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Abstract The quantification of nitric oxide (NO) based on
the quenching of the fluorescence of a nanocomposites sensor
constituted by cadmium/selenium quantum dots (CdSe) sta-
bilized by chitosan (CS) and mercaptosuccinic acid (MSA) is
assessed. The optimization of the response of the CS-CdSe-
MSA nanocomposites to NO was done by multivariate re-
sponse surface experimental design methodologies. The
highest fluorescence quenching was obtained at pH 5.5 and
at room temperature. The NO quantification capability of CS-
CdSe-MSA was evaluated using standard solutions and a NO
donor reagent. A large linear working range from 5 to 200 pM
and a limit of detection of 1.86 UM were obtained. Better
quantification results were obtained using the NO donor re-
agent. Besides NO, the response of the fluorescence of CS-
CdSe-MSA to the main reactive oxygen and nitrogen species
and similar NO compounds was also assessed.

Keywords Nitric oxide - Chitosan - Quantum dots -
Nanocomposites - Fluorescence - Quenching

Introduction

Reactive oxygen species (ROS), as superoxide (O,7) and

hydrogen peroxide (H,O,), and reactive nitrogen species
(RNS), as nitric oxide (NO) and peroxynitrite (ONOQO"), are
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usually involved in several physiological and pathological
processes acting as a signalling molecule. However at higher
concentrations these reactive species induce cell damage.
Their determination is a matter of great importance in the
study of various physiological and pathological processes
[1]. Due to their high reactivity, short half-life, lower concen-
trations, rapid diffusion, possible antioxidant mechanisms and
potential interferences, their quantification and/or detection is
a continuous challenge. Also the chemistry of these species,
namely the preparation and manipulation of standard and
sample solutions, is not straightforward due to their reactivity
and trace amounts in biological fluids [2,3].

Nitric oxide (NO) and other ROS/RNS regulate many bio-
logical processes, such as cardiovascular relaxation, nervous
transmission and immunological responses. Disturbs in the
NO pathway can provoke disorders such as central nervous
system disorders, diabetes mellitus, stroke, hypertension, car-
diac failures and others. Due to this regulator role, NO is one of
the most studied ROS/RNS and is object of an intense research
in order to adequately detect and/or quantify NO by different
analytical techniques. The main analytical techniques used are
electron spin resonance, chemiluminescence, fluorimetric, col-
orimetric and electrochemical [2—5]. The fluorescence detec-
tion and/or quantification of NO have been done essentially by
several classes of organic fluorophores as diaminofluoresceins,
diaminorhodamines, dihydrorhodamines, diaminonaphthalene
and diaminoanthraquinones [2—7].

Some sensors based in nanocrystalline semiconductors
quantum dots (QDs) have been developed as fluorescent
probes for NO [8—14]. Most of these sensors are based in
CdSe [8-13] and one is based in the CdTe [14] QDs. Also
most of the CdSe sensors are based in the quenching of
fluorescence [8—12] and only one is based in the enhancement
of fluorescence [13]. Sensors based in CdSe fluorescence
quenching for NO detection were coupled to fiber optics using
cellulose acetate sensitive membranes [8]; biocompatible
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CdSe QDs chitosan (CS) nanocomposites [9]; CdSe/ZnS QDs
in polymethacrylate films [10]; CdSe QDs prepared by chang-
ing the oleic acid with tiethanolamine [11]; CdSe QDs coating
with metalloporfirins films [12]. Sensor based in the fluores-
cence enhancement are based in CdSe/ZnS QDs functional-
ized with tris(dithiocarbamato)iron(IIT) [13]. A sensor based
in CdTe QDs was developed by linked to carboxymethyl
chitosan (CMCS) [14]. For the two NO sensors based in CS
nanocomposites a linear working range from 5 to 55 uM for
CS-CdSe [9] and from 4.6 to 55.2 uM for CMCS-CdTe [14]
were obtained.

Nanocomposites resulting of the combination of inorganic
molecules with organic molecules (biopolymers as CS) have
been used in diagnosis and in cell targeted drug delivery.
Indeed chitosan is a biocompatible and biodegradable bio-
polymer with reduced cytotoxicity and low immunogenicity
with a great potential to be used in biomedical applications
[15,16]. The combination of QDs and CS allows increasing
their biocompatibility and consequently their use in
bioapplications. Other nanocomposites composed by QDs
and CS, or its derivatives, have been reported [16—18].

In this work, a new CS-CdSe-MSA nanocomposites was
synthesized and the potential as NO quantitative sensor was
optimized and evaluated. Optimization using response surface
experimental design methodologies were used in order to
establish the more adequate conditions to the NO quantifica-
tion by CS-CdSe-MSA. The more adequate pH and tempera-
ture conditions for the NO fluorescence sensing with the CS-
CdSe-MSA were obtained. In the optimized conditions, the
NO detection capability was checked varying the NO concen-
tration and the quantification capability was evaluated in
standard solutions and by the generation of NO with a rapid
donor diethylamine NONOate (DEA/NO).

Experimental
Reagents

Analytical grade reagents were used: mercaptossucinic acid
(MSA), acetic acid, sodium hydroxide (NaOH), sodium boro-
hydride (NaBH,), sodium nitrite, hydrogen peroxide (H,O5),
hydrogen chloride (HCl), potassium superoxide (KO,),
diethylamine/nitric oxide complex sodium (DEA/NO), sodium
nitrate (NaNOs) and sodium nitrite (NaNO,). A low-molecular
weight chitosan (CS) sample with a degree of deacetylation
greater or equal to 75 % was used (Sigma-Aldrich). Mili-Q
water with a resistivity 18 MQ.cm at 25 °C was used.

Solutions

A CS solution working solution was obtained by filtration of
an aqueous solution resulting from the dissolution of 5 g of CS
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in 500 mL of 0.1 M acetic acid. A hydrogen selenide solution
was prepared by mixing 58 mg of Se and 73 mg of NaBH,
with 3 mL of deoxygenated water and kept under nitrogen.

CdSe QDs capped with MSA were prepared by the follow-
ing procedure: 171 mg of MSA was dissolved in H,O (50 mL)
and the pH was adjusted to 7.0 using a NaOH aqueous
solution; next, 28 mg of CdCl, was added and the pH was
again adjusted to 7.0; finally, 200 uL of a hydrogen selenide
solution was added to this solution, with continuously stirring
yielding an yellow-orange solution.

CS-CdSe-MSA nanocomposites were obtained by the fol-
lowing procedure: 684 mg of MSA was dissolved in H,O
(200 mL) and the pH was adjusted to 7.0 using a NaOH
aqueous solution; 112 mg of CdCl, was added to the previ-
ously MSA solution and the pH was again adjusted to 7.0;
next, 200 mL of the CS solution was added to the previous
solution and well mixed; finally, 1 mL of a hydrogen selenide
solution was added to that mixture under a strong continuous-
ly stirring, yielding an yellow solution. This mixture was kept
under strong stirring for 24 h and it was dialysed for several
days against deionised water using a cellulose membrane
dialysis tubing (reference D9652 from Sigma). The purified
nanocomposites solution is the sensor solution and was stable
at room temperature.

Saturated NO solutions (1.9 mM) were prepared by bub-
bling NO in deoxygenated water, after bubbling argon for
15 min. Standard solutions were prepared in deoxygenated
water by rigorous dilution. The DEA/NO stock solution was
prepared in NaOH 10 mM and kept at 20 °C before use.

The solutions of H,O,, KO,, NaNO3, NaNO, were pre-
pared in water. Deoxygenated water was used for the prepa-
ration of H,O, and KO, solutions. Also solutions of HCI and
NaOH 0.1 M were prepared in order to evaluate the influence
of pH in the response of the nanocomposites to NO.

Instrumentation

Evaluations were made using a QE65000 charge-coupled
detector, a 380 nm light emitting diode (LED), a sampling
compartment (CUV-ALL-UV 4-way) and two 1.0 mm core
diameter fiber optics (P1000-2-UV-VIS) from Ocean Optics.
One of the fibers guides the light from the source to the
sampling compartment and the other guide the emitted light
to the detector. The reaction time profiles were obtained
collecting the signal at the maximum emission wavelength,
every 10 s with an integration time of 300 ms. A difference
between the initial and the final fluorescence intensity mea-
sured after 10 min the addition of NO (intensity variation)
were used in all the work.

The absorbance and fluorescence spectra were obtained in
a standard 1 cm fluorescence quartz cell and collected respec-
tively in a Jasco V-530 UV-Visible spectrophotometer and in a
Jasco FP-6200 spectrofluorimeter. The absorption spectra
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were obtained in a wavelength range from 250 to 650 nm with
a 2 nm interval, slit widths 2 nm and wavelength scan rate
medium; the Fluorescence spectra were obtained in a wave-
length range from 300 to 700 nm with a 1 nm interval, slit
widths 5 nm, sensitivity response medium, response time fast
and wavelength scan rate 1000 nm/min.

The particle size of QDs and nanocomposites and their
distribution was obtained by DLS in a Nano Delsa C,
Beckman Coulter and by transmission electronic microscopy
(TEM) in a FEI Company Tecnai G2 20 S-Twin electronic
microscopic. The shape of the particles was also determined
by TEM analysis.

Data Analysis

The quantum yield () of the CdSe-MSA QDs and CS-CdSe-
MSA nanocomposites were calculated comparing the inte-
grated photoluminescence intensities and the absorbance
values of the nanocomposites with the ones of the quinine
sulfate [21].

o Grad o i
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In the equation @ is the fluorescence quantum yield, Grad
is the gradient from the plot of integrated fluorescence inten-
sity vs. absorbance and mn is the refractive index. The

D = Pp

Fig. 1 TEM images (a) and a
CdSe-MSA

particle size distribution plots (b)
of CdSe-MSA and CS-CdSe-
MSA nanocomposites

CS-CdSe-MSA
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Fig. 2 Particle size distribution of CS, CdSe-MSA and CS-CdSe-MSA
obtained by DLS

subscripts R refer to reference fluorophore, quinine sulfate
of known quantum yield. The ® of the quinine sulfate is &=
0.54. The n of the quinine sulfate in 0.1 M H,SO, and of
nanocomposites water solutions used were 11=1.33.

A central composite experimental design (CCD) was used
for the response surface optimization. This experimental design
allows the identification of the optimum response. It also allows
the assessment of the significance of the effects of design
variables and interactions without confusing their effects. In
order to obtain an estimate of errors, a center experiment is
included in the experimental design in which the average value
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Table 1 Frequency table of particle size distribution of CS, CdSe-MSA
and CS-CdSe-MSA obtained by DLS

Particle size

D10 % D 50 % D 90 %
CS 707 2686 44792
CdSe-MSA 35 92 167
CS-CdSe-MSA 2658 3890 5275

of all variables is used. The assessment of the significance of the
effects of the design variables and interactions, global linear
model, global model quadratic effects and response surfaces
was made by analysis of variance (ANOVA) through F-ratio
and respective p value. The value of multiple linear regression
coefficients of design variables and interactions were also
evaluated [19,20]. The CCD was implemented with the Un-
scrambler® software version 7.51, Camo ASA, Norway.

Results
Characterisation
The size distribution of the nanocomposites was characterized

by TEM and DLS and, for comparison purposed, its two main
constituents, CS and QDs, were also analyzed.
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Fig. 4 Quantum yields determinations of CS-CdSe-MSA and CdSe-MSA

TEM

Figure 1 presents the micrographs and the particle core size
distribution obtained by TEM analysis. An average particle core
size of 2.24 nm (standard deviation - 1.20 nm) for the CdSe-
MSA and of 4.19 nm (standard deviation - 1.83 nm) for the CS-
CdSe-MSA was observed. This analysis shows that the core of
the nanoparticles increases about two times when CS is present.

DLS

Figure 2 and Table 1 present the results, i.e. the size of
particles considering the outer salvation sphere, obtained by
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Table 2 Levels of central composite experimental designs

Design variables Cube levels Central level
Low High

Central composite design (pH 4-8)

pH 5 8 6.500
Star levels — Low — 4.385; High —8.615

Temperature (°C) 25 50 37.500
Star levels — Low — 19.875; High — 55.125

Central composite design (pH 4-7)

pH 4.5 6.5 5.500

Star levels — Low — 4.090; High — 6.910

Temperature (°C) 25 50 37.500

Star levels — Low — 19.875; High — 55.125

DLS for CS, CdSe-MSA and CS-CdSe-MSA nanoparticles.
Taking into consideration the information provided by DLS,
and that CS in water is extensively solvated, relatively high
dimension particles are expected to be detected.

The analysis of size distribution of the hydrated nanoparti-
cles presented in Fig. 2 shows that the raw QDs (CdSe-MSA)
are characterized by nanosized hydrated particles, while when

CS is presented (raw CS and the CS nanocomposites), the
outer salvation spheres of the particles increase towards the
micro-sized dimensions. These results confirm that CS in
water is extensively hydrated (it is a gel) as well as the
nanocomposites where it is presented.

UVand Fluorescence

Figure 3 shows the absorption and emission spectra and
excitation emission matrices (EEM) of CdSe-MSA QDs and
CS-CdSe-MSA nanocomposites. The analysis of the EEM
shows that the presence of CS on the QDs surface has no
significantly effect on photoluminescent properties of the
QDs. Indeed, similar fluorescence excitation and emission
wavelengths at maximum fluorescence intensity are observed
for the QDs (Agxcitation 320 nM, Agmission 942 nm) and nano-
composites QDs (CdSe-MSA - Agxcitation 320 nM, Agmission
542 nm; CS-CdSe-MSA - Aggcitation 320 nmM, Agmission
534 nm). Only a slightly UV-shift of the excitation wavelength
and an increase of the fluorescence intensity with the incor-
poration of CS is observed. This is confirmed by the analysis
of the absorption spectra of the two nanocomposites, where a
hypsochromic shift, from 490 nm to 420 nm, and a more than
two times increase of the absorbance is observed in the CS-
CdSe-MSA nanocomposite.

Table 3 ANOVA results for the

A fluorescent intensity response ANOVA (Ryutiple=0.941)

variable using a central composite

optimization experimental design Effect SS d.f. MS F-ratio (p-value) B (8.D.)y
(pH 4 - 8)
Model 9.241x10* 5 1.848x10* 7.760 (0.021)
Error 1.191x10* 5 2.382x10°
Adjusted total 1.043x10° 10 1.043x10*
Factor
Intercept 5.120x10* 1 5.120x10* 21.497 (0.006) -130.640 28.177
pH 6.505x10* 1 6.505x10* 27.312 (0.003) 60.206 11.520
Temperature 2.569x10° 1 2.569x10° 1.079 (0.347) 1.436 1382
pH x Temp 789.889 1 789.889 0.332 (0.590) 11.209 19.463
pH x pH 2.400x10* 1 2.400x10* 10.076 (0.025) 52208 16.447
Temp. x Temp. 1.900x10° 1 1.900x10° 0.789 (0.413) 14.688 16.447
Model check
Main 6.762x10* 2 3.381x10*
Rbudtiole multiol i Int. 789.887 1 789.887 0.332 (0.590)
1] t] t
wihiple mitip'e cotreiation, Int. + Squ. 2400x10* 2 1200x10*  5.039 (0.063)
SS sum of squares; d.f. degrees of
freedom; MS mean squares; F- Squ 2.400x10* 2 1.200x10* 5.039 (0.063)
ratio Fisher ratio; b beta-regres- Error 1.191x10* 5 2.382x10°
sion cgefﬁment; (S.D. ) b‘standard Lack of fit
deviation of b; Main main effects; , 5
Int. interactions effects; Squ. Lack of fit 1.009x 10 3 336210 3.688 (0.221)
squares effects; p-value probabil- Pure error 1.823x10° 911.692
ity value (p) fora 5 % significance Total error 1.191x10* 5 2.382x10°

level
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Fig. 5 Response surface fluorescence intensity obtained with the central
composite experimental design for pH values between 4 and 8

Figure 4 shows the determination of the quantum yield of
the nanoparticles. A relatively lower quantum yield was found
for the two nanocomposites. Nevertheless the introduction of
CS resulted in a more than two times increase of the ¢ found
for the CS-CdSe-MSA (¢ =0.10) relatively of the @ found for
the CdSe-MSA (@ = 0.04).

Table 4 ANOVA results for the

Optimization

The optimization of the response of CS-CdSe-MSA to NO
was done by response surface methodology using central
composite experimental designs (CCD). The evaluated exper-
imental variables were the pH and temperature and the re-
sponse variable was the difference between the initial and the
final fluorescence intensity collected 10 s after the NO addi-
tion (A Intensity). Two CCD were done with a different pH
range and similar temperature range (Table 2).

Table 3 shows the results obtained for the ANOVA of the
fluorescence intensity variation as response variable and
varying the pH from 4 to 8. Of the global analysis of the
model it is possible to conclude that the model adequately fit
the data. A statistically significant model (p=0.021), a non-
statistically significant lack of fit (p=0.221) with a high
Riutiiple=0.941 it’s obtained. By analysis of this table the
more relevant is the effect of the pH in the response vari-
able. Indeed, the pH causes a statistically significant increase
(p=0.003) of the fluorescence intensity variation and, due to
the statistically significant pH square effect (p=0.025), a
curvature of the response surface will be expected. Due to
the precipitation of CS (pKa=6.5), and possible consequent
destruction of the CS-CdSe-MSA structure at a pH higher
than 7, a different response to NO with an increase of
fluorescence is observed.

A fluorescent intensity response ANOVA (Ryuttiple=0.978)

variable using a central composite

optimization experimental design Effect SS df. MS F-ratio (p-value) B (8.D)p
PH4-7)
Model 1.094x10° 218.725 21.993 (0.002)
Error 49.726 9.945
Ajusted total 1.143x10° 10 114.335
Factor
Intercept 702.902 1 702.902 70.677 (0.0004) -15.307 1.821
pH 635.214 1 635.214 63.871 (0.001) 8.924 1.117
Temperature 275.491 1 275.491 27.701 (0.003) 0.470 8.933x 107
pH x Temp 157.126 1 157.126 15.799 (0.011) 4.999 1.258
pH x pH 23.46 1 23.46 2.359 (0.185) -1.632 1.063
Temp x Temp 8.256 1 8.256 0.830 (0.404) -0.968 1.063
Model check
Main 910.705 2 455.352
RMultiv! ol ati Int. 157.126 1 157.126 15.799 (0.011)
ultiple multiple correlation,
SS sum of squares; d.f, degrees of Int. + Squ. 25.796 2 12.898 1.297 (0.352)
freedom; MS mean squares; /- Squ 25.796 2 12.898 1.297 (0.352)
ratio Fisher ratio; b beta-regres- Error 49.726 5 9.945
sion coefficient; (S.D.); standard Lack of fi
deviation of b; Main main effects; ack offit
Int. interactions effects; Squ. Lack of fit 11.609 3 3.870 0.203 (0.887)
squares effects; p-value probabil- Pure error 38.117 2 19.058
ity value (p) fora 5 % significance Total error 49726 9.945

level
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Fig. 6 Response surface fluorescence intensity obtained with the central
composite experimental design for pH values between 4 and 7

Figure 5 shows the response surface obtained for the fluo-
rescence intensity variation with the central composite design
varying the pH from 4 to 8. The analysis of Fig. 5 confirms
that the variable pH affects most significantly the response
variable and that the temperature shows a lowest variability in
the response variable in the studied range. This figure shows a
region where the response variable presents minimum values
corresponding to a maximum of fluorescence quenching. This
minimum region is observed at a pH from 4.40 to 6.85 at all
temperature range. A minimum value of the response variable
intensity variation equal to -162.8 was predicted at pH 5.5 and
temperature 34.6 °C.

Attending to these results a new central composite design
was yet performed now in a pH range from 4 to 7 in the same
range of temperatures (Table 2). Table 4 shows the results

obtained for the ANOVA for the fluorescence intensity varia-
tion as response variable and varying the pH from 4 to 7. Of
the global analysis of the model it is possible to conclude that
the model adequately fit the data. A statistically significant
model (p =0.002), a non-statistically significant lack of fit (p =
0.887) with a high Ryquip1e=0.978 is obtained. By the analysis
of'this table it is possible to evaluate the statistically significant
effects of the pH (p =0.001) and of temperature (p =0.003) in
the response variable. Also the interaction between the two
variables is statistically significant (»=0.011). Both experi-
mental variables and the interaction induce an increase of the
fluorescence intensity variation.

The Fig. 6 shows the response surface obtained for the
variable A fluorescence intensity with the central composite
design restricting the range of the variable pH between 4 and
7. By the analysis of Fig. 6 it is possible to see that there isn’t a
clearly region of a maximum or minimum of the response
variable and even a predicted saddle point was evaluated.
Nevertheless, it is possible to define a region of minimum
avalues at a pH below 5 at all the temperature range and a
region of maximum values at pH above 6.5 at temparature
higher than 55 °C of the response variable.

Taking into consideration the relatively small interaction
among the two variables a univariate optimization of the pH
and temperature was done with a [NO]=50 uM in order to
obtain more information about the optimal working regions.
The pH was evaluated in a range from 5.5 to 8.5 at tempera-
ture 25 °C (Fig. 7) and the temperature was evaluated in a
range from 20 to 50 °C at pH 5.5 (Fig. 8).

In Fig. 7, and as previous evaluated, an increase of A
fluorescence intensity is observed at a basic pH. At pH 7.5
the fluorescence intensity remains almost constant, at pH 7 a
lower variation it’s observed and only at a pH below 6.5 it’s
observed the maximum fluorescence quenching. These results
show that a stable region of maximum fluorescence quenching
is situated at pH values between 5.5 and 6.5.
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In Fig. 8 a small effect on the fluorescence intensity vari-
ation is observed in the temperature range evaluated. Never-
theless, the fluorescence intensity becomes somewhat smaller
even without NO addition, which provoke a marked effect in
the stability of the initial fluorescence intensity of the CS-
CdSe-MSA nanocomposite. Consequently, a lower tempera-
ture is the more adequate for the NO fluorescence quenching.
pH 5.5 and room temperature is the best reaction conditions in
order to the NO quantification by the CS-CdSe-MSA.

Quantification of NO

Figure 9 shows typical reaction time profiles of fluorescence
intensity variations of the CS-CdSe-MSA nanocomposite
with addition of different NO concentrations under the opti-
mized conditions (pH 5.5 and room temperature). From the

T T T T T
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Fig. 9 Fluorescence time profiles of the reaction of CS-CdSe-MSA
nanocomposite with NO at different concentrations
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analysis of Fig. 9 it is possible to observe a marked fluores-
cence quenching with the addition of NO. A very small
variation of the fluorescence intensity of the CdSe-MSA
QDs is observed with the addition of NO (data don’t shown).

A linear decrease in the fluorescence intensity is observed
in the presence of NO concentration from 1.00 to 200 uM. At
a reaction time higher than 500 s a fluorescence intensity
stabilization is observed. As shown in Table 5, a linear work
range from 1 to 200 uM [y=-0.951x+3.856 (m=6); R=
0.99415] with a detection limit of 1.86 uM were obtained.
Good quantification results were observed with the solutions
under investigation. For the standard solutions and for the
DEA/NO solution a recovery around 85 % and for DEA/NO
solution of 92 % were found.

The comparison of the response of some ROS/RNS and
other NO similar compounds were done in order to evaluate

Table 5 NO quantification results in a NO donor solution and in standard
solutions found by CS-CdSe-MSA in the optimized reaction conditions

NO quantification

y=-0.93x - 4.60; m=6; R2=0.9961; s,=2.75; $5=0.03; s,,=4.87;
[NO]=5 - 200 uM

Sblank:2-05; LDsblank:186 HM, LQ:600 HM

[NOJ=25 uM  [NOJ=50 uM  [DEA/NO]=25 uM

[NO] (uM)
Recovery (%)

20.30+16.10
83.99

42.21+15.80
84.42

34.45+15.90
91.88

Calibration equation in form of y = bx + a; m Number of calibration
points; R? Coefficient of determination, s, Intercept standard deviation;
s, Slope standard deviation; s, Residuals standard deviation; LD g4
Limit of detection calculated by the standard deviation of five determi-
nations of a blank; For the NO estimated concentrations the error is the
95 % confidence interval calculated by the interpolated standard devia-
tion; LQ Limit of quantification
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Fig. 10 Comparison of NO T j
fluorescence time profile (a) and 50
fluorescence extinction (b) with
the principal ROS/RNS and NO — I \
similar compounds at B2 0+
concentration 200 uM %
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the selectivity of the CS-CdSe-MSA nanocomposite - 200 uM
of each of the compounds were added. In Fig. 10 it is present-
ed the reaction time profile and the percentage of fluorescence
extinction for the assessed substances.

From the analysis of Fig. 10 it is possible to observe that
only for NO a marked quenching effect on the fluorescence
intensity of CS-CdSe-MSA is observed. The decrease of
fluorescence intensity with the other evaluated compounds is
in the same order to that found with the blank. The fluores-
cence decrease of the blank and mostly of the fluorescence
decrease of the other compounds is probably due to the
dilution effect by the increase of the volume added.

Conclusions

New CS-CdSe-MSA nanocomposites were synthesized and
were evaluated for the NO detection and/or quantification.
Synthetized CS-CdSe-MSA nanocomposite with a regular
spherical shape and a size 4.19 nm were obtained. The detec-
tion of NO trough the quenching CS-CdSe-MSA fluorescence
nanocomposite was verified. A wide linear concentration
range 5 — 200 pM, good linear fit (R=0.997) and a lower
limit of detection (1.86 uM) were found.

The CS-CdSe-MSA sensor adequately quantifies the NO
in a DEA/NO solution. Slightly lowers recoveries were
found with the NO standard solutions. Comparing the re-
sponse of NO with the principal ROS/RNS and NO similar
compounds no marked interferences are observed. Due to
the proved NO detection and quantification capabilities and
potentially good biocompatibility it is expected that the CS-
CdSe-MSA nanocomposites could have biological
applications.
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