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This research was done to create immobilized dsDNA on Au/GCE for an electrochemical sensor of 

mifepristone and cinnamic acid (a component of guizhi fuling) as uterine fibroids medications. 

Deposition of Au nanoparticles (Au NPs) on GCE and immobilization of dsDNA on Au/GCE were 

accomplished using the electrodeposition approach. SEM and XRD structural investigations of 

electrodeposited Au NPs revealed that they were electrodeposited in a spherical shape with a fcc 

crystal structure. The CV and DPV electrochemical measurements indicated that Au NPs grew 

successfully on the GCE surface and that dsDNA was immobilized on Au/GCE in a stable manner. 

Further electrochemical investigations using DPV and ampermetery revealed that the simultaneous 

detection of mifepristone and cinnamic acid on dsDNA on Au/GCE was stable, selective, and 

sensitive. The linear range, detection limit, and sensitivity for determining mifepristone were 7.5 ng/ml 

and 0.40031 μA/mg ml-1 and 0-120 mg/ml, respectively, and for determining cinnamic acid, the linear 

range, detection limit, and sensitivity were 2.1 ng/ml and 1.42117 μA/mg ml-1 and 0-41.25 mg/ml, 

respectively. The practical capability and accuracy of dsDNA/Au/GCE were used for amperomtric 

determination of mifepristone and cinnamic acid in Mifeprex and Gui Zhi Fu Ling tablets, which 

indicated a high level of precision for practical ability in medicine sample analysis utilizing 

dsDNA/Au/GCE. 
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1. INTRODUCTION 

 

Uterine fibroids, also known as leiomyomas, are uterine fibroids that are made up of connective 

tissue and muscle from the uterus's wall. Fibroids can grow as a cluster or as a single nodule [1, 2]. 
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These tumors can form on the inside of the uterus's wall, inside of the major cavity, and even on the 

outside [3, 4]. The size, number, and location of fibroids within and around the uterus can all be 

different [5, 6]. They can be linked to a slender stem in some situations, giving them a mushroom-like 

look. Women with uterine fibroids that are rapidly growing or fibroids that are growing throughout 

menopause should be checked right away [7-9]. 

Most fibroids don't create any problems and don't require medical attention beyond frequent 

monitoring by your doctor [10-12]. Small fibroids are the most common type. Larger fibroids can 

cause bleeding between periods, chronic vaginal discharge, low back discomfort, painful bleeding 

during menstruation, constipation, infertility, and frequent urination, among other symptoms [13-15]. 

As a result, it is critical to detect uterine fibroids and identify medications for the treatment of larger 

fibroids [16]. Lupron, tranexamic acid, ulipristal acetate, and mifepristone are the most commonly 

used drugs to treat uterine fibroids [17-19]. 

Recent clinical studies have shown that 3 months of mifepristone (11ß-[p-(Dimethylamino) 

phenyl]-17ß-hydroxy-17ß-(1-propynyl) estra-4,9-dien-3-one) treatment can significantly reduce the 

mass of uterine fibroids, resulting in complete amenorrhea and a reduction in clinical symptoms. 

Clinical studies in recent years have shown that 3 months of mifepristone (11ß-[p-(Dimethylamino) 

phenyl]-17ß-hydroxy-17ß-(1-propynyl) estra-4,9-dien-3-one) treatment can significantly reduce the 

mass of uterine fibroids to achieve complete amenorrhea and reduce clinical symptoms. Moreover, 

Guizhi Fuling, as a Chinese herbal medicine, is widely used for uterine fibroids in China [20, 21]. This 

Chinese herbal formula is composed of Cinnamomum cassia, Poria, Paeonia suffruticosa Andrews, 

Paeonia lactiflora Pall and Persicae Semen [22, 23]. The major compound of Cinnamomum cassia is 

cinnamic acid  (C-H-CH=CHCOOH) which is a well-known antioxidant and is supposed to have 

several health benefits due to its strong free radical scavenging properties [24-26]. Cinnamic acid has 

antimicrobial activity [27, 28]. However, it may be harmful if inhaled and cause respiratory tract 

irritation or be harmful if swallowed [29]. Thus, the determination of the cinnamic acid concentration 

in herbal medicine is necessary. 

Combined mifepristone and Guizhi Fuling Formula may be an effective approach for reducing 

fibroid volume and uterine size when compared to mifepristone alone [20, 30]. Moreover, the dosage 

and timing are the important issues for effective treatment [31, 32]. Accordingly, many studies have 

been conducted to determine the content of the chemical drugs and essential elements in herbal 

medicines using polarography [33], UV-Visible spectrophotometry [34], high-performance liquid 

chromatography [35], mass spectrometry [36], X-ray fluorescence spectrometry [37], atomic 

spectrometry [38], chemometry [39], and electrochemical methods [40-42]. Among them, 

electrochemical methods are rapid, simple and low-cost analyses and capability the modification of the 

electrode surface using composites and nanomaterial make then attractive sensing techniques because 

of their improved sensitivity and selectivity. Therefore, this study was conducted to synthesize 

immobilized dsDNA on Au/GCE for an electrochemical sensor of mifepristone and cinnamic acid as 

medicines for the treatment of uterine fibroids. 
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2. EXPERIMENTAL 

2.1 Modified electrode preparation 

Before the electrodeposition process, the GCE surface was polished using alumina slurry 

(99.99%, 1.0 and 0.3 μm, Sigma-Aldrich) on a polishing cloth for 20 minutes. Then, the electrode was 

ultrasonically washed in a mixture of ethanol (99%, Guangxi Kunya Biotechnology Co., Ltd., China) 

and deionized water in an equal volume ratio for 15 minutes, and dried under nitrogen flow. 

Electrodeposition was performed using a potentiostat (Autolab PGSTAT 302N, Metrohm, Autolab 

B.V., Utrecht, The Netherlands) using the cyclic voltammetry (CV) technique at a potential range from 

−1.4 to 1.4 V at scan rate of 10 mV/s for 10 cycles in electrochemical cell contained the equal volume 

ratio of 3M HAuCl4·3H2O (≥99.9%, Sigma-Aldrich)  and 0.1M KCl (≥99%, Sigma-Aldrich) as 

electrodeposition electrolyte [43]. The GCE, Ag/AgCl (3M KCl) and Pt wire were used as working, 

reference and counter electrodes, respectively. After that, the Au/GCE was immersed for 35 minutes in 

the 0.1M native calf thymus double stranded DNA (dsDNA, Sigma-Aldrich) solution, which was 

prepared by dissolving the dsDNA in 0.1M phosphate buffer solution (PBS) pH 7. In order to 

immobilize of dsDNA, the immersion of Au/GCE was continued at a potential of 1.5 V for 15 minutes. 

 

2.2. Real samples preparation  

The Mifeprex tablets were purchased from a local community pharmacy; each tablet contained 

200 mg of mifepristone. For preparation of the real sample solution with a concentration of 10 mg/ml 

mifepristone, 10 tablets (2 g mifepristone) were powdered and were dissolved in 200 ml of 0.1 M PBS 

pH 7. Then, the amperometric measurements were conducted at a potential of 0.42 V under successive 

addition of mifepristone (99%, Shanghai Hualian Pharmaceutical Co. Ltd., China) to determine the 

initial mifepristone content in a prepared real sample of Mifeprex tablets. Gui Zhi Fu Ling tablets 

(Shop Guang Ci Tang® Chinese medicine products) also were prepared, and 20 tablets were 

ultrasonically dissolved in 20 ml of 0.1 M PBS pH 7. The mixture was filtered and centrifuged at 

1000rpm for 5 minutes. Next, the attained supernatant was filtered and used as a real sample for the 

determination of Guizhi Fuling in Gui Zhi Fu Ling tablets using amperometric measurement at a 

potential of 0.34 V in 0.1 M PBS pH 7 under successive addition of cinnamic acid (≥99%, Sigma-

Aldrich). The standard addition method was used to study accuracy through the relative standard 

deviation (RSD) and recovery values. 

 

2.3 Analyses  

CV, DPV and amperometry measurements were conducted on the  Autolab with potentiostat in 

0.1M PBS pH 7 containing 50 mM Co(bpy)3
3+ that the  0.1 M PBS pH 7 was prepared of Na2HPO4 

(≥99.0%, Merck, Germany )  and NaH2PO4 (99%, Merck, Germany), and 50 mM Co(bpy)3
3+ was 

prepared from mixture of Tris(2,2’-bipyridyl)-Cobalt(III) perchlorate [Co(bpy)3(ClO4)3] (Sigma-

Aldrich) in ligand 2,2'-bipyridyl (≥99%, Sigma-Aldrich)  in methanol (99.8%, Merck, Germany) in 

equal volume ratio [44]. Furthermore, the enzyme-linked immunosorbent assay kit (ELISA, Air Plants 



Int. J. Electrochem. Sci., 17 (2022) Article Number: 220564 

  

4 

Bio., Tokyo, Japan) was used for analyses of mifepristone in human blood serum. Scanning electron 

microscopy (SEM, JSM-6700F, Japan) and X-ray diffraction (XRD; Bruker D8 Advance, Billerica, 

MA, USA) with CuK radiation (λ= 1.5418 Å) were used to analyze the structural properties of the Au 

nanostructured electrode. 

 

3. RESULTS AND DISCUSSION 

Figure 1a shows the SEM image of Au NPs on the GCE surface. As observed, the Au NPs 

were electrodeposited in fairly uniform coverage and spherical-shape with an average size of 50nm. 

Figure 1b shows the XRD pattern of powder of the electrodeposited Au NPs. As seen, there are 

diffraction peaks at 38.88°, 44.61°, 64.85° and 78.02° which are assigned to the (111), (200), (220) and 

(311) planes, respectively (JCPDS card No. 04-0784). These are reflections of the face-centered cubic 

(fcc) structure of the Au NPs. 

 

 

 

Figure 1. (a) SEM image of Au NPs on GCE and (b) XRD pattern of powder of electrodeposited Au 

NPs. 

 

 

Figure 2 presents the obtained CV curves during the electrodeposition of Au NPs on the GCE 

surface at a potential range from −1.4 to 1.4 V at a scan rate of 10 mV/s for 10 cycles in 3M 

HAuCl4•3H2O containing 0.1M KCl. As seen from the first recorded CV, there is a cathodic peak at 

potential of +0.33 V which attributed the reduction of Au3+ into atomic Au0 and the nucleation of Au 

NPs on the surface of GCE [45, 46]. It is observed from the second CV curve that the reduction peak is 

shifted to positive potential value (+0.28V), corresponding to the growth of Au NPs. In the reverse 

scan, there are a strong anodic peak at the potential of + 0.93 V that it is associated with the oxidation 

of Au NPs. The recorded continuous CV shows that the anodic and cathodic peak currents increase 

with increasing the number of cycles during the electrodeposition process, indicating the successful 

growth of Au NPs on the GCE surface [47, 48]. 
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The CV experiments of GCE, Au/GCE, and dsDNA/Au/GCE were carried out at a potential 

range of 0.2 to 0.4 V at a scan rate of 50 mV/s in 0.1M PBS pH 7, containing 50 mM Co(bpy)3
3+ as a 

probe to recognize surface-bonded DNA [49, 50].  

 

  

 

 

Figure 2. CV curves during the electrodeposition of Au NPs on GCE surface at potential range from 

−1.4 to 1.4 V at scan rate of 10 mV/s for 10 cycles in 3M HAuCl4•3H2O containing 0.1M KCl. 

 

 

 

 

Figure 3. CV curves of (a) GCE, (b) Au/GCE and (c) dsDNA/Au/GCE at potential range from −0.2 to 

0.4 V at scan rate of 50 mV/s in 0.1M PBS pH 7 containing 50 mM Co(bpy)3
3+. 
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It is observed from Figure 4, the CV curve of bare GCE does not show any peak, and the CV 

curve of Au/GCE shows a negligible peak at 0.07 V. However, the CV curve of dsDNA /Au/GCE 

shows the well-defined anodic peak at 0.09 V, corresponding strong interact of Co(bpy)3
3+ with 

immobilized DNA on Au/GCE and  highly sensitive response of the dsDNA /Au/GCE to trace Co2+ 

ion [49, 51-53]. Therefore, it is evidence to the strong immobilization of DNA on Au/GCE. 

Figure 4 depicts the DPV curves of GCE, Au/GCE and dsDNA/Au/GCE at 50mV/s scan rate in 

0.1M PBS pH 7 which contains 5mg/ml mifepristone. As seen from Figure 4a and 4b, there is a very 

weak anodic peak at 0.44 V for Au/GCE, and no remarkable anodic peak is observed for bare GCE or 

the existence of mifepristone [54]. However, Figure 4c displays the significant anodic peaks at 0.42 V 

due to accumulation of mifepristone onto the surface via interaction with immobilized DNA on 

Au/GCE which increases the oxide peak [55-57]. The different values of the peak current and potential 

for Au/GCE and dsDNA/Au/GCE are attributed to the immobilization of the dsDNA on the electrode 

surface, which interacts with mifepristone and increases the signal of electrochemical reaction [58-60]. 

Additionally, the electrodeposited high porous layer of Au nanoparticles with high electron 

conductivity and large specific surface area provide biocompatible DNA immobilizing platform which 

acted as the electron transfer mediator and catalyze the oxidation reaction of mifepristone, and improve 

fast electron transfer [61-63]. 

 

 

 

 

Figure 4. DPV curves of GCE, Au/GCE and dsDNA/Au/GCE at 50mV/s scan rate in 0.1M PBS pH 7 

inclosing 5mg/ml mifepristone. 

 

 

Figure 5 exhibits the electrochemical response of GCE, Au/GCE and dsDNA/Au/GCE at 

50mV/s scan rate in 0.1M PBS pH 7 containing 5 mg/ml cinnamic acid. As observed from the DPV 

curves in Figures 5a and 5b, there is no peak for GCE, and Au/GCE shows a negligible peak at 0.35 V, 

and the obvious oxidation peak appears at 0.34 V for cinnamic acid on dsDNA/Au/GCE, indicting the 
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lesser potential and upper oxidation peak current than that on Au/GCE. Comparison between the DPV 

curves in Figures 4c and 5c reveals that there is a difference between the anodic peak potentials of 

mifepristone (0.42 V) and cinnamic acid (0.34 V) on dsDNA/Au/GCE, illustrating the ability of the 

electrochemical sensor to simultaneous determine mifepristone and cinnamic acid.  

 

 

 

Figure 5. DPV curves of GCE, Au/GCE and dsDNA/Au/GCE at 50mV/s scan rate in 0.1M PBS pH 7 

inclosing 5mg/ml cinnamic acid. 

 

 

 

 

Figure 6. DPV response of the (a and a’) Au/GCE and (b and b’) dsDNA/Au/GCE at 50mV/s scan rate 

in 0.1M PBS pH 7 inclosing 5mg/ml cinnamic acid and 5mg/ml mifepristone during storage for 

five successive days (The first day (solid line) and 5th day (dash line)). 
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The stability of responses of Au/GCE and dsDNA/Au/GCE was investigated by recording DPV 

response of the electrodes at scan rate of 50mV/s in 0.1M PBS pH 7 containing 5mg/ml cinnamic acid 

and 5 mg/ml mifepristone during storage for five successive days. Figures 6a and 6a’ depict that the 

weak responses of Au/GCE toward mifepristone and cinnamic acid are completely diminished after 

five days. Figures 6b and 6b’ show the responses of dsDNA/Au/GCE toward both analytes are 

decreased ~ 8% after five days, indicating the great stability responses of dsDNA/Au/GCE due to 

synergetic effect of immobilized DNA on the Au nanoparticles [64-66]. These results demonstrate that 

dsDNA-modified electrodes could provide enhanced electrochemical responses to cinnamic acid and 

mifepristone. The Au nanostructured electrode also improves electric conductivity and has a large 

effective surface area and can influence redox reactions [62, 67, 68]. Therefore, the 

dsDNA/Au/GCE was used for the following electrochemical studies [69, 70]. 

Further studies were conducted on the amperometry technique to study the sensing properties 

of dsDNA/Au/GCE.  Figures 7a and 7b show the amperometry measurements and obtained calibration 

plots of dsDNA/Au/GCE to successive additions of mifepristone and cinnamic acid in 0.1 M PBS pH 

7.0 at potential of 0.42 V and 0.34 V, respectively. From Figure 7a, it can be seen that the sensor 

shows a fast response to the addition of mifepristone at potential of 0.42 V, and the electrocatalytic 

current is linearly increased with increasing mifepristone content in the electrochemical cell. The linear 

range, detection limit and sensitivity to determine mifepristone are evaluated at 7.5ng/ml and 0.40031 

μA/mg ml-1 and 0-120 mg/ml, respectively. Figure 7b also shows the same observation for successive 

additions of cinnamic acid at potential of 0.34 V and its calibration plot indicated that the linear range, 

detection limit and sensitivity to determine cinnamic acid are 2.1 ng/ml and 1.42117 μA/mg ml-1 and 

0-41.25 mg/ml, respectively. 

 

 

 

 

Figure 7. Amperometric responses and obtained calibration plots of dsDNA/Au/GCE in 0.1 M PBS 

pH 7.0 to successive additions of (a) mifepristone at potential 0.42 V and (b) cinnamic acid at 

potential of 0.34 V. 
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The obtained sensing properties of the dsDNA/Au/GCE are compared with those of 

previously reported mifepristone and cinnamic acid sensors in Table 1. The comparison reveals that 

the resulted limit of detection of dsDNA/Au/GCE is comparable, and linear range is significantly 

higher than other method that it related to improvement of the electrochemical signal with Au NPs 

which provided a high superficial biocompatible plataform for DNA immobilization [71-73]. 

 

 

Table 1. Comparison of obtained sensing properties of dsDNA/Au/GCE with those of 

previously reported mifepristone and cinnamic acid sensors 

 

Technique Analyte Detection 

limit 

(ng/ml) 

Linear range 

(mg/ml) 

Ref. 

Amperometry using 

dsDNA/Au/GCE 

Mifepristone  7.5 0-120 This work 

Amperometry using 

dsDNA/Au/GCE 

Cinnamic acid 2.1  0-41.25 This work 

DPV using DNA/carbon paste 

electrode 

Mifepristone 43 0.086– 0.860 [41] 

SSOP using Hg electrode   Mifepristone 8.6 0.0172–0.430  [33] 

Visible spectrophotometry using 

Chromium (VI) solution 

Mifepristone 3011.4  0.01-0.1 [34] 

HPLC  Mifepristone - 0–0.001 [35] 

HPLC-UV Mifepristone 3  0–0.001  [74] 

UALLME-DES Cinnamic acid 0.48  4.8×10-7–0.001  [75] 

LC/MS/MS Cinnamic acid 0.50  4×10-7–4×10-4 [36] 

HPLC DAD Cinnamic acid 5  2.35×10-5–

1.107×10-4  

[76] 

RP-HPLC Cinnamic acid 15  0.0015–0.150  [77] 

UHPLC-MS/MS Cinnamic acid 0.1 5.8×10-6-5.8×10-3 [78] 

SSOP: Single-sweep oscillator- polarography; HPLC: High-performance liquid chromatography; 

HPLC-UV: HPLC method with UV, UALLME-DES: Ultrasonic-assisted liquid–liquid 

microextraction method based on deep eutectic solvent; LC/MS/MS: Liquid chromatography/tandem 

mass spectrometry; HPLC DAD: High-performance liquid chromatography with diode-array detection; 

RP-HPLC: Reversed-phase high-performance liquid chromatography  

 

 Table 2 also shows the results of the study of the interference effect on the electrochemical 

responses of dsDNA/Au/GCE to determine the mifepristone and cinnamic acid [79]. As seen from 

Table 2, the amperometrtic responses of the electrode are remarkable in 0.1 M PBS pH 7.0 to addition 

the 10 mg/ml of mifepristone and cinnamic acid at potentials of 0.42 V and 0.34 V, respectively. 

Moreover, the response of sensor is very weak and negligible to additions the 50 mg/ml of Al3+, Ca2+, 

Cu2+, Fe3+, K+, Mg2+, Ni2+, Zn2+ , nitrite, dopamine, glucose, ascorbic acid, and some suggested uterine 

fibroids drugs such as lupron, ulipristal acetate, tranexamic acid, oriahnn and leuprolide [80-82]. 

Therefore, the results indicate that the presented substances in Table 2 didn't show any interference 
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effects on amperometric determination of mifepristone and cinnamic acid, and that the sensor exhibits 

the great selectivity.  

 

 

Table 2. Amperometric response of dsDNA/Au/GCE in 0.1M PBS at 0.42V and 0.34V for successive 

adding of mifepristone, cinnamic acid and different substance 

 

Electrode Added(

mg/ml) 

Amperometric 

current 

response(µA) at 

0.42 V 

RSD(%) Amperometric 

current 

response(µA) at 

0.34 V 

RSD(

%) 

mifepristone 10 4.0121 ±0.0319 0.2491 ±0.010

9 

cinnamic acid 10 0.0810 ±0.0060 1.4210 ±0.086

0 

Al3+ 50 0.0777 ±0.0012 0.0198 ±0.001

2 

Ca2+ 50 0.0189 ±0.0022 0.0905 ±0.003

2 

Cu2+ 50 0.0180 ±0.0013 0.1001 ±0.008

3 

Fe3+ 50 0.0294 ±0.0032 0.1019 ±0.009

2 

K+ 50 0.0077 ±0.0010 0.0319 ±0.001

2 

Mg2+ 50 0.0391 ±0.0015 0.0420 ±0.001

7 

Ni2+ 50 0.1010 ±0.0092 0.0517 ±0.007

0 

Zn2+ 50 0.0866 ±0.0027 0.0518 ±0.001

3 

Nitrite 50 0.1071 ±0.0081 0.0124 ±0.001

1 

Dopamine 50 0.0444 ±0.0009 0.0647 ±0.001

0 

Glucose 50 0.1131 ±0.0097 0.0132 ±0.000

8 

Ascorbic acid 50 0.0550 ±0.0013 0.1051 ±0.009

3 

Lupron 50 0.0077 ±0.005 0.1024 ±0.007

5 

Ulipristal 

acetate 

50 0.0461 ±0.0010 0.0132 ±0.001

1 

Tranexamic 

acid 

50 0.0365 ±0.0008 0.0752 ±0.001

1 

Oriahnn 50 0.0217 ±0.0007 0.0451 ±0.000

9 

Leuprolide 50 0.0287 ±0.0011 0.0244 ±0.000

6 
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The results of the study on the practical capability and accuracy of dsDNA/Au/GCE for 

amperomtric determination of mifepristone and cinnamic acid in prepared samples of Mifeprex and 

Gui Zhi Fu Ling tablets are shown in Figures 8(a and a') and 8(b and b'). As observed, the initial 

mifepristone (Figures 8a and 8a’), and cinnamic acid (Figures 8b and 8b’) concentrations in prepared 

samples are 9.975 and 0.972 mg/ml respectively. The obtained value for the prepared sample of 

Mifeprex is close to 1 mg/ml mifepristone content, and obtained value for the prepared sample of Gui 

Zhi Fu Ling tablets indicates that each Gui Zhi Fu Ling tablet contains ~1µg of cinnamic acid. Table 3 

presents the results of analytical studies for the determination of recovery (≥97.47%) and (≤4.21%) 

values for both of pharmaceutical samples through the standard addition method which demonstrates 

the great precision of the proposed method to practical ability in the analysis of medicine samples 

using dsDNA/Au/GCE [83]. 

 

 

 

 

Figure 8. Results of amperometric studies using dsDNA/Au/GCE in prepared real samples of (a and 

a’) Mifeprex successive additions of 20 mg/ml of mifepristone at potential 0.42 V and (b and 

b’) Gui Zhi Fu Ling tablets successive additions of 100 µg/ml of cinnamic acid at potential of 

0.34 V. 

 

A second study was carried out to determine the presence of Guizhi Fuling in the blood serum 

of four patients aged 25 to 30 years with uterine fibroids who had mifepristone treatment at Capital 

Healthcare Aiyuhua Hospital for Women and Children (Beijing, China). The blood serum samples 
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were centrifuged at 1500 rpm for 15 minutes and the obtained supernatants were used to prepare 0.1 M 

PBS pH 7.0. Subsequently, the proposed sensor was used to determine the concentration of Guizhi 

Fuling in the prepared real samples using an amperometry technique. Table 4 shows the results of an 

average of five determinations of Guizhi Fuling for each sample through the dsDNA/Au/GCE and 

ELISA techniques, respectively. The comparison between the obtained results from the amperometric 

dsDNA/Au/GCE sensor (RSD = 4.71%) is very close to the results of the ELISA method, illustrating 

the good agreement and high accuracy between the two techniques. 

 

 

Table 3. Result of analytical studies for determination of mifepristone and cinnamic acid in 

pharmaceutical samples 

 

Sample Added (mg/ml) Measured (mg/ml) Recovery (%) RSD (%) 

Mifeprex  20.0 19.7 98.50 4.08 

40.0 39.8 99.50 3.78 

60.0 58.8 98.00 4.03 

80.0 78.9 98.62 3.81 

Sample Added (µg/ml) Measured (µg/ml) Recovery (%) RSD (%) 

Gui Zhi Fu 

Ling 

100.0 99.5 99.50 3.22 

200.0 195.7 97.85 3.94 

300.0 299.1 99.70 4.13 

400.0 389.9 97.47 4.21 

 

 

Table 4. Results of determinations of Guizhi Fuling content in prepared real samples of blood serum 

from four patients aged 25 to 30 years with uterine fibroids who underwent mifepristone 

treatment with the amperometric dsDNA/Au/GCE sensor and ELISA techniques. 

 

Sample Content of Guizhi Fuling in prepared real serum sample (µM) 

dsDNA/Au/GCE RSD (%) ELISA RSD (%) 

S1 1.021 ±2.32 1.072 ±3.72 

S2 2.123 ±2.77 2.257 ±4.13 

S3 1.588 ±4.71 1.428 ±3.15 

S4 2.723 ±3.24 2.879 ±2.51 

 

 

4. CONCOUSION 

This study was conducted for the synthesis of immobilized dsDNA on Au/GCE for the 

electrochemical sensor of mifepristone and cinnamic acid. The electrodeposition method was used for 

the modification of the Au NPs on GCE and the immobilization of dsDNA on Au/GCE. Results of 

structural analyses of electrodeposited Au NPs showed that Au NPs were electrodeposited in spherical-

shape and fcc crystal structure. Results of electrochemical analyses using CV, DPV and ampermetery 

showed a stable, selective and sensitive simultaneous determination of mifepristone and cinnamic acid 

on dsDNA on Au/GCE. Results indicated that the linear range, detection limit and the sensitivity to 
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determine mifepristone were evaluated 7.5 ng/ml and 0.40031 μA/mg ml-1 and 0-120 mg/ml, 

respectively, and the linear range, detection limit and the sensitivity to determine cinnamic acid were 

2.1 ng/ml and 1.42117 μA/mg ml-1 and 0-41.25 mg/ml, respectively. The results of the study on the 

practical capability of dsDNA/Au/GCE to determination of mifepristone and cinnamic acid in prepared 

sample of Mifeprex and Gui Zhi Fu Ling tablets showed the acceptable value of recovery and values 

for both pharmaceutical samples which demonstrated the great precision of proposed method to 

practical ability in the analysis of medicine samples using dsDNA/Au/GCE. 
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