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Abstract
Herein, a simple, rapid, cost-effective and sensitive poly(thionine)-based electrochemical sensor is described to determine 
trace amounts of tetracycline. In the present work, electropolymerization of thionine was performed to create a stable film 
on the surface of carbon nanotube paste electrode. The modified electrode surface was investigated by scanning electron 
microscopy (SEM) and its complete formation was confirmed. Moreover, the unmodified and modified electrodes were then 
studied by electrochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV) technique. The linear sweep vol-
tammetry (LSV) technique was used for the quantification of tetracycline 0.1 M phosphate buffer solution (PBS) at pH 6.0 
by the modified electrode as a poly(thionine)/carbon nanotube/carbon paste electrode (PTH/CNT/CPE). Also, the effects of 
different experimental parameters including type of the supporting electrolyte, pH value, and scan rate were evaluated. The 
proposed sensor indicated a linear range of 0.50–20.0 µM, a limit of quantification and detection of 0.05 µM and 0.13 µM, 
respectively, under the optimized conditions. Low relative standard deviation values confirmed that the repeatability and 
reproducibility of the modified electrodes are acceptable in preparation and determination fully procedures. Finally, the pro-
posed method was successfully applied for tetracycline determination in urine and 250 mg TC tablet with satisfactory results.
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Introduction

Tetracycline (TC), having a high impact on Gram-positive 
and Gram-negative bacteria, is widely used as an impor-
tant antibiotic to control bacterial infections in both animal 
models and clinical studies (Fig. 1) [1, 2]. Commonly, TC 
has been used in aquaculture and veterinary medicine for 
the prevention and treatment of diseases [3]. This antibiotic 
molecule is found in some food products such as meat [4], 
milk [5] and egg [6]. TC is known as a hepatotoxic C agent 
in pregnant women which leads to serious threat to human 
health [7, 8]. As regards the importance of its measurement, 

several methods have been reported for TC quantifica-
tion including high-performance liquid chromatography 
(HPLC)–UV [9], high-performance thin-layer chromatog-
raphy (HPTLC) [10], fluorescence [11] and amperomet-
ric detection [12]. However, we used the electrochemical 
method which has good properties such as high sensitivity, 
simplicity, rapidly and cheapness in comparison with other 
reported methods [13–15].

Carbon nanostructures such as graphene and carbon 
nanotubes (CNTs) are extensively utilized for increasing the 
electrochemical response of analyte [16]. Carbon nanotubes 
(CNTs) are nanofiller materials that have transport character-
istic, unique geometrical structure and good mechanical, ther-
mal and chemical properties [17, 18]. Excellent features such 
as enhanced electronic properties, high electric conductivity, 
large specific surface area, large edge plane/basal plane ratio, 
and anti-fouling ability make them exceptional nanomaterials 
for electrochemical sensing applications [19–21]. Munir et al. 
reported an electrochemical method based on MWCNTs/TiO2 
nanoparticles to detect and determine oxymetazoline drug. 
By the modification of electrode with MWCNTs, a sensitive 
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