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In this work, an electrochemical sensor of Gonadotropin-releasing hormone (GnRH) agonists was 

proposed by deposition of the conductive nanocomposite of Ag and graphene oxide on glassy carbon 

electrode (Ag-GO/GCE) and electropolymerization of poly(L-Serine) on nanocomposite (p-L-

serine/Ag-GO/GCE). Because of excellent conductivity between Ag nanoparticles and graphene oxide 

nansheets, and synergic catalytic effect of Ag-GO nanocomposite and the conducting polymer, the 

developed GnRH sensor provides a highly porous surface and a larger effective surface area, which 

facilitates electron transfer and promotes the electro-catalytic performance. p-L-serine/Ag-GO/GCE 

exhibited good electro-catalytic and selectivity with a sensitivity of 0.74036 µA/µgml-1, a linear range 

of 1 to 15×107 µg/ml, and a low detection limit of 20 pg/ml (S/N = 3). Moreover, the p-L-serine/Ag-

GO/GCE was successfully applied for the determination of GnRH in real blood serum of patients aged 

40-50 years old who administrated GnRH for treatment of uterine fibroids and the obtained 

RSD≤4.20% was demonstrated to good accuracy of p-L-serine/Ag-GO/GCE for the determination of 

GnRH in patient blood serum and in clinical applications. 
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1. INTRODUCTION 

 

Fibroids, also known as leiomyoma or myoma in medical terms, are muscular tumors that form 

in the uterine wall. Fibroids are virtually typically noncancerous and benign [1, 2]. Fibroids can 

develop as a single tumor or as a cluster of tumors in the uterus. Women in their 40s and early 50s are 

the most likely to get fibroids [3, 4]. Fibroids do not affect all women in the same way. Fibroids are 

difficult to live with for women who have problems. Some women experience discomfort and 
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excessive menstrual bleeding [5]. Fibroids can also impose pressure on the bladder, which causes 

frequent urination, or the rectum, which causes rectal pressure. Fibroids can lead the abdomen to grow 

if they become particularly large [6, 7]. Medications that modulate hormone levels may be used to 

shrink uterine fibroids in the treatment of uterine fibroids. GnRH agonists are hypothalamic 

decapeptide amides (pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2) that stimulate the pituitary's 

release of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) and, like leuprolide, 

progesterone levels and cause estrogen to plummet [8]. Menstruation will finally stop and fibroids will 

diminish as a result of this treatment. GnRH is just a tropic peptide hormone produced by GnRH 

neurons in the hypothalamus and released. The peptide is belonging to family of gonadotropin-

releasing hormones. In the hypothalamic–pituitary–gonadal axis, it is the first stage [9]. 

Signs and symptoms of hypoestrogenism, such as hot flashes, migraines, and osteoporosis, are 

adverse effects of GnRH agonists. In individuals on long-term medication, sleeplessness, decreased 

libido, headaches, acne, mood swings, vaginal dryness, increased breast size, decreased breast size, 

muscle pains, depression, and dizziness are common side effects [10]. As a result, the method of 

administration, dosage, and duration of treatment are critical and are determined by the size and 

quantity of fibroids. As a result, determining hormones inside the human body is critical, and many 

investigations have been carried using liquid chromatography [11], mass spectrometry [12], 

radioimmunoassay [13], plasmon resonance immunoassay [14] and electrochemical techniques [15-17] 

to determine hormones in pharmaceutical and clinical samples. Electrochemical approaches with low-

cost instruments have proved their superiority in terms of quick reaction, time savings, and ease of 

operation. Furthermore, the ease with which electrodes can be miniaturized utilizing nanomaterials and 

nanocomposites improves sensor sensitivity and stability [18-20]. However, few studies were 

conducted for the determination of hormone levels in clinical samples, and most of these studies were 

conducted using modified gold nanostructured electrodes, which are not economical [16, 17, 21-25]. In 

addition, these sensors do not present sufficient accuracy and selectivity and they need the more 

studies. Therefore, this study was focused on electrochemical detection of GnRH as a treatment for 

uterine fibroids based on p-L-serine/Ag-GO/GCE as an affordable, highly accurate, and high 

selectivity sensor. 

 

  

2. EXPERIMENTAL SECTION 

2.1 Preparation of the nanocomposite 

For cleaning the GCE surface, it was polished with alumina powder (99%, Merckmillipore, 

Germany) and subsequently rinsed with DI water, and ultrasonically cleaned with a mixture of ethanol 

(99%, Shandong S-Sailing Chemical Co., Ltd., China) and DI water. The cleaned electrode was dried 

at room temperature. A homogeneous mixture of 0.5 mg/ml GO (99%, Globalchemical Factory Co., 

Ltd., China), 10 mM AgNO3 (99.0%, Sigma-Aldrich), and ammonia (25 wt.%) was prepared under 

magnetic stirring in a volume ratio of 10:20:1 [26], and the mixture was ultrasonically shaken to obtain 

an Ag-GO nanocomposite in a yellowish brown color solution. The resulted dispersed nanocomposite 
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was centrifuged at 2000 rpm for 10 minutes, and the pellet was collected and washed with deionized 

water, and followed by redisposing in 1 mL deionized (DI) water. Next, 100 μL of the Ag-GO 

nanocomposite suspension was applied to the modification of the clean GCE surface. After drying the 

modified electrode at room temperature, the p-L-serine was electropolymerized on Ag-GO/GCE using 

cyclic voltammetry (CV) in an electrochemical workstation (CHI 660E, CHI Instruments, Shanghai, 

China) with a three-electrode system, which contained an Ag/AgCl electrode, a Pt wire electrode and 

an Ag-GO/GCE, and these three kinds of electrodes were used as reference, auxiliary and working 

electrode, respectively [27]. The electropolymerization was conducted in a 0.1 M phosphate buffer 

solution (PBS) (pH 5.0) containing 20 mM L-serine (99.0%, Sigma-Aldrich) after 20 consecutive 

potential sweeps between -2.1 and +2.4 V. 0.1 M PBS was made by combining 31 mM NaH2PO4 

(99.0%, Sigma-Aldrich) solution with 68 mM Na2HPO4 (99.0%, Sigma-Aldrich) solution and adding 

15.4 mg/ml NaCl (99%, Merckmillipore, Germany) [28]. Afterward, the modified electrode p-L-

serine/ Ag-GO/GCE was repeatedly washed with DI water to remove soluble impurities and any 

physically adsorbed species. 

 

2.2 Analysis of real samples 

The human serum was collected from four female patients aged 40-50 years old who were 

donors to GnRH (Knight Pharmaceutical Industry USA, LLC) for the treatment of uterine fibroids in 

Guangdong Women & Children's Hospital (Guangzhou, Guangdong Province, China). The blood 

serum samples were collected after two hours of GnRH administration, and centrifuged at 1000 rpm 

for 10 minutes. The resulted supernatants were used to prepare 0.1 M PBS (pH 7.4) which as prepared 

real samples, was used for the determination of the GnRH via amperometric analyses at -0.15 V. The 

GnRH ELISA Kits (CSB-E06880h/GNRH1, detection range: 2.5 pg/mL to 100 pg/mL, detection 

wavelength: 450 nm, CUSABIO, China) were also applied for the determination of the GnRH content 

in patients’ blood serum samples. 

 

2.3 Structural characterization and electrochemical detection procedure 

Morphological studies of the modified electrodes were performed by field emission scanning 

electron microscopy (FESEM, S5200, Hitachi High-Technologies Canada, Inc., Ontario, Canada). An 

X-ray diffraction pattern recorded on an X-ray diffractrometer (PW 1710, Philips, 40 kV, 20 mA, with 

Cu K radiation (= 1.5418) was used to analyze the crystalline structure of prepared nanomaterials. The 

electrochemical workstation was used to perform CV and amperometry measurements in 0.1M PBS 

pH 7.4 and 3 mM of K3 [Fe(CN)6] (99.0%, Sigma-Aldrich) containing 0.1 M KCl (99.0%, Sigma-

Aldrich). 

 

3. RESULTS AND DISCUSSION 

The X-ray diffraction patterns of powder GO and Ag-GO nanocomposite are shown in Figure 

1. As seen, the X-ray diffraction pattern of GO exhibits a strong peak at 2θ = 9.82°, corresponding to 
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(001) plane graphite oxide [29]. The Ag-rGO nanocomposite shows four sharp peaks at 2θ = 38.11°, 

44.50°, 64.47° and 77.57°, corresponding to the formation of (111), (200), (220), and (311) planes of 

fcc phase Ag (JCPDS card No. 00-04-0783). This confirms the successful syntheses of the Ag-rGO 

nanocomposite.   

 

 

 

 

Figure 1. X-ray diffraction pattern of powders of (a) GO and (b) Ag-GO nanocomposite 

 

In Figure 2, the FESEM images of modified electrodes were displayed. As is shown in Figure 

2a, GO nanosheets drop on the GCE surface, indicating agglomerated blocks of folded and wrinkled 

sheets. In Figure 2b, the FESEM image of Ag-GO/GCE shows that the granular Ag nanoparticles 

cluster together and form spherical clusters, and the clusters are uniformly distributed on GO 

nanosheets on the GCE surface. Figure 2c also indicates the coverage of Ag-GO/GCE by p-L-serine 

because p-L-serine can be stabilized on the Ag-GO nanocomposite through interaction of its –NH 

groups with Ag nanoparticles and GO nanosheets [30, 31]. As a consequence, it changes the surface 

morphology of the modified electrode. As observed, both Ag-GO/GCE and p-L-serine/ Ag-GO/GCE 

show 3D porous networks. 

 

 

 

Figure 2. FESEM images of (a) GO/GCE, (b) Ag-GO/GCE, (c) p-L-serine/ Ag-GO/GCE. 
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Figure 3 depicts the CV responses of GCE, GO/GCE, Ag-GO/GCE and p-L-serine/Ag-

GO/GCE in 3 mM of K3[Fe(CN)6] containing 0.1 M KCl as supporting electrolyte at scan rate of 20 

mV/s. All electrodes exhibit a reversible redox reaction of [Fe(CN)6]
3-/4- in solution, the separation 

between reduction and oxidation peaks is ~0.07V for GCE, and 0.06 V for GO/GCE, Ag-GO/GCE, p-

L-serine/Ag-GO/GCE. The signal of CV responses of GCE is weak, while the current of 

electrochemical responses of p-L-serine/Ag-GO/GCE is about five-fold, three-fold and 1.5-fold higher 

than GCE, GO/GCE and Ag-GO/GCE, respectively. Thus, this observation illustrates the decrease in 

charge-transfer resistance and enhancement of the signal of electrochemical response with 

modification of the GCE surface, and the improvement of electrochemical current in p-L-serine/Ag-

GO/GCE and Ag-GO/GCE is related to their 3D porous structures and enhancement of the 

electroactive surface area of electrodes [32, 33]. Furthermore, the excellent electrical conductivity of 

both Ag clusters and GO nanosheets promotes electrochemical response signaling [34, 35]. The good 

electrocatalytic activity of p-L-serine/Ag-GO/GCE demonstrates that it can be used for suitable 

electrocatalytic applications. 

 

 

 

 

Figure 3. CV responses of GCE, GO/GCE, Ag-GO/GCE and p-L-serine/Ag-GO/GCE in 3 mM of 

K3[Fe(CN)6] containing 0.1 M KCl at scan rate of 20 mV/s. 

 

 

Figure 4 shows the CV responses of all electrodes in 0.1 M PBS (pH 7.4) at a scan rate of 20 

mV/s in the absence and presence of 1 µg/ml GnRH. A comparison between the CV responses reveals 

that GCE and GO/GCE don’t show any redox peak and only the background current is changed after 

the addition of 1 µg/ml GnRH in solution. In the absence of GnRH, the CV curves of Ag-GO/GCE and 

p-L-serine/Ag-GO/GCE show the Ag0/Ag+ redox peaks at 0.14 V and –0.19 V for Ag-GO/GCE, and 

0.14 V and –0.15 V for p-L-serine/Ag-GO/GCE  [36, 37]. After the addition of GnRH, the CV curves 

of Ag-GO/GCE and p-L-serine/Ag-GO/GCE show the increase in peak current at –0.19 V and –0.15 

V, respectively, that is related to the reduction of GnRH. The lower peak potential and the higher 
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reduction peak current is occurred at p-L-serine/Ag-GO/GCE which can be related to interaction with 

functional groups on p-L-serine/Ag-GO/GCE with amino acids of GnRH [38, 39], as well as high 

porosity and great surface area , enhanced electron transfer kinetics and the presence of well-

conductive Ag nanoparticles and GO nanosheets on the electrode surface [40, 41]. p-L-serine also 

causes some shifts in reduction potentials [42]. Therefore, further electrochemical studies were 

conducted on p-L-serine/Ag-GO/GCE. 

 

 

 
 

Figure 4. CVs responses of GCE, GO/GCE, Ag-GO/GCE, p-L-serine/Ag-GO/GCE in 0.1M PBS (pH 

7.4) at scan rate of 20 mV/s in (a) absence and (b) presence of 1 µg/ml GnRH. 

 

An amperometry technique was utilized to determine GnRH at p-L-serine/Ag-GO modified 

GCE in 0.1M PBS (pH 7.4) at a potential of -0.15 V. It is shown in Figure 5a, that the electrocatalytic 

current of GnRH is linearly increased with increasing the concentration of GnRH in the range from 1 

to 15×107 µg/ml. As seen from the calibration plots in Figure 5b, this linear relationship between the 

electrocatalytic current and the concentration of GnRH can be expressed with I(μA) =  0.74036 

CGnRH + 0.108783 (R2 = 0.99961). Accordingly, the sensitivity is obtained at 0.74036 µA/µgml-1 and 

the detection limit is 20 pg/ml (S/N = 3). 

The interference, repeatability, and stability of p-L-serine/Ag-GO modified GCE were 

evaluated using an amperometry technique in 0.1M PBS (pH 7.4) at a potential of -0.15 V. Some salts, 

amino acids, and organic acids such as insulin, testosterone (TEST), lysozyme (LYZ), cortisol 

(CORT), ascorbic acid (ASA), estradiol (ESTR),immunoglobulin (IgG), ovalbumin (OVA), serum 

albumin (BSA), Na+, K+
,
  Cl−, PO4

3−, and SO4
2− have been used as interfering substances to study their 

influence on the determination of GnRH. 
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Figure 5. (a) Amperometry response of p-L-serine/Ag-GO modified GCE to addition of GnRH in 

0.1M PBS (pH 7.4) at potential of –0.15 V and (b) the related calibration plots. 

 

As seen from Figure 6, the signal change for the addition of the 4-fold concentrations of 

interfering substances is much smaller than the created amperometric signals of additions of GnRH, 

indicating that these substances have no effect on GnRH detection. So, that is to say, the p-L-

serine/Ag-GO/GCE shows high sensitivity and selectivity for the determination of GnRH. For the 

system electropolymerized with p-L-serin, the polymer molecules lying across the Ag nanoparticles 

and GO nanosheets and form a primary layer over the Ag-GO nanocomposite surface that selectively 

interacts with analyte molecules and thus shields them away from the nanocomposite surface and 

facilitates the stacking between analyte molecules [42, 43]. In addition, the value of the amperometric 

signals of the first addition of GnRH is very close to the value of the amperometric signals of the last 

addition of GnRH, which is demonstrated to have excellent repeatability and stability. 

 

 

 

 

 

Figure 6. Amperometry response of p-L-serine/Ag-GO modified GCE to addition of 10 µg/ml GnRH 

and 40 µg/ml interfering substances in 0.1M PBS (pH 7.4) at potential of –0.15 V. 
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Furthermore, the analytical performance of the proposed GnRH sensor is compared with the 

other reports on hormone detection from the literature, which are summarized in Table 1. These results 

implied that this developed GnRH sensor has a comparable and acceptable linear range and detection 

limit, which they attributed to the high conductivity of the p-L-serine/Ag-GO/GCE and the synergistic 

effect of Ag nanoparticles, GO nanosheets and the conducting polymer which facilitates electron 

transfer [9]. 

 

 

Table 1. Comparison between the analytical performances of the proposed GnRH sensor in this study 

with the other reports on hormone detection from the literature. 

 

Electrode Hormone Method  Linear 

range 

(pg/ml) 

Detectio

n Limit 

(pg/ml) 

Ref. 

p-L-serine/Ag-GO/GCE GnRH Amperomet

ry 

1-15×107 20 Presen

t work 

BSA/anti-hCG 

antibody/PANHS/SPCE 

hGH SWV -- 100 [15] 

Chitosan/Au NPs/Graphene hGH EIS 100−2500 16  [16] 

Anti-PTH/6-MHL/Au electrode Parathyroid EIS  0.1−0.6 0.001 [17] 

Au-Pt hybrid disk electrode Parathyroid EIS  1−105 0.36 [21] 

MoS2-Graphene/Au electrode Parathyroid CV 1–50 -- [22] 

Au NPs/MWCNT/SPCE Parathyroid DPV 1−300 0.886 
[23] 

SWV 1−300 0.65 

Poly(pyrrolepropionic 

acid)/MWCNTs 

Prolactin DPV 10–107 3 [44] 

Poly(o-phenylenediamine)/Au NPs Prolactin DPV 0.05− 

1.8×105 

100 [45] 

Au  NPs/poly(ethylene-

dioxythiophene)/CNTs/SPCE 

Prolactin DPV 1-106  0.22 
[46] 

hGH DPV 50−106 4.4 

mAbhHG antibody/tosyl-activated 

magnetic microparticles  

hGH SWV 10−105 5 
[24] 

Reversed-phase CN column hGH HPLC-HV 5×103−104 2000 [47] 

  1,4-naphthoquinone/Ag/quinone TSH CV 10−1−105 0.1 [48] 

Antibody/Au  NPs/ionic liquid/CPE TSH CV  2×103−9×10
4 

100 
[25] 

BSA/anti-hCG/PANHS/SPCE: bovine serum albumin/antibody-human chorionic gonadotropin/1-

pyrenebutyric acid-N-hydroxy-succinimide ester/screen printed carbon electrodes; hCG: human 

Chorionic Gonadotropin; Anti-PTH/6-MHL: Anti-parathyroid hormone/mercaptohexanol; hGH: 

human growth hormone; SWV: Square wave voltammetry; EIS: Electrochemical impedance 

spectroscopy; HPLC-HV:  high-performance liquid chromatography with Hydrodynamic voltammetry; 

TSH: Thyroid stimulating hormone; CPE: Carbon paste electrode 

   

 

The applicability and precision of p-L-serine/Ag-GO/GCE to the determination of GnRH were 

investigated in prepared samples of blood serum four patients aged 40-50 years old who were 
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administrated GnRH for the treatment of uterine fibroids. Figure 7 depicts the amperomery 

measurements and the resulting calibration plot of p-L-serine/Ag-GO/GCE to successive additions of 

GnRH solution in prepared 0.1 M PBS (pH 7.4) of blood serum at –0.15 V. It illustrates that the GnRH 

concentration in the prepared sample of the first patient (S1) is 91.61 pg/ml, which is very close to the 

obtained value by the GnRH ELISA kit (Table 2). These amperomery measurements were also 

performed for the other three samples and results of average of five ELISA assays and amperomery 

measurements for the determination of GnRH are displayed in Table 2. It can be found that there is 

good agreement between amperometry measurement and the corresponding ELISA assay. In addition, 

the obtained RSD≤4.20% is demonstrated to have good accuracy of p-L-serine/Ag-GO/GCE for the 

determination of GnRH in blood serum of patients and for clinical applications. 

 

 

 
 

Figure 7. Amperomery measurements and resulted calibration plot of p-L-serine/Ag-GO/GCE to 

successive addition GnRH solution in prepared 0.1 M PBS (pH 7.4) of blood serum at –0.15 V. 

    

 

Table 4. The findings of determination of GnRH for prepared samples of blood serum 4 patients aged 

40-50 years old using the ELISA kit and amperometry technique. The amperometry 

measuments conducted on p-L-serine/Ag-GO/GCE with successive addition GnRH in prepared 

0.1 M PBS (pH 7.4) of blood serum at –0.15 V. 

 

Sample Content of GnRH in prepared real serum sample (pg/ml) 

Amperometry GnRH ELISA  kit 

p-L-serine/Ag-GO/GCE RSD (%) ELISA RSD (%) 

S1 91.61 ±3.58 95.12 ±3.15 

S2 88.22 ±3.64 86.69 ±4.38 

S3 75.02 ±4.20 77.14 ±4.05 

S4 80.72 ±3.51 81.879 ±3.11 
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4. CONCOUSION 

In summary, this work studied the performance of an electrochemical GnRH sensor based on p-

L-serine/Ag-GO/GCE, which was fabricated by deposition of the conductive Ag-GO nanocomposite 

GCE and electropolymerization of p-L-serine on the nanocomposite. The successful synthesis of the 

Ag-rGO nanocomposite and the stabilization of p-L-serine on the nanocomposite surface were 

confirmed by structural and morphological studies. Electrochemical studies revealed good electro-

catalytic performance and selectivity  of p-L-serine/Ag-GO/GCE to determination of GnRH with a 

sensitivity of 0.74036 µA/µgml-1, a linear range of 1 to 15×107 µg/ml, and a low detection limit of 20 

pg/ml (S/N = 3). Furthermore, p-L-serine/Ag-GO/GCE was successfully applied for the determination 

of GnRH in real blood serum of patients aged 40–50 years old who were administered GnRH for the 

treatment of uterine fibroids, and the obtained RSD≤4.20% was demonstrated to good accuracy by p-

L-serine/Ag-GO/GCE for the determination of GnRH in patient blood serum and in clinical 

applications. 
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