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ABSTRACT

Background: Determining the concentration of hydrogen peroxide in
liquids and biological samples is very important because of its effects on
human health. This study aimed to design a new electrochemical
biosensor based on hemoglobin to detect hydrogen peroxide in serum
samples.

Methods: In this study, a basic science, a biosensor based on modifying
the glassy carbon electrode surface with a nanocomposite consisting of
cobalt oxide nanoparticles and multi-walled carbon nanotube
functionalized with a carboxyl group (MWCNT/Co30,4) and hemoglobin
stabilized on this nanocomposite was made as a biological recognition
element.

Results: In optimal conditions, the biosensor was used to measure
different concentrations of hydrogen peroxide. The designed biosensor
showed a wide linear response range from 10 uM to 500 puM, a detection
limit of 0.512 puM, and high reproducibility and stability.

Conclusion: In this innovative research work, MWCNTs/C030,
nanocomposite was used to make a diagnostic biosensor. The presented
biosensor showed an acceptable performance in the measurement of
hydrogen peroxide in serum samples and laboratory solutions.
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Extended Abstract

In this innovative  research  work,
MWCNTs/Co30,4 nanocomposite was used to
make a diagnostic biosensor. The presented
biosensor showed an acceptable performance
in the measurement of hydrogen peroxide in
serum samples and laboratory solutions.
Background: Free radicals and reactive
oxygen species (ROS) are naturally produced
throughout many metabolic processes in the
human body. Certain types of these products
regulate physiological processes as signaling
molecules. Hydrogen peroxide, as a ROS, can
have detrimental impacts on human health
when present in high concentrations.
Accurately measuring the concentration of
hydrogen peroxide in liquids and biological
samples is crucial due to its impact on human
well-being. Several techniques have been
documented for quantifying hydrogen
peroxide levels in body fluids. The
electrochemical biosensor technique has
garnered significant attention in recent years
owing to its user-friendly nature,
affordability, exceptional sensitivity, rapidity,
selectivity, and the elimination of the
requirement for an expert user to quantify the
quantity of H202. The biosensor is created by
modifying the surface of the glassy carbon
electrode  with the MWCNT/Co304
nanocomposite. The electrochemical
reactions can be enhanced by immobilizing
metal nanoparticles and metal oxide on
carbon nanotubes to create a hybrid catalyst.
This research adopts a combination of multi-
walled carbon nanotubes and cobalt oxide
nanoparticles to develop a biosensor so that
the electron transport between hemoglobin
and the electrode surface is facilitated.
Methods: Initially, cobalt oxide nanoparticles
were fabricated using the co-precipitation
technique. Subsequently, a MWCNT/Co030,4
nanocomposite was synthesized using a
straightforward  technique.  Next, the
fabricated nanocomposite was immobilized
onto the surface of the glassy carbon
electrode. Following that, a covalent bond
was formed between the amino group of
hemoglobin and the carboxyl group linked to

multi-walled carbon nanotubes. This resulted
in the fixation of hemoglobin onto the surface
of the glassy carbon electrode modified with
MWCNT/C0304

Results: The crystal structure of the
MWCNT/Co30, nanocomposite was
identified using XRD analysis. The patterns
associated with MWCNT and Co30,
nanoparticles were distinctly observed. An
FTIR spectrum in the range of 400-4000 cm™
was conducted on the MWCNT/C030,4
nanocomposite to assess its functional
groups. The peaks related to the presence of
Co?* and CO* in the CO-O stretching
vibration in cobalt oxide nanoparticles and
the peak related to the asymmetric or
symmetric C-H stretching vibrations in the
CH, and CHj3 groups in MWCNT, the peak
related to the C=C stretching vibration in the
main skeleton of the structure of carbon
nanotubes and bonds related to the O-H
stretching vibration were observed. The FTIR
spectrum results were verified by the
organization of MWCNTs with Co30,
nanoparticles. The structural morphology of
the MWCNT/Co30, nanocomposite was
examined wusing FESEM and HRTEM
electron microscope. The photos showed a
regular pattern of cobalt oxide nanoparticles
on MWCNT. The process of modifying the
electrode was examined using cyclic
voltammetry in the potential range of -0.2 to
+0.8 at a speed of 50 mV/s in an
electrochemical cell. The cell contained a 0.1
M phosphate buffer solution with a pH=7. No
discernible redox peak was seen on the
unmodified glassy carbon electrode. The
electrode  enhanced by incorporating
MWCNT/Co304 nanocomposite resulted in
an augmented active surface area, thus
facilitated electron transfer, leading to an
observed increase in the current peak. The
current peak was reduced by immobilizing
hemoglobin on the surface of the modified
electrode using a synthetic nanocomposite.
This was achieved by filling the active
surface of the electrode with hemoglobin,
hence decreasing electron exchange. The
electrode surface demonstrated effective
immobilization of nanocomposite and
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hemoglobin, as confirmed by cyclic
voltammetry. To optimize the conditions and
reach the best response for measuring
hydrogen peroxide, the effects of pH,
incubation  time of MWCNT/Co030,
nanocomposite with glassy carbon electrode,
and the drying time of hemoglobin on the
electrode surface modified with
MWCNT/Co030, in the biosensor response
were studied. For this purpose, the current
response measurement for 100 uM hydrogen
peroxide was evaluated in the range of
different pH from 5 to 8.5. The results
indicate that the biosensor achieved optimal
performance at a pH=7. This pH level offers
the optimal circumstances for the electron
transfer process of the biosensor. In time
intervals from 0.5 to 4.5 hours, the highest
current response for measuring a constant
amount of hydrogen peroxide by the DPV
method was  obtained when  the
MWCNT/Co0304 nanocomposite was
incubated with the electrode surface for 2
hours. To form a successful interaction
between hemoglobin and glassy carbon
electrode modified with MWOCNT/Co030,4
nanocomposite, incubation time at room
temperature is an important criterion for
optimization. The most secure connection,
which led to the most significant current
response, was attained after a drying period
of 180 minutes (equivalent to 3 hours) at
ambient temperature. The biosensor was
utilized under optimal circumstances to
measure various quantities of H,O, using the
differential pulse voltammetry technique. A
direct correlation exists between the
concentration of H,O, ranging from 10 uM to
500 uM and the corresponding current. The
calibration curve regression equation may be
expressed as y=0.2426x-1.111, with a
correlation coefficient of R®=0.995. The
biosensor's detection limit for hydrogen
peroxide was 0.512 pM. The constructed
biosensor exhibits exceptional stability and
excellent selectivity in detecting hydrogen
peroxide. The relative standard deviation for
the readings collected from five electrodes is

1.2%. Upon evaluating the stability of the
measured current at the end of the fourth
week, it was observed that there was a 3.2%
decrease. This decrease signifies that
constructing the biosensor using this method
possesses  satisfactory  stability.  The
selectivity of the biosensor was assessed by
sequentially injecting 100 uM concentrations
of interfering substances such as ascorbic
acid, dopamine, uric acid, and glucose into a
0.1 M phosphate buffer solution (pH=7)
containing 100 pM per liter of hydrogen
peroxide. The findings of this experiment
clearly indicated that the achieved standard
deviation for the current responses was 3.5%,
demonstrating that the interfering compounds
had no discernible impact on the current
response. The comparison of the newly
developed electrochemical biosensor,
utilizing a glassy carbon electrode modified
with MWCNT/Co304 nanocomposite, with
previous studies reveals a  superior
performance in detecting hydrogen peroxide.
This improved response can be attributed to
the synergistic effect of Co30, and
MWCNTs, two nanomaterials used in the
modification process. Collectively, the
substance can form an extensive conductive
network, which, due to its exceptional
chemical stability and other physical
characteristics, results in an enhanced
electrochemical reaction. The investigation of
actual serum samples demonstrated that the
biosensor developed in this study is suitable
for practical applications in routine analysis
of hydrogen peroxide in real-life scenarios.
Conclusions: ~ The  research  involved
measuring the quantity of hydrogen peroxide
by utilizing the electrochemical
characteristics of a glassy carbon electrode
modified with MWCNT-Co3;04/Hb. The
presence of hydrogen peroxide was identified
through the activity of hemoglobin pseudo-
peroxidase and the reduction of H,0O,. LOD
and the wide linear range of the biosensor
verified the good performance of the
biosensor in measuring low concentrations of
HQOZ.
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