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Entecavir is the first-line drug for the treatment of hepatitis B. However, at this stage, there is no very 

mature technique for the rapid detection of entecavir. In this work, a novel electrochemical biosensor for 

entecavir was constructed using highly conductive nitrogen-doped carbon nanotubes as a solid-loaded 

substrate and hemoglobin as a recognition element. The experimental results showed that the 

electrochemical performance of the sensor was better than that of the nitrogen-doped carbon nanotubes 

with the incorporation of hemoglobin, which showed good linearity in the detection range of 10-100 μM 

with a detection limit of 4.38 μM (S/N=3). In addition, the electrochemical sensor showed excellent 

performance when applied to actual samples of serum and urine for the detection of entecavir. 
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1. INTRODUCTION 

 

More than 2 billion people worldwide are currently infected with hepatitis B virus (HBV), and 

approximately 350 million are chronically infected. Cirrhosis, liver failure, and primary hepatocellular 

carcinoma caused by HBV infection result in approximately one million deaths per year [1]. Hepatitis B 

virus carriers of which enter the chronic liver disease stage account for 25%, leading to cirrhosis, chronic 

hepatitis and liver cancer [2,3]. This process can be slowed or stopped by effective treatment against the 

hepatitis B virus. Interferons and nucleosides are the two major classes of internationally recognized 

antiviral therapeutic agents, of which nucleosides are orally administered, convenient and universally 

preferred [4,5]. Entecavir was first approved by the U.S. FDA in March 2005 under the trade name 
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"Baraclude". It is the first HBV-specific antiviral drug that is non-cross-reactive with HIV and herpes 

viruses. According to the consensus from the 2008 Asia Pacific Liver Conference, lamivudine is no 

longer the drug of choice for patients with rapidly increasing resistance rates among long-term users, 

while entecavir is becoming the drug of choice for antiviral therapy because of its high efficiency and 

very low resistance rate [6–9]. 

Currently, the most commonly used methods for the detection of entecavir are ion 

chromatography, gas chromatography, and liquid chromatography [10–17]. These methods have high 

accuracy and sensitivity, but there are limitations such as large size of instrumentation, high requirements 

for operators, complex and time-consuming sample pre-treatment, and high costs, which are not 

conducive to rapid analysis and emergency detection of entecavir. Detection methods for entecavir also 

include UV-Vis spectrophotometry, chemiluminescence, fluorescence spectrometry and electrochemical 

analysis [18–25]. Among them, electrochemical analysis has been widely concerned due to the 

advantages of easy operation, low cost, fast detection speed and high sensitivity. Based on 

electrochemical sensing technology, it is expected to develop new methods for highly sensitive and rapid 

detection of entecavir, and to develop new portable devices that can be applied to both laboratory and 

field rapid detection. 

In this study, an electrochemical biosensor was constructed based on the high electrical 

conductivity, high specific surface area and biocompatibility of nitrogen-doped carbon nanotubes 

(NCNT), and the specific recognition of entecavir by hemoglobin (Hb). The electrochemical behavior 

of entecavir at the modified sensing interface was investigated to examine the key properties of the 

sensor such as sensitivity, detection limit, selectivity and reproducibility of entecavir detection. This 

work proposes a new method for the highly sensitive, selective, rapid screening and quantitative 

detection of entecavir. 

 

 

2. EXPERIMENTAL 

2.1. Chemicals and instruments 

Nitrogen-doped carbon nanotubes (NCNT) were purchased from Dalian Institute of Chemical 

Physics. Chitosan (CS, ≥75% deacetylation) was purchased from Sigma Aldrich (Shanghai). 

Na2HPO4·12H2O, NaH2PO4·2H2O, K3Fe(CN)6, K4Fe(CN)6·3H2O, KCl were purchased from 

Sinopharm. Entecavir was purchased from Anhui Baker United Pharmaceutical Co. 

CHI660E electrochemical workstation was purchased from Shanghai Chenhua Instrument Co. 

KQ3200DE CNC ultrasonic cleaner was purchased from Kunshan Ultrasonic Instrument Co. PHS-3C 

pH acid meter was purchased from Shanghai Precision Scientific Instrument Co. Bruker D8 ADVANCE 

powder X-ray diffractometer (XRD, BRUKER, Germany) was used for XRD pattern collection.  
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2.2. Preparation of sensors 

Polishing glassy carbon electrode (GCE): the GCE was polished to mirror surface with 1, 0.3, 

0.05 μm Al2O3 powder in turn, then ultrasonically cleaned in ultrapure water and anhydrous ethanol, and 

blown dry with high purity N2. 

Preparation of hemoglobin-nitrogen-doped carbon nanotube sensors (Hb-NCNT-Chi/GCE): The 

Hb-NCNT-CS complex was prepared at concentrations of 2.5, 0.25 and 1.5 mg/mL for Hb, NCNT and 

CS, respectively. 5 μL of the above complex was applied to the newly polished GCE surface and left to 

dry at room temperature to obtain Hb-NCNT-CS/GCE. GS/GCE was prepared by a similar method but 

the complex did not contains Hb and NCNT. Hb-CS/GCE was also prepared by a similar method but the 

complex did not contains NCNT. 

 

2.3. Detection of entecavir 

A three-electrode system was used for electrochemical testing: a modified pole GCE (3 mm) as 

the working electrode, an Ag/AgCl electrode (KCl concentration of 3 M) as the reference electrode, and 

a platinum electrode as the counter electrode. For the cyclic voltammetry (CV) detection of entecavir, a 

phosphate buffer solution (PBS, pH 5.0, 50 mM) was used as the electrolyte solution with a scan rate of 

50 mV/s. The electrochemical impedance spectroscopy (EIS) was performed under a 1 mM 

K3[Fe(CN)6]/K4[Fe(CN)6] solution (containing 0.5 M KCl) as the supporting electrolyte. The frequency 

sweep range was 0.1 ~ 10000 Hz with an amplitude of 10 mV. All electrochemical tests were performed 

at room temperature. 

 

 

 

3. RESULTS AND DISCUSSION 

From the SEM image (Figure 1A), it can be seen that NCNT is a one-dimensional tubular 

structure with a diameter of about 15 nm. The XRD patterns in Figure 1B show that the NCNT shows 

the diffraction peaks of 002 and 111 graphite crystal phases at 26.0° and 42.9°, respectively, indicating 

that the NCNT has a clear graphite layer structure [26,27]. 

 

 
 

Figure 1. (A) SEM image and (B) XRD pattern of NCNT. 
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Figure 2 shows the electrochemical impedance plots of different modified electrodes (Nyquist 

plot, CHI660E electrochemical workstation) with the order of the impedance values: Hb-CS/GCE > Hb-

NCNT-CS/GCE > CS/GCE > bare GCE. it can be seen from Figure 3 that the bare GCE and CS-GCE 

are almost in a straight line, indicating that the electrode has a very fast electron transfer rate with 

[Fe(CN)6]
3-/4- is very fast [28]. When Hb was added to the chitosan, the semicircular part increased 

significantly, indicating that the poorly conducting Hb had been modified to the electrode. With the 

addition of NCNT, the impedance becomes significantly smaller, indicating that the highly conductive 

NCNT greatly facilitates the electron transfer rate between the modified electrode and [Fe(CN)6]
3-/4-, 

which significantly improves the conductivity of the sensor [29]. 

 

 
 

Figure 2. EIS of bare GCE, CS/GCE, Hb-CS/GCE and Hb-NCNT-CS/GCE in [Fe(CN)6]
3-/4-. 

 

 
 

Figure 3. CV curves of bare GCE, CS/GCE, Hb-CS/GCE and Hb-NCNT-CS/GCE in PBS (pH=7) 

containing 0.1 mM entecavir. 
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We used cyclic voltammetry (CV) to investigate the electrochemical response of different 

modified electrodes to entecavir at a scan rate of 0.1 V/s. The measured voltage range was from 0.1 to 

0.7 V. The test solution was 0.1 mM entecavir in 0.1 M PBS (pH=7). Scans were performed using bare 

GCE, CS/GCE, Hb-CS/GCE and Hb-NCNT-CS/GCE through CV, respectively, and the results are 

shown in Figure 3. The redox peaks appearing on the bare electrode GCE are not obvious. There is also 

no obvious signal response for CS/GCE. Hb-CS/GCE electrode has a slightly obvious electrochemical 

response, but the signal intensity is far inferior compared to Hb-NCNT-CS/GCE [30,31]. This indicates 

a better response of the Hb-NCNT-CS/GCE electrochemical sensor for entecavir detection. 

The electrochemical response behavior of entecavir on Hb-NCNT-CS/GCE electrode was probed 

by DPV to detect the pH of PBS buffer solution as shown in Figure 4. The results showed that the peak 

current of entecavir increased with increasing pH as the pH of the buffer solution was increased from 4 

to 7. During the increase of pH from 7 to 9, it decreased with the increase of pH. The peak current was 

maximum at pH 7 of the buffer solution, so we took the PBS buffer solution with pH 7 for the next 

electrochemical experiments. 

 

 

 
 

Figure 4. (A) DPV curves and (B) current plots of Hb-NCNT-CS/GCE in PBS towards 0.1 mM 

entecavir. 

 

 

DPV is characterized by high sensitivity and low detection limits. Under optimal conditions, we 

explored the relationship between entecavir concentration and current. As shown in Figure 5, the 

entecavir oxidation peak current increased linearly with entecavir concentration from 10 μM to 100 μM. 

The linear measurement range was from 10 to 100 μM. linear correlation: I (μA) = 0. 11 C (μM) + 16.214 

(R2 = 0.9914). The detection limit of the electrochemical sensor for entecavir was 4. 38 μM at a triple 

signal-to-noise ratio. The detection limit of the sensor was not the lowest compared to other reports in 

the literature [32,33], but it still has a good application. This is because the electrochemical oxidation 

behavior of Entecavir has a relatively large broad peak rather than a sharp narrow peak. At the same 

time, its electrochemical activity is not very outstanding. Therefore, its detection sensitivity is difficult 
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to reach the ideal state. We are further optimizing the detection system and electrode materials, hoping 

to further improve the sensitivity of the sensor in the future work. 

 

 
 

Figure 5. (A) DPV curves and (B) current plots of Hb-NCNT-CS/GCE in PBS towards 10 μM-100 μM 

entecavir. 

 

 

Reproducibility and stability of electrochemical sensors are important indicators of good or bad 

sensors. In Figure 7A, five modified electrodes prepared under the same conditions were selected for the 

electrochemical detection of entecavir with a relative standard deviation (RSD) of 3.51%, and the sensor 

had good reproducibility. To investigate the stability of the electrochemical sensor, 0.1 mM entecavir 

was intermittently tested every five days, as shown in Figure 7B, and the response signal was 96. 1% of 

the initial signal value by 25 days of testing. The experiments also showed that the sensor was 

reproducible and stable. 

 

 
 

Figure 6. Anti-interference property of Hb-NCNT-CS/GCE towards entecavir in the presence of AA, 

UA, DA, NaCl. 
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Reproducibility and stability of electrochemical sensors are important indicators of good or bad 

sensors. In Figure 7A, five modified electrodes prepared under the same conditions were selected for the 

electrochemical detection of entecavir with a relative standard deviation (RSD) of 3. 51%, and the sensor 

had good reproducibility. To investigate the stability of the electrochemical sensor, 0.1 mM entecavir 

was intermittently tested every five days, as shown in Figure 7B, and the response signal was 96. 1% of 

the initial signal value by 25 days of testing. The experiments also showed that the sensor was 

reproducible and stable. 

 

 

 
 

Figure 7. (A) Reproducibility and (B) stability of the Hb-NCNT-CS/GCE towards 0.1 mM entecavir. 

 

 

In order to evaluate the practicality of the constructed electrochemical sensor, the concentration 

of entecavir in the serum and urine was determined using the standard addition method under optimal 

experimental conditions. As shown in Table 1, the recovery of entecavir in serum samples ranged from 

99. 10% to 102. 10% (n=5) and in urine samples from 97.14% to 106. 15 % (n=5), indicating that the 

electrochemical sensor has a good performance in the detection of real samples. 

 

 

Table 1. Determination of entecavir in actual samples using Hb-NCNT-CS/GCE 

 

Sample Addition Detection  Recovery (%) RSD (%) 

Serum 10.00 μM 10.22 μM 102.20 4.22 

20.00 μM 21.23 μM 106.15 1.78 

50.00 μM 48.57 μM 97.14 2.05 

Urine 10.00 μM 9.89 μM 98.90 3.01 

20.00 μM 21.09 μM 105.45 1.86 

50.00 μM 51.88 μM 103.76 3.05 
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4. CONCLUSION 

A novel electrochemical biosensor was constructed for the detection of entecavir using the high 

electrical conductivity of nitrogen-doped carbon nanotubes and the specific catalytic reduction of 

hemoglobin.Hb-NCNT showed better stability, reproducibility and linear range compared with NCNT, 

and it also had good interference immunity. In addition, the results of this entecavir electrochemical 

sensor were satisfactory in the detection of real samples, and it is expected to be applied to the detection 

of entecavir. 
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