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Abstract We report herein the development of a novel
chemiluminescence system based on simultaneous introduc-
ing of synthetic coumarin derivatives and chitosan-induced
Au/Ag alloy NPs on the luminol CL system and suggest
how it may be useful for determination of glucose. Chitosan-
induced Au/Ag nanoalloys in the coumarin derivatives
intensified-luminol CL system, in addition to catalyze CL re-
action can make a change in the process of coumarin deriva-
tives effect as fluorophore on the luminol CL system. This
phenomenon is caused by interaction between active function-
al groups of coumarin derivatives and chitosan. The interac-
tion strength depends on the coumarin derivatives’ structure
and their substituents. Considering the inevitable trend
luminol radical and superoxide anion radical to absorption
on the surface of the embedded Au/Ag nanoalloy in the chi-
tosan matrix, it can be concluded that chitosan acts as a plat-
form for all reagents involved in the CL reaction including
coumarin derivatives, Au/Ag nanoalloy and luminol, and
electron-transfer taking place on it; Placing all chemilumines-
cent reagents together on the chitosan network can lead to a
powerful CL due to increasing rigidity of CL system. The
most efficient coumarin derivative on the Au/Ag nanoalloy-
fluorophore-luminol-H,O, CL system, in relation to interac-
tion capability with chitosan’ functional groups, was selected
and the CL condition in presence of it was optimized. Where-
as the glucose oxidase-mediated oxidation of glucose yields
gluconic acid and H,O,, under optimum condition the most
efficient CL system was applied to detection of glucose due to
enzymatically production of hydrogen peroxide. The linear
response range of 1.5x10°-5.0x107> M and the detection
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limit (defined as the concentration that could be detected at
the signal-to-noise ratio of 3) of 7.5x 10~” M was found for the
glucose standards. Also, the developed method was success-
fully applied to determination of glucose in real serum and
urine samples of diabetic patients and validated against color-
imetric spectroscopy method.

Keywords Chemiluminescence - Luminol - Fluorophore -
Au/Ag alloy NPs - Glucose

Introduction

The glucose constitutes the main source of energy in living
organism [1]. Levels of glucose in tissues and biological fluids
are strictly controlled by the homeostatic balance within the
definite range and can be changed at some pathology, e.g. at
diabetes. Therefore, a large number of efforts have been fo-
cused on developing effective diagnostic tools for the benefit
of diabetic patients in recent years. [2-9]. To date, the most
common glucose determination methods are based on the
electrochemical or spectrophotometrical detection of hydro-
gen peroxide liberated in enzymatic reaction between glucose
oxidase (GOD) and glucose [10-18]. However, both methods
are subject to several interferences. These interferences in-
clude reducing substances, such as bilirubin, ascorbic acid,
uric acid, and drug metabolites [11, 19, 20]. In addition, these
methods are deemed tedious and suffer of drawback such as
low sensitivity or limited linear range. Other disadvantages of
these methods are costly, time-consuming and analytically
troublesome [21, 22]. These problems seriously limit their
application for glucose determination in physiological
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samples. Hence, developing a novel sensitive, rapid, simple
and cheap method for glucose determination in biological
fluids in the presence of other species would show appealing
alternative. Recently, chemiluminescence (CL) has attracted
extensive interest to glucose measurements, owing to its wide
linear range, inexpensive apparatus, fast response time, no
disturbance from background scattering light, low detection
limit, high sensitivity and wonderful reproducibility [23-25].
But here the encountered problem is that this kind of enzy-
matic reaction must be carried out at neutral medium (about
pH = 7), whereas the CL is efficient only in alkaline medium
[17,25]. This contradiction can reduce the efficiency and sen-
sitivity of method. One possibility how to achieve pH opti-
mum for enzymes generating hydrogen peroxide despite the
high sensitivity of CL method is to perform the analysis in a
neutral medium simultaneously using the amplification of
chemiluminescence reaction.

Luminol (5-amino-2,3-dihydro-1,4-phthalazinedione),
which is a versatile and widely used chemiluminescence re-
agent, has been observed to produce CL emission at a wave-
length of 425 nm under many conditions. Luminol CL has
some limitations such as weak intensity, quick declining, dis-
continuous emission and short emission band (which are not
sensitive to most photon detectors) [26-28]. Apart from this,
CL spectra can be obtained in two methods. Sometimes they
record by the “fast scanning” mode of a fluorescence spec-
trometer (such as PE LS-55, 1500 nm/min) [29]. It is based on
the scanning process as quickly as possible, thus it may lose
sensitivity and cannot completely overcome the difficulty to
capture the spectrum of quick and discontinuous CL emission.
Another method is based on scanning of CL intensities while
fluids flow and mix in a tube [30, 31] to obtain stronger and
more stable CL signals, but the spectral resolution is quite low
and high random error cannot be avoided.

CL resonance energy transfer (CRET) is a non-radiative
energy transfer from a CL donor to a suitable acceptor [32].
A CL donor in exciting state can transfer energy through the
chemically initiated electron exchange luminescence (CIEEL)
mechanism [33] to an acceptor chromophore in close proxim-
ity, and indirectly liberating “light”. CRET, which occurs by
oxidation of a luminescent substrate without an excitation
source, could reduce dramatically the background autofluo-
rescence and fluorescence bleaching, and enhance CL emis-
sion of luminol [32, 34]. Xu and coworkers demonstrate that
the suitable fluorescence dyes as fluorophore are powerful
tools to enlarge CL signals of luminol and do not join the
CL reactions. In this situation, the overall quantum yield of
luminol-CL reactions is directly dependent on the fluores-
cence quantum Yyield of the Fluorophore [32].

In recent years, nanomaterials with unique redox catalytic
properties have gained increasing attention as a novel alterna-
tive to catalyze redox CL reactions, providing amplified CL
emission. Many investigations have indicated that the use of
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metal or semiconductor nanoparticles in CL reactions could
provide new approaches to enhance the inherent sensitivity
and expand new applications of this mode of detection [35].
Luminol-metal nanoparticle is one of classic CL systems, and
some CL analytical methods are known to be based on the
catalysis of the oxidization of luminol with metal nanoparticle.
In these systems, nanoparticles can participate in CL reactions
as reductants, catalysts, luminophors and even a surface that
electron-transfer processes taking place on it. For example,
Cui et al. have reported many prominent works about noble
metal nanoparticles-catalyzed luminol CL systems. It been
demonstrated that gold, silver and platinum nanoparticles
could greatly enhance a series of CL reactions including
luminol-H,0, [36], luminol-K;Fe (CN)g [37], luminol-Ag-
NO; [38], luminol-hydrazine [39]. These nanoparticles can
adsorb H,O, and luminol on the surface of them to facilitate
the CL reaction [40, 41]. Ag and platinum Nanoparticles ex-
hibit the stronger CL catalytic activity than Au NPs, although
platinum NPs is very expensive [42]. Moreover, Au nanopar-
ticle is an efficient catalyst at enzymatic activity without deg-
radation effects on enzyme [43, 44]. Therefore, synthesis of
Au/Ag nanoalloy can be useful to catalyze the enzymatic CL
reaction. It is worth to mention Au/Ag alloy formation takes
place easily than the other systems cause of the lattice con-
stants of these metals are nearly the same and the miscibility
gap between Au and Ag also less [45].

It suggests the simultaneous introducing of fluorophores
and nanometals in the luminol CL system with innovative
method might have potentials to be applied for the purpose
of higher sensitivity in trace analysis.

Chitosan is a type of natural polyaminosaccharide with
network structure, synthesized from the deacetylation of chi-
tin, [46] that can help us for this purpose. Chitosan can be used
as an adsorbent to remove heavy metals and dyes due to the
presence of amino and hydroxyl groups, which can serve as
the active sites [47]. It has some other interesting properties:
chitosan can produces some metal NPs by acting as stabilizer
and reductant [48], it has been widely used as the immobili-
zation matrix for a large number of compounds, and even it
could provide a suitable microenvironment similar to the na-
tive environment of the biomolecules to retain their [49-51].
Recently, gold NPs-chitosan has been widely used not only as
the immobilization matrix of HRP but also as the enhancer of
luminol CL reaction [52]. According to the above mentioned;
the chitosan’s properties and nature of the good biocompati-
bility and miscibility of Au and Ag NPs [42], it seems synthe-
sis and introducing of chitosan-induced Au/Ag alloy NPs on
the fluorophore-luminol-H,0, CL system can be valuable in
improving efficiency of the CL system.

In the present study, five coumarin derivatives of dimethyl
2-(tert-butylcarbamoyl)-3-(4-(trifluoromethyl)-2-oxo0-2H-
chromen-7-ylamino)succinate (A), di-tert-butyl 2-(tert-
butylcarbamoyl)-3-(4-(trifluoromethyl)-3,4-dihydro-2-oxo-
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2H-chromen-7-ylamino)succinate (B), di-ethyl-2-(tert-
butylcarbamoyl)-3-(4-(trifluoromethyl)-3,4-dihydro-2-oxo-
2H-chromen-7-ylamino)succinate (C), dimethyl
2-(cyclohexylcarbamoyl)-3-(4-(trifluoromethyl)-2-oxo-2H-
chromen-7-ylamino)succinate (D) and di-tert-butyl
2-(cyclohexylcarbamoyl)-3-((4-(trifluoromethyl)-1,2-
dihydro-2-oxonaphthalen-7-yl)methyl)succinate (E) were
synthesized (Fig. 1) and introduced as new efficient fluores-
cence brighteners (acceptor) of the CRET process with the
chemiluminescence of luminol as donor. At following, the
ability of chitosan-induced Au/Ag alloy nanoparticles in im-
proving efficiency of fluorophore-luminol- H,O, CL system
and how it does has been described. Finally, the CL system in
presence of the most efficient fluorophore was used to detect
H,0, generated in enzymatically oxidation of glucose and
consequently glucose measurement in the standard and real
samples.

Materials and Methods
Reagents

Glucose, HAuCl, - 4H,0 (48 % w/w), AgNOs;, hydrogen
peroxide (30 %), sodium phosphate monobasic monohydrate
(99 %) and disodium hydrogenophosphate (99 %) were sup-
plied from Merck, Germany. Chitosan flakes (high molecular
weight, 85-90 % deacetylation) were purchased from Aldrich.
Glucose oxidase (GOD) solution (1000 U/ml) was obtained
from Molecular Probes (Zist chemistry, Tehran, Iran). A
0.02 M stock solution of luminol (Fluka) was prepared in

0.10 M NaOH and diluted to deionized water before use.
0.1 M phosphate buffer solutions with various pH values were
prepared by dissolving an appropriate amount of Na,HPO, in
water and adjusting the pH values with 0.1 M HCI or NaOH
solutions.

The fluorophores were synthesized and then purified in
organic laboratories [53]. The preparation details of
polyfunctionalized coumarin rings are as follows; the three-
component reactions involving 7-amino-4-(trifluomethyl)
coumarin as an NH-acid and acetylenic esters in the presence
of alkyl isocyanides. The preparation mechanism of coumarin
derivatives is shown in Scheme 1. Fluorophores were
dissolved in methanol for use.

Instrumentation

Chemiluminescence measurements were carried out by a Sir-
ius tube luminometer (Berthold detection system, Germany)
with a photomultiplier tube detector in a light-tight globular
bottom glass cell of 10 mm diameter. A 3030 Jenway pH
meter (Leeds, UK) was used for pH measurement. Transmis-
sion electron microscopy (TEM) images were recorded on a
Philips CM10 transmission electron microscope. Absorption
and fluorescence spectra were obtained using UV—Vis spec-
trophotometer (Cecil, CE5501) and LS-3B Perkin-Elmer in-
strument, respectively.

Procedures

Chemiluminescence assays were performed in a 0.1 M phos-
phate buffer (pH = 8) with a 550 L final volume. Briefly, cells

Fig. 1 Molecular structures of CF; b
coumarin derivatives /j( CO,Me COz—tBu
)H} A
CO,Me

COZ_Et

COz_tBu
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Scheme 1 The preparation
mechanism of coumarin E!
derivatives
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containing buffer were filled with 300 uL of solutions of
luminol, fluorophore, and chitosan-induced Au/Ag alloy NPs
(if needed) at particular concentrations and 150 L. of a solu-
tion of complementary reagents (various concentrations of hy-
drogen peroxide) were injected to initiate the light emission.
The signal increases rapidly for 2 s to attain its maximum value
and then decreases gradually and becomes constant after 10 s.

Complementary reagents for the glucose assay were pro-
duced by the following method: 250 puL of glucose of an
appropriate concentration (in 0. 1 M phosphate buffer pH
7.5) was transferred into a homemade glass reactor designed
for catalytic oxidation of glucose. Then, 250 puL of glucose
oxidase of an appropriate concentration (in 0.1 M phosphate
buffer pH 7.5) was transferred into the glass reactor. The cell
was closed and the contents were stirred for 2 min. then the
stirring was stopped and 150 uL of the resulting solution was
injected to the CL measurement cuvette.

Synthesis of Chitosan-Induced Au/Ag Alloy NPs

The chitosan- induced Au/Ag alloy NPs based on microwave
method [54] and our previous experience were synthesized
[55]. All glassware were thoroughly cleaned with freshly pre-
pared aqua regia (HNO5: HCI = 1:3, V/V) and rinsed exten-
sively with doubly distilled water before use. In a typical ex-
perimental procedure for preparation of the Au/Ag NPs,
2.5 ml of both HAuCl, and AgNO; (5 mM) were mixed and
sonicated for 30 min in order to the metal ions distribute in the

solution homogeneously. Then, the mixture were added to the
1 % acetic solution of CS (50 ml, 1 mg/ml) in a 250-ml glass
flask (pH = 4-5), which was placed in a microwave oven and
connected to a condenser. The reaction mixture was irradiated
by microwave in a predesigned mode (200 W30 min). After
microwave irradiation treatment, the yielding brown-red col-
loidal solution was naturally cooled to room temperature. Fi-
nally, the cooled solution was stored at 4 °C in the refrigerator
until use. The nanoalloy formation is confirmed by the UV—
Visible absorption spectra (Fig. 2a) and TEM data (Fig. 2b).
Statistical analysis of TEM data revealed that the average di-
ameters of Au/Ag alloy (3:2) nanoparticles [56] were 12.0+
2.0 nm.

Result and Discussion

Study of Coumarin Derivatives and Chitosan-Induced Au/Ag
Alloy NPs on the H,O,-Luminol CL System

Figure 3 shows emission spectra of the coumarin derivatives.
Considering intensive emissions at wavelength range 475—
479 nm for the coumarin derivatives, the general effects of
their on H,O,-luminol CL system were evaluated. As expect-
ed, an enhancement of the CL intensity was occurred in the
presence each of them. While, a weak CL signal was observed
in the absence of them (Fig. 4a). It is expected coumarin de-
rivatives behave as a fluorophore on the H,O,-luminol CL

Fig. 2 (a) UV—Vis spectra of a 27
chitosan- induced Au/Ag alloy
NPs, and (b) TEM image of 11
chitosan- induced Au/Ag alloy
NPs o 081
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Fig. 3 The fluorescence

emission spectra of coumarin

derivatives (4-B-C-D-E). 5.0 x

10™* M in methanol, A.,=385 nm 0.2 4

Relative Fluorescence Intensity
&
=

400

system. On this basis, the CL reaction must follow a chemi-
cally initiated electron exchange luminescence mechanism via
the formation of a high energy intermediate(s) such as 3-
aminophetalate [57], which is enables the excitation of various
fluorophores having emission wavelengths from the ultravio-
let to near infrared. The substantial overlapping areas between
the absorption spectra of coumarin derivatives (Aex~385 nm)
and emission spectrum of luminol (A.,=425 nm) make the
process of CRET possible (Fig. 5). The energy of luminol CL
excites coumarin derivatives. Because luminol has lower
quantum yield whereas coumarins have high quantum yield
that nearly reaches 70 %, a great number of coumarin deriva-
tives molecules are excited to emit fluorescence, thus the total
CL intensity is dramatically increased [58]. Considering the
properties of suitable fluorophores, 11 conjugated compounds
containing donor substitutes and rigid structures are the best
fluorescent brighteners [59]. The sequence of coumarin deriv-
atives effectiveness on the CL intensity of luminol-H,O, sys-
tem follows these principles and confirms the quality of their
effect as fluorophores on the CL system. The presence of tert-
butyl in carboxylate group (compound B & E) as a stronger
electron-donor substituent in comparison with ethyl

450 500 550 600 650 700
Wavelength (nm)

(compound C) and methyl (compound A & D) on the side
chain of coumarin ring and also, displacement of cyclohexyl-
amine group (compound E & D) by a the tert-butylamine
group (compound A, B & C) at the tail end of side chain of
coumarin ring increases electron charge of coumarin ring and
consequence 7t conjugation. With increasing 7t conjugation
the energy difference between HOMO and LUMO of couma-
rin derivatives (as fluorophore) decreases and lead to an in-
crease in the resonance forms; it suggests the feasibility of
absorption and fluorescence through CL resonance energy
transfer of luminol (donor) to fluorophore (acceptor) and con-
sequently the resonance energy transfer efficiency.

To evaluate the simultaneous effect of chitosan-induced
Au/Ag alloy NPs and coumarin derivatives on the CL inten-
sity, NPs were added to H,O,-luminol CL system in the pres-
ence each of coumarin derivatives. The very strong CL was
obtained in the simultaneous presence of them, although order
of the coumarin derivatives effect was changed (Fig. 4b).

As mentioned, the presence of chitosan-induced Au/Ag
nanoalloy in the CL system, in addition to enhance the CL
intensity of fluorophore-H,O,-luminol system can alter the
effect sequence of fluorophores on the CL system. Whereas,

Fig. 4 CL spectra of luminol- b a
H,0, system: (a) In presence of 200 40 N
fluorophores with chitosan- - ©) + Nanosll (B)
. & anoalloy
mduced'AU/Ag nanoalloy, (b) In 'E 150 (A) + Nanoalloy 30 '\ ®
presence of fluorophores without 3 (C) + Nanoalloy
chitosan-induced-Au/Ag £ (E) + Nanoalloy [\ ©
nanoalloy. Conditions: [luminol] d 100 20
=1.5%x10"* M, [chitosan- 2 (B) + Nanoalloy N—— (A)
1nduced:é%u/Ag nanoalloy] = k= “ Alone Nanalloy
4.5%10 " M, [fluorophore] = é )
1.0x107 M, [H,0,] = 1.0% Without
1074 M, pH =28.0) 0 ° . . . . . Flu & NP
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Absorption spectrum
of Coumarin derivative
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Fig. 5 Absorption spectrum of Coumarin derivative (D) and
fluorescence spectrum of Luminol. Conditions: [Coumarin derivative] =
1.0x107> M, [Luminol] = 1.0x10™* M

the energy transfer process depends on the collision of the
molecules of fluorophores and luminol [32]; it seems the prob-
ability of this collision can be changed in presence of chitosan-
induced Au/Ag nanoalloy.

In fact, chitosan-induced Au/Ag alloy NPs are nanoparticles
embedded in chitosan matrix. Metal nanoparticles are a suit-
able surface for adsorption of compounds such as luminol
radical and superoxide anion radical [40, 41]. On the other
hand, the spatial arrangement of the chitosan chains on the
surrounding NPs makes interaction between active functional

300 -

250

200 -

150 -

100 -

Relative CL intensity

50 1

0 T T T
0 1 2 3 4 H

[Luminol]x10 4

Fig. 7 CL spectra for (solid line) luminol-H,0,, (dotted line)
fluorophore-luminol-H,O, and (dashed line) fluorophore- Au/Ag
nanoalloy-luminol-H,0, systems. Conditions: ([luminol] = 5.0%
10* M, [Au/Ag nanoalloy] = 4.5x10°® M, [fluorophore] = 1.0x
102 M, [H,0,] = 1.0x10~* M, pH = 8.0)

groups of chitosan and fluorophore possible. On these bases, it
can be concluded that chitosan as a framework including all of
CL reagent such as fluorophore, NPs and luminol supplies a
suitable platform for CL reaction and can induce increasing of
CL intensity due to the increasing rigidity of system. Definite-
ly, whatever interaction between chitosan and fluorophore is
stronger, the CL emission is brighter. Steric inherent around the
fluorophore’s carbonyl group decreases the interaction strength
that can prevents fluorophore to take on the exposure of other
CL reagents on the framework of chitosan and consequently
their efficiency as brightener fluorescent are weakened.

In the following, order of the coumarin derivatives effect on
the CL intensity in the presence and absence of NPs are shown:

Coumarin derivatives—luminol-H,O,CL systtm: B>E >C>A >D

Au/Ag nanoalloy—Coumarin derivatives— luminol-H,O,CL system :

300 -

250

»
=3
=1

Relative CLintensity
5

50

0 0/2 0/4 0/6 058 1 12 1/4
[Fluorophore], mM

Fig. 6 Effect of fluorophore (D) concentration on the CL intensity of Au/
Ag nanoalloy-fluorophore (D)- luminol-H,O, system. Conditions: ([Aw/Ag
nanoalloy] =, [luminol] = 5.0x10™* M, [H,0,] = 1.0x10> M, pH = 8.0)
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Fig. 8 Effect of luminol concentration on the CL intensity of Au/Ag

nanoalloy-fluorophore (D) -luminol-H,0, system. Conditions: ([Au/Ag

nanoalloy] = 4.5x10°® M, [fluorophore] = 1.0x 107> M, [H,0,] = 1.0x

107 M, pH = 8.0)
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Fig. 9 Effect of pH on the CL intensity of Au/Ag nanoalloy-fluorophore

(D)-luminol-H,0, system, Conditions: ([luminol]=5.0x10* M, [Au/Ag

nanoalloy] = 4.5x10° M, [fluorophore] = 1.0x 107> M, [H,0,] = 1.0x

10 M, pH = 8.0)

Optimization of Fluorophore Concentration

According to above findings dimethyl 2-(cyclohexylcarbamoyl)-
3-(4-(trifluoromethyl)-2-oxo-2H-chromen-7-ylamino) succinate
(D) was determined as the most efficient fluorescent molecule
on this CL system and further studies were performed on it.
The concentration influence of the most efficient
fluorophore on the CL intensity of fluorophore-Au/Ag
nanoalloy-luminol-H,O, system was studied at constant con-
centrations of other reagents. As it is clearly shown in Fig. 6,
there is an increase in chemiluminescence intensity with in-
creasing concentration of the Fluorophore up to 1.0x 107> M.

Fig. 10 Calibration curve for

glucose determination with Au/

Ag nanoalloy-fluorophore (D)-

luminol-H,O, system.

Conditions: ([luminol] = 5.0x

10* M, [Au/Ag nanoalloy] =

4.5x107° M, [fluorophore] = 300 1
1.0x10° M

250 A

200 -
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Relative CLintensity

100 -
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Effect of the Concentration of Chitosan-Induced Au/Ag Alloy
Nanoparticles

The effect of the NP concentration was investigated in the
range of 1.5x107® to 1.5x 107> M. The CL intensity was in-
creased steadily with increasing concentration of nanoalloy
until 4.5x107° M and then was decreased probably due to
the increasing acidic nature of solution. Thus 4.5x10°¢ M
was selected as optimum concentration. Figure 7 shows Au/
Ag nanoalloy and fluorophore (D) effects on the CL intensity
of luminol-H,O, system.

Optimization of Luminol Concentration

As the luminescence reagent in this system, luminol concen-
tration effects on the CL response. The effect of luminol con-
centration in the range of 1.0x 10 % to 5.0x 10~* M was inves-
tigated (Fig. 8). The result showed that increasing luminol
concentration is followed by a steady increase in CL intensity.
However, 5.0 10~* M was chosen as the optimum concentra-
tion and higher concentrations were not evaluated, it could
produce the saturation of the detector due to the high CL
intensity of the obtained blank signal.

Optimization of pH

In Au/Ag alloy NP-fluorophore (D)-luminol-H,O, CL sys-
tem, phosphate buffer solution is medium of the CL reaction.
There are two factors that determine the overall response of
CL to pH: the effect of pH on the generated CL signal, and the
influence of pH on interaction between fluorophores and
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chitosan. In view of the nature of Au/Ag alloy NP catalyzed-
luminol CL reaction, which is more favored under basic con-
ditions (pH 10-11) [38], an alkaline medium would improve
the sensitivity of the system. Furthermore, acidic pH can de-
bilitate fluorescence strength of coumarin derivatives as
fluorophore, it is related to protonation of NH group in 7-
position which decreases resonance stretches. On the other
hand, the optimal pH value for interaction active groups of
chitosan with fluorophores is 5 [60]. So, the general effect of
medium final pH on the CL response was investigated
(Fig. 9). The CL intensity reached the highest value at pH
8.0. As such, the reaction was performed at pH 8.0 throughout
this study.

Hydrogen Peroxide Detection

Under optimized conditions, as shown in Fig. 10, the CL
intensity of Au/Ag alloy NP-fluorophore (D)-luminol-H,O,
system was linear with the H,O, concentration in the range
of 1.0x1077-1x1073 M, with the correlation coefficient of
0.996. The limit of detection (30/b) was 6.0x 10 M. Such
performance of the hydrogen peroxide detection is compara-
ble with the best published results using electrochemical bio-
sensor [61-64] or luminescence methods [65, 66].

Sample Analysis

The linear response range of 1.5x10 °~5.0x107> M and the
detection limit of 7.5x 107 M was found for the glucose stan-
dards (Fig. 11). To investigate the feasibility of the sensing
system for glucose analysis in biological samples, glucose

Fig. 11 Chemiluminescence
emission intensity as a function of
time for Au/Ag nanoalloy-
fluorophore(D)-luminol-H,O,
system with constant
concentration of luminol, 5.0 %
1074 M; fluorophore, 1.0

107> M; Auw/Ag nanoalloy, 4.5%
107° M and varying
concentrations of H,O,: (A) 1.0
1073, (B) 7.5x107*, (C) 5.0%
104, (D)2.5%10°%, (E) 1.0x
107 M, (F) 5.0x107° M, (G)
1.0x10°Mand (H) 1.0x10 ° M.
Corner of right hand side: The
correlation diagram for the
chemiluminescence emission
with H,O, concentrations

60 4

50 A

40

30 1

20 +

Relative CL intensity

10 A

Table 1  Determination of glucose in serum and urine samples
Sample no. Blood serum Urine
CL method  Photometric CL method  Photometric®
(mg/dl, n=3) (mg/dl, n=3) (mg/dl, n=3) (mg/dl, n=3)
1 2353+1.3 232 13.7+£0.5 6
2 127.5+£3.0 129 4.5+0.1 -
3 54.8+2.1 54 2.8+0.4 —

2 LOD of the Pars Azmoon photometric kit is 5 mg dL™"

concentration in human serum and urine were examined.
The samples were collected from medical diagnostic labora-
tory and used as testing samples. The fresh samples were first
analyzed with a BT3000 Biochemical Analyzer, which used
spectrophotometric method combined with the enzymatic re-
action of GOD and HRP [61].

The serum and urine samples were 10 and 100-fold diluted
using distilled-deionized water, respectively and analyzed
without any pre-treatment with the proposed method. The
response of the sample solution was measured and compared
with a series of glucose standard solutions. The comparative
results are shown in Table 1.

Possible CL Mechanism

The CL mechanism of the luminol-H,O, reaction has been
discussed by Merényi and Burdo [67, 68]. They confirmed
that a highly energy excited intermediate of 3-
aminophthalate was the emitter in the luminol- H,O, CL

N o
© o o o

0 4 8
[Glucose], mM

Relative CL intensity

Y =10/091x+ 0/173
R? = 0/9978
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Fig. 12 UV-Vis spectra of
fluorophore (D), Au/Ag
nanoalloy, and their mixture.
Conditions: ([Au/Ag nanoalloy] =
4.5%107° M, [fluorophore] =
1.0x107* M and volume ration of
Flu to NP = 10)

Scheme 2 Summary of possible
CL reaction mechanism
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Table 2  Tolerance folds coexisting substances

Tolerance folds Coexisting substances

>1000 Na*, K', Ca®", CI", NO5, PO, >, SO, 2, starch
>100 Thiourea, urea lactic acid, uric acid, and citric acid
>50 Bilirubin, sucrose, maltose, fructose and lactose
>10 Ascorbic acid

reaction [69]. In the presence of an efficient fluorophore such
as coumarin derivative, the excited intermediate of 3-
aminophthalate can be involving the chemiexcitation of a
fluorophore, via conversion of the chemical energy into elec-
tronic excitation energy or in other word, resonance energy
transfer. At the end, the excited fluorophore molecule returns
to the ground state and liberating “light [32].

Coumarin derivatives are simply applied as the energy ac-
ceptor and do not join the CL reaction. The presence of cou-
marin derivatives as fluorophore does not affect the detector
but the enhanced CL makes the system collect stronger signal
and the analytes can be analyzed more precisely and easily.

During oxidation of luminol oxygen-related radicals (for
example, OH", O,", and others), as oxidants, are expected
to be generated from H,O, [69]. Previous findings about Au
NPs catalyzed-luminol CL reaction revealed that the oxidation
state of Au was not involved in catalysis of the CL process; the
origin of the CL was therefore assigned to Au nanoparticles
themselves. According to Zhang [36], when metal nanoparti-
cles are added to the luminol- H,O, CL system, H,O, might
be absorbed on the surface of the metal nanoparticles, causing
partial electron transfer from the metal nanoparticles to the
adsorbed H,0O,, and the O—O bond of H,O, might be broken
into two OH radicals which react with luminol and HO, to
facilitate formation of luminol radicals and superoxide radical
anion (O, ) on the surface of the nanoparticles, leading to
enhancement of CL intensity.

As mentioned in Result and Discussion section, in addition
to catalysis CL reaction, chitosan-induced Au/Ag NPs can
make a difference to the process of the fluorophores effect
on the fluorophore-luminol-H,O, CL system.

UV-Vis absorption spectra of fluorophore (D), Au/Ag
nanoalloy, and their mixture are shown in Fig. 12. It can be
seen that NP has a notable absorption peak at approximately
510 nm and fluorophore (D) has two distinct absorption peaks
at approximately 230 and 385 nm. When fluorophore is mixed
with NPs no new absorption peaks appeared, and the absorp-
tion spectrum of the mixed system is approximately the sum of
two absorption spectra; with slight change in absorption spec-
trum fluorophore. Hence, alteration the process of fluorophores
effect seems be due to the chitosan properties. Chitosan chains
on the surrounding NPs can interact with carbonyl and amino
groups of fluorophore (The bindings sites are shown in red
color). However, the increasing of spatial inhibition around
fluorophore’s carbonyl groups reduces the interaction. More-
over, as mentioned the embedded Au/Ag nanoalloys in chito-
san matrix are a suitable surface for placement of compounds
such as luminol radicals and O, " radicals. On these bases,
chitosan like a framework containing fluorophore, NPs,
luminol radicals and O, radicals provides a suitable platform
for CL reaction that electron transfer process can take on it and
it induces a strong CL due to rigidity system. Scheme 2. shows
a summary of possible CL reaction mechanism.

Interference Studies

The effects of various interfering species which may accom-
pany glucose in human serum and urine were studied. Glucose
(1x107° M) was placed in the reaction cell and increasing
amounts of interfering substances were added into the solution.
All species tested were tolerated at reasonably high concentra-
tions; confirm the high selectivity of the proposed method. It is
worth to mention that ascorbic acid at high concentration can
influence on the response, probably because ascorbic acid can
easily reduce H,O, produced from the enzymatic reaction.
However, it doesn’t have any interference at its physiologic
normal level on the system response to glucose. The maximum
tolerable concentrations of coexisting substances are shown in
Table 2, where the tolerance fold was defined as the maximum
concentration of coexisting substances that caused a relative
error <5 % during the measurement of 107> M.

Table 3  Comparison of the analytical parameters of the proposed method with some reported methods for glucose determination

Method Linear range (M) Detection limit (M) Reference
New Fluorophore- peroxyoxalate chemiluminescence 2.50x10°-1.75x107* 1.1x107° [22]
Gallium hexacyanoferratemodified carbon ionic liquid paste electrode 1.0x1074-6.0x107 3.0x10°7° [70]

Gold nanosphere —~ECL biosensor 1.0x10°-4.3%107 3.0x1077 [71]
Glucose oxidase/carbon-nanotube /NP in nafion film-CL biosensor 225x107%-1.75x10°* 1.0x10°¢ [72]
Boronic anthraquinone derivatives/GOD- fluorescence 8.0x107°-4.2x107* 1.1x107° [73]
Photopolymerized fluorescence sensor 2.8x107°-5.5x107° 0.89x107° [74]

This work

1.5%x10°-5.0%103 75%107 -
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Conclusion

In this study, simultaneous introducing of chitosan-induced
Au/Ag nanoalloy and synthetic fluorophores on the luminol-
H,0, CL system provided accessibility to a very low detec-
tion limit in determination of glucose based on the CL detec-
tion of enzymatically generated H,O,. The applied chitosan as
stabilizer and reductant in synthesis of Au/Au nanoalloy can
interacts with fluorophores’ carbonyl groups due to virtue of
its abundant groups. Since the embedded Au/Ag nanoalloys in
chitosan matrix are a suitable surface for adsorption of luminol
radical and superoxide anion radical, chitosan can acts as a
platform for all of effective reagents on the CL reaction that
induce an enhancement CL in relation to rigidity system. The
results demonstrate that the suitable fluorophore and NPs are
powerful tools to enlarge CL signals as the sensitivity of pres-
ent chemiluminescence method permits glucose analysis in
the real sample with concentrations as small as 2 mg/dl. A
comparison of the main features of the present method with
others reported in the literature is given in Table 3.
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