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Herein we report a simple electrochemical approach for preparing multiwalled carbon nanotubes 

(MWCNTs)/graphene oxide (GO) composite obtained by dispersion of MWCNTs and GO. The 

obtained composite modified glassy carbon electrode (GCE) has to sensitive perform for the 

electrochemical reduction of pyrazinamide (PZM). The surface morphological results by transmission 

electron microscope (TEM) confirmed that MWCNTs were enfolded with GO sheets. The chief reason 

for the detection of PZM at nanocomposite was the highly interaction process effect between 

MWCNTs and GO. The electrochemical reduction of PZM was employed using cyclic voltammetry 

(CV) and differential pulse voltammetry (DPV). The response of PZM is linear over the concentration 

range from 37.5 – 1800 µM, with the detection limit (S/N = 3) of 5.54 µM and the sensitivity was 

found to be 0.038 µA µM -1 cm -2. The proposed sensor exhibits good sensitivity, selectivity and has 

shown potential for the detection of PZM in real samples with appreciable consistency and precision. 

In addition, the proposed electrochemical sensor showed good results towards the commercial 

pharmaceutical formulated PZM samples. 
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1. INTRODUCTION 

Since, the year1985 pyrazinamide (PZM) attention was increased due to its vital usage for the 

tuberculosis (TB) therapy [1]. The TB is generally caused by the Mycobacterium tuberculosis, a 

leading causing adult death rate across the globe, since 2006 the death rate was decreased [2,3]. In 

order to prevent TB, PZM has been prescribed in single or combination with drugs such as isoniazid, 
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rifampicin and ethambutol Hcl at fixed dosages [4,5]. The chemical structure of PZM was shown in 

Scheme.1 and the regular intake of PZM drug causes cutaneous adverse drug reactions and severe 

hepatic damages [6,7]. 

 

 

 

Scheme 1. Chemical structure of PZM 

 

Therefore, it is highly essential to monitor the changes in the PZM level in human body fluids 

for providing effective therapeutic treatments [8]. Owing to the increased use of this drug in clinical 

analysis, it is important to develop a sensitive method for the determination of PZM in pharmaceutical 

and biological samples. Untill now, there are several techniques for the detection of PZM, such as UV–

visible method [9], capillary-electrophoresis [10], chromatographic methods [11,12], square-wave 

polarography method[13] and electrochemical methods[14-16]. Nonetheless, the reporting 

electrochemical method has the advantages of very simple, highly sensitive and less expensive than 

other time consuming traditional methods [17,18]. Besides, the bare GCE has poor sensitivity and 

selectivity towards the pharmaceutical drug determinations. Hence to avoide these difficulties, 

modified electrodes were employed with various materials, such as nanoparticles [19,20] and 

integrated nanomaterials[21] respectively. 

In recent years Graphene oxide (GO) dispersed Multiwalled carbon nanotube (MWCNTs) have 

been widely studied for its exceptional properties in various fields such as dye electrochemical 

sensors[22,23], biosensors[24], proton exchange membrane fuel cell[25], dye sensitized solar cells[26], 

super-capacitors[27]  and biofuel cells[28]. Graphene is a monolayer of sp2 bonded carbon atoms and 

packed closely which looks like a honeycomb lattice structure and it has a large surface area with good 

mechanical strength GO is an oxygenated derivative of graphene and it is an amphiphilic molecule 

containing epoxy, hydroxyl and carboxyl groups on its surface[29]. Multiwalled carbon nanotubes 

(MWCNT) have exclusively used in the electroanalytical field due to its good electrical conductivity, 

mechanical strength, high surface area, and chemical stability [30]. The special properties of MWCNT 

have been used for developing of various electrochemical sensors including the biological and drug 

molecules [31-33]. As a result, the superior performance of the MWCNT/GO nanocomposite is due to 

the synergy and high edge density [23] between GO and MWCNT. Being a versatile dispersant, GO 

has an exceptional ability to form stable aqueous dispersions with MWCNTs. The exceptional 

properties of the prepared composite could enhance the electron transfer ability to electrode as well as 

reduce the fouling effect of MWCNT. The unique properties of these two different nanomaterials 

could enhance the PZM reduction than only pristine GO or MWCNT. 
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Here in, we developed an electrochemical sensor to determine PZM in human blood serum 

samples by DPV method. MWCNT/GO nano- composite modified GCE exhibited good 

electrocatalytic reduction towards PZM; this could be ascribed to the synergistic effect of both 

MWCNT and GO. Further the morphological and electrochemical studies were carried out by 

Transmission Electron Microscope (TEM) and Electrochemical Impedance spectroscopy (EIS). To the 

best of our knowledge, no reports were available for MWCNCT/GO/GCE to determine the PZM in 

human blood serum samples. In addition, the practicality of the proposed sensor was evaluated in 

commercially available BPH tablets  

 

 

 

2. EXPERIMENTAL 

2.1. Reagents and Apparatus 

MWCNTs with the lengths of 0.1-10 µm (Purity 90%) was purchased from Sigma Aldrich. 

Graphite powder was obtained from Alfa Aesar, USA and Pyrazinamide procured from Sigma Aldrich. 

The supporting electrolyte used for all the experiments was pH 7 (0.05 M PBS), prepared by using 

0.05 M Na2HPO4 and NaH2PO4. All the other pH solutions were adjusted with 0.5 M H2SO4 and 0.5 M 

NaOH. Sulphuric acid obtained from J.T.Baker and all other chemicals used in this study were of 

analytical grade and used without any further purification.  

The electrochemical studies were employed with CHI worl stations 1205A and CHI 900  

respectively. Transmission electron microscopy (TEM)  JEM 2007 model was used for morphology 

studies. Electrochemical impedance spectroscopy (EIS) studies were performed using IM6ex 

ZAHNER (Kronach, Germany). Three electrode electrochemical cell system having GCE as a working 

electrode,  Ag/AgCl electrode (Sat. KCl) as a reference electrode and a platinum wire with 0.5 mm 

diameter as a counter electrode was employed for electrochemical experiments. All the 

electrochemical measurements were carried out at room temperature and electrolyte cell solutions were 

kept under a nitrogen (N2) atmosphere.  

 

2.2. Synthesis of graphene oxide and Preparation of  MWCNT/GO hybrid nanocomposite 

GO was prepared by the Hummer’s modified method[34]. Briefly, the starting material 

graphite powder was oxidized into graphite oxide by treating with a mixture of concentrated sulfuric 

acid, sodium nitrate and potassium permanganate. The synthesized brown color graphite oxide was 

exfoliated through continuous ultra-sonication in water (1 mg/ml) for 2h to get GO. Finally the GO 

was centrifuged for 15 min to remove the un-exfoliated graphite oxide.  

The prepared graphite oxide was exfoliated via ultrasonication for 2 h to get GO. For the 

preparation of MWCNT/GO nanocomposite, MWCNTs were added into 0.5 mg/ml of GO aqueous 

solution (1:2, V:V % ) and sonicated for 1 h to obtain a homogeneous dispersion[35,36]. Finally, the 

MWCNT/GO nanocomposite was centrifuged to remove the un bounded MWCNTs and washed 

several times with deionized water.  The as-purified MWCNT/GO composite was dried overnight in 

the hot oven and redispersed in water, further used for the experiments. 
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2.3 Fabrication of MWCNT/GO nanocomposite modified GCE  

Prior to fabrication process, the bare GCE was well polished with 0.05µm alumina slurry on 

BAS pad and sonicated with ethanol to remove the alumina particles, further the GCE was washed 

with deionized water and dried in oven. Then, pre-cleaned GCE kept at room temperature. About 6 µl 

(optimized concentration) of the MWCNT/GO dispersion was pipetted out on GCE surface and dried 

at room temperature. As fabricated, MWCNT/GO nanocomposite modified GCE surface was rinsed 

with water to remove the loosely bounded MWCNT/GO composite and used further. 

 

2.4 Procedure of sample preparation 

2.4.1 Lab sample 

To sample preparation, 0.01 M of PZM was taken in a 25 ml volumetric flasks containing pH 

7.0 PBS and this solution was sonicated for 10 minutes in cold water bath. Then as-prepared sample 

solution was stored at 4°C when not in use. The sample was prepared 30 minutes preior to the analysis. 

 

2.4.2 Real sample (Human blood serum) 

To prepare real blood serum sample, 6 ml of human blood was collected from a healthy male 

person aged around 25 years and the sample was collected in a test tube. The collected blood sample 

was kept at room temperature for 30 minutes and then centrifuged for 15 minutes at 1300 rpm. Finally, 

the supernatant was collected in a new test tube and stored at 4°C in refrigerator when not in use. 1 ml 

of the supernatant was further diluted 10 times with pH 7.0 PBS to reduce the complex interferences. 

Aliquot of sample was prepared before 45 minutes prior to analysis. The blood serum was attentively 

transferred into the 25 ml electrochemical cell and analyzed without any further pretreatment. 

 

2.4.3 Pharmaceutical sample (Tablets) 

PZM (500 mg), tablets were collected from the near pharmacy, followed by crushed with 

mortar and pestle. The powdered samples were exactly weighed and make it for equalize the 0.01M 

concentration of PZM and carefully transferred to 25 ml volumetric flask and further dissolved with 

0.05 M PBS. All the samples were prepared (crushed) before 30 minutes prior to analysis and were 

stored in refrigerator at 4°C in a closed container when not in use. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Characterization of MWCNT/GO Morphological studies  

The as synthesized MWCNT/GO hybrid nanocomposite morphology was studied by using 

TEM. The TEM morphology of MWCNTs clearly showed in the Fig.1, the MWCNTs are appeared as 
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a tubular like morphology and GO was observed like an thin flat sheets. The TEM image of 

MWCNT/GO hybrid nanocomposite showed that the MWCNTs walls were wrapped well with thin 

sheets of GO. This could be due to the π- π stacking interaction between the sidewalls of MWCNT and 

hydrophobic regions of GO. Hence, which is clear that the prepared composite was nanocomposite, 

and the MWCNTs formed a hybrid composite with GO.  

 

 

 

Figure 1. TEM image of MWCNT/GO composite, the marked arrows shows GO sheets wrapped on 

MWCNTs. 

 

The GO nanosheets fold together with MWCNTs and make more accessible surface area, this 

high surface area could serve as a good path way for electron conductivity for PZM electrocatalysis.  

 

3.2. Electrochemical impedance spectroscopy (EIS) studies 

The electrochemical impedance behavior at MWCNT/GO/GCE, bare GCE, GO/GCE and 

MWCNT/GCE surfaces have been studied by using EIS technique. EIS is used to study specifically 

the interfacial properties of surface-modified electrodes in electrochemical fields; the obtained EIS 

data gives us useful information of the electrochemical impedance changes on the modified electrode 

surface between each step.  
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Figure 2. EIS of bare GCE (a), MWCNT/GCE (b) and  modified MWCNT/GO/GCE (c) in 5 mM Fe 

(CN)6 
3−/4−

 solution. Inset is the Randles equivalent circuit model. Rs, Cdl, Rct and Zw represent 

the resistance of the electrolyte solution, double layer capacitance, charge–transfer resistance 

and Warburg impedance respectively. The frequency range is from 0.1 Hz to 100 kHz. 

 

And the Fig.2 shows the results of bare GCE (a), MWCNT/GCE (b), MWCNT/GO/GCE (c) 

and GO/GCE (Fig.S1) in PBS with 5 mmol L
-1

 Fe(CN)6 
3−

/ Fe(CN)6 
4−

.   

In the current study, EIS of bare GCE exhibits a larger semicircle part with Rct value of 979.1 Ω 

as shown in Fig.2, is equivalent to the electron transfer resistance and the linear part corresponds to the 

diffusion process, which exhibits hindered electron transfer at the surface of the GCE. The EIS spectra 

include a semicircle and linear portions, indicating that the semicircle part corresponds to the electron 

transfer resistance (Rct) at higher frequencies and the linear part at the lower frequencies 

corresponding to the diffusion electrochemical process [37, 38] modified GC electrodes. Inset (Fig.2) 

is the Randles equivalence circuit model used for fitting the EIS data of the above mentioned 

electrodes. From the Randles equivalence circuit model, we have calculated the electron transfer 

resistance (Rct), double layer capacitance (Cdl), Warburg impedance (W) and electrolyte resistance (Rs) 

values for the bare GCE, GO/GCE, MWCNT/GCE and MWCNT/GO/GCE. From the Fig.2, a smaller 

semicircle observed for MWCNT/GO/GCE with Rct value of 10.22 Ω. This indicates that higher 

electron transfer occurs at MWCNT/GO/GCE due to the synergic effect and excellent conductivity of 

MWCNT, which increase the conductivity between GO and the electrode surface, when compared 

with GO/GCE Rct value of 218.6 Ω and MWCNT/GCE has Rct value of 300.3 Ω.  
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3.3 Effect of scan rate and pH studies at the fabricated electrode 

The effect of scan rate was investigated in order to study the nature of the modified electrode 

process occurring at the electrode surface. Cyclic voltammograms were performed and recorded in the 

presence of 750 µM PZM prepared in the deoxygenated PBS. The different scan rates were performed 

from 10 to 200 mVs
−1

 (Figure not shown here).  

 

 

 

Figure 3. CVs recorded at MWCNT/GO/GCE in 750 µM of PZM in deoxygenated PBS at different 

scan rates (10 to 50 mV s
−1

).  

 

Upon increasing the scan rates, the Ipc current was increases and also the Ipa current also slightly 

increases shown in the Fig.3 (10 to 50 mVs
−1

 ). Hence, the reaction was reversible process and 

meanwhile the cathodic peak of PZM slightly shifted towards the more negative direction. 

Furthermore these results confirmed that, the reduction of PZM at MWCNT/GO/GCE was a diffusion 

controlled electrochemical process [39, 40]. 

The effect of pH on modified electrode was investigated, Fig.4 depicts the effect of pH for 

MWCNT/GO/GCE in 750 µM PZM for various buffer solutions (pH 4 to 11). The influence of pH on 

the reduction of PZM was studied clearly. The peak current shows clear enhancement at pH 5.5 when  

compared to pH 4 and pH 7, further the cathodic peak current was increasing linearly from pH 7 to pH 

11. Moreover, the maximum cathodic current response was observed at pH 11. Based on the 

physiological and analytical perspective we preferred pH 7 to carry out our remining analytical 

experiments. The peak potential Epc shifts more negative potential side when increseing the pH and the 

obtained correlation coefficient is 0.996 (Inset Fig.4). 
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Figure 4. CVs obtained at MWCNT/GO/GCE in 750 µM concentration of PZM in deoxygenated 

buffer solutions pH 4 (a), pH 5.5 (b), pH 7 (c),pH 9 (d) and pH 11 (e) at the scan rate of 100 

mV s
−1. 

 

 

 

Scheme 2. The schematic representation of the redox reaction of PZM leads to 1, 4-hidro-pirazinium 

ion formation. 

 

According to the Nernstian equation for equal number of proton and electron transfer process is 

ΔE/Δ pH = (59.1 mV/n) * N
+

H (n=2) and the obtained slope value for the curve in our study is -70.0 

mV pH
–1

, hence we suggest that the number of protons (N
+

H) transfer could be three, the above results 

were coincide with the electrochemical behavior of pyrazine in the mercury electrode[41, 42], the 

redox reaction of the PZM leads to formation of 1, 4-hidropiraziniumion (Shwon in Scheme-2) the 

mechanism was clearly explained by the Bergamini et al[15]. 

 

3.4. Cyclic voltammetry of PZM at MWCNT/GO nanocomposite modified electrode 

Cyclic voltammetry was employed to evaluate the electrochemical activity of PZM at different 

modified GC electrodes. The electrochemical reduction of PZM at different electrodes were examined 
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in PBS (pH 7) which consists of 1500 μM PZM. Fig.5 shows the cyclic voltammograms (CV) obtained 

at MWCNT/GO/GCE (a) and bare GCE (b), inset shows the GO/GCE (c), MWCNT/GCE (d) and 

MWCNT/GO/GCE (a’) at the scan rate of 100 mV s
−1

. In the voltammograms good reduction peak 

with maximum current was appeared at -0.978 V for PZM at MWCNT/GO/GCE. Whereas, for PZM at 

GO/GCE and bare GCEs were appeared at -0.842 V and -1.128 V respectively, similarly for 

MWCNT/GCE PZM cathodic peak appeared at -1.01V.  

 

 

 

Figure 5. CVs obtained in 1500 µM PZM at bare GCE (a), MWCNT/GO/GCE (b), inset figure 

showed that MWCNT/GO/GCE (a’), GO/GCE (c) and MWCNT/GCE (d) recorded in the N2 

purged PBS pH 7.0, Conditions: scan rate 100 mVs
−1

. 

 

When compare to bare and MWCNT/GCE, the MWCNT/GO/GCE and GO/GCE showed a 

slightly less positive potential. All the modified electrode showed cathodic peaks strongly and 

responded less peak for oxidation process, hence it exhibits a redox reaction property as reported 

earlier in the literatures due to the formation of 1, 4-hidropiraziniumion [15]. When compared to other 

modified electrode our proposed electrode MWCNT/GO/GCE shwoed well cathodic peak with great 

enhancement which is due to the the excellent catalytic activity of the nanocomposite and surface 

negative charges due to the presence of COOH groups at basal plane of the GO ,which easily attracts 

the positively charged PZM and the high conduit is due to the synergic effect of MWCNT/GO. The 

superior behavior of the GO/MWCNT nanocomposite exhibits a promising platform for the 

electrochemical determination of PZM. 
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3.5. Electrochemical determination of PZM by DPV   

 
 

Figure 6. DPVs of MWCNT/GO/GCE obtained in a linear range of 37.5 to1800 µM (a-j) of PZM in 

PBS (pH 7) at 100 mV s
-1 

scan rate. Inset plot shows the linear dependence of Ipc vs. [PZM]. 

 

The DPV technique has been followed for the detection of PZM in the potential range of -0.4 to 

-1.2 V and the following parameters of 50 mV for pulse amplitude, 0.05 ms for pulse width and 200 

ms for pulse period was used for this study. In the Fig.6 we have shown the DPV catalysis 

voltammograms and the resultant calibration. The well defined cathodic peak (Ipc) was appered at -

0.772 V, and the obtained results clearly indicating that, our proposed modified GCE shown a good 

linearity range for PZM as 37.5 to 1800µM range with a linear regression equation R2 value was found 

as 0.990. The low detection limit (S/N = 3) for PZM was found to be 5.54 µM with a ssensitivity of 

0.038 µA µM-1 cm
-2

. 

 

3.6. Anti-interference studies  

In order to investigate the possible interfering electro active species on the fabricated 

MWCNT/GO/GCE, we monitored the response of proposed electrode by DPV technique with an 

addition of each 50 µM of Isoniazid, Rifampicin, Oseltamivir phosphate, Ascorbic acid, Uric acid and 

Ethambutol in the electrochemical cell contains 200 µM of PZM. We investigated the possible 

interference of these pharmaceutical drugs with PZM peak, it has been noted that no other peak 

response was observed for each addition of the interfering species, because they are repelled well by 

the negatively charged MWCNT/GO nanocomposite surface. Additionally few metal ions such as Na
+
, 

Ca
2+

, K
+
, Mg

2+
 was evaluated by each 50 µM addition. The addition of each electro active interfering 

species brought out hardly discernible current response. It was concluded that, interfering effect caused 
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by these electroactive species is quite negligible and  that the presence of these substances do not affect 

the peak potential and current of PZM reduction at the modified electrode. Further, it validating that 

PZM determination at the MWCNT/GO nanocomposite film was good selective. 

 

3.7. Stability, repeatability and reproducibility  

In order to investigate the film stability of proposed sensor, MWCNT/GO nanocomposite 

modified electrode after an each experiment the modified electrode was washed gently with pH 7 

buffer and stored at 4°C, and its background current was tested for almost 30 days. The sensitivity 

retained about 93.6% and the background current was also 94.2% stable even after 200 consecutive 

cycles performed by CV technique, further these obtained results clearly indicating, that the excellent 

film stability of the MWCNT/GO/GCE. The repeatability and reproducibility of the proposed sensor 

were evaluated by DPV studies and the experimental conditions were similar to the section 3.5. The 

five electrodes fabricated independently showed an acceptable with a relative standard deviation 

(RSD) of 3.1 for 200 µM of PZM concentration measurements. The RSD for 10 successive 

measurements of each 200 µM of PZM is 2.9 revealing the good consistency of the proposed sensor. 

 

3.8. Analytical applications  

3.8.1 PZM determination in human blood serum samples 

The DPV technique has been used for PZM detection in human blood serum samples to 

demonstrate the selectivity of biological interference and applicability of the proposed method. The 

analytical conditions were similar to section 3.5 and the sample preparation stated in the section 2.4.2. 

As we know that blood serum contains several biological components and complex minerals, but our 

proposed method shown good agreement of recovery results for PZM detection, further the recovery 

shows 97.6 and 98.5% respectively for both the samples. It is clear evident that the proposed method 

could be used for the PZM detection in blood serum in clinical and in pharmaceutical fields and the 

results were summarized in Table-1. 

 

Table 1. Analytical recovery of PZM for blood serum samples. 

 

    Sample labeled  Added (µM) Detected (µM)        Recovery (%) 

1 250 244 97.6 

2 400 394 98.5 
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3.8.2 Pharmaceutical analysis of PZM  

Table 2. Recovery of PZM for pharmaceutical formulated tablets 

 

    Sample labeled         Added (µM)         Found (µM)        Recovery (%) 

1 250 245 98.0 

2 400 393 98.2 

 

To confirm the applicability of the proposed method for the analysis of pharmaceutical samples 

were discussed here. The DPV technique has been employed for PZM determination with the 

commercially pharmaceutical tablets. The preparation of the samples was clearly mentioned in the 

section 2.4.3. The concentration of PZM in the pharmaceutical formulations was determined by 

standard additions method and the obtained results were satisfactory, the results were summarized in 

Table-2. It is noting that the obtained results obviously shows that the existing drug excipients in the 

commercially available tablets do not notably interfere with the proposed method. The good agreement 

with the method is a promising feature for the applicability of the modified electrode for direct 

determination of PZM in pharmaceutical samples. 

 

 

 

4. CONCLUSIONS 

In this paper, we have successfully fabricated a MWCNTs/GO composite modified glassy 

carbon electrode for PZM determination, which exhibits a remarkable electrocatalytic activity for the 

reduction of PZM. MWCNT/GO nanocomposite was prepared simply by simple sonication of 

MWCNT with GO aqueous solution. The strong π - π stacking interactions between MWCNT and GO 

provides good stability to the dispersion.The proposed sensor possesses good sensitivity, selectivity, a 

low detection limit and good stability due to the synergistic effect of GO and MWCNT, which makes 

it very promising for the determination of PZM in real samples. The practicality of the proposed 

modified electrode was evaluated by sensing of PZM in human blood serum and pharmaceutical 

formulated tablets. 
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SUPPLEMENTARY INFORMATION 

 

 
 

Figure S1. EIS of GO/GCE in 5 mM Fe (CN)6 
3−/4−

 solution and the frequency range is from 0.1 Hz to 

100 kHz. 
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