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NO is key free-radical messenger and neuronal signal which is closely related to many brain diseases. It is a challenge to

develop a sensitive and reliable biosensor for in vivo monitoring NO in brain. Here, a facile ratiometric electrochemical

www.rsc.org/

biosensor for NO monitoring in rat brain followed by cerebral ischemia was developed on the basis of carbon nanotube

fiber (CNF) modified by hemin, in which CNF not only served as a platform to assemble hemin molecule, but greatly

facilitated the electron transfer of hemin on the electrode surface. Additionally, hemin molecule played dual roles: a stable

catalyst for reduction of NO toward selective detection of NO at -0.67 V vs. Ag/AgCl, as well as an inner reference element

to provide a built-in correction, avoiding the interference from complicated brain environment. The developed ratiometric

biosensor can detect NO with a linear range from 25 to 1000 nM, with a low limit of detection down to 10 nM, which

fulfills the requirements for in vivo measurement of NO. The remarkable analytical performance of the present biosensor,

as well as the long-term stability and good reproducibility established a reliable approach for in vivo monitoring NO in

hippocampus of rat brains followed by cerebral ischemia. It was first report that the average level of NO increased from 61
+23 nM to 141 + 18 nM after cerebral ischemia for 15 min.

Introduction

Nitric oxide (NO) is a key free-radical messenger involved in a
wide range of physiological and pathological processes.l'2 In
the brain, NO regulates vascular tone, acts as a neuronal signal
in the gastrointestinal tract and central nervous system, and
contributes to the pathology of several brains diseases
including ischemia, Parkinson’s disease and Alzheimer’s
disease. The main blockade for NO in vivo measurement
includes the low concentration in brain of sub-micromolar,
and high affinity for
interaction with O,, peroxides and the superoxide anion (0,").
Thus, development of monitoring strategies for NO in vivo with
good selectivity, sensitivity and fast response are essential to
progress our understanding of the roles of NO playing in
pathological and physiological events in the brain and related
brain diseases.>®

Up to now, the majority of analytical approaches for
measuring NO includes chemiluminescence, Raman spectra,
EPR spectroscopy, fluorescence, and electrochemical

short half-life within 1 min in tissue,g’4
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methods.”™ However, most spectroscopic methods present
obstacle for in vivo NO detection due to the complex
instrumentation that is difficult to miniaturize.”>® In contrast,
electrochemical methods show remarkably advantages in their
speed, easy miniaturation, real-time measurement, and in vivo
determination.””? In those investigations, the material used
to construct an electrochemical NO sensor plays a pivotal role
in the sensitivity and stability.ZG'28 However, the involvement
of manual modification procedures through coating
nanomaterials on the electrode surface might increase the risk
of person-to-person or electrode-to-electrode deviation during
the measurement.”® *® Such situation would become more
serious in complicate biological system, like in brain. In
addition, the other question for in vivo measurement of NO is
that most biosensors of NO suffer from significant baseline
drift when employed directly in biological sample, particularly
in brain, mainly due to the bio-fouling of electrode from
protein, peptide, and cell. Thus, it is still a challenging work
to develop a more facile, reliable and accurate electrochemical
biosensor for determination of NO in a rat brain.

In the present work, we established a new approach to
detect NO in vivo using a novel CNT fiber modified by hemin
(Fig. 1). The CNF was demonstrated to possess uniformed
surface structure and small diameter of ~10 um. Furthermore,
the CNF comprising of abundant carbon nanotubes, provided a
high surface-to-volume ratio, and greatly enhanced the direct
electron transfer of hemin assembled on the electrode
Such  integration  of with
nanomaterials not only simplifies the electrode fabrication
procedure, but also greatly improves the sensitivity and

surface. microelectrode
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Fig. 1. Developed ratiometric electrochemical sensor for real-
time monitoring of NO in a rat brain followed by global
cerebral ischemia.

reproducibility of electrode.?”  0On the other hand, hemin
with good stability was modified on the CNF. The hemin
immobilized on the electrode surface was expected to have
dual roles, a catalyst for reduction of NO 34,35 toward the
selective detection of NO at -0.67 V vs. Ag/AgCl, and an inner
reference element to provide a built-in correction, avoiding
the interferences from complicated brain environment and
leading to ratiometric determination with high accuracy. Then,
Nafion was covered as a bio-fouling layer to defend the
interference from anions and macromolecules. Finally,
combined with unique properties of CNF including easy to
insert in the live brain and good biocompatibility, the
developed biosensor succeeded in directly evaluating the
levels of NO in a live rat brain. The concentration of NO
increased by 1.3-fold in hippocampus of rat brain upon
cerebral ischemia, compared with those in the normal rat
brain.

Results and discussion

Characterization of hemin-modified CNF microelectrode.
Motivated by development of NO biosensor available for in
vivo determination in the complicate rat brain with high
sensitivity and reliability, CNF was dry-spun from multi-walled
carbon nanotube (MWCNT) arrays with revolving speed of
about 2000 rpm.36 As shown in Fig. 2A, a CNF composes of
carbon nanotube (CNT) bundles with a uniform diameter of ~
10 um. The abundant CNTs in CNF showed smooth multi-
walled structure with averaged diameter of ~5 nm (Fig. 2B).
The modification of hemin was verified by XPS. As
demonstrated in Fig. 2C (Curve Il), two obvious peaks located
at 708 eV for Fe 2p;),, and 723 eV for Fe 2p;,, were observed
clearly after modification of hemin, while no peak was
obtained at bare CNF electrode (Fig. 2C, Curve |), suggesting
hemin has been successfully assembled on the CNF surface.

2| J. Name., 2012, 00, 1-3
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Fig. 2. (A) SEM image of CNF; (B) TEM image of MWCNTs for
CNF. Inset: TEM image of a single MWCNT. (C) XPS spectra of
Fe 2p at CNF (lI) and CNF/hemin (ll); (D) UV-Vis spectra
obtained in DMSO solution of 10 mM hemin (l) and suspension
of 10 mM hemin with CNFs (l1).

Wavelength / nm

Then, UV-Vis spectroscopy was further employed to
demonstrate the non-covalent binding of hemin molecule on
electrode surface. As shown in Fig. 2D (Curve |), a strong
absorption peak at ~ 387 nm was observed in hemin solution.
But the absorption peak moved to 398 nm in mixed
suspension of hemin and CNFs (Curve Il in Fig. 2D). The
bathochromic shift of ~11 nm in the absorption peak suggests
that m—t interaction between hemin molecule and CN.*’

Electrochemical responses of the CNF/hemin/Nafion
microelectrode

Differential pulse voltammetry (DPV) was employed for
electrochemical measurements of NO because of its high
sensitivity. Fig. 3A shows DPV signals obtained at (I) bare CNF,
(1) CNF/hemin, and (lll) CNF/hemin/Nafion electrodes in aCSF
(pH 7.4). A clear cathodic peak located at -0.33 V vs Ag/AgCl
was observed at the CNF/hemin electrode in aCSF (pH 7.4)
(Fig. 3A, Curve Il), while no obvious response was obtained at
bare CNF electrode (Fig. 3A, Curve I). Such cathodic peak at -
0.33 V was attributed to the reduction process of Fe®"?",
electroactive center in hemin molecule, confined on CNF
electrode surface through strong m-mt stacking interaction.
Then, Nafion was covered on the CNF/hemin microelectrode
to protect the electrode from the interference of anions and
biofouling from macromolecules, and cells in brain. Negligible
change for hemin electrochemical response was observed (Fig.
3A, Curve lll), indicating that coating of Nafion would not block
the electron transfer of hemin molecule at the CNF
microelectrode surface. From the relationship between anodic
and cathodic peak currents of hemin and potential scan rates,

we found that the redox process of hemin molecules on the

This journal is © The Royal Society of Chemistry 20xx
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electrode surface was the surface-confined process (Fig. S1,
Sl). The rate constant of the heterogeneous electron transfer
(Ks) of hemin on CNF microelectrode was estimated to be
~11.98 s, which is much greater than that obtained at metal
electrode modified by hemin (~ 0.67 sh)38 30 suggesting that
the electron transfer of hemin was greatly facilitated on the
developed CNF electrode surface. Such large Ks might
originate from the cleaner and more defects of MWCNT in CNF
produced after heating treatment (Fig. S2, SI) than that of raw
MWCNT. With the addition of NO into aCSF (pH 7.4), a new

o“°¢“°‘°¥66\69:\;o° °;oé I 0606\”3\"\@%%%?\%*&*"\‘6@1*\9°

Fig. 4. (A) Selectivity tests for neurotransmitters against NO (1) 500 nM
NO; (2) 400 uM AA; (3) 10 uM UA; (4) 10 uM DOPAGC; (5) 10 UM DA; (6)
10 pM 5-HT; (7)10 pM 5-HIAA. (B) Selectivity tests for metal ions
against NO (1) 500 nM NO; (2) 1 mM K'; (3) 10 uM Ca®*; (4) 1 mM Na';
(5) 10uM Mg*; (6) 10uM Cu*; (7) 10uM Fe™; (8) 10uM
Fe3+.(C)SeIectivity test for ROS against NO (1) 500 nM NO; (2) 10 uM
HNO; (3) 10 UM '05; (4) 10 pM NO3; (5) 10 UM CIO’; (6) 10 UM *OH; (7)
10 uM ONOO’; (8) 50 UM Oy; (9) 10 uM ROO; (10) 10 uM 0,"; (11) 1

gg ] ’ UM H,0,. (D) Selectivity tests for amino acids against NO (1) 500 nM
’;30 cath'odlc peak appeare.d at -0.67 V vs Ag/AgCl, w'h|ch Was N0 (2) 10 uM Gln; (3) 10 UM Iso; (4) 10 UM Val; (5) 10 uM Met; (6) 10
=9 ascribed to the reduFtlon of NO catalyzed by hemin on th.e UM Lys; (7) 10 M L-Arg; (8) 10 UM His; (9) 10 UM D-Try; (10) 10 uM
= electrode surface (Fig. 3A, Curve IV). The electrocatalytic Cys; (11) 10 uM Ser; (12) 10 uM Thr; (13) 10 uM Gly; (14) 10 UM Asp;
%2 reduction of NO by hemin can be elucidated by the following (15) 10 uM L

. . 40 pvi Leu.
%33 reactions mechanism:

Fe (I) + NO —> Fe (I)-NO
Fe (I1)-NO + H"+e- —> Fe (I1)-HNO

challenge to selective detection of NO. Here, the selectivity of

86 Fe (II=HNO + 2H'+ 2¢ Fe (I1) + H,NOH CNF/hemin/Nafion electrode for NO was evaluated by
37 . 2 . monitoring J/Jyo induced by potential interfering species (J
Furthermore, the cathodic peak current density (J;) observed 0 . . .
8 . O . . represents J,/J, value for various interferences) against that
at -0.67 V gradually increased with increasing concentrations of NO (ng is J./J 0 Jalue for 500 nM NO) (Fig. 4). The potential
39 of NO, while that of hemin at -0.33 V (Jpo) kept almost constant NG el Te 8- % P
40 (as shown in Fig. 3B), resulting in the ratiometric
41 determination of NO with high accuracy. Moreover, the A W B020
42 ratiometric peak current density ratio (J,/ J 0) exhibited a good oL 1: “Nom  m B = =
o/ Jp 1 2 3

43 linearity with the concentration of NO in the range of 20 to ‘*E o 0.5}
44 1000 nM with a detection limit down to ~ 10 nM (S/N = 3:1) : =
45 (Fig. 3B, inset). The electrochemical signals for hemin at £ 4 5 6 :n,. 0.10f
46 CNF/hemin were estimated to be ~10-fold greater than that 3 F\/\/
47 obtained at carbon fiber modified by hemin, owing to the large \V 0.05r
48 surface area and electrocatalytic activity of CNF (Fig S3, Sl). ool B B N B
49 More importantly, the CNF/hemin/Nafion electrode exhibited ' 1 2 3 4 5 6
50 fast response time for NO within 1 min (Fig. S4, Sl). The current E/Vvs. Ag/iAgCl N
51 CNF/her‘rTin/Nafion ‘n?i.crosensor den.mnstrated a wiqer IiT‘]e.ar Fig. 5. (A) Reproducibility test for CNF/hemin/Nafion electrode
52 range, higher sensitivity, and relatively low detection limit, monitored over 6 different sensors (from 1 to 6) with the addition of
53 compared with the previous electrochemical sensors of NO 300 nM NO and 50 uM O, in aCSF (pH 7.4). (B) The J,/J,° values taken
54 (Table S1). from Fig.7A (1 to 6) of 6 sensors.
55 The complexity of the brain system presents a great
56
57
58
59
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Fig. 6. (A) DPVs obtained at CNF/hemin/Nafion microelectrode in the
hippocampus of normal rat brain (I) before and after (ll) ischemia for
15 min, (Ill) after microinjection of 10 mM L-Arg into rat brain for 20
min. (B) Enlarged image of the red zone in Figure 6A.

amino acids, metal ions,
neurotransmitters, reactive oxygen species (ROS), and other
biological molecules, which may coexist in the brain system. As
shown in Fig. 4, no obvious currents (< 6%) were obtained for
cathodic peak located at -0.33 V upon the addition of amino
acids, metal ions, and potential interferences. Particularly for
H,0,, and O,, small interference current (< 5%) was obtained
at CNF/hemin/Nafion against NO signal. All results
demonstrated that the present sensor possesses high
selectivity for NO. Secondly, stability are also very essential for
further application in complex biological system. For stability
test, the present CNF/hemin/Nafion microelectrode was
evaluated by performing 1000 cycles of successive cyclic
voltammetric measurements in aCSF (pH 7.4). The relative
standard deviation (RSD) of the peak currents obtained at
CNF/hemin/Nafion changed not exceed 1.0% (Fig. S5A, Sl). On
the other hand, for the storing stability test, the peak current
showed only 9 % current decreasing after having been stored
at 4 °C for two weeks (Fig. S5B, Sl). These results indicated that
the modified electrode possesses good long-term stability.
Such excellent stability of the present electrochemical sensor
should thank to m-it stacking interactions between hemin and
carbon nanotube fiber.

interferences include

In addition, the reproducibility of CNF/hemin/Nafion
microelectrode was evaluated by comparison of JF,/Jp0 from 6
independent electrodes prepared with same method. As
demonstrated in Fig. 5, the deviation of the current responses
of 6 sensors prepared did not exceed 4.0% (RSD), suggesting
that the CNF/hemin/Nafion possesses excellent
reproducibility.

In vivo monitoring of NO in rat brain followed by cerebral
ischemia

The developed ratiometric biosensor for NO detection with
remarkable analytical performance, along with unique
properties of CNF including miniaturization, easy to insert in
the brain, and good biocompatibility, provided a facile and
reliable in vivo platform for assaying NO in the live rat brain.
Typical DPV responses of CNF/hemin/Nafion electrodes
implanted in the hippocampus of rat brain, were obtained in
the normal rat brain and rat brain followed by cerebral

4| J. Name., 2012, 00, 1-3
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ischemia. As shown in Fig. 6, two cathodic peaks were clearly
obtained at —0.35 V, and -0.69 V at CNF/hemin/Nafion
electrode in the rat brain (Fig. 6, Curve 1), which are ascribed to
the reduction peak of hemin, and NO, respectively. According
to the calibration, the basal levels of NO was estimated to be
61 + 23 nM in hippocampus. The slightly potential shift
possibly resulted from the shifting of an outer reference in the
complicated brain environment, but our ratiometric biosensor
can also effectively eliminate the shifting of outer reference
through taking the peak potential of hemin as inner reference.
The anodic peak current density increased to 141 + 18 nM
after ischemia for 15 min. To further verify increased current
density originating from reduction of NO on the electrode
surface, 10 mM Arg, NO precursor,“' 42
the brain because it can be decomposed and release NO via

was microinjected into

reacting with nitric oxide synthases. As anticipated, the
reduction peak current density of NO further increased by 30%
after microinjection of Arg for 20 min (Fig. 6B). As a control,
pure aCSF (pH 7.4) was microinjected into the brain for 15 min.
However, the infusion of aCSF gave rise to slight decrease of
NO electroreduction current (< 5%) (Fig. S6, Sl). Therefore, it
can be concluded that the increased cathodic current at -0.69
V observed in Curve Il is attributed to the reduction of NO
induced by cerebral ischemia. Those results further
demonstrated that the present CNF/hemin/Nafion can
effectively monitor NO change in brain.

Experimental
Reagents and chemicals

Hemin, dimethyl sulfoxide (DMSO), and NaClO were purchased
from Aladdin-Reagent Company (Shanghai, China). Ascorbic
Acid (AA), dopamine (DA), 5-hydroxytryptamine (5-HT), 5-
hydroxyindoleacetic acid (5-HIAA), dihydroxy-phenyl acetic
acid (DOPAC), uric acid (UA), potassium superoxide (KO,),
Nafion, H,0, (30%) were purchased from Sigma-Aldrich (USA).
Na,HPO,, NaH,PO,, NaOH, H,SO, and other chemicals were
obtained from Sinopharm Chemical Reagent Co. Ltd (China). In
the selectivity experiment, superoxide anion (0, ) was
obtained in dissolved KO, (150 uM) in the DMSO solution. 102
(singlet oxygen) was generated from 3, 3'-(naphthalene-1, 4-
diyl) dipropionic acid. Hydroxyl radical (¢OH) was generated by
Fenton reaction, which ferrous chloride was added in the
presence of 10 equiv of H,0,. The concentration of ¢OH was
considered to be equal to the Fe (ll) concentration.
Peroxynitrite (ONOO-) solution was synthesized by a mixture
of sodium nitrite (0.60 M) and H,0, (0.7 M) was acidified using
HCl (0.6 M), and NaOH (1.5 M) was added immediately to
make the solution alkaline. The excess H,0, was removed by
passing the solution through a short column of manganese
dioxide. L-arginine (Arg), L-cysteine (Cys), L-glutamine (Glu),
glycine (Gly), L-histidine (His), L-isoleucine (Iso), L-leucine
(Leu), L-lysine (Lys), L-methionine (Met), L-phenylalanine (Phe),
L-serine (Ser), L-threonine (Thr), L-valine (Val) were purchased
from J&K Scientific (Beijing, China). DL-lactic acid, L-tyrosine,

This journal is © The Royal Society of Chemistry 20xx
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Double-distilled water used in all experiments was obtained
from a Millipore water purification system (Milli-Q, =18.2
MQecm).

Above all, NO solution was prepared by adding NO
precursor, diethylamine NONOate sodium salt, into 10 mM
NaOH solution followed by dilution with aCSF(pH 7.4),
according to a protocol developed in previous literature about
NO detection.” All solutions were pre-bubbled with N, for 20
min to remove the dissolved oxygen unless otherwise stated,
and stored at 4 °C.

Apparatus and Instruments.

Electrochemical experiment was performed on an
electrochemical working station (CHI 660D, Shanghai, China) in
aCSF buffer solution (pH 7.4). A three-electrode system, with
an Ag/AgCl (KCl-saturated) electrode as the reference
electrode, and a platinum wire as the counter electrode, and
various modified microelectrodes as working electrode. All
potentials mentioned hereafter are versus Ag/AgCl (KCl-
saturated) electrode. All electrochemical experiments were
carried out at 25 °C. The differential pulse voltammetry
(potential step, 4 mV; modulation amplitude, 50 mV; pulse
width, 0.05 s; pulse period, 0.5 s) was used to detect NO. X-ray
photoelectron spectroscopy (XPS, AXIS Ultra DLD, Japan)
equipped with an Al K, (1486.6 eV photons) was used to

characterize the nanocomposites. The scanning electron

1

2 . . . . .

3 and tyramine were obtained from Tokyo Chemical Industry surface of MWCNT. The area of CNF was estimated according
4 (TCl) (Japan). its geometrical area according to the following equation: Acyr =
5 Artificial cerebrospinal fluid (aCSF) was prepared by 2nrl+2mr, in which r is the radius ?f CNF, | is th.e Ieng.th of
6 mixing CaCl, (1.1 mM), NaCl (126 mM), KCI (2.4 mM), NaHCO; carbon nanotube fiber exposed outside of glass capillary tip.

7 (27.5 mM), KH,PO, (0.5 mM), MgCl, (0.85 mM), and Na,SO, The fabrication of microelectrode.

8 (0.5 rnM) into .doubly distilled water, and the pH.of mixed A single CNF was attached to a copper wire with silver
9 solutlgn was adjusted to 74 All rea.gents and chemlc.a!s V\{ere conducting paste. Then, the CNF attached copper wire was
10 analytical grade and used directly without further purification. carefully inserted into the capillary with CNF exposed to the

fine open end of the capillary and Cu wire exposed to the
other end of the capillary. Both open ends of the capillary
were sealed with epoxy resin with 1:1 ethylendiamine as the
harder and the excess epoxy on the fiber was carefully
removed with acetone. After that, CNF microelectrode was
dried at 60 2C for overnight. The exposed carbon fiber was cut
to ~500 pm in length under a microscopy. Prior to
modification, the fabricated CFME was first sequentially
sonicated in acetone, 3.0 M HNO;, 1.0 M KOH, and Milli-Q
each for 2 min. Then, CNF microelectrode was immerged into
the DMSO solution of 10 mM hemin. The obtained
microelectrode was denoted as CNF/hemin electrode. Then,
the CNF/hemin electrode was dipped into 5% w/v Nafion
ethanol solution and allowed the solvent to dry in the air,
which was denoted as CNF/hemin/Nafion.

In vivo measurements.

The adult male Wistar rats (250-300 g, the age at the time of 3-
4 months) for in vivo measurement were purchased from
Shanghai SLAC Laboratory Animal Co. Ltd (Shanghai, China). All
procedures for animals were performed with approval of
Animal Ethics Committee in East China Normal University. Rats
were anesthetized with Chloral hydrate (300 mg/kg, i.p.).
Additional doses of 100 mg/kg (i.p.) was used to remain
anesthesia after each hour. Then, the rats were placed in a
stereotaxic frame  (Beijing Tide-Gene Biotechnology

26 microscopy (SEM) images were obtained on a Hitachi S4800 Development Center) with the incisor bar set at 5 mm above
= 7 field emission scanning electron microscope. The transmission the interaural line. Two holes were drilled with cranial drill on
%8 electron microscopy (TEM) images were acquired by High rat’s skull. The CNF/hemin/Nafion microelectrode was
39 Resolution Transmission Electron Microscopy (HRTEM, JEOL implanted in hippocampus of rat brain (AP = 5.0 mm, L = 5.0
40 JEM- 2010F, 200kV). Ultraviolet-Visible spectra (UV-Vis) were mm from bregma, V = 2.5 mm from the surface of the skull).
41 performed on UV-Vis spectrophotometer (UH5300, Japan). Another 2 mm plastical cannula was located at ~5 mm far from
42 The concentration of O, in solution was measured by Dissolved working electrode, in which reference and counter electrodes
43 Oxygen Meters (JENCO 9173 DO, China). In this paper, error were introduced. During the whole experiment, the rat's body
bar represents the standard deviation from three independent temperature was remained at 37 °C with a heating pad and
jg assays. supplements of chloral hydrate were given as required.
46 Synthesis of CNF. In the two vessel occlusion ischemia models, the bilateral
a7 The carbon nanotube fiber (CNF) was dry-spun from spinnable common carotids arteries were ligated as reported previously.
48 multi-walled carbon nanotube (MWCNT) arrays at a rotating Briefly, the bilateral common carotid arteries were first
49 rate of 2000 rpm.M’ The MWCNT arrays were synthesized by separated via a ventral middle line cervical incision. Then, the
50 chemical vapor deposition in a quartz tube furnace with a atlantooccipital membrane was exposed from the left side by
51 diameter of 2 inch. In a typical synthesis, Fe (1 nm) and Al,O; retraction of the trachea and esophagus to the right. A
52 (10 nm) were sequentially deposited on a silicon substrate by vascular clip stainless steel was used to make the basilar artery
53 electron beam evaporation and used as the catalyst. Ethylene occlu.ded. Blood 'flow in the basi.lar, falfter the cessation, cou!d
54 with a flowing rate of 90 sccm was used as carbon source, and be V|'sua||y conflrmed. Oc?ultatlon n bqth (.:o.m-mon carotl'd
55 a mixture of Ar (400 sccm) and H, (30 sccm) was used as arterl'es was ca.rrled out using two Yasarg|lim|n|cl|ps. Ischemic
56 carrying gas. Then, the CNF was put in pipe furnace under 600 duration was timed as soon as the last clip was used to the
57 °C for 2h in the atmosphere of N, gas to activate and clean the
58
59

This journal is © The Royal Society of Chemistry 20xx
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common carotid artery and the whole ischemic procedure
usually lasted for about 15 min.

Conclusions

In summary, through synthesizing CNF and employing hemin
as selective catalyst and inner reference element, we have
developed a facile strategy for ratiometric detection of NO.
The present biosensor demonstrated high accuracy and
stability, as well as high selectivity against metal ions,
neurotransmitters, amino acid, and ROS/RNS. The developed
method with theoretical simplicity, and less instrumental
demands, has been successfully applied for reliable detection
of NO in the rat brain followed by cerebral ischemia.
Additionally, the present study has provided a method for
designing and constructing more reliable ratiometric approach
for other important biological species which are related to
brain chemistry.
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