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Abstract
In this regard, a new sensitive electrochemical sensor has been introduced for direct detection of cholesterol (CHL). The 
proposed sensor was manufactured by modifying the pencil graphite electrode (PGE) with copper nanoparticles (CuNPs) and 
indole (IND). The chemical modifiers of CuNPs and IND were easily deposited on PGE via electrodeposition procedure. The 
designed sensor exhibited a desired catalytic response to CHL with the archived parameters of α = 0.62, log Ks = 3.42 and 
Γ = 2. 74 × 10–8 in the optimized pH of 7. The morphology of the constructed films was characterized by scanning electron 
microscopy technique. For this sensor, a linear calibration curve is plotted within the range of 15–195 nmolL−1, and the 
limit of detection was achieved 4.98 nmolL−1. Furthermore, the offered sensor was employed to direct measuring of CHL in 
human serums, and the acceptable accuracies were acquired for this method without any side interferences.
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Introduction

Cholesterol (CHL), which is an important steroid in the 
body, acts a distinctive role between the many lipids in 
mammalian cells. In the US, based on age and gender, the 
average intake of dietary CHL in adults is common between 
200–350 mg/day [1–3]. High CHL accumulation in the 
blood serum is strongly associated with increase the risk 
of coronary heart disease and heart attacks, atherosclero-
sis, myocardial infarction, cerebral clotting, impaired lipid 
metabolism, high blood pressure, etc. Accordingly, detection 

of blood CHL levels has great importance in clinical diagno-
sis [4, 5]. Various analytical methods have been performed 
to monitor CHL such as Fluorometry [6], HPLC [7, 8], 
spectrophotometry [9] and electrochemical analysis [10, 
11]. Despite the virtually, all these analytical procedures are 
sensitive and selective analysis, but they have some restric-
tions and disadvantages such as expensive equipment, need 
for pretreatment steps, time-consuming sample preparation 
steps and the consumption of large sample quantities. Elec-
trochemical sensors with all the merits have illustrated a 
relatively inexpensive option. These procedures often asso-
ciated with an easy application, fast response time, great 
reproducibility, high sensitivity, which caused considerable 
attention toward these topics [12, 13]. Therefore, to prevail 
these difficulties, plenty of attempts have been accomplished 
to advance of new electrochemical sensors to CHL based on 
construction of novel sensors. In order to improvement of the 
sensitivity of sensors, multiple nanomaterials such as metal 
and metal oxide/hydroxid, carbon nanotubes (CNTs), gra-
phene oxide (GO), molecularly imprinted polymers (MIPs) 
and polymeric films have been employed to construct the 
non-enzymatic CHL sensors [14–22]. Recently, heteroatom 
compounds such as indole (IND) and its derivatives due to 
their unique properties have been applied as modifier com-
pounds and material coatings [23, 24]. These compounds 
based on electrochemical oxidation in different electrolytes 
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could be produced conductive films on the electrode sur-
faces. The advantages of the electrochemical oxidation of 
IND as deposition of PIND on the electrode surface can be 
mentioned easy fabrication in a one-step method and correct 
control of the thickness. Up to now, there are a great deal of 
researches about the one-step electrochemical production of 
thin PIND films [25, 26]. The PIND films due to their dis-
tinctive properties and structure, including slow degradation 
rates compare with other polymers, good thermal stability 
and high redox stability and activity could be used for immo-
bilization on the surface and so increase the direct electron 
transfer between the active sites on the surface electrode 
and species in solution [27–30]. The significant physico-
chemical properties of nanomaterials including the metal-
lic Nanoparticles (MeNPs) in recent years, leading to their 
widespread application in the construction and development 
of sensors and biosensors. Recently, the MeNPs owing to 
their attractive properties such as unique chemical and 
physical attributes than other compounds have gained many 
research of nanotechnology fields [31–33]. The interesting 
optoelectronic properties of some MeNPs such as Au, Ag, 
Pt and Cu NPs lead to the researchers, attention to multiple 
utilizations in catalytic processes, systems of biomedical and 
printed electronics, sensors and biosensors [34–37]. CuNPs 
compared to other MeNPs are less expensive and also has 
analogous properties of surface plasmon resonance (SPR). 
Therefore, CuNPs could be an effective substitute than other 
MeNPs for a low-cost nanotechnology application in thera-
peutic and diagnostic fields [38, 39]. Modification of elec-
trodes using of CuNPs has led to construction of sensors to 
measure and detection of substances, including biological 
and pharmaceutical systems at the respective quantities. 
The electrochemical properties and unique electro cata-
lytic effects of CuNPs and associated compounds have been 
applied to an electrochemical detection of compounds [40]. 
In recent years, PGEs have been widely used for detection of 
different types of compounds with various matrices due to 
their unique economical and also electrochemical properties. 
These electrodes compared to other solid electrodes have 
suitable characteristics such as low-priced, more conveni-
ent, easily operated, lower background currents and also do 
not require to use time-consuming cleaning and polishing 
steps of the electrode surface. The use of various types of 
voltammetry techniques with PGEs to detect a wide range of 
different analytes can be presented the sensitive and repro-
ducible signals. The use of PGEs also offered the stability, 
renewable surface and economical tool [41–43]. By con-
sidering the structure of IND and its probable interactions 
with CHL in solution, a π- conjugated ligand is created on 
the sensor surface, as well as the presence of active sites to 
interaction with CHL and ability to form a complex at the 
sensor surface for the electrochemical oxidation response 
of the target (CHL). In the present work, a sensitive sensor 

was therefore designed based on the electrochemical polym-
erization of IND and the electrodeposition CuNPs on the 
PGE surface. In order to investigate the applicability of the 
offered sensor for monitoring of CHL, human serum sam-
ples were examined. The obtained data revealed that there is 
a good accuracy and precision in analysis, and the proposed 
sensor is analytically recommendable for CHL monitoring 
in physiological pHs.

Experiential section

Substances

All reagents used in the present study were purchased from 
Merck Co. (Darmstadt, Germany). The pencil‐lead rods with 
0.5 mm in diameter were procured through the local book-
store. Double distilled deionized water (DDDW) was used 
through the experiments. Britton-Robinson (B-R) buffer 
solutions were prepared by adding appropriate amounts of 
0.2 molL−1 of Sodium hydroxide solution into solutions con-
taining a mixture of 0.04 molL−1 of Boric acid, acetic acid 
and Phosphoric acid to produce the desired pHs values over 
3.0–12.0. The stock solution of CHL (500 mmoLL−1) was 
prepared by dissolving the appropriate amount of CHL in 
(DDDW)/ Ethanol system (50/50 v/v%). All the chemical 
substances were of analytical grade and used without further 
purification as acquired.

Equipment

A three-electrode system consisted of the modified PGE as 
working electrode, the platinum wire as counter electrode 
and the silver/silver chloride (Ag/AgCl) in saturated potas-
sium chloride as reference electrode was used for electro-
chemical records. Electrochemical data were acquired using 
the Autolab PGSTAT30 Potentiostat/Galvanostat (Eco Che-
mie, Utrecht and the Netherlands) equipped with NOVA 
1.10 software. The pH measurements were carried out by 
a Metrohm pH meter (model 781). The morphology of the 
constructing sensor was characterized by a scanning electron 
microscopy (SEM) model of (MIRA Ш model, TESCAN 
Co., Czech).

Procurement and activation of PGE

The body surface of the bare PGE was completely and firmly 
coated with Teflon tape, before the sensor design processes. 
Then, the one tip of PGE was contacted to electrochemi-
cal system by a suitable copper wire, and another tip was 
in contact with the test solution. Besides, the free surface 
of bare PGE was polished on a weighing paper with the 
slow motions to reach the smooth surface before applying 
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electrochemical deposition. Then, the polished PGE was 
immersed vertically in the electrochemical cell containing 
BR buffer solution (pH = 11), and the pre-treated electro-
chemical examination was accomplished by applying the 
potential between the −1.5 to 2.0 V at the scan rate of 50 
mVS−1 to 20 consecutive cycles without stirring the solution 
to activate PGE [44].

The sensor fabrication steps

For construction of the proposed sensor, the individual mate-
rial solutions of 30 mmolL−1 of Cu (NO3)2 and 50 mmolL−1 
of dissolved IND in water/ethanol (70/30 v/v%) were pre-
pared. At first, the PGE was immersed in 25 ml solution 
containing 30 mmolL−1 of Cu (NO3)2 and the supporting 

electrolyte of KClO4 (10 mmoL−1). Then, the PGE was 
cycled using CV mode in the potential range of -1.2 to 0.5 V 
at a scan rate of 30 mVs−1 versus Ag/AgCl for 18 cycles 
to obtain CuNPs/PGE. Subsequently, the PIND film was 
formed on CuNPs/PGE, with the electrochemical deposition 
method via CV mode. The PIND/CuNPs/PGE was prepared 
by the electro-polymerization of 50 ml solution containing 
IND (50 mmolL−1) and the supporting electrolyte of KClO4 
(10 mmoL−1) on the CuNPs/PGE by applying the cyclic 
sweeps over the potential range of -1.2 to 1.2 V with the 
scan rate of 30 mVs−1 for 16 cycles. After the polymeriza-
tion process, the final electrode structure was designed in the 
form of PIND/CuNPs/PGE, it was washed with DDDW and 
stored at ambient temperature until use. The procedure for 
construction of the sensor is depicted in Fig. 1.

Fig. 1   Schematic presented for constructing the PIND /CuNPs /PGE modified electrode
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The real sample preparation

To measure of CHL in human serum sample, 10 ml of 
blood sample was obtained from a volunteer. The collected 
sample was then mixed with 2 ml of concentrated Etha-
nol and to remove serum protein. After vortexing of the 
serum sample, the precipitated proteins were pulled apart 
by centrifugation for 3 min at 6000 rpm. Then to acquire 
a protein-free human blood serum, a 0.45 μm Milli-pore 
filter was used for filtration of the clear supernatant layer 
from precipitating proteins. Then, a certain amount of the 
resulted serum (1 mL) was diluted to 25 ml with DDDW. 
After regulating the volume of the solution, 500 μL of the 
diluted serum was transferred to the electrochemical cell, 
and SWV signals were recorded in optimal conditions for 
calculating the CHL contents using the standard addition 
method.

Result section

Evaluation of structure and morphology

For the study of the surface morphology and structure of the 
fabricated sensor, SEM technique was utilized. Figure 2 rep-
resents the SEM images of the surface of bare PGE, CuNPs/
PGE and PIND/CuNPs/PGE. As it is seen from Fig. 2A, 
the surface of bare PGE is unique and unmodified and the 
electrodeposition of CuNPs on the PGE produced propa-
gated Nanoparticles alongside graphite false. Consequently, 
the electro-polymerization of IND onto PGE/CuNPs has 
formed a cluster like shapes with spherical units. As docu-
mented from preceding studies, the growth of poly-indole 
thin films can be controlled using just molecular oxygen 
dissolved in the electrolytes during electrodeposition process 
[45]. Besides, co-polymerization of indole-6-carboxilic acid 
and 3–4 ethylenedioxythiophene as platinum catalyst sup-
port has evidenced easy producing cluster like composites 
involving indole and its utility for oxidation target analytes 
[46]. According to these findings, the cluster growth of Poly-
indole on CuNPs support using electrodeposition is easy 
possible.

The electrochemical behavior of CHL

The CV technique was utilized to study the electrochemi-
cal behavior of CHL at the electrode’s surfaces. For this 
purpose, the CVs of the electrochemical response of 150 
μmolL−1 of CHL in the test solutions containing BR buffer 
(pH = 7) and supporting electrolyte of KClO4 (10 mmolL−1) 
at the PGE, CuNPs/PGE, PIND/PGE and PIND/CuNPs/PGE 
surfaces were recorded in the range of 0.5 to 1.2 V (Fig. 3). Fig. 2   The SEM images of A bare PGE, B CuNPs/PGE and C PIND/

CuNPs/PGE
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As it is apparent in Fig. 3, at the bare PGE surface there is 
relatively apparent response to CHL electro-oxidation with 
current intensity of about 30 μA which should be improved 
in sensitivity for better CHL analytical detection. The low 
signal detected on bare PGE may be owing to high over 
potential associated with the oxidation process. So, the sen-
sor surface coating with CuNPs would be a useful idea to 
increase the conductivity and sensitivity of the bare PGE 
surface to CHL monitoring (Fig. 3A), which was used as 
the middle layer for binding and the effective immobiliza-
tion of the final layer (IND) to the PGE. Therefore, after 
modification of the PGE surface by CuNPs and PIND, 
the quasi-reversible peaks with intensified currents were 
observed than it on bare PGE, which convey the hypothesis 

that CuNPs and PIND modifiers play an effective media-
tor role in conductivity and electron transfer ability of con-
structed films in oxidizing of CHL (Fig. 3B-C). However, 
during the last two decades, the electrochemical oxidation of 
CHL, direct and indirect, was studied intensively. The first 
reports on cholesterol oxidation concerned indirect electro-
chemical methods with redox agents as electron mediators 
[47]. Besides, the electrodeposition of CuNPs and PIND 
increased the effective surface areas of modified electrodes 
than bare PGE ( as apparent in SEM images, Fig. 2). In addi-
tion to, the new bounds creating between CuNPs/PGE and 
PNID/CuNPs supply the establishing analytical responses 
and improving signals for CHL electro-oxidation. After the 
electro-polymerization of IND at the surface of CuNPs/

Fig. 3   A The recorded CVs of 
150 μmolL-1 of CHL at (A) 
PGE, (B) CuNPs/ PGE and 
(C) PIND/ CuNPs/ PGE in BR 
buffer solution (0.04 M, pH = 7) 
and scan rate of 400 mVs-1 B 
CV responses of PIND/ CuNPs/ 
PGE in BR buffer solution 
(0.04 M, pH = 7) and scan rate 
of 400 mVs-1 in the presence of 
varying values of CHL
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PGE, the resulting electrode (PIND/CuNPs/PGE) showed 
a further enhancement in oxidation peak currents between 
0.9–1.0 V (Fig. 3C). This illustrated the offered sensor sur-
face provides easier adsorption of CHL toward its surface, 
and so increased the response of the sensor. Good acquired 
electrochemical activities aiming the enhanced signals may 
be due to the synergistic effects of CuNPs and IND in the 

structure of PIND/CuNPs/PGE. Furthermore, the CVs of the 
electrochemical response of PIND/CuNPs/PGE to different 
concentration values of CHL were recorded and compared 
to the background signal (as in Fig. 3B). As it is appeared, a 
catalytic effect is considerable for the proposed sensor while 
CHL concentrations are increased [48].

Fig. 4   AThe recorded CVs of 
150 μmolL-1 of CHL at the 
surface of PIND /CuNPs / PGE 
in different pHs and scan rate of 
400 mVs-1 B Plot of the oxida-
tion peak potentials versus pH
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The study of pH effect

The effect of pH on the electrochemical oxidation of 150 
μmolL−1 of CHL was examined in BR buffer solutions, 
varying pHs from 3 to 12 (Fig. 4A). As it is observed from 
Fig. 4A, the peak currents increased with the pH increas-
ing from 3 to 7 and then decreased from 7 to 9. Current 
depletions in highest acidic or highest alkaline values 
may be due to the possibility of interference of H+ and 
OHˉ ions and their attack to the electrode surface [49]. 
So, pH value of 7 was chosen for further investigations 
as an optimal pH condition. The variations of oxidation 
peak potentials vs. pH (Ep-pH) diagram comprise a linear 
segment at pH values 3 to 7 (Fig. 4B). The linear varia-
tion equation for anodic peak is given by Epc (V) = 0.045 
pH + 0. 6517 (R2 = 0.9838). Based on the obtained slope 
value, the equal number of transferred electrons and pro-
tons was expected at the surface of the offered sensor for 
CHL electro-oxidation. It has recently been documented 
that the electrochemical cholesterol oxidation in phosphate 
buffer pH of 6.86 involves the mechanism of one electron/
one proton transfer [50].

The effect of scan rate

The scan rate effect on the oxidation peak current of 150 
μmolL−1 of CHL in BR buffer solution (pH = 7) was evalu-
ated in the range of 50—650 mV/s as shown in Fig. 5A. As 
it is seen, the peak currents were increased by enhancing 
the sweep rates (Fig. 5A). With regard to Fig. 5, the anodic 
peak currents had linear and direct relation with the sweep 
rates (Fig. 5B), which indicates the electrode operates based 
on the adsorption controlled process. From the linear vari-
ation plot of peak potentials vs. Logarithm of scan rate 
(Fig. 5C) and in accordance to Laviron theory [51], the 
electron transfer rate constant (Ks) and transfer coefficient 
(α) for the electrochemical process of CHL could be deter-
mined. Based on the slope of this plot for the anodic peaks, 
α could be found 0.62. Afterward, the electron transfer rate 
constant (Ks) was calculated from the following equation 
(Eq. 1):

By introducing α value in the Eq. (1), the electron trans-
fer rate constant of 3.42 s−1 was obtained. Furthermore, the 
active surface concentration value of species (Γ) could be 
obtained from the slope of peak currents vs scan rates as 
follows:

(1)

[

logKS = � log (1 − �) + (1 − �) log � − log
RT

nF�
−

�(1 − �)nFΔEP

2.3RT

]

where n is the number of electrons involved in the redox 
reaction, F is Faraday constant (C mol−1), A is the area of 
the electrode (cm2), Γ is active surface concentration (mmol 
cm−2), Q is peak space (C), and ν is the scan rate (V s−1), the 
value of Γ was 2.74 × 10–8 mol cm−2. The acquired outcomes 
revealed that the composite surface of the proposed sensor 
is good for effective adsorption of CHL to increase the con-
centration of CHL on the surface of the sensor, thereby led 
to the increasing the sensitivity.

Analytical performance

Two quantifying SWV and differential pulse Voltammetry 
(DPV) techniques were used to construct the calibration 
curve and evaluate the analytical performances of the elec-
trochemical CHL sensor. For this, SWV and DPV response 
voltammogrames of PIND /CuNPs/ PGE to 150nmoL−1 of 
CHL were recorded and compared in sensitivity over the 
range of 0.6 V to 1.1 V. The highest obtained currents were 
the basis of choosing the better mode, so, SWV was selected 
for evaluating calibration curve of CHL on the optimal 
conditions. The instrumental optimal conditions for SWV 
mode concern about CHL detection were the step potential 
of 55 mV, the amplitude of 55 mV and the frequency of 
65 Hz that they all were kept during calibration curve con-
struction. Besides, different supporting electrolytes such as 
NaCl, KCl, NaNO3 and KClO4 in the fixed concentration of 
5 mmolL−1 were tested. SWV signal for CHL was convinced 
in KClO4 supporting electrolyte. For more achieving sensi-
tivity and decreasing background current, the concentration 
of KClO4 was altered over the range of 0–20 mmolL−1 that 
10 mmolL−1 of KClO4 was in the best for choosing. For 
calibration curve construction, different concentration values 
of CHL in the range of 5–300 nmolL−1 (nM) were analyzed 
by SWV in the attendance of PIND /CuNPs/ PGE sensor. 
The recorded SWV voltammogrames had linearity between 
current and concentration over the range of 15–195 nM 
(as in Fig. 6A). Besides, a linear calibration curve with the 
equation of I(μA) = 0.3279 CnM,CHL-21.39 (R2 = 0.9911) was 
extractable (as in Fig. 6B).This calibration equation was the 
basis for CHL content calculation in the real samples. The 
limit of detection (LOD), the limit of quantification (LOQ) 
and the sensitivity of this sensor in quantifying CHL were 
4.98 nM, 14.97 nM and 0.3279, respectively. The compati-
bility of the proposed sensor with the sensitive electrochemi-
cal monitoring technique such SWV technique makes it so 
sensitive leading to excellent low detection limit. Further-
more, the repeatability of the proposed sensor to 150 nM 
of CHL using SWV mode was checked for 12 repeats, and 

(2)Ip =
n2F2�AΓc

4RT
=

nFQ�

4RT
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Fig. 5   A Recorded CVs of 150 
μmolL-1 of CHL by variation 
of the scan rates at the PIND/
CuNPs/ PGE surface in BR 
buffer solution (0.04 M, 
pH = 7). B An evaluation vari-
ation of peak current (Ip) with 
scan rates (v), C An evaluation 
variation of Ep with log υ
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the relative standard error (RSD% = 3.83) was obtained. The 
reproducibility of the proposed sensor to 150 nM of CHL 
was also examined, and RSD% of 3.75 was obtained (n = 3, 
fabricated sensors). Therefore, we strongly recommended 
this new electrochemical sensor for CHL detection in the 
real samples.

Interferences effects study

Based on the reported before strategy [52], the effect of 
several organic and inorganic substances on the toler-
ance limits of the response of the proposed modified 
electrode to CHL was examined. This study was per-
formed under optimum conditions for a fixed amount 

Fig. 6   A SWV voltammograms 
recorded for varying CHL 
concentrations between 15 to 
195 nM at the surface of PIND/
CuNPs/PGE sensor in BR 
buffer solution (0.04 M, pH = 7) 
B The linear trend of current 
versus concentration
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of 150 nmoL−1 of CHL and varying amounts of the 
interferers (in nmolL−1) with a relative error of 5% in 
SWV signal currents with respect to the signal of the 
buffered solution containing only CHL. The results 
given in Table 1 suggest that the response signals of 

the proposed sensor are free from side serious interfer-
ences and common coexisting substances in the applied 
potential window.

Application of constructing sensor in real samples

To study the application of constructing sensor for CHL 
monitoring of in serum samples, SWV was performed. 
After sample preparation, the standard addition method 
was employed for evaluating the recoveries of the 
spiked CHL with the different concentrations (Tables 2 
and 3). Based on these data, the recoveries of the ana-
lyte in spiked real samples are admissible, and they 
were in agreement with common HPLC method [53]. 
Therefore, this sensor could be applied as an effective 
instrument for analysis of CHL in real samples in com-
plex matrices.

Conclusion

In this study, a new electrochemical sensor compatible 
with a sensitive analytical method of SWV has been 
introduced for CHL measurement. IND and CuNPs 
modifiers were easily electrodeposited using cyclic vol-
tammetry mode at low sweep rates to produce durable 
films [54]. The good synergic between IND and CuNPs 
on PGE surface make the produced films sensitive, 
conductive and applicable for quantifying CHL in real 
samples. Moreover, the proposed sensor illustrated in 
this research, dedicated higher response level, accuracy, 
precision and sensitivity than other reported before sen-
sors (as in Table 4). So, we have recommended this new 
electrochemical sensor for direct quantifying of CHL in 
physiological pHs without any side interferences and 
desirable analytical signals.

Table 1   Evaluation of the interference effect of the response of the 
proposed sensor to 150 nmoL−1 of CHL by adding difference con-
centrations of some organic and inorganic substances (mode of SWV, 
n = 3)

Interfering 
substance

Tolerated Ratio = 
Interferer/CHL

Interfering 
substance

Tolerated 
Ratio = 
Interferer/
CHL

Mn2+ 430 Co2+ 670
Cu2+ 380 Fe3+ 250
Cd2+ 550 Fe2+ 270
K+ 1100 Glucose 660
Zn2+ 580 Vitamin A 840
Thiourea  ≥ 390 Vitamin B9 750
Dopamine 350 Vitamin C 310

Table 2   The obtained results for evaluation of the sensor applicabil-
ity for CHL concentration monitoring and recoveries ( nmolL−1) in 
human serum by SWV (n = 5)

Sample Spiked 
value CHL 
(nM)

Found value of CHL 
(nM)

Recovery (%)

Serum sample 1 45 47.36 ± 2.35
(RSD% = 4.96)

105.24

Serum sample 2 80 76.12 ± 3.74
(RSD% = 4.91)

95.15

Serum sample 3 180 185.45 ± 5.49
(RSD% = 2.96)

103.02

Table 3   The Obtained 
results for evaluation of the 
sensor applicability for CHL 
concentration monitoring and 
recoveries (μmolL−1) in human 
serum by SWV (n = 5)

A: difference = ([Sensor – HPLC]/[HPLC]) × 100

Sample Spiked value 
CHL (μmolL−1)

Found value CHL by the 
proposed sensor (μmolL−1)

Found value CHL by 
HPLC [45] (μmolL−1)

Difference A

Serum sample 1 300 311.22 ± 11.25
(RSD% = 3.61)

312.10 ± 12.95
(RSD% = 4.141)

−0.28

Serum sample 2 500 510.44 ± 10.72
(RSD% = 2.101)

511.40 ± 11.33
(RSD% = 2.21)

−0.18

Serum sample 3 700 691.14 ± 9.11
(RSD% = 1.31)

690.42 ± 9.05
(RSD% = 1.31)

0.10
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