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This study was focused on the fabrication of electrochemical sensors based on a hanocomposite of Au
and polypyrrole nanoparticles and functionalized carbon nanotubes (Au-PPyNPs@f-CNTs) modified
glassy carbon electrode (GCE) for detection of Vitamin Bi> (VBi12) content in pharmaceutical and
human plasma samples for diagnosis of metabolic disease as a major reason in human motion
coordination. The Au-PPyNPs@f-CNTs nanocomposite was chemically synthesized and modified the
glassy carbon electrode surface. Structural analyses using SEM and XRD showed that the
nanocomposite consisted of deposited Au NPs in fcc crystal structure and amorphous PPy NPs on
highly tangled tubes of the f-CNTs network. Electrochemical studies using DPV and amperometry
techniques indicted that Au-PPyNPs@f-CNTs/GCE displayed the stable and remarkable
electrocatalytic response to additions of VB12 due to its high electrical conductivity of Au NPs, PPy
NPs and f-CNTs, and well-distributed electrochemically active sites of CNTs. The linear range, limit
of detection and sensitivity were obtained 0 to 85 uM, 0.9 nM and 4.3597 pA/ UM, respectively. The
applicability of the prepared VVB12 sensor was investigated in a prepared real pharmaceutical sample of
VB1. capsules and human plasma samples. Results showed the appropriate accuracy of the analytical
results with acceptable recovery and RSD values, indicating the proposed sensor could be reliable for
the detection of VB12 content in pharmaceutical and human plasma samples for diagnosis of metabolic
disease.

Keywords: Au-PPyNPs@f-CNTs; Nanocomposite; Vitamin Bi2; Human plasma sample;
Pharmaceutical sample; Amperometry

1. INTRODUCTION

Coordination disorders often result from malfunction of the cerebellum, the part of the brain
that coordinates voluntary movements and controls balance. Dysmetria as a coordination disorder is
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the incapability to control the distance, range, and speed of motion required to perform easily
coordinated movements [1, 2]. Dysmetria is a signal of cerebellar damage and often presents along
with additional signs, for example, loss of poor and balance coordination of walking, eye, and speech
movements [3]. More specially, dysmetria is a kind of cerebellar ataxia, which is the common term
used to explain abnormal coordination of movements.

Cerebellar damage can result from a variety of causes, including, infection of the brain, stroke,
brain tumors cerebral palsy, traumatic brain injury, autoimmune disorders and disorders,
demyelinating hereditary degenerative conditions of the nervous system, or metabolic diseases which
result of thiamine or vitamin B12 deficiency [4-6]. Vitamin B12 (Ce3HgsCoN14014P), also known as
cobalamin or cyanocobalamin is a cobalt-containing coordination compound that it is important in the
normal functioning of the nervous system and in the maturation of red blood cells in the bone marrow.

Thus, the determination of vitamin By, level is important in human plasma, urine, foods and
pharmaceutical products for diagnosis and treatment of metabolic disease, and many studies have been
focused on chromatography, high-performance liquid chromatography, fluorescence quenching
method, fluorimetry, spectrophotometry, electroluminescence, mass spectrometry, atomic absorption
spectroscopy, capillary electrophoresis and electrochemical techniques [7, 8]. Among them,
electrochemical techniques provide inexpensive strategies for the simple and rapid detection of
vitamins, amino acids, minerals and enzymes [9-13]. Modification of the electrode in electrochemical
systems by nanostructures hybrid nanocomposites improves sensitivity and stability [14-16].
Therefore, this study was conducted on the fabrication of electrochemical sensors based on Au-
PPyNPs@f-CNTs/GCE for detection of VB2 contenting in pharmaceutical samples.

2. MATERIALS AND METHOD

2.1. Preparation the modified electrode

For the synthesis of Au NPs [17], The precursor 5 ml of 10mM HAuUCls (>99.9%, Sigma-
Aldrich) solution was ultrasonically added to 1 ml L-cysteine hydrochloride monohydrate (99%,
Haihang Industry Co., Ltd., China), andl ml cysteamine (99%, Shandong Zhonglan Chemical Co.,
Ltd., China) aqueous solution. After 20 minutes of ultrasonication, 1 ml of 10mM NaBH4 (99%,
Merck, Germany) aqueous solution was gradually added to the solution at room temperature, and the
resulted mixture was left to react for 120 minutes. For the preparation of the Au-PPy NPs[18], 6 g
polyvinyl alcohol (99%, Hejian Anjiefa Building Material Co., Ltd., China) was mixed with the
solution under magnetic stirring for 30 minutes. The mass ratio of Au NPs and PPy NPs was fixed at
1:1. Next, 3 g FeCl3(>99%, Merck, Germany) was added to the product under magnetic stirring at 6°C
which initiated the polymerization reaction. After 12 hours, the sediments were separated from the
liquid phase by filtering (Polycarbonate membrane, 0.2um, Whatman) and rinsed with deionized
water. The as-synthesized Au-PPy NPs were ultrasonically dispersed in ethanol.

To prepare the f-CNTs, CNTs (>99%, Sigma-Aldrich) was refluxed overnight at 90 °C in 3 M
HNOs (99.5%, Sigma-Aldrich) that it conducted to side-wall mild oxidation and functionalization of



Int. J. Electrochem. Sci., 16 (2021) Article Number: 211029 3

CNTs [19]. Then, the treated CNTs were filtered and ultrasonically washed and dried. Then, the f-
CNTs were ultrasonically dispersed in ethanol and added to disperse Au-PPy NPs suspension. After
then, the resulted mixture was dropped on GCE and dried to form the Au-PPyNPs@f-CNTs
nanocomposite film. The mass ratio of Au-PPy NPs and f-CNTs were fixed at 3:2.

2.2. Preparation of real samples

The first real sample was prepared from a pharmaceutical sample. VB12 capsules were provided
from a local pharmacy that was labeled with an amount of 50 pg VVB12 per capsule. 10 capsules (500ug
VB12) were ultrasonically dissolved in50 ml of 0.1 M phosphate buffer solutions (PBS) which were
used as a real sample in an electrochemical study through amperometry technique.

The second real sample was prepared from a human blood plasma sample. The VB12-negative
plasma sample of a middle-aged man was provided from Beijing Jishuitan Hospital (Beijing, China). 1
mL of samples was diluted to 10mL with the 0.1 M PBS pH 7. The standard addition method was also
applied through spike certain concentrations of VB2 in the prepared real samples. The spiked samples
were stored in the refrigerator at 4 C°.

2.3. Electrochemical and structural Characterizations

DPV and amperometry experiments were conducted on AUTO LAB Potentiostat PGSTAT 302
(Eco Chemie, Utrecht, and The Netherlands) in three-electrode electrochemical set-up containing an
Ag/AgCI (saturated KCI) as the reference electrode, a Pt plate as the counter electrode and unmodified
and modified GCE as working electrode. The electrochemical electrolyte was 0.1 M PBS which was
prepared from an equal volume ratio of 0.1 M NaH2PO4 (99%, Sigma-Aldrich) and 0.1 M Na;HPO4
(99.95%, Sigma-Aldrich).

The crystal structure and surface morphology of modified electrodes were analyzed through
scanning electron microscopy (Hitachi S-4800, Hitachi Ltd., Tokyo, Japan) and X-ray diffraction
(XRD, RigakuMiniflex 600, Tokyo, Japan), respectively.

3. RESULTS AND DISCUSSION

3.1. Study the structure and surface morphology

Figure 1 shows the SEM images of -CNTs/GCE and Au-PPyNPs@f-CNTs/GCE. SEM image
of f-CNTs film in Figure 1a displays a network structure of highly tangled tubes with diameters of 50—
100 nm which is distributed over the GCE during the drop casting process. It was observed from
Figure 1b that Au-PPyNPs@f-CNTs nanocomposite consisted of deposited Au-PPy NPs on the f-
CNTs network. Due to rich functional groups of the f-CNTs, the Au-PPy NPs are adsorbed on the
surface of CNTs through chemical complex interaction. As observed, the surface of Au-PPy NPs is
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smooth, indicating the PPy layer covers pure Au NPs. The average diameter of Au-PPy NPs is 75 nm.
The f-CNTs film provided a substrate for the successful formation of porous nanocomposite of Au-
PPy NPs on the GCE surface. The highly porous nanocomposite could provide good electron
conductivity and shortens ion diffusion path and decrease the ionic diffusion resistance [20-22]. The
formation of more active sites on Au-PPyNPs@f-CNTs/GCE can enhance the electrocatalytic activity.
Furthermore, the polymer matrix facilitates the effective load transfer from a polymer matrix to CNTs

[23].
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Figure 2. XRD patterns of powders of (a) f-CNTs, (b) PPy, (c) PPyNPs@f-CNTs and (d) Au-
PPYNPs@f-CNTs films.

Figure 2 shows the results of the crystal structure of powders of f-CNTs, PPy, PPyNPs@f-
CNTs and Au-PPyNPs@f-CNTs films. As seen from Figure 2a, the XRD pattern of the f-CNTs
depicts a sharp diffraction peak at 26.300, which is corresponding to (002) crystallographic plane off-
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CNTs (JCPDS card no. 41-1487) [24]. Figure 2b shows the XRD pattern of PPy with the broad
diffraction peak at 20=22.850 which characteristic of amorphous PPy because of the scattering from
PPy chains at the interplanar spacing [25]. Figure 2c displays the XRD pattern of PPyNPs@f-CNTs
that it reveals the broad diffraction peak at 23.01°, indicating to f-CNTs embedded into the amorphous
PPy matrix. Figure 2d shows the XRD pattern of Au-PPyNPs@f-CNTs nanocomposite with a broad
peak at 22.98° which demonstrates the amorphous nature of PPy and the strong peaks at 43.64° and
64.29° assigns to the (200) and (220) planes of face-centered cubic (fcc) structure of Au NPs (JCPDS
card no. 04-0784) [26].

3.2. Electrochemical study

Electrochemical responses of the prepared electrodes in absent and additions of 5uM and
10uM VB12 solutions were studied using the DPV technique in 0.1M PBS pH 7 at 10 mV/s scan rate.
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Figure 3. DPV curves of (a) GCE, (b) PPy/GCE, (c) f-CNTs/GCE, (d) PPyNPs@f-CNTs/GCE,(e) Au
NPs@f-CNTs/GCE and (f) Au-PPyNPs@f-CNTs/GCE in 0.1 M PBS pH 7 at 10 mV/s scan
rate in absent and additions of 5 pM and 10 uM VB12 solutions.



Int. J. Electrochem. Sci., 16 (2021) Article Number: 211029 6

Figure 3 show DPV curves of GCE, PPy/GCE, f-CNTs/GCE, PPyNPs@f-CNTs/GCE, Au
NPs@f-CNTs/GCE and Au-PPyNPs@f-CNTs/GCE with the reduction peak of VB2 at 0.08, 0.06,
0.08, 0.1, 0.04 and -0.02 V, respectively, illustrating to the reduction of the Co(lll) center in vitamin
B> to Co(l) [27]. Comparison between the DPV curves of GCE, PPy/GCE, f-CNTs/GCE and
PPYNPs@f-CNTs/GCE reveals that the f-CNTs play an important role to enhance the electrochemical
peak current because of its the functional groups on ends and sidewalls for promoting electron transfer
called electron shuttles, the large specific area which providing high sensitivity[28, 29]. In addition,
PPy play a leading role due to the relative low redox potential, high stability and great electrical
properties [30]. CNTs can also enhance the mechanical strength of PPyNPs@CNTs and Au-
PPYNPs@f-CNTs/GCE nanocomposites by serving as structural-reinforcing agents [31]. The lower
peak potential and remarkable electrocatalytic response is observed on Au-PPyNPs@f-CNTs/GCE due
to its high electrical conductivity of Au NPs, PPy NPs and f-CNTs, and well-distributed
electrochemically active sites of CNTs and Au-PPy NPs for the VB12 reduction that it can improve the
electron-transfer kinetics between the redox active centers of electrode and the electrolyte ions [32,
33]. According the SEM results, the highly porous nonocomposite decreases ion diffusion path and
decrease the ionic diffusion resistance [4]. Moreover, enhanced loading capability of Au NPs with
active biomolecules that promotes the recognition ratio and binding affinity [32]. Therefore, the Au-
PPYNPs@f-CNTs/GCE was selected for further electrochemical studies.

The further electrochemical investigations were carried out using the amperometry technique to
evaluate the sensing properties such as stability, linear range, detection limit, selectivity and precise of
Au-PPyNPs@f-CNTs/GCE as VBi12 sensor. Figure 4aexhibits the amperometric response of Au-
PPYNPs@f-CNTs/GCE in 0.1 M PBS pH 7 at -0.02 V after the addition of 20 uMVB12 solutions. It is
found that the amperometry signal is increased after the addition of VB12 solutions and long-term
stability is observed over 400 s due to the high chemical and mechanical stability of Au and f-CNTs
[34]. Figures 4b and 4c display the resulted amperograms and calibration graphs of Au-PPyNPs@f-
CNTs/GCE to successive additions of 5 uM VB12 solution in 0.1M PBS pH 7 at -0.02 V, illustrating
the fast responses of the proposed electrode to any additions of VB2 solution. The calibration graph in
Figure 4c shows the linear relationship between the amperometric response and VB12 concentration
from O to 85 uM. Furthermore, the limit of detection and sensitivity are obtained of 0.9nM and 4.3597
HA/ UM a, respectively. Table 1 shows the comparison between the obtained linear range and limit of
detection of VB2 sensor in this work and the other reported carbon and Au-based sensors. As
observed, the detection limit values and sensitivity value of Au-PPyNPs@f-CNTs/GCE is comparable
than other sensors. The widest linear range is observed for Au-PPyNPs@f-CNTs/GCE in the present
study which is attributed to the higher chemical and mechanical stability and higher electrical
conductivity of Au-PPyNPs@f-CNTs.
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Figure 4. (a) Amperometric response of Au-PPyNPs@f-CNTs/GCE in 0.1 M PBS pH 7 at -0.02 V
after addition of 20 uM VB solution; (b) Amperometric response and (c)calibration graph of
Au-PPyNPs@f-CNTs/GCE to successive additions of 5 uM VB12 solution in 0.1 M PBS pH 7
at-0.02 V.

Table 1. Comparison between the obtained linear range and limit of detection of VB12 sensor in this
work and the other reported carbon and Au-based sensors.

Electrode Techni | Linear limit of | Sensitivi | Ref.
que Range detectio |ty
(UM) n(hM) | (LA/UM)
Au-PPYNPs@f-CNTs/GCE Amper | 0-85 0.9 4.3597 This
ometry work
Au-SnO2 NPs/ITO DPV 0-0.0015 | 0.71 - [35]
Ferromagnetic DPV®¢ | 0.0025- 0.91 25.6 [36]
NPs@itriazinedendrime/ PPy/Au 0.5
SWCNTs/disposable pencil graphite | SWVY | 0.005-0.1 | 0.89 1.6 [37]
electrode
Poly(2,2'-(1,4-phenylenedivinylene) SWV 0.1-10 10 3.726 [38]
Bis-8
hydroxyquinaldine)/ MWCNTs/GCE
Trans-1,2-dibromocyclohexane/carbon | SWV 0.002-0.2 | 0.85 0.014 [39]
paste electrode
Diphenylalanine/pencil graphite | SWV 0.2-9.5 93.0 0.8963 [40]
electrode
MWCNTs/GCE CV 0.1-0.4 1.5 2.885 [41]
Mercaptoacetic acid/ Au CV 0.04-40 1.0 12.0 [42]

Figure 5 shows the results of the study the repeatability, selectivity and anti-interference
capability of Au-PPyNPs@f-CNTs/GCE to determination of VB12 through amperometry technique in
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0.1 M PBS pH 7 at -0.02 V in successive addition of 1uM VB2 solution and 10 uM of K*, Fe3*, Ca?*,
Mg?*, NOs~ and vitamin D, vitamin Bs, vitamin B, vitamin Bs, niacin, folic acid, urea, uric acid,
ascorbic acid, and glucose solution as interfering substances. It is observed the electrocatalytic current
is significantly increased after first successive additions of 1uM VBi2 solution (~4.34 pA) and
negligible electrocatalytic currents are obtained for addition any interference substances, implying the
presented substances do not interfere with the determination of VB1. on Au-PPyNPs@f-CNTs/GCE.
Moreover, the electrocatalytic current is increased for additions of VB1> solution (~4.30 pA) after
successive additions of all interference substances that it evidence to stability and repeatability of
proposed electrode to the determination of VBi2.
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Figure 5. The amperometry response of Au-PPyNPs@f-CNTs/GCE in 0.1 M PBS pH 7 at -0.02V in
successive additions of 1 pM VBai2 solution and 10 uM of interfering substances.

In order to study the applicability of prepared the VVB12 sensor in a prepared real pharmaceutical
sample of VB> capsules, the amperometry experiments was carried out using Au-PPyNPs@f-
CNTs/GCE in 0.1 M PBS pH 7 at -0.02 V in successive additions of 1 mg/ml VB12 solution. Figure 6a
and 6bshow the resulted amperometry response and calibration graph, respectively. The calibration
graph illustrates that the VVB12 concentration in the prepared sample is 0.009 mg/ml that it is very close
to the 0.01 mg/ml VB, content, and consequently, it is in agreement with that labeled value of
capsules (50 pg per capsule). The analytical applicability of the Au-PPyNPs@f-CNTs/GCE was
investigated to determine VBi2 in the prepared real samples by the standard addition method. It is
observed from Table 3 the appropriate accuracy of the analytical results with acceptable recovery
values (2.78 to 3.73 %) and relative standard deviation (RSD) values (93 to 98 %). Therefore, the
proposed sensor could be reliable for the detection of VB12 content in pharmaceutical samples.

The Au-PPYyNPs@f-CNTs/GCE capability was also investigated for the determination of
VB12in prepared real samples of human plasma through the standard addition method. Amperometry
experiments were performed in 0.1 M PBS pH 7 at -0.02 V prepared of real samples. Table 3 shows
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the VVBi12content in real samples and recovery and RSD of spiked levels in human plasma. Results in
Table 3 are illustrated that there are no VB2 in the sample, and the recovery and RSD values are in the
range of 96.40 to 99.32% and 2.71 to 3.48%, respectively, indicating satisfactory and acceptable the
precision of performance of Au-PPyNPs@f-CNTs/GCE to the determination of VB2 in biological real

samples.
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Figures 6. (a) The amperometry response and (b) calibration graph of Au-PPyNPs@f-CNTs/GCE at -
0.02 V under successive additions of VB12in prepared 0.1 M PBS pH 7 with real samples.

Table 3. Analytical results of Au-PPyNPs@f-CNTs/GCE to determination VBi2in prepared real

pharmaceutical and human plasma sample.

Sample Added Found Recovery (%) | RSD (%)
(mg/ml) (mg/ml)

VB, capsule | 0.000 0.009 - -
1.000 0.931 93.10 2.78
2.000 1.942 97.10 3.06
3.000 2.905 96.83 2.85
4.000 3.922 98.05 3.73

Human 0.000 0.000 - -

plasma 1.000 0.966 96.60 3.21
2.000 1.944 97.20 2.71
3.000 2.892 96.40 3.12
4.000 3.973 99.32 3.48




Int. J. Electrochem. Sci., 16 (2021) Article Number: 211029 10

4. CONCULUSION

This work was conducted on the fabrication of electrochemical sensors based on Au-
PPYNPs@f-CNTs nanocomposite modified GCE for detection of VB12 content in pharmaceutical and
human plasma samples for diagnosis of metabolic disease. The nanocomposite was chemically
synthesized on the GCE surface. Structural analyses of nanocomposite showed that it consisted of
deposited Au NPs and PPy NPs on highly tangled tubes of the f-CNTs network. Results of
electrochemical studies showed that Au-PPyNPs@f-CNTs/GCE displayed a stable and considerable
electrocatalytic response to additions of VVB1.. The linear range, limit of detection and sensitivity were
obtained 0 to 85uM, 0.9nM and 4.3597uA/uM, respectively. The applicability of prepared the VB12
sensor was studied in the prepared real pharmaceutical sample of VB12 capsules and human plasma
sample. Results showed the appropriate accuracy of the analytical results with acceptable recovery and
RSD values, indicating the proposed sensor could be reliable for the detection of VBi12 content in
pharmaceutical samples and biological samples for the diagnosis of metabolic disease.
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