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In this study, polypyrrole functionalized graphene sheets (PPY-GNs) have been used for the first time 

as a reinforced material for the ultrasensitive detection of atorvastatin by the electrochemistry method. 

The obtained PPY-GNs were characterized by scanning electron microscopy (SEM) and Fourier 

transform infrared (FT-IR) spectroscopy. Due toits porous structure, the PPY-GNs- modified electrode 

has a large effective area, thereby improving the sensitivity of detection. The peak currents of 

atorvastatin at the GNs-modified glassy carbon electrode (GNs/GCE) and those at the PPY-GNs/GCE 

are increased dramatically compared to those on the bare GCE. The peak current at the PPY–

GNs/GCE linearly increases with the increase in the atorvastatin concentration, which ranges from 

20μM to 200μM. The detection limit of atorvastatin reaches 1.191μM based on the signal-to-noise 

characteristic (S/N = 3). The PPY-GNs-based electrochemical sensor was successfully used to detect 

atorvastatin in tablets with satisfactory results. 
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1. INTRODUCTION 

Atorvastatin, chemically known as (3R,5R)-7-[2-(4-fluorophenyl)-3-phenyl-4-(phenylcarbamo- 

yl)-5-(propan-2-yl)-1H-pyrrol-1-yl]-3,5 dihydroxyheptanoic acid, is used as an anti-inflammatory drug 

mainly for the treatment of hyperlipidemia and heart disease[1]. Atorvastatin belongs to the statins 

group, and its structural formula is shown in Fig. 1. In 1985, Bruce D. Roth and Parke-Davis 

synthesized atorvastatin (ATR), and afterward, it appeared on the market under a variety of brands. 

Manufacturers use TLC or HPLC to assess the quality of ATR. In addition, various methods have been 

reported for the drug’s determination involving the use of LC/MS [2, 3], HPLC–ES–MS/MS [4] and 
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various spectrophotometry methods [5-7]. These methods are time-consuming, costly and have low 

sensitivity. Therefore, it is necessary to develop a rapid and simplified method for the detection of 

ATR with high sensitivity and low costs. Electrochemical methods with these improved performances 

could be a great choice. However, the redox reaction of ATR at a bare electrode is generally difficult 

because of the poor reproducibility and sensitivity. Some functional materials have been synthesized to 

develop sensitive ATR electrochemical sensors [8, 9]. 

Graphene, a kind of carbon material, is a two-dimensional carbon lattice composed of sp
2
-

bonded carbon atoms; that has attracted widespread attention since its discovery in 2004 [10]. Because 

of a series of excellent properties such as its high specific surface area, outstanding electron 

transmission property and extraordinary electrocatalytic activity, graphene has been used as a 

reinforced material for developing high-performance electrochemical sensors or biosensors [11]. For 

example, Dong's group [12] and Lin's group [13] proved that graphene modified electrodes have 

asuperior electrochemical sensing performance to graphite and single-walled carbon nanotubes. 

However, graphene typically suffers from severe aggregation due to the existence of π-stacking 

interactions and weak van der Waals forces between the graphene sheets, which induce the reduction 

of the surface area and hinder the transport of electrons [14]. To overcome these defects, conducting 

polymers, such as polypyrrole (PPY), were deposited on the graphene by the hydrogen bonds and π-

stacking interactions between pyrrole molecules and graphene skeletons [15]. Thisindicated that the 

PPY/GNs composites improve the electrochemical conductivity beyond that of plain PPY or graphene 

[16].  

Herein, a sensor for the ultrasensitive determination of ATR was presented for the first time 

based on the PPY–GNs-modified glassy carbon electrode (PPY–GNs/GCE). First, we prepare 

graphene by using a hydrothermal reduction method. Then, GNs could be used as a template for PPY 

deposition during the electrochemical polymerization process. The electrochemical behaviors of ATR 

at the PPY–GNs/GCE, GNs/GCE and bare GCE were investigated. The ATR at the PPY–GNs/GCE 

had superior electrochemical performance to that at the GNs/GCE and bare GCE.  Differential pulse 

voltammetry (DPV) was used to study the limit of detection and applied to analyze the actual samples, 

such as tablets, with satisfactory results.  

 

 
 

Figure 1. Structure formula of atorvastatin 
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2. MATERIALS AND METHODS 

2.1 Materials 

Graphite was obtained from Alfa Aesar. Pyrrole and atorvastatin were purchased from Aladdin 

and Sigma, respectively. Other chemical reagents were of analytical grade and could be used directly 

without further treatment.   

 

2.2 Synthesis of PPY-GN composites 

Graphite oxide was synthesized from graphite by Hummers’ method and was further reduced 

by a hydrothermal method. Then, the obtained sample was put in a water bath of 60℃ for 3h and a 

stable black dispersion was obtained. The electrolyte solution was formed by mixing pyrrole and 

sulfuric acid and the solution was subjected to magnetic stirring for 60 min to stabilize the mixture. 

Meanwhile, a glassy carbon electrode (GCE) was polished to create a mirror surface with alumina 

suspensions. Afterward, 5μL of 0.25 mg/mL GNs was carefully cast on the surface of the well-

polished GCE and dried in air. Lastly, PPY-GNs were polymerized potentiostatically from the 

aforementioned electrolyte solution by applying a potential of 0.5 V for 400 s on GCE. Polymerization 

was carried out in a common three-electrode system. After the polymerization, the PPY-GNs/GEC was 

thoroughly washed with ultrapure water and dried prior to the next detection. 

 

2.3 Characterization and apparatus  

The microstructures of GNs and PPY/GNs were observed by a scanning electron microscope 

(Model JSM-7000F, JEOL, Japan). The chemical structure information was investigated using Fourier 

transform infrared spectrophotometry (FT-IR) (Perkin Elmer Spectrum, PerkinElmer Corp., USA). All 

electrochemical characterizations and detections, including cyclic voltammetry (CV) and differential 

pulse voltammetry (DPV) were conducted in a three-electrode setup using a CHI 660D 

electrochemical workstation (Shanghai Chenhua Limited, China). This three-electrode system in the 

experiment used the bare and the modified glassy carbon electrode (3 mm in diameter) as the working 

electrode, respectively. A saturated calomel electrode and a Pt wire electrode were used as the 

reference and counter electrode, respectively.  

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Characterization of the CD–GNs 

The morphology of GNs and PPY–GNs arepresented in Fig. 2. The GNs consisted of large-

scale crumpled sheets, while the PPY–GNs showed a three-dimensional network self-supporting 

structure. It is known from FT-IR (Fig. 3) that a large amount of hydroxyl groups and carbonyl groups 

exist on the graphene layers, and the abundant nitrogen atoms of polypyrrole in the chain can form 
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hydrogen bonds with these functional groups on the GN sheets to form a physical cross-linking node. 

The 3D network of PPY-GNs is formed by the combination of the accumulation of these nodes and the 

electrostatic repulsion between the graphite sheets. The network structure presents a large number of 

micron and submicron holes and internal holes are nested inside each other, which provide a transport 

channel for the electrolyte and increase the contact area between PPY–GNs and atorvastatin, thereby 

improving the detection sensitivity. 

 

 
 

Figure 2. SEM images of (a) GN and (b) PPY-GNs composite 

 

 
 

Figure 3.  FTIR spectrum of PPY and PPY-GNs composite 

 

To characterize the composite further, the FT-IR spectra of GNs and CD–GNs, shown in Fig. 3, 

were studied. GNs showed three characteristic peaks at 1738, 1402 and 1128 cm
-1

, that correspond to 

the vibration peaks of the C = O stretching in COOH, the C-O stretching in C-OH and C-O-C 

functional groups, respectively [16,17]. The peak of GNs at 1639 cm
-1

 indicated the vibration of C = C 

stretching. The peak at 1568 cm
-1

 was mainly due to the vibrations of symmetric stretching of -CH2 
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[16,18] It was shown that the GNs has abundant oxygen-containing functional groups and could be 

used for the  in situ adsorption of the pyrrole monomers in the process of polymerization. After 

chemical polymerization, the peaks at 1404 and 1132 cm
-1

 were derived from the C-OH and C-O-C 

functional groups of GNs, respectively. The vibration peaks of  C = N and C-N stretching of pyrrole 

ring could be found at 1691 and 1047 cm
-1

, respectively [19]. The peaks at 1475 cm
-1

 corresponded to 

the vibration of the NH ring-stretching. The results indicated the successful deposition of PPY on the 

substrate of GNs. 

 

3.2. Electrochemical behavior of atorvastatin on PPY-GNs/GCE 

Requisite cyclic voltammetry (CV) was adoped to evaluate the electrochemical performance of 

the materials. Fig. 4 compares the CV of 80 μM ATR for bare GCE(a), GNs/GCE(b) and PPY-

GNs/GCE(c) in  0.1M phosphate buffer solution. No redox peaks were observed at the bare GCE. A 

pair of well-defined redox peaks of ATR was observed within the potential window from -0.2 to 0.8 V 

when the electrode surface is modified by GNs or PPY-GNs, which reveals that ATR underwent a 

reversible redox process on the electrodes. While at the PPY-GNs/GCE, the peak currents showed a 

significant increase compared to those observed at the GNs/GCE. The signal enhancement may be 

attributed to the high conductivity and large specific surface area of PPY-GNs. Furthermore, it was 

also observed the PPY-GNs composite had smaller values for peak potential (EP) compared with GNs, 

suggesting that the incorporation of PPY partly enhanced the rate of interfacial electron transmission. 

 

 
 

Figure 4. CV of 80 μM atorvastatin at GCE (a), GNs/GCE (b) and PPY-GNs/GCE (c) in 0.1 M 

phosphate buffer (scan rate: 100 mV· s
-1

). 

 

3.3. Effect of solution pH on the oxidation of atorvastatin  

The influence of the solution pH on the electrochemical behavior of ATR was studied by CV in 

the pH range of 3.0~8.0. As shown in Fig. 5a and b, the solution pH affected the peak potentials of 

ATR. As the pH increased, their peak potentials became negative. These shifts may be ascribed to 



Int. J. Electrochem. Sci., Vol. 13, 2018 

  

10178 

participation of protons during the electrode reaction [20]. The linearization equation for the oxidation 

process was Epa (V) =-0.06 pH+0.4066(R
2
=0.98), where Epa is the peak potential for ATR in V. In 

addition, the pH had an effect on the peak current. As seen in Fig. 4a, when the pH reaches 4.0, the 

maximum peak current of ATR appears and then decreased as the pH increased further, which can be 

due to ATR protonation (pKa =4.46). The co extraction of OH
–
 ions at electrode surface interferes 

ATR response[21]. Therefore, a phosphate buffer with a pH of 4.0 was used as the electrolyte for ATR 

in all voltammetric determinations.  

 

 
Figure 5. (a) Cyclic voltammograms of PPY-GNs/GCE in PBS containing 80 μM ATR with different 

pH values in the range of 3.0–8.0 and a scanning rate = 100 mV/s; (b) Plot of Epa vs. pH. 

 

3.4. DPV response of PPY-GNs/GCE for the detection of ATR  

Under the above selected conditions, the electrochemical property of PPY-GNs/GCE for ATR 

detection was investigated by DPV. Figure 6(i) indicates the DPV responses to the varying 

concentrations of ATR. The peak current of ATR increases linearly with its concentration in the range 

of 20 μM to 200 μM. The liner equation is ip (μA)=13.463-1.048C (μM), where the correlation 

coefficient is 0.998, ip is the oxidative peak current in μA and C is the concentration of ATR in μM. 

The limit of detection (LOD) for ATR is estimated to be 1.191μM (S/N=3) (Fig. 6(ii)). As shown in 

Table 1, this work is compared with the reported research about detecting ATR. It can be found that 

the proposed sensor in this work exhibited a broad linear range, which may be ascribed to the 

synergistic effects of PPY and GNs. Although this work has a higher limit of detection than other 

methods, such as HPLC and spectrophotometry, the composites are simpler to prepare and easier to 

control using the in situ polymerization method compared to cetyltrimethyl ammonium bromide at a 

carbon paste electrode [22]
.
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Figure 6. (i) DPV of PPY-GNs/GCE in 0.1 M PBS (pH = 4.0) with different concentrations of ATR: 

(a) 20, (b)40, (c) 60, (d) 80, (e) 100 and (f) 200μM; (ii): plot of the peak current vs. the 

concentration of ATR. 

 

Table 1. Comparison of the proposed method with some of the reported determinations of ATR 

 

Method Type of electrode 
Liner concentration 

range(µg/mL) 

Detection 

limit(µg/mL) 

References 

HPLC - 0.50-86.0 0.0084 [2] 

Spectrophotometry - 5.00-25.0 1.0700 [5] 

Voltammetry CTAB-CPE 0.027–5.58 0.0022 [22] 

Voltammetry GCE 2.41-120 0.7195 [23] 

Voltammetry PPY-GNs/GCE 24-240(20~200μM) 2.292(1.191μM) This work 

 

3.5. Tablet sample analysis  

The modified GCE was also applied to the differential pulse voltammetric analysis of ATR in 

its tablets (20 and 40 mg per tablet). In addition, the recovery studies were performed. As shown in 

Table 2, the recoveries were found to be in the range of 98.6 – 99.2%. The good recoveries of the 

samples suggest that this method is well suited for application to the detection of atorvastatin in tablet 

samples. 

 

Table 2. The determination of ATR from tablets. 

 

Sample Labeled (mg/tablet) Found(mg/tablet) Recovery% 

ATR tablet 10 9.86 98.6 

 20 19.84 99.2 
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4. CONCLUSIONS 

In summary, a facile and reinforced electrochemical sensor based on PPY–GNs was developed 

for the detection of atorvastatin by a differential pulse voltammetric method. The  PPY-GNs composite 

showed a 3D porous architecture with a large specific surface area. It was found that the incorporation 

of PPY-GNs sheets not only enlarged the effective area of the composite but also improved the rate of 

interfacial electron transfer. The PPY–GNs/GCE with high sensitivity and a broad linear range provide 

a convenient candidate for the trace analysis of ATR in tablet samples. 
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