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The activity of glutamic pyruvic transaminase (GPT) is a clinically significant factor for some acute 

diseases (e.g., acute hepatopathy and myocardial infarction), necessitating the fast and small format 

analysis of GPT at point-of-care. In the present study, a graphene–Nafion nanohybrid film coated 

sensor was used to detect GPT. A simple drop-casting method was used for the preparation of Nafion 

graphene oxide-decorated screen-printed electrode (SPE), while an electrochemical strategy was 

employed to reduce the graphene oxide on the SPE surface. Our proposed sensor can determine GPT 

over the range of 5–300 U/L, with the limit of detection (LOD) of 2.2 U/L.  
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1. INTRODUCTION 

Glutamic-pyruvic transaminase (GPT; synonym alanine aminotransferase, ALT), a significant 

amino transferase in a majority of body cells, can catalyse the transfer of the amino group from L-

alanine to α-ketoglutarate [1-4]. The maximum concentration of GPT is found in the liver. Based on 

the previous literature, GPT has been recognized as a biomarker for liver diseases, because GPT is 

released into the blood in the case of liver cell necrosis [5, 6]. In serious cases, the level of GPT can be 

elevated to ca. 400 U/L (50 times higher than the normal) [7, 8]. These results confirm the significance 

of GPT activity determination in the diagnostics of diseases. Traditional GPT detection techniques are 

mainly based on the chromatography, colorimetric, and spectrophotometry methods [9, 10] that 

normally show poor accuracy and require sophisticated equipment and relatively expensive chemicals, 

such as cofactors and enzymes [11-13].
 
Thus, it is necessary to develop other techniques for the 
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detection of GPT to address the above problems. Rietz and Guilbault [14] presented the detection of 

GPT activity on a solid-surface and in solution using the fluorimetric technique, with the linear range 

obtained as 5–106 U/L. I. Moser and co-workers [15] reported the detection of GPT with a 

miniaturized liquid handling system based on a thin film biosensor array. The above system was found 

linearly related to the concentration of GPT (6-192 U/L). Suzuki and co-workers [16] presented the 

fabrication of a microfluidic system to measure the activity of GPT (up to 250 U/L) based on a Y-

shaped flow channel equipped with an on-chip L-glutamate sensor. Ruey-JenYang and co-

workers [17] recently reported the detection of GPT activity using a developed paper-based analytical 

tool over the concentration range of 0-125 U/L. Despite the substantial effort in the study of the 

mechanism and structure of GPT [18-20], it is still urgent to develop fast and sensitive strategies for 

GPT detection with broad working range, to enable the routine clinical detection of GPT activity in 

laboratories, especially for the diagnosis of liver diseases.  

Electrochemical determination of GPT is highly sensitive, selective, and inexpensive; it 

requires less sample consumption and has therefore attracted substantial attention in recent years [21-

23]. To study the GPT activity, the electroactive analytes generated from the enzyme reaction system 

were determined, considering the function of GPT in the human body as a biological catalyst. He and 

Chen [24] reported the detection of human serum GPT by assessing the production rate of β-

nicotinamide adenine dinucleotide (NAD
+
) using a differential pulse voltammetry technique. For the 

GPT activity, a linear range was 0–200 U L
−1

; the LOD was 0.3 U/L; and the sensitivity was 0.0567 

nA/min/U L. Paraíso and co-workers [25] presented the determination of H2O2 using an 

electrochemical indicator, i.e., a poly(4-aminophenol) and 4-aminoantipyrine coated graphite 

electrode, providing remarkable detection of GPT, where the LOD and linear range were 2.68 × 

10
−5

 U/L and 3.0 × 10
−5

 to 3.0 U/L, respectively. Generally, the current response for the 

NAD
+
 electrochemical detection is quite low, making the measurement more difficult. In spite of the 

extensive use of electrochemical determination of H2O2, the GPT analysis could be affected by the 

instability of H2O2 because the production of H2O2 is dependent on the oxygen amount [26]. 

The present study proposed an electrochemical sensor towards the analysis of GPT by 

immobilizing reduced graphene oxide (RGO) onto the electrode. The developed sensor was highly 

sensitive because RGO offered a favourable, high-capacity, and hydrophilic platform for loading GPT. 

Our proposed strategy was shown to be highly sensitive, simple, and cost-effective, thus outperforming 

other methods reported previously.  

 

 

 

2. EXPERIMENTS 

2.1. Chemicals 

(Nicotinamide adenine dinucleotide) NADH was commercially available from Roche. 

Glutamic dehydrogenase (GLDH), β-nicotinamide adenine dinucleotide (NAD+), pyridoxal 5′-

phosphate hydrate (PLP), α-ketoglutarate (α-KG), l-alanine, and GPT (lyophilized powder) were 

commercially available from Sigma-Aldrich. All specimens were prepared in 0.1 M of pH 7.4 
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phosphate buffer solution (PBS). Distilled water (DW) was used for specimen dilution throughout the 

experiments. 

 

2.2. Preparation of the graphene modified electrode 

After sequential ultrasonic rinsing using ethanol:propanol (1:1) and DW, the bare SPE was 

surface-coated and then left to dry at the ambient temperature. This was followed by dispersing 

graphene oxide (GO) in DW (1.0 mg/mL) under 0.5 h ultrasonication or until thorough dispersion. 

Subsequently, the Nafion–isopropyl-alcohol solution (10 μL, 1.0 wt %) was added into the GO 

solution (50 μL, 1 mg/mL) and ultrasonicated for approximately 0.5 h. Then, the Nafion/ER-GO/SPE 

was obtained after coating an aliquot of 10 μL of the as-prepared mixed solution onto the screen-

sprinted electrode (SPE), with the solvent evaporated for 120 min at ambient temperature. 

Nafion/GO/SPE was then obtained after air drying. This was followed by immersing the as-prepared 

Nafion/ER-GO/SPE into 0.02 M KH2PO4 solution, and a cathodic potential of −0.7 V was applied to 

the GO coated SPE with a potentiostat for ca. 10 min.  

 

2.3. Instruments 

For voltammetric measurements, an electrochemical geometry was used, where the working, 

reference and counter electrodes were a screen-printed electrode, a saturated calomel electrode (SCE), 

and a platinum wire, respectively. On the other hand, a Gamry Reference 600 potentiostat was used for 

the cyclic voltammetry (CV) measurements. All measurements were carried out at ambient 

temperature. To remove the residual aluminium oxide particles present on the surface after each 

treatment, the electrode was washed and ultrasonicated for 5 min in DW. A Hanna HI 221 pH-meter 

(full range: 0-14) was used for the measurement of solution pH. 

 

2.4. Electrochemical Measurements 

NADH generated from the transdeamination was detected for the electrochemical detection of 

GPT. During the first step, coenzyme pyridoxal 5′-phosphate hydrate (PLP) facilitated the production 

of l-glutamate. For the second step, the produced l-glutamate was used as a reactant; NADH was 

formed in the presence of glutamic dehydrogenase (GLDH) which was converted into NAD
+ 

through 

oxidization, releasing two electrons on the working electrode in the third step. Therefore, when other 

reactants were adequate, the NADH quantity was found to be in proportion to the effective quantity of 

GPT. Electrochemical oxidization of NADH occurred during the third step, suggesting the direct 

relationship between the EC current and the GPT activity. 
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3. RESULTS AND DISCUSSION 

The surfaces of the bare SPE and the Nafion/ER-GO/SPE were studied. Fig. 1 shows the CV 

obtained for these two electrodes in an electrochemical probe with [K3Fe(CN)6] (1.0 × 10
–3

) M and 

KCl (0.1 M) at the scan rate of 100 mV/s. A reversible one-electron transfer process was suggested by 

the CV shape. The peak-to-peak separation was obtained as ca. 69 mV in the case of the bare SPE, 

corresponding to the reversible redox process of [K3Fe(CN)6]. The voltammogram of [Fe(CN)6]
3–

 was 

shown against the peak currents. For the ER-GO/SPE, a remarkable increase in the current was 

observed, corresponding to the increased conductivity of graphene relative to that of graphite. On the 

other hand, the coated SPE showed shifted cathodic and anodic peak potentials of graphene compared 

to the bare SPE. In terms of graphene, the Epc (cathodic peak potential) was obtained as 0.283 V and 

Epa (anodic peak potential) as 0.113 V. On the other hand, the bare SPE showed the Epc of 0.25 V and 

the Epa of 0.14 V. 

 

 
 

Figure 1. CVs obtained at the bare SPE and Nafion/ER-GO/SPE in 1 mM [Fe(CN)
6
]

3―
 that contained 

0.1 M KCl at the scan rate of 100 mV/s. 

 

The effect of the scan rate on the redox current of paracetamol was investigated using 

Nafion/ER-GO/SPE. It can be seen that both the anodic and cathodic peak currents increase with 

increasing scan rate accompanied by enlarged peak separation. For the bare SPE and Nafion/ER-

GO/SPE, the electroactive areas were studied through CVs, with the Randles–Sevcik equation given as 

Ip = 2.69 × 10
5
 n

3/2
AD0SC0v

1/2
. The slope obtained from the plot of the voltammetric peak current (Ip) 

vs. the square root of the scan rate (Fig. 2) suggested the correspondence to the electroactive area. 
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According to Laviron’s model [27, 28], the number of electrons involved in the reaction and the 

charge-transfer coefficient constant can be calculated as 1.959 and 0.442, respectively.  

 

 
 

Figure 2. CVs obtained at the Nafion/ER-GO/SPE in 0.1 M [Fe(CN)6]
3―

 that contained 0.1 M KCl at 

varying scan rates. 

 

A linear increase of the redox peak currents for the graphene-modified SPE with the increasing 

scan rate (5-1000 mV/s) was observed, as predicted by the Randles–Sevcik equation. The surface 

confined property of the coated electrode reaction was indicated by the corresponding results. CV 

experiments were carried out to study the electrochemical features of NADH on Nafion/ER-GO/SPE 

in PBS (pH 4). Two voltammograms were recorded for Nafion/ER-GO/SPE before and after the 

addition of NADH (10 μM) in PBS (pH 4), as displayed in Fig. 3.  

 

 
 

Figure 3. CVs obtained at Nafion/ER-GO/SPE in the absence of 10 μM ASA and in the presence of 10 

μM ASA in PBS (pH 4). 

 

Nafion/ER-GO/SPE showed no redox peaks in the absence of the aspirin electroactive species 

over the potential range of 0 - 1.5 V, suggesting the non-electroactivity of graphene in the scanned 
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potential window. On the other hand, Nafion/ER-GO/SPE showed an extremely sensitive anodic peak 

with NADH (10 μM) in PBS (pH 4) at the current of 780 mV. These phenomena may be attributed to 

the excellent electrocatalytic activity, high conductivity, large specific surface area and synergistic 

effect of the ER-GO and Nafion. 

Considering the direct dependence of GPT detection on the NADH analysis, we first studied 

the detection ability of NADH. Fig. 4 shows the CVs of NADH (2.5 mM) in the PBS solution. For the 

EC oxidation where NADH was converted into NAD
+
 through electrochemical oxidization, only one 

current peak was observed, suggesting the irreversibility of the electrochemical reaction of NADH. 

The peak current was found to be linearly related to the square root of the scan rate (10-70 mV/s), with 

the R
2 

of 0.998. This indicated the diffusion-controlled property of the reaction process.  

 

 
 

Figure 4. CVs obtained in the presence of 2.5 mM NADH at different scan rates from 10 to 150 mV/s
 

with the quiescent solution. 

 

The nanocomposite structure formed by the combination of ER-GO and Nafion with an 

excellent conductivity coupled with this effect increased the activity and sensitivity of the newly 

prepared modified electrode towards the electroanalysis [29]. The developed electrochemical sensor 

was used to detect the activity of GPT (5-300 U/L). For each detection, the consumed GPT solution 

volume was ca. 20 μL. The concentrations of GLDH, NAD
+
, PLP, α-KG, and l-alanine were 3.5 U/L, 

7.5 mM, 0.1 mM, 0.75 mM, and 83.3 mM, respectively. All test chemicals were dissolved in the PBS 

solution at 25 °C for 120 min. After the injection of the GPT solution, NADH formed through the 

reaction was determined using CV measurement and the scan rate of 50 mV/s. All GPT specimens 

were detected three times. Fig. 5A displayed the dependence of the peak current on the GPT activity. 

The oxidation peak currents of each GPT activity were averaged. Fig. 5B displays the relationship 
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between the GPT activity and the peak current, with two linear ranges observed. The two separate 

linear ranges resulted from the electrochemical reaction and the enzymatic reaction kinetics of NADH. 

The LOD was calculated to be 2.2 U/L. Table 1 presents the performance comparison of our proposed 

sensor and those reported previously towards the GPT analysis. 

 

 
 

Figure 5. (A) CVs obtained for enzymatic reaction systems in the presence of varying activities of 

GPT with the quiescent solution (5, 10, 20, 40, 60, 100, 150, 200, 300 U/L). (B) Calibration 

curves recorded for enzymatic reaction systems in the presence of varying GPT activities.  

 

Table 1. Performance of our proposed sensors and other sensors towards the analysis of GPT. 

 

Electrode Linear detection range Detection limit Reference 

Microfluidic chip 50–250 U/L 9.25 U/L [4] 

Fluorescence quenching of bovine 

serum albumin 

5-400 U/L 3 U/L [30] 

Unmodified screen-printed carbon 

electrode 

60-300 U/L ― [31] 

L-glutamate oxidase/photo-

crosslinkable polymer 

8–250 U/L 4.4 U/L [32] 

Microfludic system 10-100 U/L ― [33] 

Microfluidic system 9-250 U/L ― [34] 

Nafion/ER-GO/SPE 5-300 U/L 2.2 U/L This work 

 

Table 2 shows the results and relative deviations obtained using the proposed Nafion/ER-

GO/SPE and ALT Activity ELISA Assay (Sigma). The relative errors between the two techniques 

ranged from 4.45% to 8.84%, indicating that the results obtained from the Nafion/ER-GO/SPE were 

acceptably close to those obtained by the ELISA kit. Therefore, the accurate determination of GPT in 

clinical diagnosis by as-prepared electrochemical method was achieved with satisfactory results. 
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Table 2. Experimental results of GPT concentration in serum samples obtained by proposed 

electrochemical and ALT Activity Assay. 

 

Serum samples 1 2 3 

Nafion/ER-GO/SPE (U/L) 0 0 0 

ALT Activity Assay 0 0 0 

Added (U/L) 50 100 150 

Found (U/L)- Nafion/ER-GO/SPE 49.65 98.99 152.48 

Found (U/L)- ALT Activity Assay 50.11 98.50 151.61 

Recovery (%) 99.30 98.99 101.65 

Relative deviation (%) 8.84 4.45 5.54 

 

 

 

4. CONCLUSIONS 

In the present study, Nafion/ER-GO/SPE was used for sensitive and selective detection of GPT. 

The developed sensor showed distinct stability and reproducibility towards the routine analysis of 

GPT, where no maintenance or pretreatment was required. A linear response was obtained in a 

buffered solution over the range from 5 to 300 U/L, and the LOD was 2.2 U/L.  
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