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In this paper, a novel amperometric cholesterol biosensor with modified of cholesterol oxidase and 

cholesterol esterase at ferrocene-capped gold nanoparticle modified screen-printed carbon electrode 

has been developed. Firstly, the ferrocene-capped gold nanoparticle was synthesized. Then the enzyme 

ink containing Nafion, cholesterol oxidase, cholesterol esterase and ferrocene-capped gold 

nanoparticle was dropped into the surface of the screen-printed carbon electrode. The electrocatalytic 

behavior of cholesterol at cholesterol biosensor was investigated employed electrochemical methods. 

Under optimized conditions, the catalytic current at cholesterol biosensor exhibited a linear 

relationship with cholesterol in the range from 50 M to 15 mM with a detected limit of 12 μM at 0.3 

V vs Ag/AgCl. Furthermore, the selectivity, specificity and stability of cholesterol sensor was 

investigated and it was applied to measure the real samples of whole blood, the results was almost 

same with the data obtained from automatic biochemical analyzer. 
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1. INTRODUCTION 

Determination of the cholesterol level in human blood is of great significance in clinical 

analysis[1,2]. High cholesterol accumulation in blood serum is strongly related with coronary heart 

disease, arteriosclerosis and myocardial infarction[3,4]. In previous studies, the detection of cholesterol 

is mainly based on spectrophotometry, which often involves complex operational procedure[5,6]. So it 

is important to develop a sensitive and selective method for cholesterol detection. Cholesterol 

determination is performed by enzymes, such as cholesterol oxidase and cholesterol esterase. These 
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together can be used to monitor both native and esterified cholesterol levels[7]. Cholesterol esterase 

catalyzes the hydrolysis of cholesterol ester to form cholesterol, then the cholesterol is oxidized by 

cholesterol oxidase and hydrogen peroxide (H2O2 ) is produced as follows[8]:  

Cholesterol ester + H2O  Cholesterol + Fatty acids    (1)                  

Cholesterol + O2   H2O2 + Cholest-4-en-3-one          (2)         

It is known that the oxidized potential of H2O2 is high(above +0.6 V)[9], some researchers used 

horseradish peroxidase (HRP) or electron transfer mediators, such as ferrocyanide and prussian blue to 

measure H2O2 reduction current at lower potential to avoid the influence of reductants such as 

acetaminophen, ascorbic acid, cysteine, and uric acid[10,11]. Some researchers employed the 

nanoparticle materials such as gold nanoparticles, carbon nanotubes(CNTs) to promote electron-

transfer reactions at low over-potential[12-14]. Wen and co-workers developed a disposable 

organophosphorus pesticides enzyme biosensor based on magnetic composite carbon nanotubes 

modified screen printed carbon electrode[15]. CNTs can facilitate electron transfer between the 

electroactive species and the electrode. Gold nanoparticles (AuNPs) are well-known low-dimensional 

functional materials with large surface-to-volume ratios and are biocompatible with biosystems[16,17]. 

It also has been widely used to low the oxidized potential in electrochemical analysis[18,19]. Another 

approach is employing the permselective membranes such as Nafion to block diffusion of anions 

interferences to the electrode surface[20,21].  

In general, enzyme is often immobilized according to absorption、entrapment、cross-linking 

or covalent attachment[22-25]. The cross-linking or covalent attachment is more advantageous than 

physical adsorption which can avoid serious enzyme leaching from the surface[26]. Electrochemical 

sensors based on screen printed technology has the advantages of simple operation, low cost, easy 

operation, and is convenient for industrial production, has a great development prospect[27,28]. Thus 

the aim of this work is introducing of a simple manipulation and sensitive cholesterol biosensor 

modified of cholesterol oxidase and cholesterol esterase at ferrocene-capped gold nanoparticle 

modified screen-printed carbon electrode. Ferrocene as the mediator, gold nanoparticle used to 

facilitate electron transfer between cholesterol oxidase and electrode and nafion was employed to 

eliminate the anions electroactive interferences, according to investigate the electrochemical behaviors 

of the cholesterol at biosensor, the concentration of cholesterol can be determined.  

 

 

 

2. EXPERIMENTAL 

2.1 Materials 

Carbon ink and insulation ink were acquired from JUJO (Tokyo,Janpan). The hydrophilic film 

and double sided adhesive tape were from 3M China Co., Ltd(Shenzhen, China) hydroxyethyl 

cellulose(HEC), nafion, uric acid, ascorbic acid, ferrocenemethanol, cholesterol oxidase, cholesterol 

esterase and triton X-100 were purchased from Sigma-Aldrich (St. Louis, MO, USA). 11-Ferrocenyl-

1-undecanethiol (Fc-C11SH) was purchased from Dojindo Laboratories (Kumamoto, Japan).Aqueous 

solutions were prepared using Millipore water (Simplicity Model, Billerica, MA, USA). 
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2.2 Electrode Preparation 

We prepared the screen-printed carbon electrode contained a working electrode and a 

reference/counted electrode. The react area was constructed according to printed the insulation ink at 

working electrodes and the counter electrode strips. Then 1 mg hydroxyethyl cellulose (HEC), 1 ku 

cholesterol esterase, 2 ku cholesterol oxidase and 10 uL nafion were dissolved into 1 mL phosphate 

buffer solution (pH=7.4) containing 50 uLferrocene-capped gold nanoparticle solution and hydrated 2 

h at room temperature. The ferrocene-capped gold nanoparticle prepared followed the literature[28]. 

Acquired 10 μL above solution dropped into the working electrode, dried at 45 
o
C for 0.5 h, For 

fabrication of the stable sample reaction cell, the hydrophilic film and double sided adhesive tape was 

covered the react area. 
 

2.3 Detection of cholesterol at cholesterol biosensor 

All experiments were carried out at room temperature unless otherwise stated. All 

electrochemical measurements were carried out with a model CHI832C Electrochemical Workstation 

(CH Instruments, Austin, TX, USA). The supporting electrolyte was 0.1 M NaCl. For amperometric 

detection of cholesterol at electrochemical cholesterol biosensor, the applied potential was set at 0.3 V. 

Cholesterol solution prepared followed the litetures.[29,30] The cholesterol was dissolved in mixture 

solution of isopropanol, triton X-100 and phosphate buffer with the ratio of 10:4:86 by weight to 

prepare 1.0 mM and 4.0 mM stored cholesterol solution. The value of the current was acquired at 20s 

at amperometric i-t curve. After amperometric measurements of cholesterol in PBS solution at 

intervals, the electrodes were kept dry at room temperature. All experiments were carried out at room 

temperature unless otherwise stated. 

 

2.4 Real sample preparation and analysis 

Aliquots (1.0 mL) of blood samples were accessed to the heparin anticoagulation tube. For 

measurement of the cholesterol concentration in blood sample, the results were compared to those 

determined with automatic biochemical analyzer(Beckman Instruments, Inc., California, USA) without 

any treatment.  

For the stability of electrodes, we chose a bath of electrodes containing 50 strips to a sealed 

packaging. After each measurement, the rest of electrodes were maintained in sealed packaging at 

room temperature to keep clean and dry. In order to investigate the recovery of the proposed screen-

printed electrode, all samples were accessed from healthy donor without any treatment, the stock 

solutions (5 mM and 20 mM) were added into the same volume of blood samples immediately. 
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3. RESULTS AND DISCUSSION 

3.1 Electrochemical analysis of cholesterol biosensor 

The amperometric I-t method was employed to investigate the behavior of cholesterol 

biosensor with modified of cholesterol oxidase and cholesterol esterase at ferrocene-capped gold 

nanoparticle or ferrocenemethanol（Fc-OH） modified screen-printed carbon electrode. As shown in 

figure 1, the current of cholesterol biosensor modified with ferrocene-capped gold nanoparticle was 

higher than modified with Fc-OH, and the reaction rate was also more quickly than modified with Fc-

OH, which due to the large surface-to-volume ratios and biocompatible of gold nanoparticle. The 

results revealed that the gold nanoparticle could facilitate electron transfer between cholesterol oxidase 

and electrode, and the reaction time was about 20s when the potential of cholesterol biosensor was set 

at 0.3 V. 
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Figure 1. The I-t curve of 5 mM cholesterol at cholesterol biosensor modified ferrocene-capped gold 

nanoparticle (dashed line) or ferrocene (solid line) as mediate with the potential of 0.3 V. 

 

 

3.2 Detection of cholesterol at cholesterol biosensor 

Cholesterol ester was hydrolyzed by cholesterol esterase to form cholesterol, and the 

cholesterol was oxidized by cholesterol oxidase, in this process, hydrogen peroxide (H2O2) was 

produced. When in the addition of ferrocene-capped gold nanoparticle as the mediator, the H2O2 was 

prevented formation[32] and the reaction can be described as followed: 

Cholesterol ester + H2O  Cholesterol + Fatty acids               (1)  

Cholesterol + Fc
+
    Fc + Cholest-4-en-3-one                        (2) 

Fc + e
+
  Fc

+
 
                                    

(3) 

According to the above reactions, the cholesterol concentration can be acquired by the 

electrochemical oxidation of ferrocene-capped gold nanoparticle AT cholesterol biosensor. As shown in 

figure 2, the oxidized current increased with addition of cholesterol and can be detected using 
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electrochemical method. Figure 3 depicts the plot of the electrocatalytic current at the enzyme screen-

printed electrodes with cholesterol concentration in the range from 50 uM to 15 mM. The value of the 

current was acquired at 20s at amperometric I-t curve when the potential was set at 0.3V. The oxidized 

peak current at the cholesterol biosensor exhibits a linear relationship with the cholesterol 

concentration, and the linear equation is I(uA) =0.18[cholesterol](mM) + 0.4610
-6

. The limits of 

detection were calculated on the basis of three times of the background noise and the value was found 

to be 12 uM. 

 

0 5 10 15

1

2

3

[Cholesterol] (mM)

I 
(


A
)

 
Figure 2. The calibration curve of cholesterol concentration from 0.05-15 mM with with the potential 

of 0.3 V. 

 

3.3 Effects of pH to the cholesterol biosensor 

We investigated the response current of cholesterol biosensor at various pH values from 5.5 to 

9.5. As shown in figure 3, the current changed value (I) at cholesterol biosensor was increased with 

the pH increased. However, I was decreased when the pH was high than 8.0, which was mainly due 

to the optimally catalytic efficient of cholesterol oxidase at pH=7.0[33], when the pH was too high, the 

catalytic efficient mainly was affected by the electron transfer, and the high pH value also affected the 

stability of the gold nanoparticle, Thus the best pH value at cholesterol biosensor was at 7.0-8.0, we 

chose pH at 7.4 in this research. Also the result was similar with conclusions acquired from Ahmet and 

coworkers[15].  
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Figure 3. The current changed value with the various of pH from 5.5 to 9.5. The concentration of 

cholesterol was 5 mM and the potential was set at 0.3 V. 

 

3.4 Selectivity and specificity of the cholesterol biosensor 

It is necessary to study the selectivity and specificity of the cholesterol biosensor. As shown in 

figure 4, the electroactive species such as uric acid(UA), ascorbic acid(AA) and acetaminophen(ACP) 

did not change the cholesterol response in the presence of these interference species at cholesterol 

biosensor, which was mainly due to the nafion film to block diffusion of anions interferences to the 

electrode surface. The results demonstrated the cholesterol biosensor has good selectivity and 

specificity. So the cholesterol biosensor in our method can be used in real sample measurement. 
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Figure 4. Selectivity of the cholesterol biosensor for detection of cholesterol (TC) in the absence or 

presence of redox-active species (AA, ACP and UA). Error bars represent the RSD values (n = 

3). 
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3.5 Stability of the cholesterol biosensor  

  

Figure 5. Stability of the cholesterol biosensor. Error bars represent the RSD values (n = 3). 

 

The stability of the cholesterol biosensor was investigated by determined the response current 

of 5 mM cholesterol. As shown in figure 5, the catalytic current at screen-printed electrode kept stable 

after six months, the electrode still retained 91.7% of the initial current, which demonstrates that the 

proposed electrode can be used as the commercial electrode in real application. The stability was due 

to the good biocompatible of gold nanoparticles. 

 

3.6 Real sample measurement 

At least three replicate measurements were conducted for these blood samples (Some partial 

results were listed in Table 1) and the results are also compared to those acquired with automatic 

biochemical analyzer (Beckman Instruments, Inc., California, USA). As shown in Table 1, the results 

based on our method are in excellent agreement with those obtained with the commercial automatic 

biochemical analyzer. Compared to the commercial automatic biochemical analyzer, there is no 

significant difference of the accuracy, so the amperometric cholesterol biosensor with modified of 

cholesterol oxidase and cholesterol esterase at ferrocene-capped gold nanoparticle modified screen-

printed carbon electrode could be used in cholesterol clinical diagnosis. 
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Table 1. Cholesterol concentrations determined from healthy and patient donors. (The hospital 

cholesterol results were acquired from automatic biochemical analyzer determined by 

spectrophotometry method) 

 
Samples The results of hospital 

(mmol/L) 

This method 

 (mmol/L) 

1 

2 

3 

4 

5 

6 

7 

8 

4.2 

5.5 

5.2 

5.6 

4.1 

2.6 

6.6 

3.8 

4.6 

5.6 

5.0 

5.8 

4.2 

2.5 

6.4 

4.0 

 

 

4. CONCLUSIONS 

In this paper, we designed a new method of amperometric cholesterol biosensor with modified 

of cholesterol oxidase and cholesterol esterase at ferrocene-capped gold nanoparticle modified screen-

printed carbon electrode successfully. There is a good relationship between the electrocatalytic current 

and the cholesterol concentration. Furthermore, the electrochemical strips exhibit the good selectivity 

and stability. In addition, this method was also successfully employed for cholesterol detection in 

blood samples. We therefore conclude that the rapid and sensitive cholesterol integrated to portable 

devices can apply in the field of clinical analysis. 
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