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The hydrothermal production of Pt/GO nanocomposite as an electrochemical sensor for determining 

triamcinolone (TA) as a doping agent in urine samples was presented in this study. The creation of a 

well-crystallized Pt/GO nanocomposite was confirmed by FE-SEM and XRD studies, which revealed 

well-dispersed Pt nanoparticles with a spherical shape that were adorned on GO nanosheets. The 

results of electrochemical characterization using DPV and amperometry techniques revealed that the 

Pt/GO/GCE displayed stable and selective electrocatalytic attractive in the TA reduction reaction, with 

sensing parameters of sensitivity, detection limit, and linear range calculated as 0.08099 µA/M, 12 nM, 

and 1 to 130 µM, respectively. When the performance of the proposed electrochemical TA sensor was 

compared to that of other previously reported TA electrochemical sensors, it was discovered that the 

proposed sensor exhibited a wider linear range of Pt/GO/GCE than other sensors. In prepared genuine 

samples from human urine samples originating from four patients aged 22 to 33 years undergoing 

pharmacological treatment with TA, the reliability and usefulness of Pt/GO/GCE to determine TA 

were studied. The acquired RSD values (less than 4.14%) and the good agreement between the 

amperometric and ELISA assays indicated that the developed amperometric TA sensor had sufficient 

detection precision and reliability for determining TA in human urine samples. 
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1. INTRODUCTION 

 

Triamcinolone (TA; (1S,2S,4R,8S,9S,11S,12R,13S)-12-fluoro-11-hydroxy-8-(2-hydroxyacetyl)-

6,6,9,13-tetramethyl-5,7-dioxapentacyclo[10.8.0.02,9.04,8.013,18]icosa-14,17-dien-16-one) is a muscle-

building corticosteroid [1]. Corticosteroids are synthetic counterparts of testosterone [2, 3]. TA, as a 

glucocorticoid medication, also suppresses the release of inflammatory chemicals in the body [4-6]. 

The itching, redness, dryness, crusting, scaling, inflammation, and pain of numerous skin disorders 
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such as allergic reactions, eczema, and psoriasis are treated with TA topically [7, 8]. Certain forms of 

cancer are also treated with TA [9-12]. Upset stomach, stomach irritation, vomiting, headache, 

dizziness, sleeplessness, restlessness, depression, anxiety, acne, increased hair growth, easy bruising, 

and irregular or nonexistent menstrual periods are all possible side effects of TA [13-15]. In 2014, the 

World Anti-Doping Agency added TA to its forbidden list because it helps athletes shed weight 

without causing a major reduction in power. When injected orally, intravenously, intramuscularly, or 

rectally, TA is illegal in competition [16, 17]. As a result, identifying and determining the level of TA 

in clinical samples and biological fluids of patients and athletes is critical, particularly for those on 

high-dose antibiotic therapy [18-21]. 

High-performance liquid chromatography (HPLC) [22, 23], UV derivative spectrophotometry 

and spectrodensitometry [24-26], chemical ionization mass spectrometry [27], gas chromatography 

[28] , and electrochemical methods [29-34]. Electrochemical methods have been shown to have high 

selectivity and sensitivity for TA measurement in clinical samples when compared to other analytical 

methods. To the best of our knowledge, not only are there few studies on improving the stability of TA 

electrochemical sensors, but there are also few studies on electrochemical TA determination, which are 

indicated to require more study for improved sensitivity, linear range response and stability of 

electrochemical TA for application in clinical samples [29-32].  This research focused on the simple 

synthesis of the Pt/GO nanocomposite and its development as a highly stable, wide linear range and 

sensitive electrochemical sensor for the detection of TA as doping agents in urine samples. 

 

 

2. EXPERIMENT  

2.1. Synthesis Pt/GO nanocomposite 

A Pt/GO nanocomposite was prepared using a hydrothermal method [35]. 0.5 g of GO (99%, 

Luoyang Tongrun Info Technology Co., Ltd., China) was ultrasonically dispersed in 10 mL of solution 

containing 20 mg of H2PtCl6.6H2O (99%, Luoyang Tongrun Info Technology Co., Ltd., China) 

aqueous solution. The mixture was magnetically stirred for 15 minutes. For hydrothermal reaction of 

the Pt ions, the mixture was transferred into a Teflon-sealed autoclave at 95 °C for 3 hours. After 

cooling, the product was collected by centrifugation, and washed with deionized water and ethanol 

several times.  Before modification of GCE, it was first polished with alumina slurry (<5 μm, 99.5%, 

Sigma-Aldrich) to establish a mirror surface. Then, using a magnetic stirrer, 1.0 mg/mL of dispersed 

Pt/GO nanocomposite was prepared, and 10 L of Pt/GO suspension was dropped on the GCE and dried 

for 20 minutes under an infrared light, followed by electrochemical reduction for 2 minutes in 0.1 M 

phosphate buffer solutions (PBS, pH 7.4) [36].  

 

 

2.2. Preparation of real samples of urine 

 

Four athletes, aged 22 to 33, supplied urine samples after taking Tricort pills, which contain 4 

mg of TA per tablet. Because the half-life of TA is believed to be 10–30 hours [29], urine samples 
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were collected after 10 hours of tablet administration. The samples were centrifuged at 1000 rpm for 

10 minutes, and used to prepare 0.1 M PBS pH 7.4 as real samples for electrochemical analyses. The 

TA enzyme-linked immunosorbent assay kit (ELISA, NEOGEN Co., USA) was also employed for the 

determination of the TA level in urine samples. 

 

 

2.3. Characterizations 

 

Crystallographic and morphological analyses were carried out using an X-ray difractometer 

(XRD) and field emission scanning electron microscopy (FE-SEM), respectively. Electrochemical 

measurements were performed using differential pulse voltammetry (DPV) and amperometry 

techniques in an Autolab PGSTAT100 potentiostat–galvanostat controlled by a GPES 4.9 software 

(Ecochemie, The Netherlands). The potentiostat-galvanostat had a three-electrode electrochemical cell 

with a Pt plate, Ag/AgCl, and modified GCE as the counter, reference, and working electrodes, 

respectively. 0.1 M phosphate buffer solution (PBS) with pH 7.4 was used as an electrolyte which was 

prepared by mixing stock solutions of 0.1 M NaCl (99%, Sigma-Aldrich), and 0.1 M NaH2PO4–

Na2HPO4 (99%, Sigma-Aldrich).  

  

3. RESULTS AND DISCUSSION 

 

3.1. Structural characterization 

  

 
 

 Figure 1. The XRD patterns of GO and Pt/GO nanocomposite. 

 

Figure 1 shows the XRD patterns of GO and Pt/GO nanocomposite. There are two diffraction 

peaks at 26.55° and 43.11° on the XRD pattern of GO, which are ascribed to the (002) and (100) 

planes of graphite from GO (JCPDS Card no. 01-0646) [37-39]. Pt/GO nanocomposite XRD patterns 

exhibit distinctive peaks at 39.97°, 46.55°, 68.05°, 88.44°, and 86.41°, which are indexed to the (111), 
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(200), (220), and (311) planes, respectively, which detect the fcc phase of Pt (JCPDS Card 04-0783) 

[40, 41]. Furthermore, the XRD pattern of Pt/GO shows an extra diffraction peak corresponding to 

GO's (002) reflection, suggesting that GO is present on the Pt nanostructure. 

 

 

 
 

Figure 2. FE-SEM images of (a) GO nanosheets, (b) Pt/GO nanocomposite. 

 

 

FE-SEM images from Figure 2 display the morphology of GO and Pt/GO nanocomposite. As 

observed from the FE-SEM image of GO, GO morphology shows a two-dimensional structure of 

layered and wrinkled nanosheets with several folds. FE-SEM images of Pt/GO show the well-

dispersed Pt nanoparticles with spherical shapes that are decorated on GO nanosheets, indicating that 

Pt nanoparticles and GO are well combined [42]. The average diameter of anchored Pt nanoparticles is 

about 80nm. These results confirm the formation of the Pt/GO nanocomposite. The nanocomposite of 

Pt/GO provides large specific surface areas with numerous active sites which can absorb more analytes 

[43-46]. Furthermore, the obtained high porosity allows charges to easily transit inside the interior pore 

channels, enhancing electrocatalytic activity. 

 

3.2. Electrochemical characterization 

At a scan rate of 15 mV/s, Figure 3 shows the electrochemical responses of bare and GO and 

Pt/GO nanocomposite modified GCE 0.1 M PBS with pH 7.4 containing 100 µM TA. In the DPV 

curves of bare GCE, there is no visible redox peak, as seen. However, at potentials of -0.93 V and -

0.91 V, respectively, GO/GCE and Pt/GO/GCE show a cathodic peak, which is due to catalytic 

reduction of the α,β unsaturated carbonyl function of TA [31, 47, 48]. The cathodic peak for 

Pt/GO/GCE is detected at a lower potential, and its current is approximately 2 times that of GO/GCE. 

It demonstrates that Pt/GO/GCE exhibits significant electrocatalytic attractiveness in the reduction of 

TA, which could be attributed to the fact that Pt nanoparticles coated on GO nanosheets increase the 

effective area, resulting in fast electron transport [49-52]. GO serves as a mediator to facilitate electron 

transfer [53-55]. According to FE-SEM findings, the linked structure of dispersed Pt nanoparticles on 

GO nanosheets efficiently prevents graphene and nanoparticle agglomeration in nanocomposted 
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structures, increases specific area, and improves catalytic effectiveness [56-58]. Moreover, Pt 

nanoparticles as a recognized catalyst can improve the rate of chemical reaction [57, 59], and the 

anchoring of Pt nanoparticles on oxygen-containing groups of GO nanosheets accelerates electron 

transport and electrochemical reaction and  also possibly improves the performance of catalyst [60-62]. 

Thus, synergetic effect of Pt nanoparticles decorated GO nanosheets to boost electrocatalytic signal [56, 

63].  

 

 

 
 

Figure 3. DPV curves of bare and GO and Pt/GO nanocomposite modified GCE 0.1 M PBS with pH 

7.4 containing 100 µM TA at a scan rate of 15 mV/s. 

 

 

Figure 4 shows the results of testing the stability of GO/GCE and Pt/GO/GCE electrochemical 

responses in an electrochemical cell containing 0.1 M PBS with pH 7.4 in the presence of 100 M TA at 

a scan rate of 15 mV/s across 150 sweeps in the potential range of 0.5 V to -1.3 V. As shown in Figure 

4, the initial and 150th recorded DPV curves of GO/GCE and Pt/GO/GCE shows 9% and 2% decrease, 

respectively, indicating to more stable signal of Pt/GO/GCE due to high chemical stability of Pt 

nanoparticle, and the successful electropolymerization of MIPs that mainly depends on the stability 

and strength of the monomer and binding interactions between the Pt nanoparticles and 

strong  interaction between Pt and abundant π sites in graphitized carbon of graphene nanosheets 

during hydrothermal reaction [64, 65]. Therefore, Pt/GO nanocomposite modified GCE was selected 

as a favorable catalyst for the electrochemical sensing of TA [66-68]. 
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Figure 4. The initial and 150th recorded DPV curves of GO/GCE and Pt/GO/GCE in electrochemical 

cell containing 0.1 M PBS with pH 7.4 in presence  100 µM TA at a scan rate of 15 mV/s under 

successive 150 sweeps in the potential range from  -0.5 V to -1.3 V. 

 

 

The amperometric observations and accompanying calibration graph of Pt/GO/GCE response 

current to serial injections of 10 µM TA at a potential of -0.91 V in 0.1 M PBS with pH 7.4 are shown 

in Figure 5. Pt/GO/GCE exhibits a rapid response to the addition of TA solution, signaling a fast 

electron transfer on the surface of Pt/GO, which could be linked to the porous nanocomposite matrix 

and simple desorption of reaction intermediates, as well as high porosity [69, 70].  

 

 

 
Figure 5. Amperometric measurements and corresponding calibration graph of response current of 

Pt/GO/GCE to successive additions of 10 µM TA at potential of -0.91 V in 0.1 M PBS with pH 

7.4. 
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The amperometric signal is linearly raised with consecutive additions of 10 µM TA solution 

from 1 to 130 M, as shown in the calibration graph, and the sensing parameters of sensitivity and 

detection limit are computed as 0.08099 µA/µM and 12 nM, respectively. Table 1 compares the 

performance of the proposed electrochemical TA sensor to that of other TA electrochemical sensors 

published in the literature. It has been discovered that Pt/GO/GCE has a wider linear range than other 

sensors, indicating that the suggested sensor outperforms previously reported sensors. This is attributed 

to the increased electron conductivity of the Pt/GO nanocomposite and the synergistic catalytic action 

between Pt and GO [71-75]. The consecutive reaction between the Pt nanoparticles and oxygen-

containing functional groups of GO can help to release the Pt crystal lattice and promote the activity of 

the catalysis [76-78].  

 

 

Table 1. Comparison between the performance of proposed electrochemical TA sensor in this study 

and other reported TA electrochemical sensors in the literatures. 

 

Electrodes Technique Detection 

limit (nM) 

Linear range 

(μM) 

Ref. 

Pt/GO/GCE Amperometry 12 1 to 130 This study 

SWNTs/EPPGE  DPV 0.89 10-4  to 0.025  [29] 

CPE CV 150 2 to 46  [32] 

GCE DPSV 254 0.5 to 127 [31] 

GCE SWSV 25.4 0.038  to 127  [31] 

Hanging mercury drop electrode ACSV 0.3 10-3 to 0.09 [30] 

EPPGE: Edge plane pyrolytic graphite electrode; CPE: Carbon Paste Electrode, CV: Cyclic 

voltammetry; DPSV: Differential pulse stripping voltammetry; SWSV: square wave stripping 

voltammetry; ACSV: Adsorptive cathodic stripping voltammetry 

 

 

Using amperometric experiments of Pt/GO/GCE under successive additions of 10 µM TA and 

6-fold interfering compounds at a potential of -0.91 V in 0.1 M PBS with pH 7.4, the impact of various 

substances as potential interfering compounds from pharmaceuticals and/or in biological fluids on the 

determination of TA was evaluated. Figure 6 shows the electrocatalytic currents obtained for all 

compounds at a potential of -0.91 V, showing that there is no response to the addition of interfering 

chemicals and a strong electrocatalytic signal to the addition of TA in the electrochemical cell. 

Therefore, there is no substantial interference effect for the determination of TA in presence of 

presented substances in Figure 6, and the proposed electrochemical TA sensor can show good 

selectivity for the determination of TA in pharmaceuticals and/or in biological fluid samples [79-81]. 
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Figure 6.  The results of amperometric electrocatalytic currents of Pt/GO/GCE under successive 

additions of 10 µM TA and 6-fold  interfering compounds at potential of -0.91 V in 0.1 M PBS 

with pH 7.4; (blank sample is referred to the 0.1 M PBS without any analyte) 

 

 

 

 
Figure 7. Amperometric measurements and corresponding calibration graph of response current of 

Pt/GO/GCE to successive additions of 10 µM TA at potential of -0.91 V in 0.1 M PBS with pH 

7.4 prepared from urine sample of first patient. 

 

 

In prepared genuine samples from human urine samples originating from four athletes 

undergoing pharmaceutical therapy with TA, the reliability and usability of Pt/GO/GCE for 

determining TA were studied. Using Pt/GO/GCE at -0.91 V and serial injections of TA solution, 

amperometric measurements were used to evaluate the TA level in produced 0.1M PBS from urine 

samples. The amperometry data and corresponding calibration plot from the first patient sample (S1) 

are shown in Figure 7, revealing that the TA content in the processed sample is 0.221 μM, which is 
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extremely near to the TA level found by the ELISA assay (Table 2). The amperometric and ELISA 

assays were also performed for the other three urine samples and the findings of an average of five 

times of both of assays for the determination of TA are summarized in Table 2, implying good 

agreement between the two assays. In addition, the obtained RSD values are presented in Table 2 

which is less than 4.14%, indicating the developed amperometric TA sensor has acceptable detection 

precision, and reliability for determination of TA in human urine samples. 

 

 

Table 3. The findings of ELISA and amperometry assays to determination of TA in prepared real 

samples from athlete urine samples originating from four patients undergoing pharmacological 

treatment with TA 

 

Sample Content of TA in prepared urine samples (μM) 

Amperometry TA ELISA  kit 

Pt/GO/GCE RSD (%) ELISA RSD (%) 

S1 0.221 ±3.22 0.228 ±3.61 

S2 0.151 ±3.29 0.155 ±4.09 

S3 0.194 ±4.14 0.196 ±4.04 

S4 0.166 ±4.09 0.170 ±3.77 

 

 

4. CONCLUSION 

 

This research focused on the development of a Pt/GO nanocomposite as an electrochemical 

sensor for the detection of TA as doping agents in urine samples. The hydrothermal technique was 

used to make the Pt/GO nanocomposite. The development of a well-crystallized Pt/GO nanocomposite 

was revealed by structural characterizations, which revealed well-dispersed Pt nanoparticles with a 

spherical shape that were adorned on GO nanosheets. The electrochemical characterization revealed 

that Pt/GO/GCE exhibited steady and selective electrocatalytic attractiveness in the TA reduction 

reaction, with sensing parameters of sensitivity, detection limit, and linear range of 0.08099 µA/µM, 

12 nM, and 1 to 130 µM, respectively. When the performance of the proposed electrochemical TA 

sensor was compared to that of other reported TA electrochemical sensors, it was discovered that it 

demonstrated a wider linear range of Pt/GO/GCE than other sensors, which was attributed to the 

improved electron conductivity of the Pt/GO nanocomposite and the synergistic catalytic effect of Pt 

and GO. The simultaneous reaction of Pt nanoparticles with oxygen-containing functional groups of 

GO can aid in the liberation of the Pt crystal lattice and increase catalytic activity. In prepared genuine 

samples from human urine samples originating from four patients aged 22 to 33 years undergoing 

pharmacological therapy with TA, the reliability and usefulness of Pt/GO/GCE to determine TA were 

studied. The developed amperometric TA sensor demonstrated acceptable detection precision and 

reliability for determining TA in human urine samples, according to the findings. 
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