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A label-free electrochemical biosensor based on tubulin
immobilized on gold nanoparticle/glassy carbon electrode
for the determination of vinblastine
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Abstract Vinblastine (VLB) is prescribed for a wide variety of
cancers. Therefore, development of sensitive methods for early
diagnosis is urgently required. In thiswork, a highly sensitive and
label-free impedimetric biosensor was fabricated for the electro-
chemical detection of VLB. First, the gold nanoparticles
(AuNPs) were electrodeposited on the surface of a glassy carbon
electrode (GCE). 3-Mercaptopropionic acid (MPA) was self-
assembled over the AuNPs. Then, tubulin (TUB), as a receptor,
was covalently immobilized at the AuNPs/GCE surface via
carbodiimide coupling reaction using N-(3 dimethy
laminopropyl)-N′-ethyl carbodiimide (EDC) and N-hydroxy
succinimide (NHS). The step-by-step modification process was
characterized by cyclic voltammetry (CV) and electrochemical
impedance spectroscopy (EIS) in the presence of a redox probe
[Fe(CN)6]

3−/4−. The VLB concentration was measured through
the increase of impedance values in the corresponding specific
binding of VLB and TUB. The increased electron-transfer resis-
tance (Ret) values were proportional to the value of VLB concen-
trations in the range of 0.4 to 65.0 nmol L−1 with a detection limit
of 8.4 × 10−2 nmol L−1 (SN−1 = 3). The practical analytical
performance of the proposed method was demonstrated by de-
termination of VLB in plant extracts and human serum samples
with satisfactory recoveries.

Keywords Vinblastine . Tubulin . Biosensor . Impedance
spectroscopy . Gold nanoparticle

Introduction

Biosensor-based protocols employing receptor-acceptor inter-
action is one of the most important analytical techniques in the
analytical detection of biomarkers due to the highly specific
molecular recognition of biointeraction. In the past decades,
many biosensor methods have been reported. But, electro-
chemical biosensors are especially promising for their indige-
nous superiority such as low cost, good portability, and high
sensitivity [1].

Catharanthus roseus (L.) is a terpenoid indole alkaloid-
producing plant that has historically been used to treat a
wide assortment of diseases. Because of its therapeutic
function as the source of the anticancerous metabolites
(such as vinblastine (VLB)), the scientific community is
becoming interested in Catharanthus roseus [2]. VLB is
one of the several tubulin-inhibitor secondary metabolites
that have been used for many chemotherapeutic purposes
since their introduction in the clinic as antitumour drugs.
VLB introduces a wedge at the interface of two tubulin
subunits and thus inhibits tubulin assembly [3]. VLB at-
taches to microtubule ends and detain the dynamic insta-
bility of plus tips at the low concentrations [4]. This prob-
ably accounts for the cell cycle arrest in cells treated by
clinically relevant doses of this drug. When used at much
higher concentrations, VLB depolymerizes microtubules,
giving rise in particular to protofilament spirals and curls
[3]. High concentrations of the drug induce the formation
of birefringent paracrystals in the cytoplasm of a variety
of cells [5]. In cancer chemotherapy, the normal dose of
vinblastine is l–6 mg m−2, resulting in an active serum
concentration below 10 ng mL−1 several hours after ad-
ministration. To support pharmacologic and pharmacoki-
netic investigations, an understanding on drug levels in a
target tissue is important; therefore, sensitive, selective,
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fast, and reliable bioanalytical methods are essential.
Several conventional methods, such as high-pressure liq-
uid chromatography (HPLC) [6, 7], HPLC with electro-
chemical detection [8–10], LC-MS [11–16], LC-MS-MS
[17–19], and electrophoresis [20, 21] have been fabricated
to detect VLB in biosamples or pharmaceuticals.
Although the mentioned techniques are globally accepted,
the sample pretreatment is time consuming and grinding
work. Moreover, considerable equipment should be con-
sidered. To conquer these weaknesses, electrochemical
sensors are used widely for sensitive characteristics such
as instrument simplicity, simple pretreatment procedure,
small analytical volumes, high sensitivity, and selectivity.
Electrochemical methods were reported earlier for VLB
determination [22, 23], but there are no reports about the
application of electrochemical biosensors for it .
Therefore, the detection of VLB in serum is crucial for
an effective early diagnosis and very helpful for further
treatments.

In the past decade, nanoparticles (NPs) are widely used in
biosensors due to their unique electronic, optical, and mechan-
ic properties. Various NPs such as silver, gold, quantum dots,
and silica have been applied for ultrasensitive electrochemical
and optical bioassays. For many years, gold nanoparticles
(AuNPs) have been used for bioanalytical methods due to
the following advantages: fast and simple synthesis, a narrow
size distribution, fascinating electronic and optical character-
istics, and efficient coating by thiols or other biomolecules.
These characteristics of gold NPs make them an ideal option
for the immobilization of biomolecules for biosensing.
Further, the electrochemical properties of gold NPs show that
they have interesting properties by facilitating electron trans-
fer, improving the electrode conductivity, and the detection
limit of biomolecules. Moreover, gold NPs can provide a sta-
ble surface for the immobilization of biomolecules, such that
the molecules retain their biological activities [24–28].

In the present study, we reported for the first time an elec-
trochemical biosensor for VLB detection through the use of
immobilized TUB on gold nanoparticle-modified glassy carbon
electrode (AuNPs/GCE). A GCE was electrochemically modi-
fied with AuNPs, and then TUB is covalently attached to the
AuNP-coated surface (AuNPs/GCE) by using 3-
mercaptopropionic acid (MPA) via the formation of a stable
self-assembled monolayer (SAM). Electrochemical impedance
spectroscopy (EIS) and cyclic voltammetry (CV) were applied
to investigate the fabrication process of modified electrode and
determination of VLB. After immobilization of TUB on the
modified electrode, the detection of VLB was realized by mon-
itoring the changes in the electron transfer kinetics and diffusion
of the electrochemical probe ([Fe(CN)6]

3−/4−). This work con-
stitutes the first application of TUB as a receptor in the field of
electrochemical biosensors. The biosensor was used to analyze
VLB in human serum samples.

Experimental

Reagents and apparatus

VLB was purchased from Tocris Bioscience (UK), tubulin
(TUB) was purchased from SignalChem (USA), chloroauric
acid (HAuCl4, 4H2O) was obtained from Sigma-Aldrich
(USA), and other chemicals and solvents used were of analyt-
ical reagent grade and used directly without further purifica-
tion. All solutions were prepared by double-distilled water
(DDW). Phosphate buffer solution (PBS) with pH 7.4 was
used for all electrochemical measurements.

CV and EIS were carried out on potentiostat/galvanostat
(Autolab PGSTAT302N). A conventional three-electrode sys-
tem was used for the electrochemical investigations, which
comprised a silver/silver chloride (KCl) as the reference elec-
trode, a platinum wire as the auxiliary electrode, and a
T/MPA/AuNPs/GCE as the working electrode. Metrohm pH
meter (Model 713) with a glass electrode was used to adjust
the pH of solutions. The morphology of bare and modified
GCE was investigated by using a scanning electron micro-
scope (SEM, MIRA3 TESCAN).

The EIS was collected in frequency range of 0.1 to
100 kHz. The Commercial software Nova version 1.7 was
used to fit the data from Nyquist plot. To understand the sur-
face structure, impedance data was fit from equivalent circuit.

Preparation of gold nanoparticles/glassy carbon electrode

The surface of GCE was polished successively with 0.3 μm
Al2O3 water slurry using a polishing cloth, and it was rinsed
with DDW. The polished electrode was sonicated subsequent-
ly in a 1:1 aqueous HNO3 solution, ethanol, and DDW each
for 10 min, to remove all contaminants that may be on the
electrode surface. The pretreated electrode was immersed into
a solution containing 3.0 mmol L−1 HAuCl4 and 0.5 mol L−1

H2SO4, and the gold nanoparticles were electrodeposited at
−0.2 V for 220 s [29–32]. The modified electrode (AuNPs/
GCE) was taken out and rinsed with DDW.

The effective surface area (A) for GCE and AuNPs/GCE
was determined from cyclic voltammograms of 1.0 mmol L−1

[Fe(CN)6]
3−/4− in 0.1 M KCl solution. For a reversible pro-

cess, the peak current ip is linearly proportional to ν1/2 as
follows:

ip ¼ 2:69� 105
� �

n3=2ACD1=2ν1=2 ð1Þ

where ip is the peak current, n is the number of electrons in
the reaction, A is the electrode area, D is the diffusion coeffi-
cient of [Fe(CN)6]

3−/4− (D = 7.60 × 10−6 cm2 s−1) [33],C is the
concentration of [Fe(CN)6]

3−/4−, and ν is the scan rate. From
the slope of the ip vs. ν

1/2 line, the values of Awere determined
as 0.061 and 0.089 cm2 for GCE and AuNPs/GCE,
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respectively. Therefore, modification of GCE by AuNPs
causes the electroactive surface area to increase (~1.46-fold),
indicating that the introduction of the AuNPs provides more
conduction pathways for the electron transfer of [Fe(CN)6]

3−/4

−.

Fabrication of the biosensor

The AuNPs/GCE was immersed in MPA solution
(50 mmol L−1) for 3 h at room temperature. At this step,
self-assembled monolayers of 3-mercaptopropionic acid
(MPA) were formed. Then, the modified electrode was
washed with water to remove MPA residues and drying. The
terminal carboxylic groups of MPA-modified electrode
(MPA/AuNPs/GCE) were then activated by immersing the
electrodes in PBS (pH = 5.5) containing 2.0 mmol L−1 EDC
and 5.0 mmol L−1 NHS for 2 h [34, 35]. Then, the electrode
was rinsed using the PBS and immediately immersed in
0.2 mg mL−1 TUB in PBS (pH 7.4) for 2 h to fabricate
T/MPA/AuNPs/GCE. Then the electrodes were washed sev-
eral times with PBS (pH 7.4) to remove unbound TUB and
used for electrochemical measurements. The designed biosen-
sor was stored at 4 °C when not in use.

Electrochemical impedance spectroscopy and cyclic
voltammetry

The prepared VLB biosensor was incubated in a solution
containing different concentrations of VLB for 25 min
and washed carefully with PBS. The electrochemical mea-
surements including CV and EIS were performed in a

degassed PBS solution containing 0.1 mol L−1 KCl and
2.0 mmol L−1 [Fe(CN)6]

3−/4−. The stepwise sensor fabri-
cation process and the formation of VLB-TUB bind is
shown in Scheme 1.

Real-sample preparation

Serum sample preparation

Drug-free serum samples that were taken from Bessat
Hospital (Hamedan, Iran) were collected from healthy donors
with informed consent. All the experiments were performed in
compliance with the relevant laws and institutional guidelines.
For preparation of serum sample, 1.0 mL of serumwas diluted
to 100.0 mL by PBS (pH 7.4). Then, 25 mL of this solution
was transferred to the voltammetric cell and different amounts
of VLB were added and the recovery percent was obtained by
EIS technique.

Preparation of the plant extracts

Dried plants (C. roseus) were powdered by a cylindrical
crusher. Ethanolic, aqueous, andmethanolic extracts were pre-
pared by maceration method [36]. About 20 g of dried powder
was separately added to 100 mL of ethanol and placed on a
shaker for 72 h. The extracts were filtered through filter paper
and centrifuged at 10,000 rpm for 10 min, then concentrated
by the rotary and the extracts transferred to oven at 40 °C to be
dried. The residues were stored in a dark glass bottle at −22 °C
freezer and used for the next analysis.

Scheme 1 The fabrication steps
of the designed biosensor for the
determination of VLB
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Results and discussion

Characterization of the developed biosensor

The AuNPs/GCE was characterized using CV and EDS.
Figure 1A shows cyclic voltammograms of GCE and
AuNPs/GCE in PBS (pH = 7.0) at a scan rate of 50 mV s−1.
There is no oxidation or reduction peaks potentially from −0.7
to 1.3 V vs. Ag/AgCl at GCE. But, the peaks were observed at
0.9, 0.46, and −0.23 Von AuNPs/GCE. These peaks related to
oxidation (0.9 V) and reduction (0.46 and −0.23V) of AuNPs.
The results indicate that the AuNPs were electrodeposited on
GCE.

In order to have more information about the AuNPs/GCE
surface, the EDS pattern was obtained. As shown in Fig. 1B,
EDS spectrum confirms the presence of Au on the GCE
surface.

The SEM was used for characterize morphologies of
AuNPs electrodeposited on the GCE. The SEM image in
Fig. 2A indicates that an appropriate layer of AuNPs with
small particle size is formed on the surface of the GCE. As
seen, AuNPswere homogeneously deposited on the surface of
the GCE which were well dispersed without aggregation.
However, the SEM image of T/MPA/AuNPs/GCE is shown
in Fig. 2B. AuNPs were clearly surrounded by a blurry film,
which was caused by the immobilization of protein, TUB,
over the AuNP-modified matrix.

Electrochemical behaviors of the biosensor

Preparation process of the T/MPA/AuNPs/GCE was charac-
terized by EIS and CV. All electrochemical analysis were car-
ry out in PBS solution, pH 7.4, containing 0.1 mol L−1 KCl
and 2.0 mmol L−1 [Fe(CN)6]

3−/4−. The [Fe(CN)6]
3−/4− probe

was applied as a probe to study the changes in electrode be-
havior after each electrode-modification step. The changes in

the separation peak potentials of and peak current in CV, at the
surface of different electrodes are theoretically associated with
the electron transfer rate constant, i.e., the electron transfer
resistance [37]. Figure 3 shows the CVs of [Fe(CN)6]

3−/4− at
the bare GCE (curve a), AuNPs/GCE (curve b), MPA/AuNPs/
GCE (curve c), T/MPA/AuNPs/GCE (curve d), and VLB-
combined T/MPA/AuNPs/GCE (curve e), respectively. As
shown in Fig. 3, when AuNPs are deposited on the GCE
(curve b), the peak current of [Fe(CN)6]

3−/4− was increased
compared with that of the GCE, indicating that the introduc-
tion of the AuNPs played a role in the increase of the
electroactive surface area. The peak separation potentials were
decreased, indicating that the AuNPs on GCE promote the
electron transfer between the [Fe(CN)6]

3−/4− and the electrode
surface [38, 39]. Other stepwise modification on the T/MPA/
AuNPs/GCE was accompanied by a decrease in the current
response and an increase in the peak-to-peak separation po-
tentials between the anodic and cathodic peaks of the redox
probe, displaying that the electron-transfer kinetics of
[Fe(CN)6]

3−/4− is obstructed. After the AuNPs/GCE was func-
tionalized with MPA, the electron transfer between
[Fe(CN)6]

3−/4− and electrode surface was inhibited. When
TUB were immobilized on the electrode surface, the peak
currents of the redox probe of [Fe(CN)6]

3−/4− decreased again.
In particular, after VLB molecules were combined with the
TUB molecules, an obvious disappearance of the anodic and
cathodic peaks was observed (curve e).

The spectra of impedance include a linear and a semicircle
part. The semicircle and the linear parts related to the electron
transfer-limited process and the diffusion process, respective-
ly. The semicircle diameter values are symmetric to the
electron-transfer resistance (Ret) [40]. Figure 3B shows the
Nyquist plots of different modification steps of electrode in
[Fe(CN)6]

3−/4− solution. A very small semicircle portion was
recorded for the bare GCE (curve a), which indicated a rapid
electron transfer process. The semicircle diameter was

Fig. 1 A CVs of GCE and AuNPs/GCE in PBS (pH = 7.0) at a scan rate of 50 mV s−1; B EDS spectrum of the AuNPs/GCE
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decreased after the electrodeposition of AuNPs to the surface
of GCE (curve b). The presence of the AuNP layer on the
GCE increases the surface area of electrode and led to the
significant acceleration of the electron transfer. Furthermore,
AuNPs on the GCE provided a specific platform for increased
loading of TUB via the linker agent. In the next step, the MPA
as linker agent was added to the AuNPs/GCE. In this step, the
semicircle diameter became bigger and consequently electron
transfer resistance was increased (curve c). However, after
TUB was assembled on the AuNPs/GCE surface, an apparent
increase of the semicircle diameter was also observed (curve
d). The result indicated that the TUB layer on the electrode
generated a barrier for electron transfer. When the T/MPA/
AuNPs/GCE was incubated with the 4.0-nmol L−1 VLB

solution, the impedance increased dramatically (curve e).
This was mainly attributed to the fact that the formation of
VLB-TUB complex on the electrode surface further blocks
the electron transfer process. These above EIS results vividly
indicated that the biosensor was successfully constructed, and
the changing of the impedance spectra caused by analyte may
be employed to the detection of VLB.

In order to fit the obtained impedance data in the experi-
ment, the Randles circuit was chosen. The value of Ret de-
pends on the insulating and dielectric features at the
electrode/electrolyte interface, which can be estimated from
the diameter of the semicircle of the Nyquist plots. By fitting
the data, Ret was estimated to be 839, 334, 1230, and 2500 Ω
at the GCE, AuNPs/GCE, MPA/AuNPs/GCE, and T/MPA/

Fig. 2 SEM images of A AuNPs/GCE and B T/MPA/AuNPs/GCE

Fig. 3 A Cyclic voltammograms
and B Nyquist plots of a bare
GCE, b AuNPs/GCE, c MPA/
AuNPs/GCE, d T/MPA/AuNPs/
GCE, and e T/MPA/AuNPs/GCE
incubated with 4.0 nmol L−1 VLB
in 0.1 mol L−1 PBS (pH = 7.4)
containing 0.1 mol L−1 KCl and
2.0 mmol L−1 [Fe(CN)6]

3−/4−
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AuNPs/GCE, respectively. Finally, after incubating with the
4.0-nmol L−1 VLB, the Ret increased dramatically to 6194 Ω.

Optimization of the experimental conditions
of the biosensor

For the best analytical performance of the developed biosen-
sor, several experimental parameters (TUB concentration, pH,
the binding time, and the incubation time) were optimized.

Optimization of TUB concentration

The influence of TUB concentration on the EIS responses of
T/MPA/AuNPs/GCEwas investigated, which was very essen-
tial to the sensitivity of the sensor. As shown in Fig. 4A, the Ret
of the T/MPA/AuNPs/GCE increased gradually with the in-
creasing of TUB amounts, and the Ret value was inclined to
best able when the TUB concentration was 0.1 mg mL−1.
Therefore, 0.1 mg mL−1 was selected as the optimal TUB
concentration for the biosensor construction in this
experiment.

Optimization of binding time

The reaction time between TUB and activated MPA/AuNPs/
GCE was optimized (Fig. 4B), and it was obvious that the Ret
of the modified electrode increased with the growth of the

interaction time from 20 to 120 min and then reached a max-
imum value in 120 min. Hence, 120 min reaction time was
selected as the reaction time in the following experiment.

Optimization of pH

The effect of pH on the designed biosensor response was
investigated. The response of biosensor for 5.0 nmol L−1

VLB in PBS with different pH values was evaluated by re-
cording Ret. As shown in Fig. 4C, the Ret increases with in-
creasing of pH value from 4.0 to 7.4 and decreases when pH
value increases further. Since maximum ΔRet occurs at pH 7.4,
this value was chosen as the optimum value for VLB
measurement.

Optimization of incubation time

Incubation time for the formation VLB-TUB complex was
another important factor to affect the sensitivity of the biosen-
sor. So, the effect of the incubation time on the developed
biosensor was investigated. For this purpose, the T/MPA/
AuNPs/GCE was incubated for different times (5–50 min) in
the presence of VLB (5.0 nmol L−1). As shown in Fig. 4D, the
biosensor response increased with increasing incubation time
between 5 and 25 min and then reached to level off after
25 min. Therefore, 25 min was enough incubation time for
measuring of VLB in a proposed sensor.

Fig. 4 Effects of A the TUB
concentration, B the binding time
between TUB and MPA/AuNPs/
GCE, C solution pH value, and D
incubating time of 5.0 nmol L−1

VLB with TUB on the EIS
responses of T/MPA/AuNPs/
GCE
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Electrochemical impedance spectroscopy for the detection
of VLB

At the optimal experimental conditions, the EIS responses of
T/MPA/AuNPs/GCE for the determination of different VLB
concentrations were obtained. An impedance data for sample
solution containing no VLB at T/MPA/AuNPs/GCE, and the
Ret obtained was taken as a blank sample response.
Subsequently, Ret was measured for the detection of VLB-
TUB interaction after each addition of aliquots of different
concentrations of VLB solution. Figure 5A shows the
Nyquist plots of impedance spectra for the different concen-
trations of VLB solution at the T/MPA/AuNPs/GCE. As
shown in Fig. 5A, the diameter of Nyquist circle increased
with increasing concentration of added VLB, demonstrating
VLB-TUB interaction, at the electrode surface. The interac-
tion between VLB and TUB acts as a kinetic barrier for the
electron transfer at the interface of electrode surface, resulting
in a corresponding increase in Ret.

The calibration plot is shown in Fig. 5B. It relates to the
electron transfer resistance at the sensing interface with differ-
ent concentrations of VLB. The change of Ret is calculated
following the equation:

ΔRet ¼ Ret TUB−VLBð Þ−Ret TUBð Þ ð2Þ

where Ret (TUB-VLB) is the value of the electron transfer re-
sistance after VLB binding to TUB, Ret (TUB) is the value of the
electron transfer resistance of blank (as TUB immobilized on
the MPA/AuNPs/GCE). The electron transfer resistances are
proportional to the VLB concentrations in two linear ranges.
For lower concentration range that is from 0.4 to 12.0 nmol L−1

with a calibration equation of ΔR (KΩ) = 0.9083 C
(nmol L−1) + 0.6441 (R2 = 0.9910), whereas for higher concen-
tration range (12.0–65.0 nmol L−1), with a calibration equation
of ΔR (KΩ) = 0.1885 C (nmol L−1) + 9.3462 (R2 = 0.9909).
These two linear ranges with different slopes can be due to the

fact that the amount of tubulin immobilized on the modified
electrode surface is somewhat certain. When the biosensor was
applied to determination of lowVLB concentrations, VLBmol-
ecules can readily attached with the abundant active sites of
tubulin present on the modified electrode surface. When the
concentration of VLB increased, the active sites of tubulin
available on the modified electrode surface for attaching with
VLB become fewer. Therefore, the sensitivity (slope) declines
when the biosensor is used to determine higher concentrations
of VLB and two linear ranges with different slopes are ob-
s e r v ed . The de t e c t i o n l im i t wa s f ound t o b e
8.4 × 10−2 nmol L−1 at a signal to noise of 3.

Selectivity, reproducibility, and stability of the biosensor

The selectivity of the biosensor for analysis of biological sam-
ples without any separation step is an important parameter. In
order to study the binding selectivity of the biosensor toward
VLB, control experiments were performed under the same ex-
perimental conditions. The influence of some common ions and
organics on the detection of VLBwas studied. It was found that
the 500 times of concentration of Ca2+, Na+, Cu2+, Zn2+ Cl−,
SO4

2−, glucose, and citric acid, 100 times of tyrosine and tryp-
tophan, and 50 times of uric acid and ascorbic acid, did not
affect the detection of VLB (signal variation <5%). The inter-
ference of some proteins (such as hemoglobin (HG) and bovine
serum albumin (BSA)) and some compounds with similar
structure (such as vincristine, vinorelbine, and vindesine) were
also investigated. The results show that the 100 times BSA and
HG did not cause the significant change in the signal of VLB. In
the case of vincristine, vinorelbine, and vindesine, two or three
times of concentration of these compounds have interference to
determine VLB. But, due to the fact that these compounds do
not exist with VLB in the real samples, they do not have an
interference to determine VLB. It suggests that the selectivity of
the biosensor was acceptable.

The reproducibility of the biosensor was evaluated by
fabricating five independent modified electrodes at the

Fig. 5 A EIS responses of the
T/MPA/AuNPs/GCE for the
detection of VLB with different
concentrations (from 1 to 12: 0,
0.4, 1.0, 2.0, 4.0, 8.0, 12.0, 16.0,
28.0, 48.0, and 65.0 nmol L−1) in
0.1 mol L−1 PBS containing
2.0 mmol L−1 [Fe(CN)6]

3−/4− and
0.1mol L−1 KCl;B the calibration
curve for VLB determination
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identical experimental condition and using them for the
detection of 5.0 nmol L−1 VLB. The relative standard
deviation was 3.2%. These results indicate acceptable re-
producibility and precision of the proposed bioassay.

In addition, the stability of the biosensor was also stud-
ied by testing impedimetric response over 20 days of stor-
age at 4 °C. No significant change in impedimetric re-
sponse was found during 20 days. The biosensor retained
98, 96, and 91% of its initial response after 5, 10, and
20 days of storage, respectively, indicating a good stabil-
ity of the biosensor.

VLB determination in real samples

In order to evaluate the feasibility of the developed bioassay
for real-sample analysis, the biosensor was used for the deter-
mination of VLB in plant extracts and serum samples. Serum
sample was obtained from an apparently healthy male volun-
teer with informed consent, and all experiments were per-
formed in compliance with the relevant laws and institutional
guidelines. After sample preparation and adequate dilution
steps as described earlier, the EIS method was applied to the
determination of VLB in plant extracts and serum samples.
The summarized results for the analysis are presented in
Table 1. The VLB concentration was determined from a cal-
ibration curve by averaging five repeated measurements. The
detection results showed that the recoveries were from 97.2 to
104.0%, and the relative standard deviations were from 2.9 to
4.1%, so the proposed biosensor can be used in clinical
purposes.

The comparison of the results for the determination of VLB
by different methods and different analytical parameters in the
literature [12, 14, 17, 18, 20, 21, 41] is given in Table 2.
Comparing of data suggested priority of the fabricated biosen-
sor over some earlier methods reported in literature, especially
for the detection limit.

Conclusions

The present work describes a new approach for the fabrication
of a VLB biosensor based on the covalent immobilization of a
TUB on a MPA self-assembled monolayer (as linker) formed
on AuNPs which were electrochemically deposited onto a
GCE surface. In order to characterize the individual steps in-
volved in the fabrication of the T/MPA/AuNPs/GCE and
VLB-TUB interaction at the electrode surface, the cyclic volt-
ammetry and impedance spectroscopic techniques were used.
A linear relationship between the electron-transfer resistance
and VLB concentration was found in the range of 0.4 to
65.0 nmol L−1 with a detection limit of 8.4 × 10−2 nmol L−1.
Results show that the biosensor has a wide linear range, high
sensitivity, acceptable stability, and good selectivity and repro-
ducibility. Thus, the proposed biosensor and its fabrication
procedure may provide a potential application for the detec-
tion of VLB in clinical diagnosis.
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Table 1 Determination results of VLB in plant extract and serum
samples (n = 5)

Sample Added
(nmol L−1)

Found
(nmol L−1)

Recovery % RSD %

Serum – ND ND –

5.0 5.2 104.0 3.8

30.0 29.3 97.7 3.2

Plant extraction – 22.3 – 2.9

10.0 31.4 97.2 4.1

30.0 54.1 103.4 3.3

ND not detected

Table 2 Comparison of the analytical performance of different
methods for determination of VLB

Method Linear range
(nmol L−1)

Detection
limit
(nmol L−1)

Real sample Ref.

LC-MS 12.3–1233 2.5 Plasma [12]

LC-MS 1.2–616.5 0.37 Tumor tissue [14]

LC-MS-MS 1.85–1926.6 0.92 Catharanthus
roseus

[17]

LC-MS-MS 0.15–123.3 0.15 Plasma [18]
1.23–2466 0.15 Urine

CE-MS 3.0–148.0 0.99 Catharanthus
roseus

[20]

Electrophoresis 18.5–2466 18.5 Plasma [21]

Flow-injection 0.25–6.17 0.25 Catharanthus
roseus

[41]

Electrochemical
biosensor

0.4–65.0 0.084 Catharanthus
roseus and
serum

This
w-
o-
rk

CE-MS capillary electrophoresis-mass spectrometry, LC-MS liquid
chromatography-mass spectrometry
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