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  Abstract : A voltammetric analysis of doxycycline was developed using DNA immobilized onto a 
carbon nanotube paste electrode (PE).  An anodic peak current was indicated at 0.2 V (versus 
Ag/AgCl) in a 0.1M NH4H2PO4 electrolyte solution. The linear working range of the cyclic and 
square wave stripping voltammetry was obtained to 1-27 ngL-1 with an accumulation time of 800 
s.  Final analytical parameters were optimized to be as follows: amplitude, 0.35 V; frequency, 500 
Hz; and pH, 5.43.  Here detection limit was found to be 0.45 ngL-1, this result can be applied in 
foods systems and  in the biological diagnostics
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1. Introduction

  Antibiotics have long been clinically used to 
treat infectious human diseases〔1-7〕and for 
veterinary purposes〔8-13〕, With their use, 
especially as animal disinfectants, freshening 
agents, and for the diagnosis or treatment of 
some cancers, several problems have been 
solved 〔14〕. Due to their widespread use, 
however, antibiotics are found in almost 
anything, from food to animal tissue, to the 
ground, to surface waters, and even in the 
human body. Doxycycline has been commonly 
applied on food-producing animals 〔15-16〕,  
such as honey bees〔17-18〕.  Due to the 
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increasing public concern about the 
environmental effects of antibiotics, a number 
of investigators recently tried to detect 
antibiotics〔16〕. Three methods for the 
analysis of doxycycline were used, such as 
high-performance liquid chromatography 
(HPLC)〔19〕capillary elecrophoresis (CE); 
thin-layer chromatography (TLC); 
spectrophotometry (SP); flow-injection analysis 
(FIA); ion- selective electrodes (ISE); and 
coated wire electrodes (CWE) 〔14〕.  The 
detection limits (ppm or ug/ml) of these 
methods were determined to be as follows: 
0.05-0.1 for HPLC, 0.5-1.0 for CE, 2.2 for 
SP, and 0.4-1.0 for FIA 〔14〕.  Due to its 
low detection limit, HPLC has been 
recommended for the analysis of doxycycline. 
Recently, however, stripping voltammetric 
methods were applied for doxycycline analysis, 
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which are more cost-effective than other 
instrumental techniques〔20〕. In addition, 
voltammetry is popular due to its low 
detection limit and its accuracy 〔1〕, 〔21〕. 
Furthermore, many researchers have tested 
DNA immobilization due to its importance in 
biological assays and the carbon nanotube 
(CNT) function〔22〕, Since these are very 
useful methods for analysis in biology. The 
DNA has a relatively specific affinity in the 
biological matrix. It also selectively interacts 
with particular objects, such as dugs and 
pollutants. In the experiement described in this 
paper, the DNA-modified electrode especially 
responded to other molecules and ions 〔23〕.  
A CNT surface has specific properties such as 
chemical stability and high electrical 
conductivity, which are very useful for an 
analytical biosensor〔24-25〕. DNA and CNT 
were combined and applied in the chemical 
voltammetric analysis of doxycycline with a 
paste electrode, which is simpler and more 
cost-effective than other common voltammetric 
methods. Besides, the detection limit of 
doxycycline was successfully lowered using this 
method. It can be applied in several fields 
such as pharmaceuticals, food, and biological 
analysis .           

2. Experiment 

2.1. Apparatus Reagents and the 

    Experimental Procedure

  All voltammetric systems were performed 
with CHI 660A instruments, which are 
electrochemical instruments from CH 
Instruments, Inc., U.S.A. For the PE working 
electrode, DNA and a carbon nanotube were 
used and were produced by mixing the 40% 
heavy graphite nanotube powder, the 40% 
heavy, double-stranded calf thymus DNA from 
Aldrich, and the 20% mineral oil. This 
mixture was homogenized in a mortar for 30 
mins. The mixed paste was inserted in a 
plastic syringe needle with a diameter of 3 

mm, and a copper wire was connected to the 
electric system. A PE working electrode was 
used with saturated Ag/AgCl/KCl as the 
reference electrode, and a platinum auxiliary 
was used to monitor the SWASV signal. All 
experimental solutions were prepared from 18 
M ohms Cm-1 of double-distilled water. 
Afterwards, several electrolyte solutions of acid 
bases in a 0.1M buffer were investigated in 
search of a possible supporting electrolyte, and 
an ammonium phosphate solution was found 
to be the most suitable. The concentration of 
NH4H2PO4 was examined at the range of 
0.01~0.3 M, and the 0.1M concentrated 
ammonium phosphate solution effectively 
responded to the doxycycline solutions. All the 
measurements were performed in dissolved 
oxygen and at a room temperature of 
24±2°C. DNA immobilization was carried 
out with a cyclic scan rate of 0.5 V/s, ranging 
from -0.8 to 0.8 V. The electrode cleaning 
time was also found to be unnecessary for 
every measurement. Accordingly, all 
experiments were performed in an open circuit, 
and other reagents were obtained from 
Aldrich. 
  First, the accumulation potential was tested 
using 10mgL-1 doxycycline in 0.1M 
NH4H2PO4. Whether or not the anodic peak 
had two peak currents and a cathodic peak 
current was not very clear. As a result of this 
parameter, the maximum peaks at -1.4 V for 
the anodic potential and at 1 V for the 
cathodic potential were obtained. These 
potentials were used in all the other 
experiments. Moreover, the DNA and the 
CNT bare-type electrode were compared, and 
the DNA-immobilized electrode responded 
with two hold sensitivity compared to the 
CNT electrode. The DNA, CNT, and mineral 
oil mixing ratios were examined, and a 
satisfactory result of 40%:40%:20% was 
obtained.    
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3. Results 

3.1. Cyclic Voltammetry 

Fig. 1. Cyclic voltammetry of various 
concentration of 1, 3, 6, 9, 12, 21, 24 
and 27 ngL-1 doxycycline in a 0.1M 
NH4H2PO4 with scan rate of 0.5 Vs-1 

at the range -0.8 to 0.8 V 

  The blank solutions of 0.1M ammonium 
phosphate were initially scanned within -0.8 
to 0.8 V at a scan rate of 0.5 Vs-1 at the 
base curve, which did not indicate any noise 
signal. First, the concentration of 1 ngL-1 
doxycycline was dropped into the 0.1M 
NH4H2PO4 buffer electrolyte solution with a 
pH of 5.42 at 300 s, after which 3 ngL-1 was 
spiked for each up to 27 ngL-1 to achieve the 
voltammogram results shown in Fig. 1. As a 
result, an oxidation peak at 0.2 V and a 
reduction peak at 0 V appeared. While the 
reduction peak was scarcely indicated, the 
height of the oxidation peak appeared 
proportionally as the concentration increased. 
The voltammogram in Fig. 1 indicates an 
anodic peak and was found to have a linear 
working curve with a sensitive slop ratio of △
x/△y = 4.7048 and a precision of R2 = 
0.9936 (N = 8). Under the optimum 
conditions, the maximum peak current of 
116.5 × 10-8 A at a doxycycline 

concentration of 27 ngL-1 appeared on the 
anodic peak. These results can be applied in 
the analytical field. More sensitive analytical 
conditions were examined, however, using 
square wave stripping voltammetry.
                    
3.2. Optimization of SW Parameters

  In Fig. 2(A), the SW amplitudes were tested 
to determine the peak current at the 
0.01-0.35V range. The maximum peak 
currents were 691.2 × 10-8A for anodic and 
372.7 × 10-8A  for cathodic. Both maximum 
peak currents were obtained in 0.35 V, 
showing sensitive responses. Thus, these 
potential ranges were used in all the other 
experiments. Both the anodic and cathodic 
peak currents increased with similar figures at 
the range of 0.01-0.2 V, after which the 
anodic peak current responded more sharply 
than the cathodic peak current. Fig. 2(B) 
illustrates the stripping peak current of 
frequencies on the oxidation and reduction 
peak height for 50-500 Hz, using a fixed 
5mgL-1 doxycycline concentration. The peak 
currents increased steadily, and 13.53 × 10-6 

A on the oxidation peak and 7.959 × 10-6 A 
on the reduction peak, both at 500 Hz, were 
optimized. The anodic peak current appeared 
more sharply than the cathodic peak. Fig. 2(C) 
shows the peak currents of various incremental 
potentials, from 0.005 to 0.05 V, for 30 s in 
fixed concentrations of 5mgL-1 doxycycline. 
The peak currents of these potentials linearly 
decreased on both the anodic and cathodic 
peaks. Thus, at 0.005 V, the maximum peak 
current of 2.621 × 10-5 A appeared on the 
anodic peak, whereas at 0.015 V, the 
maximum peak current of 0.9797 × 10-5 A 
appeared on the cathodic peak. As to the 
parameters of amplitude and frequency, the 
blank solutions were shown to be very 
smooth. No noise peak signal appeared in the 
electrolyte solution, and gradually increasing 
signals appeared. In the incremental potential, 
narrowed peak signals sharply appeared and 
linearly increasing signals were obtained. They 
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(A)                                      (B)

(C)
Fig. 2. Anodic and cathodic various square wave conditions: (A) amplitudes of 0.01, 0.04, 0.07, 

0.12, 0.16, 0.20, 0.25, 0.29, 0.30 and 0.35 V. (B) frequencies of 50, 100, 151, 200, 250, 
312, 357, 416, 454 and 500 Hz. (C) peak currents in SW increment for 0.005, 0.01, 
0.015, 0.02, 0.025, 0.03, 0.035, 0.04, 0.045 and 0.05 Hz. Other parameters as in Fig. 3.

responded much better than did the amplitude 
or frequency peak currents.

3.3. Square Wave Given Various 

     Parameters

  In Fig. 3(A), the SW accumulation times 
within 30 to 800 s were conducted in fixed 
concentrations of 5mgL-1 doxycycline. They 
did not appear linearly both on the oxidation 

and reduction peak currents. At 100 to 300 s, 
both sharply decreased whereas at 30-100 s, 
slight noises emerged. Then the anodic peak 
rapidly increased at the range of 300-600 s, 
whereas the cathodic peak increased at 
300-500 s. After this, it kept decreasing on 
the reduction peak, and the maximum peak of 
9.287 × 10-6 A was obtained at 500 s. The 
oxidation peak of 600-700 s decreased and 
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(A)                                         (B)
Fig. 3. (A) Anodic and cathodic accumulation  peak currents in 5 mgL-1 doxycycline for 30, 50, 

100, 200, 300, 400, 500, 600, 700 and 800 s. (B) An oxidation peak for 50 s currents 
in a concentration of 10 mgL-1 doxycycline of 2.27, 2.86, 3.57, 4.18, 4.83, 5.43 and 

6.12 pH 

then increased at 700-800 s, such that the 
maximum peak signal of 11.84 × 10-6 A was 
obtained. Fig. 3(B) shows the stripping 
voltammetric peak current in a 10mgL-1 

concentration of doxycycline within the pH 
range of 2.27-6.12. It responded less 
sensitively than did the accumulation time, 
having been pegged to the deposition time for 
50 s to suit the required sensitivity and 
experimental speed. At the pH of 2.27-4.18, 
the peak current plateaued and stopped 
increasing, then decreased at 4.18-4.83 pH, 
after which it very sensitively increased by 
5.43 pH. In this study, the optimum condition 
was reached at a pH of 5.43 with a 
maximum peak of 7.568 × 10-6 A. For this 
parameter, only the oxidation peak current 
was shown, since the reduction peak current 
did not appear. Moreover, it was poorly 
influenced compared to the peak current of 
the accumulation time. 

4. Discussion

4.1. Statistics and Application

  Under the optimum conditions, various 
working ranges and their applications were 
examined with SW stripping voltammetry. In 
Fig. 4(A), at the concentration range of 
1-27ngL-1 doxycycline, oxidation and 
reduction peak currents linearly appeared. The 
anodic width of the doxycycline peak 
narrowed more than its cathodic peak at a 
deposition time of 300 s of the stripping 
voltammograms. The linear equation of y = 
2.4298x + 1.3499 and its precision of R2 = 
0.9899 with 10 points was obtained with on 
oxidation peak. As for the reduction peak, it 
was found to be a working curve that 
increased with a sensitive slop ratio of △x/△y 
= 0.8502 and a precision of R2 = 0.9847 (N 
= 10). The anodic peak showed a more 
sensitive peak width than did the cathodic 
peak. Moreover, the detection limit was 
estimated to be 0.45 ngL-1 on a 
signal-to-noise basis at the optimized SW 
conditions. All these results can be used in any 
other doxycycline analysis field. In addition, 
possible interference ions were tested by adding 
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other metals and their analog organic ions to 
the medium containing 1 mgL-1 of 
doxycycline. To detect the presence of an 
interference, a 5% or greater change was 
applied at the peak high of the doxycycline 
concentration. At the spike of 1 mgL-1 of 
doxycycline, the existence of 10 mgL-1 of Ba, 
Co, Ca, Hg, Bi, Fe, Ge, Cr, oxytetra, tetra, 
and chlortetra resulted in -45%, 106.29%, 
552.61%, 57.51%, -35.46%, -2.23%, 12.96%, 
5.48%, -22.42%, -3.09%, and 1.77%, 
respectively. The presence of other interference 
ions was also effectively corrected using 
standard addition methods. An analytical 
application was performed with fixed known 
samples of a 1,000mg/2g D-company drug. In 
Fig. 4(B), the first peak shows the electrolyte 
solution results, and no peak signal and noise 
appeared. Then the known drug sample of 5 
mL-1 was spiked, and at this state, a small 
peak was obtained at the same potential, such 
that another standard of 50-, 100-, and 
150mgL-1 doxycycline was spiked. These 
results were calculated using standard addition 
methods, yielding a linear equation of y = 
10.227x + 0.6599 and a precision of R2 = 
0.9772 that were examined five times, and a 
mean 95% confidence limit was obtained. 
More analytical applications were conducted 
with other pegged known concentrations, and 
good results were obtained. A very low 
detection limit of 0.45 ngL-1 was achieved 
with this method compared with other 
common voltammetric methods, and a more 
sensitive detection limit was obtained.
  A DNA and a carbon nanotube paste 
electrode were used to detect low doxycycline 
concentrations using the cyclic and square 
wave stripping voltammetric method. This 
method showed more attractive properties than 
other common voltammetric methods, and 
could be applied to the detection of 
doxycycline concentration at nanogram levels. 
Analytical applications of doxycycline were 
also performed and various interference ions 
were corrected using standard addition 

methods. This method can be used in other 
fields requiring doxycycline analysis in foods 
or in the human body.

(A)

(B)

Fig. 4. (A) SW concentration effects of 
stripping voltammograms and their 
working curve of 1, 3, 6, 9, 12, 15, 
18, 21, 24 and 27 ngL-1 doxycycline, 
in a 0.1M NH4H2PO4 solution. 4(B) 
Analytical application with known 
contents of electrolyte blank solution, 
drug sample 5 mL-1, then  50, 100 
and 150 mgL-1 Doxycline.
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