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ABSTRACT

Objective(s): In a new approach, copper(II) oxide (CuO) nanostructure was synthesized by a solvothermal
method for applying as a biosensor for detecting of glucose. Determination of the glucose is important in
controlling of diabetes. Non-enzymatic detection of glucose is preferable because of its low cost benefits.
Otherwise, CuO can play a role in oxidation of glucose to gluconic acid which is important in glucose
detection. Therefore, obtaining new morphology or new composite from CuO is interesting.

Materials and Methods: CuO nanostructure was prepared with the assistance of a bifunctional amino acid
of L-lysine (with the isoelectric point about 10 for precipitating copper ion) and an additive of urea. Fourier
transform infrared (FT-IR) and Raman spectroscopies, X-ray diffraction (XRD), field emission scanning
electron microscopy (FE-SEM), transmission electron microscopy (TEM), cyclic voltammetry analyses and
differential pulse voltammetry (DPV) were employed.

Results: XRD indicated that the synthesized CuO consists of a tenorite crystal system with a monoclinic
structure. The TEM histogram showed a mean diameter of 91 nm for CuO nanostructure. CuO
nanostructure loaded on graphene oxide-grafted Lisdexamfetamine Dimesylate (LIS) to achieve CuO/
LIS-g-GO composite. CuO/LIS-g-GO was dropped on a glassy carbon electrode (GCE) to develop a new
nanobiosensor for detecting glucose in a cost-effective manner without the necessity of using glucose oxidase
or nafion. Phosphate buffer (PBS) and simulated body fluid (SBF) solutions were the media of the glucose
detection. The sensitivity of the biosensor was 34.7 uA/cm*mM for 10 mM concentration of the glucose. The
mentioned sensor detected no interference in the presence of dopamine and fructose. Also, the repeatability
of the biosensor was investigated and the measured standard deviation (RSD) was 3.93%.

Conclusion: New nanostructured CuO was composited with LIS-g-GO and the new biosensor of CuO/
LIS-g-GO/GCE was applied for the detection of glucose. The sensitivity of 34.7 pA/cm*mM without any
interference of dopamine and fructose caused this system as favorite sensor for the detection of glucose.
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sensors exhibit exceptional selectivity

Diabetes is a serious medical disorder sensitivity. However, they also

experience

distinguished by chronically high levels of glucose
in the blood. The measurement of glucose is
crucial for recognizing and controlling diabetes [1].
In order to accomplish the aforementioned goal,
several glucose sensors have been designed with
different kinds of transducers [2]. Electrochemical
glucose sensors have attracted considerable
attention because of their affordability, sensitivity,
and accessibility. They are categorized as either
enzymatic or non-enzymatic. The enzymatic
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major drawbacks, including limited durability,
chemical instability, hard storage necessities
and manufacturing complexity [3]. To tackle all
of these problems, significant efforts have been
made towards developing appropriate non-
enzymatic sensors. Currently, researchers are
drawn to graphene because of its greater specific
surface area, purity, excellent conductivity and
inexpensive cost [4, 5]. Graphene offers a wide
range of applications in several fields, including
batteries [6], supercapacitors [7], printable
electronics [8], gas sensors [9], biosensors [10] and
biomedicines [11, 12]. Therefore, it is essential to
use environmentally acceptable techniques to
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Scheme 1. Structures of GO (a) and LIS (b)

functionalize graphene oxide (GO) for biosensing
purposes. The electrocatalytical capability of
CuO makes it suitable for functionalizing GO as a
catalyst [13]. CuO is a p-type semiconductor that is
consistently superior to other materials in the field
of nonenzymatic glucose sensing. This property
may be ascribed to the favorable electrochemical
activity and the capacity to facilitate electron
transfer processes [14]. Song et al. presented a
glucose biosensor that utilizes CuO nanoparticles
(CUONPs) supported on GO nanosheet. The
biosensor has a broad linear range spanning from
2.79 pM to 2.03 mM and the limit of detection
(LOD) was 0.69 uM while the detecting potential
was set at 0.7 V. The CuONPs/GO sensor exhibited
a comparable wide linear range of 2.55 uM to
0.5 mM. The sensor exhibited a high degree of
selectivity for glucose over interfering substances
such as ascorbic acid (AA) and uric acid (UA).
Additionally, it demonstrated excellent durability
at ambient temperature, with just a 12.5% loss in
sensitivity seen after 4 weeks [15]. Alizadeh et al.
prepared a glucose biosensor by combining metal
oxide with graphene, without using enzymes. The
CuO/graphene composite exhibited a low LOD
of 0.09 uM. The enhanced capacity to transmit
charges, resulting from the combination of CuO
and graphene sheet, is considered to be the main
factor behind the superior performance of the
glucose sensor [16]. Li et al. fabricated a non-
enzymatic glucose sensor by producing graphene-
CuO nanocomposites and attaching them to a GCE
using Nafion. The mentioned glucose biosensor
showed a linear range from 2.0 uM to 0.06 mM
and a minimal detection limit of 0.29 uM (S/N =
3). The interference of AA, dopamine (DA), and
UA was not observed [17]. Nafion has significant
drawbacksincluding high cost, limited performance
at temperatures over 80 °C, and the potential to
release environmentally persistent and hazardous
substances. Materials based on GO have the
potential to serve as an alternative to Nafion
[18]. The conductivity, stability, and selectivity of
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GO are enhanced by functionalization, leading to
improved performance in electrochemical sensing
applications. Additionally, increasing the graphene
oxide surface area raises its sensitivity [19-21].
Lisdexamfetamine Dimesylate (LIS) is a compound
that is converted into dextroamphetamine, a
kind of stimulant that affects the central nervous
system [22]. This conversion usually occurs by
attaching dextroamphetamine to the amino acid
L-lysine, which is naturally found in the body [23].

This work involves the solvothermal synthesis
of CuO nanostructure using a novel additive.
Usually, GO was modified the biosensors while in
this report, new composite from graphene oxide
was synthesized, characterized, and applied for
biosensing of the glucose. This nanostructure is
subsequently used to detect glucose biomolecule
using a non-enzymatic method. The investigation
used a cost-effective and bare GCE that was
enhanced using graphene oxide grafted LIS. The
chemical structures of GO and LIS are depicted in
Scheme 1.

MATERIALS AND METHODS

Graphite powder, measuring less than 70 um
in diameter, was obtained from Shimi Pajohesh
Asia Co. Copper(ll) nitrate trihydrate, lysine, urea,
potassium hydroxide, and ethanol were purchased
from Merck Chemical Co. Dopamine hydrochloride
and fructose were purchased from Sigma Aldrich.
LIS was gifted from Tadbir Kalaye Jam Co. (Tekaje).

The FT-IR spectra of graphene oxide and
its composite were acquired using a Fourier
transform infrared spectrometer, Spectrum 65
(PERKIN-ELMER). The spectra were obtained
with a resolution of 4 cm?, and the scanning was
performed in the wavenumber range of 400-
4000 cm™. The Raman spectra of graphene oxide
and its composite were performed on TESCAN
(model TakRam N1-541, Iran). XRD was utilized to
determine the crystal structure of both graphene
oxide and the recently changed graphene. The
XRD patterns were acquired with a powder X-ray
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diffractometer, the Bruker AXS-D8 Advance.
The device was fitted with a copper target and
functioned at a wavelength of A CuKa = 1.54056 A.
The voltage and current applied to the tube were
adjusted to 40 kV and 30 mA, respectively. The
XRD patterns were obtained within the angular
range of 5° to 80° using a scanning speed of
0.05°/s. The structure of graphene oxide and other
drug-modified graphene oxide was analyzed using
a field emission scanning electron microscope
(FE-SEM) produced by TESCAN (model MIRA llI,
Czech Republic). The electrochemical analysis
was conducted using a potentiostat/Galvano stat
pAutolab type Il (Metrohm Auto lab).

Synthesis of graphene oxide

At first, a glass container wa placed into a chilled
bath. During the first stage of this experimental
phase, it was crucial to maintain a temperature
below 10 oC by submerging the thermometer
in the bath. 46 mL of sulfuric acid with a
concentration of 98% was added to the container,
then 2 g of pure graphite added. The contents of
the container were then agitated for duration of 15
min. 6 g of potassium permanganate powder was
added slowly to the mixture while aggressively
agitated for 1.5 hr. After completing the mixing
step, the stirring was continued for an extra 0.5 h.
Subsequently, the bath temperature was raised to
35 °C. After reaching to a stable temperature, the
mixing process was continued for an additional
hour. To accomplish dilution, 400 mL of distilled
water was added to the container, and then the
mixture was continuously stirred for 30 min. It is
crucial to maintain the bath temperature below
40 °C at this point. After adding distilled water
to the mixture, 20 mL of hydrogen peroxide with
a concentration of 30% was slowly added to the
container. The mixing operation was continued for
a period of 0.5 hr. During this specific stage, the
solution experiences a short transition, leading to
a change in color to a light-yellow. Afterwards, the
mixture underwent a washing procedure including
a 1 M hydrochloric acid solution, followed by a
further rinse with distilled water. The objective of
this process was to remove ions and increase the
pH level [24].

Synthesis of functionalized graphene oxide

The addition of 100 mg of graphene oxide to
200 mL of deionized water in a 500 mL round-
bottom flask resulted in the formation of a uniform
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dispersion. Afterwards, a solution containing 200
mg of LIS and 200 mg of potassium hydroxide was
added and exposed to ultrasonic instrument for
1 h. Subsequently, the mixture was moved to an
oil bath and exposed to reflux at a temperature of
80 °C for a period of 24 hr, with constant stirring
until a homogeneous black solution was obtained.
The solution was filtered using a nanofilter
system, then washed with a 1 M hydrochloric acid
solution, and finally rinsed with distilled water.
The collected sediment was put cautiously into a
beaker and then placed into a desiccator equipped
with a vacuum valve at a consistent ambient
temperature [25].

Synthesis of CuO

Initially, 2.04 g of urea and 0.58 g of lysine
were introduced into the beaker. Subsequently, a
40 mL solution consisting equal parts of water and
ethanol added to the beaker and mixed thoroughly.
A quantity of 3.09 g of copper(ll) nitrate was
introduced into a separate container, followed by
the addition and complete mixing of 40 mL water
and ethanol solution. The contents of two beakers
were combined in a 200-mL beaker and agitated
for 15 min using a magnetic stirrer. The pH of the
mixture was determined between 2 and 3. The
solution obtained was subjected to a heating
process for duration of 20 h at a temperature of
150 °C using a Teflon lined autoclave. The resulting
product was cooled, and its pH was determined to
be 9. Subsequently, it was filtered and subjected
to drying in an oven at a temperature of 50 °C. The
sediment was pulverized in a mortar to achieve a
consistent particle size. The process of calcination
carried out at a temperature of 600 °C, with a
heating rate of 5 °C/min for duration of 3 hr inside
the furnace.

Loading of CuO on LIS-g-GO

In the beginning, CuO was dissolved in a 10 mL
solution of diethylene glycol. Subsequently, the
functionalized graphene oxide was introduced,
followed by the addition of 10 mL deionized
water. The sample underwent ultrasonication for
duration of 30 min. Subsequently, the mixture
was agitated using a magnetic stirrer operating
at a speed of 200 rpm at a temperature of 80
°C for duration of 20 hr. This process took place
inside a glass container, which was sealed with
an aluminum foil cover. Afterward, the mixture
was subjected to centrifugation and subsequently
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Fig. 1. FT-IR & Raman spectra of GO (a,A), LIS-g-GO (b,B), and CuO (c)

separated. It underwent multiple washes with
water and ethanol before being subjected to
drying in an oven at a temperature of 50 °C. A
quantity of 5 mg of the dehydrated mixture was
evenly distributed in 5 mL of dimethylformamide
using ultrasonic vibrations for duration of 1 hr.
Subsequently, it was agitated within a container
for 24 hr. A volume of 3 pL of the suspension
dropped onto the electrode using a sampler and
then desiccated in an oven. Following that, the
electrode containing desiccated powder was
employed to quantify the prepared solutions
by varying concentrations utilizing the auto-
lab device [26, 27].

RESULTS AND DISCUSSIONS
FT-IR analysis & Raman spectroscopy

Fig. 1(a-c) displays the FT-IR spectra of GO, LIS-
g-GO, and CuO. The absorption peak 3396 cm™
is ascribed to the stretching vibration of the O-H
bonds present in carboxylic acid and the hydroxyl
groups of GO. The vibrational mode at 1725 cm™
corresponds to the stretching of C=0 bonds in
carboxylic acid groups inside GO. The presence of
a C=C strong vibrational peak at 1607 cm™ implies
the formation of hexagonal structure of GO and
graphene. Following functionalization with amino
biomolecules, the strength of the C=0 stretching
mode decreases. Instead, a new vibrational mode
associated with the stretching of C=0 bonds in
amide groups appears at a lower wavelength of
1622 cm™. The presence of OH and NH stretching
bands about 3400 cm™ provides evidence for
the formation of nanocomposites between GO
and amino biomolecules. The presence of peaks
at 1049 and 852 cm™ indicates the occurrence
of C-O stretching related to epoxy groups. The
presence of a doublet peak at 2850 and 2915 cm*
in the infrared spectrum indicates the existence
of symmetric and asymmetric CH, in the alkyl
moieties of GO (Fig. 1a) [28]. The FT-IR spectra of
LIS-g-GO demonstrated the presence of the C-N
bond at a wavenumber of 1365 cm™ [29] (Fig. 1b).
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The peak at 588 and 534 cm™ confirms the metal
oxygen bond (Cu—0) [30] (Fig. 1c).

Fig. 1(A-B) shows the Raman spectra of GO
and LIS-g-GO, respectively. The use of Raman
spectroscopy was employed to assess both the
quality and structural characteristics of GO and
functionalized GO. The alterations were seen in
the primary features such as D, G, and 2D bands
which are indicative of the functionalization
process undergone by GO [31]. The GO and LIS-g-
GO samples exhibited characteristic G and D bands
at wavenumbers of 1594 & 1357 cm™ and 1572
& 1351 cm?, respectively. The sp3/sp2 carbon
ratio (ID/1G) of GO and LIS-g-GO is 0.97 and 0.69,
respectively. The LIS-g-GO sample, with an ID/IG
ratio of 0.69, demonstrated a higher degree of the
graphite phase [32, 33].

XRD studies

In Fig. 2, the XRD pattern was compared with
the standard JCPDS file number 96—901-5823. The
marked (110), (002), (11-1), (111), (200), (20-2),
(020), (202), (11-3), (31-1), and (220) diffraction
peaks in the XRD pattern are well matched with
the aforementioned standard JCPDS file number
which the (11-1) and (111) peaks have the highest
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Fig. 2. XRD pattern of CuO
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intensity in comparison with other peaks. According
to the data, the formed CuO nanostructure consists
of a tenorite crystal system in a single-phase with a
monoclinic structure (space group C1 2/c 1). Lattice
parameters are a = 4.67 A, b=3.45A andc=5.12
A, respectively [34, 35].

Morphological studies

FE-SEM was used to confirm the morphologies
and feature sizes of the samples and to confirm
that LIS-g-GO and CuO were made successfully
in the reaction mixture, as shown in Fig. 3(a-f).
Stacked flakes are a prevalent kind of functionalized
nanostructure [36]. The surface morphology of
GO analyzed using SEM that revealed sheet-like
morphology before grafting with LIS (Fig. 3(a-
b)), whereas the composite showed aggregated
morphology, which could be due to the presence of
amino biocompound (Fig. 3(c-d)) [37]. From the Fig.
3(e-f), it is clearly seen that the CuO particles are
spherical in shape. The surface is not smoother. But
the particle size lies well within nano range [38].

The TEM micrographs of LIS-g-GO and CuO
are shown in Fig. 4 (a-b, c-d), respectively. Black
areas represent dense packing of the GO layers
and the presence of oxygen functional groups,
while the transparent areas show the exfoliated
stacking nanostructure of thinner GO layers [39].

200 nm

200 nm

200 nm

Fig. 3. FE-SEM micrographs of GO (a,b), LIS-g-GO (c,d), and CuO (e,f)

200 nm
O ————r—

Fig. 4. TEM micrographs of LIS-g-GO (a,b) and CuO (c,d)

The histograms depicting the distribution of
particle sizes, as calculated from the micrographs
obtained using TEM, revealed a significant degree
of variance in particle size. The particle sizes of
Repeatability, interference, and stability studies
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LIS-g-GO and CuO fall within the range of 70-110
nm. The mean diameters of LIS-g-GO and CuO are
89 and 91 nm, respectively. The histograms in Fig.
5(a—b) depict the particle size distribution of LIS-g-
GO and CuO, respectively.
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Fig. 5. Particle size distribution histograms of LIS-g-GO (a) and CuO (b)

of biosensor

Fig. 6 shows CV of bare GCE in PBS, CuO/LIS-g-
GO/GCE in PBS, and CuQ/LIS-g-GO/GCE in 10 mM
glucose. The best response was related to 10 mM
concentration of glucose solution with sensitivity
of 34.7 uA/cm2mM [40].

To essay the repeatability of the biosensor,
CuO/LIS-g-GO/GCE was repetitively applied for
measuring 10 mM of glucose concentration
for three times. The measured RSD was 3.93%.
To verify the sensitivity of the CuO/LIS-g-
GO/GCE biosensor as a function of glucose
concentrations, 2, 4, 6, 8, 10, 12, and 14 mM
glucose solutions were prepared for biosensing at
room temperature, Fig. 7(a). Calibration curve of
the biosensor with the correlation coefficient of
0.9018 is depicted in Fig. 7(b). The detection limit
of the biosensor was 1.16 mM. The quantitation
limit of the biosensor was 3.86 mM. As can be
seen, enhancement of the current response
observed while the concentration of glucose was
increased. Furthermore, the electrochemical
response of interfering DA and fructose (Fr) at the
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concentration of 0.4 mM was studied for the CuO/
LIS-g-GO/GCE biosensor in PBS, Fig. 7(c). Results
revealed that DA and Fr do not show the response
in the presence of 4 mM of glucose [41]. The
biosensor was stored at room temperature for two
weeks and the stability of the sensor was checked.
No significant reduction in biosensor performance
was observed when measuring 8 mM glucose
solution. The performance of the biosensor is
illustrated by the recovery values for accuracy and
the coefficient of variation for precision, which are
presented in Table 1.

DPV measurement was performed to examine
the influence of glucose concentration. DPV
measurement is considered as a suitable technique
which can minimize the effects of capacitive
currents that occur during glucose oxidation.
Therefore, the measured current is a pure Faradaic
current resulting from the influence of glucose
concentration. DPV measurement was performed
by changing glucose concentration from 2-14 mM
in PBS solution. The DPV current increased with
increasing glucose concentration. The findings

——bare GCE in PBS
CuO/LIS-g-GO in PBS
——CuO/LIS-g-GO in 10 mM Glucose

.
N
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Fig. 6. CV of bare GCE in PBS, CuO/LIS-g-GO/GCE in PBS, and CuO/LIS-g-GO/GCE in 10 mM glucose
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Fig. 7. CuO/LIS-g-GO/GCE applied in (a) plotting CV of changing glucose concentration from 2 to 14 mM in PBS, (b) Calibration curve
of the biosensor (c) interference test with 4 mM glucose and other electroactive species including 0.4 mM DA and 0.4 mM Fr in PBS

Table 1. Accuracy and precision of the biosensor

Glucose added (mM) Glucose calculated (mM)

% Recovery Coefficient of variation
6 5.7 95 0.026
8 83 103.75 0.018
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are displayed in Fig. 8a. Fig. 8b shows the linear
regression plot between the values of the current
and the values of the glucose concentration.

Real sample analysis

The  CuO/LIS-g-GO/GCE  biosensor  was
employed in the detection of glucose in simulated
body fluid (SBF). To accomplish this, SBF was
chosen as the medium for glucose measurement
[42, 43]. The result exhibited that the biosensor
showed a dose dependence response. Also, it
confirmed that, biosensing of the glucose by
means of CuO/LIS-g-GO/GCE electrode is feasible
without any interference. This is an advantage for
this electrode that without using nafion or glucose
oxidase, glucose is detectable in the presence
of electroactive species. Therefore, it could be

a)
14
12
10
—14mM
i 8 —12mM
= — 10 mM
= 6
2 8 mM
= —_— |
&4 6 mM
—4mM
3 2 mM
0 R S
q4s 0.6 04 02 0 02 04 0.6 08

Potential (V)

Fig. 8. (a) DPV measurement of glucose in 0.01 M of PBS pH

7.4 with the variation concentration of (2-14 mM); (b) Linear

regression plot between the values of the current and the
values of the glucose concentration

Current (pA)

concluded that, simple and low cost CuO/LIS-g-
GO/GCE biosensor can sense the glucose efficiently
and selectively. Different amounts of glucose with
5 mM concentration were spiked into the SBF.
For cyclic voltammetry, a potential window from
-1V to +1 V was operated with a scan rate of 0.1
mV/s. The CV of different standards is shown in
Fig. 9. The recovered concentration and recovery
(%) of the spiked samples using the biosensor
were 8.82 mM and 56.69%, respectively.

Table 2 provides a summary of several nano
biosensors for Glucose detection.

CONCLUSION

CuO crystalline nanostructure was synthesised
via a solvothermal by interaction of copper(ll)
nitrate, lysine amino acid and urea (as precipitating
and directing agents). On the other hand,
Graphene oxide was grafted with LIS to achieve
LIS-g-GO. Finally, the prepared nanostructure
and CuO/LIS-g-GO was loaded on glassy carbon
electrode (GCE) to obtain CuO/LIS-g-GO/GCE nano
biosensor to detect glucose. CuO/LIS-g-GO/GCE

——Standard 1
10 Standard 2

Standard 3

——Standard 4

85— 0.5 1 15

-20
Voltage (V vs Ag/AgCl)

Fig. 9. CuO/LIS-g-GO/GCE applied in plotting CV of different
amounts of glucose with 5 mM concentration spiked into the SBF

Table 2. Comparison of different nano biosensors for Glucose detection

Electrode matrix Enzymatic/ nonenzymatic Sensitivity Detection limit References
(mM)
CuO/LIS-g-GO nonenzymatic 34.7 1.16 This work
Cu,0/graphene nanosheet nonenzymatic 1.2 [44]
CuO/graphene nonenzymatic 6.7x1 [45]
Cu,0/graphene nanosheets nonenzymatic 3.3 [46]
Cu20/rGO nonenzymatic 19.5 yA/mM? - [47]
Cu20/NiOx/GO enzymatic - [48]

Nanomed J. 12(2): 252-261, Spring 2025
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biosensor was used for sensing in PBS and SBF.
The sensitivity of the biosensor was 34.7 pA/cm2
mM. The CuO/LIS-g-GO/GCE biosensor was tested
in different concentrations (2-14 mM) of glucose
and the interference effect was investigated in the
presence of DA and Fr (0.4 mM). The DPV current
increased with increasing glucose concentration.
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