluta-
thione (GSH), dehydroascorbic acid (DHA), ascorbic acid
(AA) and HNO. Figure 4 clearly highlights that no de-
tectable fluorescence signal of these reagents towards
QAH were observed under the identical reaction condi-
tions. Various inorganic anions (Figures Si6(a) and
$16(b)) and cations (Figures S17(a) and S17(b)) also do
not interfere with the detection of NO.

o) o)
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Determination of LOD (Limit of Detection) for NO
and Quantum Yyields. The 36 method was used to de-
termine the LOD of NO which was become 45.4 nM (Fig-
ure S18). The quantum yields (@) of QAH and QOT are
0.0179 and 0.3759 respectively, with an aqueous acidic
solution of quinine sulphate as standard, indicating QAH
as an example of ideal chemosensor for NO. As in macro-
phase cultures ** the typical concentrations of NO is in
micro- to nanomolar range; our determined LOD value
clearly suggests that the present probe could be success-
fully used for the measurement of NO in these cell types.
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Figure 4. (a) Bar plot and (b) spectral plot of fluorescence
responses for the probe QAH at 490 nm towards different
reactive species. Conditions: HEPES buffer (10 mM, pH 7.2.);
QAH = 20 pM, X" = 50 pM; A, = 380 nm (S.D. = +3).

pH-Study: To check the practical applicability of the
probe under physiological conditions the dependence of
fluorescence intensities of QAH and QOT, formed after
reaction with NO, were investigated at different pH. The
results showed that the probe (10 pM) is very weakly
emissive in the pH range 4.0-9.0. But, in the presence of
20 pM of NO the FI was found to be significantly high
compared to QAH in the range pH 4.0-8.0 and then FI
abruptly decreases with pH (Figure S19). This observa-
tion clearly indicates that the FI of QOT remains suffi-
ciently high at pH~7.0, implying the safe use of QAH for
monitoring NO under physiological conditions.
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Probing of PET process by DFT calculations: To con-
firm the PET process we have carried out the theoretical
calculations on QAH and QOT using density functional
theory (DFT). The ground state optimized geometries
QAH and QOT are found to be stable without any imagi-
nary frequency. The QAH comprises of donor (hydrazide
group) and acceptor (quinoline) groups while QOT con-
sists of donor (1,2,3,4- oxatriazole group) and fluorophore
(quinoline moiety)®® as based on the orbital distribution
diagram. So from the optimized ground state geometries
of QAH and QOT, we picked up the orbitals in which the
electron distributions are mainly located in the fluoro-
phore (acceptor) part. Similarly, we picked up the orbitals
in which the electron distributions are located in orbitals
of donor part (Figure 5). From Figure 5(a) for QAH the
HOMO energy of donor (hydrazide moiety) is found to be
-8.72 eV, whereas, in the case of fluorophore the HOMO
and LUMO energies are -8.90 eV and -0.64 eV, respective-
ly. As a result, HOMO energy of donor (hydrazide moie-
ty) (-8.72 eV) is higher than HOMO energy of the fluoro-
phore, therefore PET process can easily be happened. But
in QOT, formed after the reaction of QAH with NO, the
HOMO energy level of the donor is lower (-10.92 eV) than
HOMO energy of fluorophore (-8.77 eV) (Figure 5(b).
Thus, the PET process is blocked, which results in signifi-
cant enhancement of the fluorescence intensity.
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Figure 5. Geometries and orbits of (a) QAH and (b) QOT
derived by DFT calculation. (DFT in CAM-B3LYP/6-31+G (d)
level).

Fluorescence cell imaging of NO (Exogenous and
Endogenous) in Live Cells. The cytotoxicity of the QAH
was evaluated in As49 and Raw 264.7 cells (Figure 6a).

The Journal of Organic Chemistry

Both the cell lines exhibited good tolerability, which con-
strues QAH as a biocompatible NO sensor in live cells.
Before proceeds with fluorescence imaging, As49 and
Raw 264.7 cells were evaluated for exogenously and en-
dogenously release of NO by Griess assay (Figure 6b-c).
Endogenously induced NO sensing of QAH was evalu-
ated in Raw 264.7 murin macrophage cells. The cells were
co-stimulated with LPS (1.0 mg/mL) and IFN-y (1000
U/mL) for 2, 4 and 6h followed by QAH (5 uM). Stimulat-
ed cells show bright blue fluorescence on treatment with
QAH compared to non-stimulated cells (Figure 7). The
bright blue fluorescence is due to endogenous NO and
was confirmed by further incubation of Raw 264.7 cells
with NO scavenger PTIO (200 mM) for 2h and then treat-
ed with QAH (5 uM) for 30 min, which showed a marked
covered up of blue fluorescence, implying that the intra-
cellular fluorescence changes are unquestionably due to
NO generation (Figure 7). Likely, bright blue fluores-
cence was seen on exogenously induced NO from DEA-
NONOate in the Ags49 cells (Figure 8). The fluorescence
intensity due to turn-on signal (QAH+NO), were quanti-
fied in endogenously and exogenously stimulated NO
(Figure 9 a and b). Eventually, we have also investigated
the detrimental toxic effect of QOT, the product of the
reaction between QAH and NO, on the cell viability.
(b)
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Figure 6. (a) Graphical presentation of assay for Cell via-
bility. (b) Graphical representation (Mean = SD) of
exogenous NO level measurement by Griess assay after add-
ing DEA NONOate 5 and 10 pM. (c) Graphical representation
(Mean + SD) of endogenous measurement of NO level by
Griess assay after NO inducer treatment along with iNOS
inhibitor PTIO compared to control after 6 h.

The time-dependent cell viability of QOT generated
from the reaction between QAH + DEA-NONOate donor
(5 and 10 uM) on Asg49 cells and -/+ stimulated Raw 264.7
cells up to 12 h does not exhibit any significant change in
time-dependent toxicity (Figure S20). All these observa-
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tions point out the excellent biocompatibility and aptness
of QAH for the recognition of NO in live cells by fluores-
cence technique.

Without LPS LPS + IFN-y 2h LPS + IFN-y 4h LPS + IFN-y 6h
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Phase contrast

QAH
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Figure 7. Fluorescence cell image of Raw 264.7 macro-
phage cells stimulated with LPS (1.0 mg/mL) + IFN-y (1000
U/mL) with or without iNOS inhibitor PTIO (200 mM) for
2h, 4h and 6h followed by QAH (5 uM) for 30 min. Intracel-
lular blue fluorescence was observed in response to NO in-
teraction with QAH and all the Images were captured at 40X
objective.

QAH (5 pM) QAH (5 pM)
(Control) DEA-NONOate (5 pM)
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Figure 8. Fluorescence imaging of As49 cells incubated
with DEA-NONOate (5 and 10 pM) and QAH (5 and 10 uM).
Intracellular blue fluorescence was observed in response NO
interaction with QAH. Images were taken at 40X objective.
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Figure 9. (a) Quantified fluorescence (Mean + SD) turn-on
in Ag49 cells after treatment with NO donor DEA-NONOQate
in presence of QAH (b) Quantified fluorescence (Mean + SD)
turn-on in Raw 264.7 cells after stimulation with LPS (1o
mg/mL) and IFN-y (1000 U/mL) for 2h, 4h and 6h in pres-
ence of QAH (5 pM) with or without iNOS inhibitor PTIO
compared to control. (a.u.) = Arbitrary unit.

CONCLUSION

In summary, we have successfully developed a simple
acyl hydrazide based fluorescent probe (QAH) for NO
sensing in purely aqueous medium. It detects exogenous
NO in As49 cells and endogenously generated NO in
RAW 264.7 cells. Moreover, the low cytotoxicity, high
selectivity, water solubility and excellent detection limit
of QAH probe towards NO make it a potential bio
imaging probe for in vitro monitoring of NO. To the best
of our knowledge, this is the first fluorescent probe
(QAH) for the detection of NO, through a novel mecha-
nism that leads to the formation of 1,2,3,4-oxatriazole het-
erocyclic moiety. Table S1 has been prepared for high-
lighting of LOD, reaction mechanism and kinetic studies
of some published NO probe. The kinetic studies of the
reactions between the probe and NO provide a mechanis-
tic insight into the formation of 1,2,3,4-oxatriazole which
showed that though initially 1,2,3,4-oxatriazole formed
and extractable in solid form, it exists in equilibrium with
its ring opened azide form which ultimately hydrolyzed
and converted to carboxylic acid and nitrate.

EXPERIMENTAL PROCEDURES

Materials and Methods: The reagent grade starting
materials such as Hydrazine hydrate, Ethyl-bromoacetate,
8-Hydroxyquinoline (Sigma Aldrich), salts of K', Na’,
Ca™, Mg”, Cr*', AP", Fe*, Mn™, Fe**, Cu”, Co™, Ni",
Hg™, Zn*, Pb*, Cd*" etc. and sodium salts of anions like
SCN, NO,, NO,, N, I, Br,, F, BrO,, HPO,, 10,, OAC,
S,0,7, S,0,”, PPi, SCN, NCS etc. with other reactive
species like H,O,, *OH, O*,TEMPO, NO;", NO,, ONOO~
, GSH, ascorbic acid (AA), dehydroascorbic acid (DHA),
and DEA-NONOate (sodium salt) were purchased from
Sigma Aldrich and used without further purification. Sol-
vents like absolute ethanol, MeOH, CH,CN etc. (Merck,
India) were of reagent grade and dried before use.

Physical Measurements: FTIR (Fourier Transform In-
frared Spectra) (4000 - 400 cm™) of the ligands (QAH)
and product (QOT) of the reaction with NO were record-
ed on a Perkin-Elmer RX I FTIR spectrophotometer on
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solid KBr discs. UV-Vis spectra were recorded on an Ag-
ilent 8453 Diode-array spectrophotometer. PTI (Model
QM-40) spectrofluorimeter was used for fluorescence
studies. Bruker 300 MHz spectrometer was used to run 'H
and *C{'H}-NMR spectra in CD,CN and DMSO-ds using
trimethylsilane (§ = 0) as an internal standard. ESI-MS*
(m/z) of the probe (hereafter designated as QAH) and the
reaction product (hereafter designated as QOT) were rec-
orded on a HRMS spectrometer (Model: QTof Micro
YA263).

Preparation of Stock Solutions: 10 ml of 1.0 x 10> M
stock solution of the probe (QAH) was prepared by dis-
solving it in two drops of CH,CN (~1%) and then volume
was adjusted with H,O (HPLC grade). Nitric oxide gas,
was purified by passing through solid NaOH pellets,” and
then purzed through deoxygenated deionized water for 15
min in a sealed vial, which results in NO concentration of
1.74 x 10> M. The reported method was used to prepare
solutions of *OH and ONOO™*® Angeli's salt was used a
source of HNO. * The stock solutions (1.0 x 10> M) of dif-
ferent cations, anions and different molecular species
were prepared in H,O. All the experiments were carried
out in 10.0 mM HEPES buffer at pH 7.2 and ionic strength
was maintained at 0.0 M (NaCl). 2.5 ml of the 10.0 mM
HEPES buffer was pipetted out into a cuvette and 50 pL of
the probe (1.0 x 10® M) was added, which gives the probe
concentration 20 pM, and then variable concentration (o
- 40 pM) of NO was added incrementally and fluores-
cence spectra were recorded for each solution.

Kinetic Studies: Kinetic studies were carried out under
pseudo-first-order conditions with QAH as a minor com-
ponent (5 pM) and nitric oxide concentration was varied
between 30 and 170 pM at pH 7.20, at 15 °C. The depend-
ence of rate on [QAH] was also determined keeping NO
as a minor component (5 pM) and [QAH] was varied in
the range 20-100 pM. The first-order dependence of rate
on [QAH] was confirmed by a plot of logk, vs. log[QAH]
giving a slope (1.00 + 0.26) with R = 0.999. Similarly a se-
cond order dependence on [NO] was confirmed by a plot
of logkgys vs. log[NO] with slope (2.2+ 0.03) with R =

Calculation of LOD: For the LOD (Limit of Detection)
calculation of NO 30 method was used (eqn. 11).

LOD =3 xS4/S (12)

Where, the standard deviation of the intercept of the
blank is represented by Sy and is acquired from a plot of
fluorescence intensity (FI) vs. [QAH]. The slope of the
linear plot of FI vs. [NO] of the fluorescence titration data
is represented by S.

Quantum Yield: Fluorescence quantum yields (&) of
QAH and QOT were determined with the help of eqn. 12
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ODstd X Asample
() =——XO 12
smaple ODSample X Astd std ( )

Where, the respective areas of the sample and standard
under the fluorescence spectral curves are represented by
Agmple and Agq. The corresponding optical densities of the
standard and sample at A, are given by ODy4 and ODg,p1e
respectively. Aqueous acidic solution of quininesulfate
was used as the standard with ®gy = 0.54.

Computational method: To establish the PET mecha-
nism, the geometry of QAH and QOT were optimized by
CAM-B3LYP function using 6-31+G(d) basis set. On the
basis of all optimized ground state structures of QAH and
QOT, the absorption spectra were calculated by TD-DFT
(time-dependent) method applying CAM-B3LYP/6-
31+G(d) basis set. All calculations of the molecules were
carried out using the Gaussian og program package * and
also PCM (polarizable continuum model) was adopted for
solvent (H,O) effects.

Fluorescence Imaging Experiments:

Cell viability assay: The lung carcinoma As49 cells and
Raw 264.7 murine macrophages, grown in Dulbecco's
modified Eagle's (DMEM) medium were supplemented
with 10% FBS and 1% antibiotic at 37 °C with 5% CO,. Cell
viability of the ligand QAH was evaluated against As49
and Raw 264.7 cells. Briefly, 1x10° cells were seeded in 96-
well culture plate and allowed to settle down for over-
night at 37°C. Cells were then treated with ligands QAH
with gradual increasing concentration (ranging 10-100
pM) for 24 h. 10 pl of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) solution (10 mg/ml
1xPBS) was supplemented to each 96-well and incubated
at 37°C for 3 h. Media were removed from all wells and 100
pl acidic isopropyl alcohol was added. The intracellular
formazan crystals (blue-violet) were solubilized in 0.04 N
acidic isopropyl alcohol and absorbance was measured at
595 nm with a micro plate reader (EMax Precision Micro-
Plate Reader, Molecular Devices, USA). Experiments were
repeated three times and relative cell viability was ex-
pressed as a percentage (%) compared to untreated con-
trol cells. Endogenous and exogenous NO generation was
measured by Griess assay®.

In-Vitro Cell incubation and imaging: As549 and Raw
264.7 murine macrophages cells were taken for exogenous
and endogenous NO detection respectively. The cells
were cultured on glass coverslip inside 35x10 mm culture
dishes. Exogenously, A549 cells were treated with sodium
salt of nitric oxide donor DEA-NONOate (5 pM and 10
pM) and incubate at 37°C with 5% CO, for 30 min and
then washed 3 times with 1x PBS followed by treatment
with QAH (5 and 10 pM) for 30 min, washed and live cell
imaging by fluorescence microscope (Carl Zeiss, Germa-
ny) was completed. Endogenously, Raw 264.7 cells were
co-stimulated with LPS (1.0 mg/mL) and IFN-y (1000
U/mL) for 2, 4 and 6 h, and without co-stimulant (con-
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trol) and further incubated with QAH (5 pM) for 30 min.
The cellular fluorescence was accompanying only with
NO generation was confirm by NO scavenger PTIO (2-
Phenyl-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide)
treatment. Raw 264.7 cells were co-stimulated with LPS
(1.o mg/mL) and IFN-y (1000 U/mL) for 2h, 4h and 6 h,
along with PTIO (200 mM) followed by treated with the
QAH (5 uM) for 30 min and live fluorescence images were
performed.

Syntheses of (Quinolin-8-yloxy)-acetic acid hydra-
zide (QAH). QAH was synthised in two steps by the liter-
ature method.” A mixture of 8-hydroxyquinoline (0.06
mol, 8.71 g), ethyl bromoacetate (0.06 mol, 10.02 g) and
anhydrous K,CO, (0.06 mol, 8.29 g) in dry acetone was
refluxed for 17 h. to afford (quinolin-8-yloxy)-acetic acid
ethyl ester. The solid residue thereby formed was re-
moved by filtration and then the solvent was removed
under reduced pressure to get the desired product which
was purified by column chromatography on silica gel,
using ethyl acetate: petroleum ether (1:3) as the yellow oil.
Yield 11.79 g (84.6 %).

The resulting ester (0.02 mol, 4.62 g) was dissolved in
ethanol to which hydrazine hydrate (0.4 mol) in ethanol
was added and the resulting mixture was refluxed on a
water bath for 7 h. After cooling, the precipitated solid
was filtered and washed with cold water, dried and recrys-
tallized from ethanol (Scheme 1). Yield 3.26 g (75%).
[CuHuN302]; Molecular Weight 217.0851. '"H-NMR (300
MHz DMSO-d¢): 4.41 (s, 2H, -NH,), 4.75 (s, 2H, -CH,),
7.25 (d, 1H), 7.50 - 7.61 (m, 3H, -ArH), 8.38 (d, 1H,-ArH),
8.92 (d, 1H, -ArH), 9.46 (s, 1H, -NH) (Figure S1). *C{'H}-
NMR (in DMSO-d)(8, ppm): 167.3, 154.3, 149.8, 140.2,
136.6, 129.6, 127.2, 122.5, 121.4, 112.1, 68.7. (Figure S2). ESI-
MS" (m/z): (QAH+H") 218.0958 found; calculated
218.0930. (Figure S3).
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