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CuS nanoparticles (NPs) was synthesized through a simple and green method using water soluble
precursor complex [Culy(H,0),]Cl, (L=pyridine 2-carboxamide) and was characterized by X-ray
diffraction analysis (XRD), transmission electron microscopy (TEM) and UV-Vis spectroscopic techni-
ques. The as-prepared CuS NPs (covellite) was demonstrated to possess intrinsic peroxidase-like
activity using 3,3',5,5'-tetramethylbenzidine (TMB), as a peroxidase substrate, in presence of H,0,
which show good affinity towards both TMB and H,0,. Using this TMB-H,0, catalyzed color reaction;
the CuS NPs was exploited as a new type of biosensor for detection and estimation of glucose through a
simple, cheap and selective colorimetric method in a linear range from 2 to 1800 uM with a detection
limit of 0.12 uM. On the basis of the developed reaction process, we can easily monitor human blood
glucose level.
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© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Since the first glucose sensor was proposed in 1962 [1],
numerous effort has been focused on fabricating low cost and
fast responsive sensors for precise monitoring of glucose levels
with good selectivity, high sensitivity and reliability [2-12].
The commonly used colourimetric glucose detection method
involves naturally occurring peroxidase enzyme, HRP. But HRP
suffers some serious disadvantages due to lack of stability, difficult
to produce in large quantities and are easily denatured in condi-
tions like strong acidic, basic medium and high temperature.
Moreover, the preparation and purification of HRP are time-
consuming and expensive. Therefore, the fabrication of efficient
mimics of HRP has been an increasingly important focus for the
scientists and various peroxidase mimics including hematin, heme,
hemoglobin, porphyrin and cyclodextrin have been investigated for
this purpose [13-17]. Unfortunately, until now, there are relatively
few examples of enzyme models that actually perform Michaelis—
Menten catalysis under enzymatic conditions [18].

Recently, Gao et al. [19] reported that Fe;0,4 nanoparticles (NPs)
have an intrinsic enzyme mimetic activity similar to that of natural
peroxidases such as horseradish peroxidase (HRP), thus opening
the door for the development of nano-scaled inorganic materials in
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the biochemical field. Some other metal oxide, sulphide and
selenide nanomaterials, such as polymer-coated CeO, NPs [20],
CuO NPs [21,22], Co304 NPs [23], V505 nanowires [24], BiFeO; NPs
[25], CoFe,0O NPs [26], sheet-like FeS nanostructure [27], spherical,
rod like FeS [28], CdS NPs [29], FeS and FeSe NPs [30] were also
investigated and found to possess intrinsic peroxidase-like activity.
Besides metal oxide nanomaterials, carbon nanomaterials includ-
ing single-walled [9], helical carbon nanotubes [31], graphene
oxide [10] and carbon nanodots [32] displayed intrinsic enzyme
mimetic activity. These enzyme like nanomaterials could be
exploited to sense immunoassay [19,20], nucleotide [9], H,0,
[8,10], glucose [8,10], melamine [33] and so on.

In this report, we have developed a facile and green method to
fabricate CuS nanostructures and demonstrated their intrinsic
peroxidase-like activity. As one of the most important transition
metal chalcogenides semiconductor materials, copper sulfide
(CuS), have varied applications in photocatalysis [34], solar cell
devices [35], optical limiting [36], as biosensors [37] and Li-ion
batteries [38]. In this paper, as a mimic peroxidase, CuS NPs
exhibited good catalytic properties, stability, and dispersibility
compared to other peroxidase nanomimetics and HRP. The CuS
NPs were also successfully used for amperometric sensing of H,0,
and as peroxidase mimetics for colorimetric detection of glucose.
Peroxidase has great potential for practical application and can be
used as a diagnostic kit for glucose. Diabetes mellitus is one of the
most common non-transmissible diseases globally, and complica-
tions that arises from it result in increasing disability, reduced life
expectancy, and enormous health costs for virtually every society
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[39]. Therefore, it is important for minimizing diabetic complica-
tions to maintain blood glucose concentrations within the normal
physiological range [40]. The development of sensors for fast and
reliable monitoring glucose for the diagnosis of diabetes have
received continuous interest and numerous glucose sensors have
been reported [11,41-48]. Among them, HRP has been widely
used to fabricate sensors for detection of the products of the
glucose oxidase [11,43-48]. In comparison with HRP, CuS is
low-cost, easy to synthesis, much more stable to biodegradation,
and not vulnerable to denaturation. These advantages show that
CuS can be useful in environmental monitoring and medical
diagnostics. Recently, Zhi Zheng and his co-workers [49] reported
intrinsic peroxidase-like activity of CuS nanostructure but its
application as amperometric biosensor for H,O, and in colori-
metric glucose detection yet not reported. In this paper, using CuS
peroxidase-like catalytic activity and glucose oxidase (GOx), a
colorimetric method for glucose detection has been developed.
The results obtained indicate that this method is simple, cheap,
and highly responsive and selective for glucose detection.

2. Materials and methods
2.1. Chemicals and materials

CuCl, - 6H,0, ammonia, Na,HPO, - 2H,0, anhydrous sodium acet-
ate, acetic acid, orthophosphoric acid, terephthalic acid and NaOH
were purchased from commercial sources. 2-cyano pyridine, hydro-
gen peroxide (H»0,, 30%), dimethyl sulfoxide (DMSO), 3,3',5,5'-
tetramethyibenzidine (TMB), glucose oxidase (Aspergillus niger,
GOx), p-D-glucose, maltose, z-lactose and D-fructose were pur-
chased from Sigma-Aldrich. The blood sample was collected from a
normal healthy male volunteer, then it was centrifuged and the
corresponding supernatant serum was subsequently used after
2.4 times dilution with phosphate buffer solution (PBS) to reduce
the matrix complexity. All other chemicals were of analytical
reagent grade and used without further purification. De-ionized
water was used throughout the experiment.

2.2. Preparation of CuS NPs

To a stirred solution of the precursor complex [CuL,(H,0),]Cl,
(see supplementary materials) (5 mmol, 2.07 g) in 50 mL water,
0.76 g (10 mmol) thiourea in 20 mL water was added drop-wise.
Then pH of the solution was adjusted to 8.0 by slowly addition of
dilute ammonia. Next another 1.22 g (10 mmol) ligand, pyridine
2-carboxamide, was added to this resulting solution. The solution
was then refluxed for 4 h. A greenish-black precipitate of CuS NPs
was obtained. It was separated from the reaction mixture by
centrifugation, washed with methanol and water for several
times. The product was then dried in an air oven and kept for
further characterization.

2.3. Apparatus

Elemental (C, H and N) analyses were performed on a Perkin-
Elmer 240011 elemental analyzer. 'H NMR spectra were recorded
on a Bruker Avance DPX spectrometer at 300 MHz. Powder XRD
patterns were obtained on a Philips PW 1140 parallel beam X-ray
diffractrometer with Bragg-Bretano focusing geometry and
monochromatic CuKe radiation (1=1.540598 A). TEM measure-
ments were made on a JEOL JEM-2100 microscope using an
accelerating voltage of 200 kV. FT-IR spectra were recorded
using KBr disks on a JASCO FTIR-460 plus spectrophotometer.
Colorimetric glucose detection process and peroxidase-like

activity were performed spectrophotometrically using Agilent-
8453 diode-array spectrophotometer.

2.4. Peroxidase-like activity measurements

The peroxidase-like activity of the CuS NPs was investigated
through the catalytic oxidation of the peroxidase substrate
3,3,5,5'-tetramethylbenzidine (TMB) in the presence of H,0, to
produce a blue color reaction. To examine the capability of CuS
NPs as catalyst on the oxidation of TMB, 2.4 puL of 0.125M TMB
(dissolved in DMSO) in 3.0 ml acetate buffer (0.1 M and pH 4.0)
was successively treated with (i) 20 pg CuS NPs, (ii) 2 uL of 30%
H,0,, (iii) 2 puL of 30% H,0, with 20 pg CuS NPs. All the reactions
were monitored spectrophotometrically in time-scan mode at
653 nm. The kinetic analysis with TMB as the substrate was
performed using 20 pg CuS NPs with fixed concentration of H,0,
(13 mM) and varying concentration of TMB (0, 8.3, 16.6, 29.1, 35.4,
41.6, 54.1, 62.5 and 75 pM). Similarly, the kinetic analysis with
H,0, as the substrate was performed using 20 pg CuS NPs with
fixed concentration of TMB (100 nM) and varying concentrations
of H,0, (0, 6.5, 9.8, 13, 16, 19, 22.8, 26, 32 and 42 mM). Kinetic
parameters were calculated based on the Michaelis—-Menten:

(5]
max [.SI—’—KM

The Michaelis-Menten equation describes the relationship
between the rates of substrate conversion by an enzyme and
the concentration of the substrate. In this equation, Vj is the rate
of conversion, Vihax is the maximum rate of conversion, [S] is the
substrate concentration, and K}, is the Michaelis constant which is
equivalent to the substrate concentration at which the rate of
conversion is half of V., and denotes the affinity of the enzyme
for the substrate.

Vo=V 1)

2.5. Glucose determination

Glucose determination was carried out as follows: at first,
20 pL of 20 mg/mL glucose oxidase (GOx) and 200 pL of D-glucose
with different concentrations were mixed in 0.01 M phosphate
buffer solution (PBS, pH 7.0) and incubated at 40 °C for 40 min;
then 2.4 pL of 0.125 M TMB, 20 puL of 5 mg/mL CuS NPs and 2 mL
of 0.1 M acetate buffer (pH 4.0) were successively added into the
above 220 pL GOx-glucose reaction system; finally the mixed
solution was incubated at 40 °C for 15 min for the absorption
spectroscopy measurement.

In order to investigate the mechanism of the glucose catalytic
reaction, where hydroxyl radical may be produced from the
decomposition of H,O,, the commonly used terephthalic acid
(TA) photoluminescence probing technique [50] was adopted.
In this experiment, 2 x 1073 M sodium terephthalate, 0.045 M
glucose, 3 mL of 20 mg/mL GOx in aqueous PBS (0.01 M, pH 7.0)
and two different amounts (0 and 20 mg) of CuS NPs were
incubated at 40 °C for 10 h. Then the luminescence spectrum
was measured between 330 and 540 nm using 315 nm as the
excitation wavelength.

2.6. Determination of Blood glucose using CuS NPs

For glucose determination in blood from healthy human
volunteers, the collected sample was stored in freeze and then
was centrifuged at 12,000 rpm for 40 min. After that, the super-
natant solution was diluted 24 times using PBS (0.01 M, pH 7.0)
before subsequent use. This diluted serum was then used with
GOx for glucose catalyzed reaction as stated above instead of
glucose aqueous solution and the corresponding absorbance was
measured at a wavelength of 653 nm.
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3. Results and discussion
3.1. Synthesis and characterization of CuS NPs

CuS NPs was synthesized from Cu(Ill) precursor complex
of pyridine-2-carboxamide as copper source in the presence
of excess pyridine-2-carboxamide which itself acts as capping
agent (Scheme 1). Herein, water is selected as solvent, but no
commercial capping agent or additive is involved in this method.

The crystallinity and phase purities of CuS NPs were first
examined by the X-ray diffraction (XRD) technique. The diffrac-
tion patterns of the crystalline products match quite well with the
standard diffraction data of the pure primitive hexagonal phase of
the covellite structure of CuS (JCPDS no. 78-2121) with P6s/mmc
space group and hexagonal primitive unit cell with a=b=3.791
and c=16.34 A. In Fig. 1, the peaks at 26 values of 29.20, 31.85,
32.76, 47.90 and 59.34 can be indexed to the (102), (103), (006),
(110) and (116) planes of CuS, respectively. Any other character-
istic peaks of impurities, such as Cuy gS, Cuy g6S, Cu,S or CuO, were
not detected. The relative broad feature of the peaks (FWHM)
indicates the presence of smaller crystallites. The average size of
the CuS nanoparticles was estimated from the diffraction peak
(110) by using the Debye-Scherrer equation (D=0.94/(fCos0)) as
about 30nm, where D is the crystallite diameter, A is the
wavelength of X-ray, i.e. 1.540598 A, f is the value of full width
at half maximum and 6 is the Bragg’s angle.

The size and morphology of the product were analyzed by
transmission electron microscopy (TEM). Typical TEM image in
Fig. 2a illustrates that the CuS NPs are composed of rectangular
or quasi-rectangular nanoparticles with average diameter of
40-50 nm. Selected area electron diffraction (SAED) pattern of
the CuS NPs (Fig. 2b) exhibits a set of concentric rings that can be
indexed to (102), (006), (110), and (116) diffraction planes for
hexagonal phase of CuS. These findings are consistent with the
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Scheme 1. Preparation of CuS nanoparticles.
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Fig. 1. Powder XRD pattern of CuS NPs.

Fig. 2. (a) TEM, (b) SAED pattern, (c) HRTEM and (d) Live FFT image of CuS NP.

observations made from the XRD patterns. Fig. 2c shows the
HRTEM image of CuS NPs, which displays clear image of lattice
fringes of the prepared nanocrystals, indicating the good crystal-
line nature of CuS NPs. The interplanar spacing is about 0.281 nm
corresponding to the (103) lattice plane of hexagonal CusS.
In addition, the corresponding fast fourier transform (Live FFT)
image (Fig. 2d) also supports the single-crystalline nature of the
CuS NPs with the assigned crystal planes of (102).

The optical absorption spectrum (Fig. S1) of the blackish-green
CuS NPs also supports the formation of covellite phase [51,52]
and the band gap energy is calculated as 2.09 eV which is also
consistent with CuS covellite phase formation. The surface area of
the NPs was investigated as 29.7 m?g~! through Brunauer-
Emmett-Teller (BET) analysis at 77 K (Fig. S2).

3.2. Peroxidase-like activity of the CuS NPs

The peroxidase-like activity of the as-prepared CuS NPs was
tested through the catalytic oxidation of a peroxidase substrate,
TMB in the presence of H,0,. TMB has been proved to be a non-
carcinogenic derivative [53] and can be oxidized to a blue reaction
product (Fig. 3a inset) in the presence of H,0,. The catalytic
reaction can be monitored spectrophotometrically at room tem-
perature from augmentation of TMB absorbance [19] at 653 nm
(Fig. 3b), which is originated from the oxidation product of TMB
similar to the phenomenon observed for the commonly used
horseradish peroxidase (HRP) [19]. These phenomena indicate
that the CuS nanostructure indeed exhibits peroxidase-like
efficiency. The enzyme like activity of the CuS NPs may originate
from the Cu?* ions present at the surface of the NPs. Similar to
Fe3* or Fe>* [49] this Cu?* ion may acts as Fenton-like reagent
and interact with the substrate in presence of hydrogen peroxide,
resulting in a colored reaction product. The mechanism
most likely follows Fenton’s reaction [54] and can be written as
follows:

Cu?* +H,0, > Cu!* +HOO" +H* 2)

Cu't +H,0, > Cu®* +*OH+OH" 3)
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Fig. 3. (a) Time dependent UV-Vis spectral changes of TMB-H,0, system catalyzed by CuS NPs. Inset: Typical photography of TMB reaction system (from left to right: with
only catalyst nanoparticles (colorless), with H,0, after catalytic reaction by nanoparticles (blue color). (b) UV-Vis absorption-time course curve of TMB under different

conditions.
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Fig. 4. Effects of (a) pH and (b) temperature on the catalytic oxidation of TMB in the presence of CuS NPs.

The hydroxyl radical, formed in the course of reaction, may
catalyze the oxidation of the TMB substrate, resulting in a blue
colored product.

Additional control experiments showed that the absorbance at
653 of the CuS-TMB-H,0, (Fig. 3b) system was much higher than
that of the TMB-H,0, (Fig. 3b) system over 350 s run, and the
CuS-TMB (Fig. 3b) system had no absorbance in 653 nm. It
indicated that both the components were required for the reac-
tion, as was also the case for horseradish peroxidase (HRP). The
results also confirmed that the CuS NPs exhibits an intrinsic
peroxidase-like activity.

It is important to rule out the possibility that the observed
peroxidase-like catalytic activity is caused by copper ions leach-
ing from CuS NPs in the solution. To test this, leaching solution
was obtained by incubating CuS NPs in the reaction buffer
(pH 4.0) for 1 h and then CuS NPs were removed from solution
by centrifugation. As shown in Fig. 3b, change of absorbance at
653 nm was same as that of TMB-H,0, system. These observa-
tions clearly indicate that there is no marked change in the
absorbance when the leaching solution was used instead of CuS
NPs under the same reaction conditions. These experimental
results also reveal that the observed peroxidase-like activity can
be attributed to intact nanoparticles.

Similar to NPs based peroxidase mimetics and HRP, the
catalytic activity of CuS NPs is dependent on pH and temperature.
To find out the optimum pH and temperature, at first we have
examined the effects of pH and temperature on the catalytic
oxidation of TMB in the presence of CuS NPs between the pH range
2.0-8.0 and the temperature range 10-80 °C, respectively. Fig. 4
demonstrates that CuS NPs exhibits higher catalytic efficiency in

acidic condition than that in neutral or basic conditions. Hence, the
pH 4.0 and 40 °C were chosen as the optimum pH and temperature
(Fig. 4), which are very similar to the values for HRP [19].

To investigate the kinetic mechanism of the peroxidase cata-
lytic activity of CuS NPs, The steady-state kinetic assays were
carried out at room temperature under the optimum conditions,
0.1 M NaOAc, pH 4.0 and 40 °C. The kinetic parameters for the
reaction were evaluated by the initial rate method i.e. calculating
the slopes of initial absorbance changes with time. To investigate
the apparent steady-state reaction rates, time-scan was started as
quickly as possible and the absorbance variation with time was
continuously monitored at 653 nm. The absorbance data were
converted to corresponding concentration terms by using the
value = 39000 M~ 'cm~! (at 653 nm) for the oxidized product of
TMB [55]. During the Kkinetic analysis, experiments were
performed with fixed concentration of H,0, and varying concen-
tration of TMB or vice versa in the presence of CuS NPs. It is found
that over a suitable range of TMB (Fig. 5a) and H,0, (Fig. 5b)
concentrations, the plots of initial rate vs. TMB or H,0, concen-
tration, show typical Michaelis-Menten like behavior.

The data were fitted to the Michaelis-Menten model using a
non-linear least square fitting routine to obtain the catalytic para-
meters [Michaelis-Menten constant (Ki*?) =0.0072 mM and max-
imum initial velocity (Vinax)=8.96 x 10"8 M S~! with TMB as the
substrate. On the other hand, the K{?P and Vax of CuS NPs with
H.0, as the substrate are 12.0 mM and 2.09 x 10~7 M S !, respec-
tively. All these parameters were also evaluated from the
Lineweaver-Burk [56] double-reciprocal plot (1/Vg vs. 1/Sg), which
gave analogous values (Fig. 5a and b insets). From these catalytic
parameters, we can conclude that our as-synthesized CuS NPs



AK. Dutta et al. / Talanta 107 (2013) 361-367 365

8.0x10° | (@) ?
—'(ﬂ 5 |
E 6.0x10 2.0x107
3° 1.8x107
2 4.0x10° - "
7] 2 1.6x10°
_O -
(]
> 2.0x10° 1 1.4x107
1.2x10" /*m |
3.0x10" 6.0x10° 9.0x10° 1.2x10°
0.0 1/8
T T T T 2 T
0.0 2.0x10°  4.0x10°  6.0x10°  8.0x10°

TMB concentration (S ) (M)

7]
1.6x107 7 1y
1.4x107

1.2x107

1.0x107

o

8.0x10*

6.0x10°

Velocity (V ) (Ms™)

4.0x10° -
2.0x10°

25 50 75 100 125 150

0.0 -
11s,

0.00 0.01 0.02 0.03 0.04
H,0, concentration (S ) (M)

Fig. 5. Steady-state kinetic analyses using the Michaelis-Menten model and Lineweaver-Burk model (insets) for CuS NPs by (a) varying the concentration of TMB
with fixed amount of H,0, and (b) varying the concentration of H,0, with fixed amount of TMB.

possessed intrinsic peroxidase-like activity and good affinity for
both TMB and H,0,. Hence it can be used as artificial peroxidase-
mimic.

3.3. Analytical application in determination of glucose

On the basis of the inherent peroxidase property of the CuS
NPs, we designed a colorimetric method for detection of glucose
by utilizing the same chromogenic substrate TMB and TMB-H,0,
catalysized color reaction studied above. When the above TMB-
H,0, catalytic reaction is coupled with the glucose catalytic
reaction by GOx, the colorimetric detection of glucose could be
eagerly understood because H,0, is the main product of the GOx-
catalyzed reaction. Generally, glucose oxidase catalyzed the
oxidation of glucose to produce gluconic acid and hydrogen
peroxide in the presence of oxygen. Subsequently, the formed
hydrogen peroxide was catalyzed by CuS NPs and then reacted
with TMB, resulting in the development of a blue color. Therefore,
the color change from the converted TMB was employed to
indirectly measure glucose content. As the GOx denatured in pH
4.0, the glucose detection was performed in two steps: in the first
step, the glucose oxidation reaction with GOx was performed in
pH 7.0 buffer solutions to produce H,0, while in the second step
this H,O, was reduced by TMB co-substrate in presence of CuS
NPs at pH 4.0. Fig. 6 illustrates a typical absorbance (653 nm)
versus glucose concentration response plot of the sensor in the
detection of glucose where the response is linear in the glucose
concentration range 2-1800puM with a detection limit of
0.12 uM. Compared with several previously reported glucose
sensors [8,10,22,42,57-62] (Table 1), the CuS NPs shows either
comparable or even better response towards glucose.

3.4. Mechanism of the reactions involve in glucose determination
process

The nature of glucose catalytic reaction may originate from the
generation of hydroxyl radical (OH«) from the decomposition of
H,0,. The sequences of reactions that seem to be involved in the
colorimetric glucose determination technique are summarized below:

0, + Glucose—%>H, 0, + Gluconic acid 4)
Hy0,-°,0H - (5)
TMB(colorless)+OH « goxidisedTMB(blue) +H,0 (6)
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Fig. 6. Glucose concentration-response curve for colorimetric determination of
glucose using GOx/TMB/CuS system. Concentration of TMB: 4.5 x 10> M; CuS
NPs: 20 pL of 5 mg/mL. Inset: corresponding linear calibration plot.

In the first step, glucose is oxidized by molecular oxygen in
presence of glucose oxidase (GOx) Eq. (4). The H,0,, thus
produced, then gets adsorbed over CuS NPs surface and then
activated by the bound Cu?* to generate the OH- radical viz the
Fenton-type reaction [54] Eq. (5). The generated OHe was
stabilized by CuS via partial electron exchange interactions [63].
The OH- then quantitatively oxidize TMB to corresponding blue
colored oxidized product according to Eq. (6).

The formation of OH+ was confirmed by terephthalic acid (TA)
photoluminescence probing techniques [50], which is highly
sensitive and selective method, widely used in detection of
hydroxyl radical. In presence of glucose reacting system, non-
luminescent terephthalic acid (TA) easily reacted with OH« and is
converted to highly fluorescent 2-hydroxy terephthalic acid (HTA)
[64] according to Eq. (7).

COOH
OH

COOH

+ OH ——

COOH COOH
(TA) (HTA)
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Table 1
Comparison of colorimetric glucose response parameters for CuS NPs with other glucose sensors.
Catalyst Linear range (pM) Detection limit (nM) Reference
CuS NPs 2-1800 0.12 This work
Fe304 nanoparticles 50-1000 30 [8]
Carboxyl-modified graphene oxide 1-20 1 [10]
Cuo 100-8000 - [22]
Gold nanoparticles 18-1100 4 [43]
Graphene oxide-Fe;04 2-200 0.74 [57]
FeSe film 2-30 0.5 [58]
CoFe layered double hydroxide (CoFe-LDHs) nanoplates 1-10 0.6 [59]
AuNPs (H,0, triggered sol-gel transition) 0-131 1 [60]
Chitosan stabilized silver nanoparticles (Ch-Ag NPs) 5-200 0.1 [61]
PB-Fe,03 nanoparticles 1-80 0.16 [62]
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Fig. 7. Fluorescence spectral changes of sodium terephthalate solution (2 x 10~ M)
in the presence of fixed amount of glucose-GOx system and different amount of CuS
catalyst, (a) 0 mg, (b) 20 mg during photoluminescence probing technique.

The photoluminescence spectra of Glucose-GOx/TA system with-
out and with CuS NPs are displayed in Fig. 7, where the
fluoresence intensity of the solution is increased dramatically
with the addition of the CuS NPs. This phenomenon suggests that
CuS NPs could decompose in situ formation of H,0, from Glucose/
GOx system to generate the "OH radical.

3.5. Determination of human blood glucose using CuS NPs

Using the above glucose determination technique, we can detect
and estimate glucose in real samples such as diluted serum of
healthy human volunteers. Fig. 8 shows that after addition of diluted
human serum, there occurs considerable change in color as well as
UV-Vis spectra of TMB. According to the calibration curve,
the concentration of glucose in the normal human serum sample
is 6.05 mM (109.0 mg/dl) which is consistent with that measured
through standard GOD-POD method in a pathological laboratory
[6.27mM (113.0 mg/dl)]. The general range of blood glucose
concentration in healthy and diabetic persons is about 3-8 mM and
9-40 mM, respectively [65]. With the help of this simple colorimetric
method we can monitor glucose level in diabetes patients.

4. Conclusion

In summary, CuS NPs were prepared by simple and green
method and investigated as peroxidase mimetics. The catalytic

T T T T
600 650 700 750

Wavelength (nm)

T
550

Fig. 8. UV-Vis spectra of buffer solution containing (a) TMB/CuS system and
(b) TMB/CuS/diluted human serum-GOx system. Inset: images of corresponding
colored product.

oxidation of peroxidase substrate TMB with H,0, using the
CuS NPs was thoroughly studied. The CuS NPs as peroxidase
mimetics provide a colorimetric assay for H,O0,. More impor-
tantly, a sensitive and selective analytical platform for glucose
detection was fabricated using glucose oxidase (GOx) and the
as-prepared CuS NPs. The analytical platform developed
exhibited sensitive and selective detection of glucose with a
linear range from 2 to 1800 uM. As a novel mimic peroxidase,
the CuS NPs demonstrate several advantages over HRP and
other peroxidase nano-mimetics, such as stability, dispersi-
bility, non-toxicity and high catalytic efficiency. On the basis
of this finding, we provide a simple, inexpensive, highly
sensitive, and selective method for colorimetric detection of
blood glucose.
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