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Abstract- The electrochemical oxidation of Doxycycline Hyclate has been carried out in
Britton - Robinson buffer at carbon paste and glassy carbon electrodes. Doxycycline Hyclate
exhibits a well-defined irreversible oxidation peak in a broad pH range (2-11). Differential
pulse voltammetry was used to determine Doxycycline Hyclate in pure form. The peak
current varied linearly in the following ranges: 2.0×10-7- 3.0×10-6 mol L-1 and 2.0×10-7
- 2.6×10-6 mol L-1 in case of carbon paste electrode and glassy carbon electrode, respectively.
In case of carbon paste electrode the limits of detection (LOD) and quantification (LOQ) were
6.56×10-8 mol L-1 and 2.19×10-7 mol L-1, respectively. For glassy carbon electrode the LOD
and LOQ were 9.55×10-8 mol L-1 and 3.18×10-7 mol L-1, respectively. The percentage
recoveries were found in the following ranges: 99.58-101.16% and 99.46-100.98% for carbon
paste electrode and glassy carbon electrode, respectively. The relative standard deviations
were found in the following ranges: 0.53-1.79% and 0.48-1.96% in case of carbon paste
electrode and glassy carbon electrode, respectively. Differential pulse voltammetry was
successfully applied for the determination of Doxycycline Hyclate in pharmaceutical form.
Keywords- Doxycycline hyclate, Oxidation, Differential pulse Voltammetry, Pharmaceutical
Form

1. INTRODUCTION
Doxycycline hyclate (DOX) is a tetracycline derivative with uses similar to those of
tetracycline. It may sometimes be preferred to other tetracyclines in the treatment of
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susceptible infections because its fairly reliable absorption and its long half life that permits
less frequent (often once daily) dosing. It also has the advantage that it can be given (with
care) to patients with renal impairment. However, relatively high doses may need to be given
for urinary tract infections because of its low renal excretion. DOX has antiprotozoal actions
and may be given in conjunction with quinine in the management of falciparum malaria
resistant to chloroquine [1]. DOX is hydrochloride hemiethanol hemihydrate of
(4S,4aR,5S,5aR,,6R,12aS)-4-(dimethylamino)-3,5,10,12,12a-pentahydroxy-6-methyl-1,11dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide [2]. Several methods have
been described for the determination of DOX, such as spectrophotometry [3-6], fluorimetry
[7,8], thin-layer chromatography [9-11], liquid chromatography [12-25], flow injection
analysis [26-28], capillary electrophoresis [29,30], fluorescence [31,32], and electrochemistry
[33,34]. DOX selective membrane electrodes have been also reported [35, 36].
All reported spectroscopic methods suffer from low sensitivity. On the other hand, HPLC
methods while having the advantage of requiring minimal sample preparation are relatively
slow and expensive because they require filtration, degassing, and expensive reagents and
equipments.
Carbon based electrodes are currently in widespread use in electroanalytical chemistry,
because of their broad potential window, low cost, rich surface chemistry, low background
current and chemical inertness. Carbon paste electrode (CPE) has some special characteristics
and benefits such as the ease of surface renewal, individual polarizability, and easy to apply
modifications. The disadvantage of CPE is the tendency of the organic binder to dissolve in
solutions containing an appreciable fraction of organic solvent. Glassy carbon electrode
(GCE) is a class of nongraphitizing carbon that is widely used as an electrode material in
electrochemistry. It is also known as vitreous carbon. Glassy carbon electrode is used very
commonly because of its excellent mechanical and electrical properties, impermeability to
gases, and extremely low porosity [37].
The literature survey revealed that few attempts have been made to study the
voltammetric behavior of DOX as an oxidation process and thus in continuation to our
previous work [38-43]. The aim of this study is to establish and to optimize the experimental
conditions for the determination of DOX in pure and dosage forms by using cyclic
voltammetry and differential pulse voltammetry (DPV) techniques.
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Fig. 1. The molecular structure of DOX

2. EXPERIMENTA L
2.1. Apparatus
Voltammetric measurements were carried out using a computer-driven AEW2 analytical
electrochemical workstation with ECProg3 electrochemistry software (Sycopel, England) in
combination with a C-2 stand with a three-electrode configuration: a glassy carbon disc
electrode (BAS model MF-2012) or a carbon paste electrode (BAS model MF-2010) working
electrode, a Ag/AgCl/3 M NaCl (BAS model MF-2063) reference electrode, and a platinum
wire (BAS model MW-1032) counter electrode. Origin 7.0 software was used for the
transformation of the initial signal. A cyberscan 500 (EUTECH Instruments, USA) digital
pH-meter with a glass combination electrode served to carry out the pH measurements.
2.2. Reagents
DOX was supplied from Unipharma Company, Egypt. Its pharmaceutical form
(Vibramycin capsules) was manufactured by Pfizer Company, Egypt. Stock solution of DOX
1.0 X 10-3 mol L-1 was prepared by dissolving an appropriate amount of DOX in methanol
which was obtained from El-Nasr Pharmaceutical Company, Egypt. The stock solution was
stored in a refrigerator. Britton-Robinson (BR) buffer was prepared by mixing the acid
mixture containing phosphoric acid (0.04 mol L-1 ), acetic acid (0.04 mol L-1) and boric acid
(0.04 mol L-1). Buffer solutions were adjusted by adding the necessary amount of 2.0 mol L-1
NaOH solution in order to obtain the appropriate pH. Graphite powder and paraffin oil were
supplied from Aldrich and Sigma, respectively.
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2.3. Preparation of the working electrodes
The paste was prepared by mixing 0.5 g of graphite powder with 0.3 mL of paraffin oil in
a mortar with a pestle. The carbon paste was packed into the hole of the electrode body and
smoothed on a filter paper until it had a shiny appearance.
To improve the sensitivity and resolution of the voltammetric peaks, the glassy carbon
electrode was polished manually with 0.5 µm alumina powder on a smooth polishing cloth
prior to each electrochemical measurement. Then, it was thoroughly rinsed with methanol
and double distilled water, and gently dried with a tissue paper.
2.4. Assignment of the optimum conditions for the determination of DOX
To obtain the optimum pH, an appropriate amount of DOX working standard solution
1.0×10-3 mol L-1 was placed in the electrolytic cell containing 5 mL of BR buffer and the
cyclic voltammogram was recorded. The experiment was repeated by using buffer solutions
of different pH values and the optimum pH was obtained.
To study the effect of scan rate (υ) on the peak current (Ip) of DOX, the working
electrode was immersed in the optimum buffer solution containing an appropriate amount of
DOX standard solution 1.0×10-3 mol L-1 and the cyclic voltammograms were recorded at
different scan rates over the scan range 10-250 mV s-1. Plot log Ip versus log υ to know the
nature of the process, diffusion controlled process or adsorption controlled process.
The optimum instrumental conditions for the determination of DOX by using DPV
method were chosen from the study of the variation of the peak current with pulse amplitude,
pulse width and scan rate. During the study, each parameter was changed while the others
were kept constant: pulse amplitude over the range of 25-100 mV, pulse width 30-90 ms, and
scan rate 10-50 mV s-1.
2.5. Determination of DOX in pure form
Voltammetric analyses were performed in 5 mL of BR buffer. Aliquots of the drug
solution (1.0×10-3 mol L-1) were introduced into the electrolytic cell and the procedures were
repeated. The voltammograms were recorded. The peak current was evaluated as the
difference between each voltammogram and the background electrolyte voltammogram. All
measurements were carried out at the room temperature.
2.6. Determination of DOX in Vibramycin capsules
Five capsules of Vibramycin were weighed and the average mass per capsule was
determined. A portion of the powder needed to obtain 1.0×10-3 mol L-1 drug solution was
accurately weighed and transferred into a 100 mL volumetric flask which contains 70 mL of
methanol. The content of the flask was sonicated for about 20 min. and then made up to the
volume with methanol. The solution was filtered to separate the insoluble excipients.
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Aliquots of the drug solution were introduced into the electrolytic cell and the general
procedure was carried out.

3. RESULTS AND DISCUSSION
To elucidate the electrode reaction of DOX, the cyclic voltammograms at carbon paste
and glassy carbon electrodes were recorded at different pH values and at different scan rates.
As an example, Fig. 2 shows the cyclic voltammograms of 4.0×10-5 mol L-1 DOX solution in
BR buffer of pH 3.0 in case of CPE and GCE at a scan rate of 100 mV s-1. Each
voltammogram exhibits one well-defined anodic peak, with no peak on the reverse scan,
suggesting the irreversible nature of the electrode reaction.

Fig. 2. Cyclic voltammograms of 4.0×10 -5 mol L-1 DOX solution in BR buffer of pH 3.0 for
CPE (a) and GCE (b). Scan rate 100 mV s-1

3.1. Effect of pH
The influence of pH on DOX at carbon paste and glassy carbon electrodes was studied.
Fig. 3 shows the plot of peak current (Ip) vs. pH. It is obvious from the figure that the peak
current reaches its maximum value at pH 3.0 in case of CPE and GCE, i.e; acidic medium is
the suitable medium for the determination of DOX by using DPV technique.
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Fig. 3. Effect of pH on peak current of 4.0×10-5 mol L-1 DOX solution in BR buffer at CPE
(a) and GCE (b). Scan Rate 100 mV s-1

3.2. Effect of scan rate
The effect of scan rate (υ) on the peak current (Ip) of DOX was shown in Fig. 4. Linear
relationships were observed between log Ip and log υ over the scan range 10-250 mV s-1 and
correspond to the following equations: log Ip=-0.77+0.46 log υ and log Ip=-0.56+0.48 log υ
in case of CPE and GCE, respectively. The slopes of 0.46 and 0.48 are close to the
theoretically expected value of 0.50 for a diffusion controlled process [44].

Fig. 4. Anodic peak current response of 4.0×10-5 mol L-1 DOX solution as a function of scan
rate (υ) in BR buffer of pH 3.0 for CPE (a) and GCE (b)
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3.4. Effect of instrumental parameters
It was found that the peak current was increased with the increasing pulse amplitude and
scan rate, while it decreased with the increasing pulse width. To obtain relatively high and
narrow peaks the values of 50 mV, 30 ms and 20 mV s-1 were finally chosen for pulse
amplitude, pulse width and scan rate, respectively.
3.5. Determination of DOX in pure form
On the basis of the electrochemical oxidation of DOX at CPE and GCE, DPV method
was developed for the determination of the drug under investigation. Linear relations between
the peak current (Ip) and DOX concentration (C) were found in the following ranges:
2.0×10-7-3.0×10-6 mol L-1 and 2.0×10-7-2.6×10-6 mol L-1 in case of CPE and GCE,
respectively. The calibration plots were described by the following equations:
Ip (µA)=0.460C(µM)+0.735r2 (Correlation coefficient)=0.9995 for CPE
Ip(µA)=0.382C(µM)+0.780 r2 (Correlation coefficient)=0.9999 for GCE

(1)
(2)

Three replicate calibration curves were obtained over the concentration ranges 2.0×10-73.0×10-6 mol L-1 in case of CPE and 2.0×10-7-2.6×10-6 mol L-1 in case of GCE. The LOD and
LOQ were calculated by using the following equations: LOD=3 S.D./m and LOQ=10 S.D./m,
where “S.D.” is the standard deviation of the intercept of the calibration curve and “m” is the
slope of the calibration curve [45]. The LOD and LOQ were 6.56×10-8 mol L-1and 2.19×10-7
mol L-1, respectively in case of CPE. For GCE, the LOD and LOQ were 9.55×10-8 mol L-1
and 3.18×10-7 mol L-1, respectively.
Accuracy and precision of the proposed method were determined by replicate analyses of
five different concentrations of DOX; the results were given as shown in Table 1. The
recovery was in the range of 99.58-101.16% and the relative standard deviation (RSD) was in
the range of 0.53-1.79% in case of CPE.
For GCE, the recovery was in the range of 99.46-100.98% and the relative standard
deviation was in the range of 0.48-1.96%. The values of the recovery and the relative
standard deviations indicate to adequate accuracy and precision of the proposed method.
The proposed method is more sensitive than that of fluorimetric method: 3.9×10-72.73×10-6 mol L-1 [8], thin-layer chromatographic method: 19.5×10-5-19.5×10-4 mol L-1 [11],
chromatographic methods: 5.85×10-6-11.70×10-5 mol L-1 [18] and 9.75×10-7-17.8×10-5 mol L1

[25], capillary electrophoresis method: 1.95×10-5-19.5×10-5 mol L-1 [30], fluorescence
method: 4.05×10-7-2.03×10-4 mol L-1 [32] and ion selective membrane electrode method:
7.9×10-5-1.9×10-3 mol L-1 [35].
Also our method is more sensitive than chromatographic, fluorescence, electrochemical
and ion selective membrane electrode methods which have higher detection limits: 1.81×10-7
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mol L-1 [24], 2.0×10-7 mol L-1 [31], 4.4×10-7 mol L-1 [34] and 4.0×10-6 mol L-1 [36],
respectively.
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Fig. 5. Calibration curve of DOX at CPE (a) and GCE (b) by using DPV method, pulse
amplitude 50 mV and scan rate 20 mV s-1
Table 1. Analytical parameters of the calibration plots for the determination of DOX

Parameter

CPE

Linearity range (mol L-1)

2.0×10-7-3.0×10-6

Slope
Intercept
2

Correlation coefficient (r )
-1

2.0×10-7-2.6×10-6

0.460

0.382

0.735

0.780

0.9995

0.9999

LOD (mol L )

-8

6.56×10

9.55×10 -8

LOQ (mol L-1)

2.19×10-7

3.18×10-7

RSD* (%)

0.53-1.79

0.48-1.96

99.58-101.16

99.46-100.98

Recovery (%)
*

GCE

Five different concentration of DOX; number of replicates (n) = 5.

3.6. Determination of DOX in capsules
The proposed method was successfully applied to determine DOX in dosage form
(Vibramycin capsules) without interference from some common excipients used in
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pharmaceutical preparations such as starch, magnesium stearate and microcrystalline
cellulose. Replicate analyses of standard solutions have been carried out to obtain the
accuracy and precision of the proposed method; the results were given as shown in Table 2.
The linearity range was 2.0×10-7- 3.0×10-6 mol L-1 with mean recovery of 99.86% and mean
relative standard deviation of 1.68% in case of carbon paste electrode. In case of glassy
carbon electrode the linearity range was 2.0×10-7- 2.6×10-6 mol L-1 with mean recovery of
100.13% and mean relative standard deviation of 1.12%.
The proposed method is more sensitive than that of spectrophotometric methods:
1.56×10-5- 7.02×10-5 mol L-1 [5] and 5.8×10-6- 34.66×10-6 mol L-1 [6], and flow injection
analysis method: 9.75×10-7- 13.65×10-6 mol L-1 [27]. Also our method is more sensitive than
chromatographic and flow injection methods which have higher detection limits: 3.9×10-6
mol L-1 [21] and 1.0 ×10-6 mol L-1 [28], respectively.
DOX was determined by using the reported fluorimetric method with a linear range from
1.7×10-7 to 1.7×10-6 mol L-1 [7]. By comparing the results obtained by using the proposed
method we found that our method shows a wider range than this method.
Table 2. Determination of DOX in Vibramycin capsules

Parameter

Linearity range (mol L-1)

CPE

2.0×10 -7-3.0×10-6

GCE

-7

2.0×10 -2.6×10

-6

RSD (%)
Recovery (%)
0.71-2.12

99.27-100.95%

0.53-2.07

99.20-100.80%

4. CONCLUSION
The proposed DPV method could be used successfully to determine DOX in pure and
pharmaceutical forms. It compares reasonably with the reported methods. It is a good
alternative for the analytical determination of DOX due to its sensitivity, accuracy and
simplicity. The proposed procedure showed clear advantages such as high percentage of
recovery, wide application range and low relative standard deviation.

REFERENCES
[1] S. C. Sweetman Martindale, The Complete Drug Reference, 36th Ed., Pharmaceutical
Press. London (2009) 267.
[2] The British Pharmacopoeia, Her Majesty’s Stationary Office, London (2010) 755.

Anal. Bioanal. Electrochem., Vol. 3, No. 3, 2011, 291-301
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]

[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]

300

U. Saha, A. K. Sen, T. K. Das, and S. K. Bhowal, Talanta 37 (1990) 1193.
J. L. L. Paz, and J. M. Calatayud, J. Pharm. Biomed. Anal. 11 (1993) 1093.
J. Emmanuel, and A. R. Shetty, Indian Drugs 21 (1984) 167.
S. M. Sunaric, S. S. Mitic, G. Z. Miletic, A. N. Pavlovic, and D. N. Djokic, J. Anal.
Chem. 64 (2009) 231.
C. Q. Jiang, and N. Zhang, J. Pharm. Biomed. Anal. 35 (2004) 1301.
F. Salinas, A. Munoz, and I. D. Meras, Anal. Lett. 23 (1990) 863.
W. Naidong, S. Greelen, E. Roets, and J. Hoogmartens, J. Pharm. Biomed. Anal. 8
(1990) 891.
H. Z. Xie, C. A. Dong, Y. L. Fen, and C. S. Liu, Anal. Lett. 30 (1997) 79.
M. A. Mohammad, and N. H. Zawilla, J. Planar Chromatogr. Mod. TLC 22 (2009) 201.
X. Hu, J. Pan, Y. Hu, Y. Huo, and G. Li, J. Chromatogra. A 1188 (2008) 97.
P. D. Bryan, and J. T. Stewart, J. Pharm. Biomed. Anal. 12 (1994) 675.
S. Croubeks, H. Vermeersch, P. D. Backeer, M. D. F. Santos, J. P. Remon, and C. V.
Peteyhem, J. Chromatogr. B 708 (1998) 145.
D. Farin, G. Piva, I. Gozlan, and R. Kitzes, Chromatographia 47 (1998) 547.
A. G. Kazemifard, and D. E. Moore, J. Pharm. Biomed. Anal. 16 (1997) 689.
J. Klimes, M. Dohnalova, and J. Sedlacek, J. Chromatogr. A 846 (1999) 181.
S. Skulason, E. Ingolfsson, and T. Kristmundsdottir, J. Pharm. Biomed. Anal. 33
(2003) 667.
F. Zhao, X. Zhang, and Y. Gan, J. Chromatogr. A. 1055 (2004) 109.
M. Granados, M. Encabo, R. Compano, and M. D. Prat, Chromatographia 61 (2005)
471.
D. Satinsky, L. M. L. Dos Santos, H. Sklenarova, P. Solich, M. Montenegro, and A. N.
Araujo, Talanta 68 (2005) 214.
G. M. Hadad, A. El-Gindy, and W. M. M. Mahmoud, Spectrochim. Acta. Part. A 70
(2008) 655.
M. C. Gaudiano, A. D. Maggio, E. Antoniella, L. Valvo, P. Bertocchi, L. Manna, M.
Bartolomei, S. Alimonti, and A. L. Rodomonte, J. Pharm. Biomed. Anal. 48 (2008)
303.
W. Jin, Y. J. Yang, W. Y. Wang, and J. N. Ye, Chromatographia 69 (2009) 1221.
R. Injac, J. Kac, S. Kreft, and B. Strukelj, Anal. Bioanal. Chem. 387 (2007) 695.
P. Izquierdo, A. G. Hens, and D. P. Bendito, Anal. Lett. 27 (1994) 2303.
N. Wangfuengkanagul, W. Siangproh, and O. Chailapakul, Talanta 64 (2004) 1183.
T. Charoenraks, S. Palaharn, K. Grudpan, W. Siangproh, and O. Chailapakul, Talanta
64 (2004) 1247.
A. V. Schepdael, R. Kibaya, E. Roets, and J. Hoogmartens, Chromatographia 41
(1995) 367.
M. C. V. Mamania, J. A. Farfan, F. G. R. Reyes, and S. Rath, Talanta 70 (2006) 236.
L. X. Chen, C. G. Niu, G. M. Zeng, G. H. Huang, and G. L. Shen, Anal. Sci. 19 (2003)
295.

Anal. Bioanal. Electrochem., Vol. 3, No. 3, 2011, 291-301

301

[32] W. H. Liu, Y. Wang, J. H. Tang, G. L. Shen, and R. Q. Yu, Analyst 123 (1998) 365.
[33] S. Treetepvijit, A. Preechaworapun, N. Praphairaksit, S. Chuanuwatanakul, Y. Y.
Einaga, and O. Chailapakul, Talanta 68 (2006) 1329.
[34] D. Vega, L. Agui, A. G. Cortes, P. Y. Sedeno, and J. M. Pingarron, Anal. Bioanal.
Chem. 389 (2007) 951.
[35] A. F. Shoukry, and S. S. Badawy, J. Microchem. 36 (1987) 107.
[36] X. X. Sun, and H. Y. Aboul-Enein, Talanta 58 (2002) 387.
[37] B. Uslu, and S. A. Ozkan, Anal. Lett. 40 (2007) 817.
[38] M. A. El-Ries, G. G. Mohamed, A. K. Attia, and Yakugaku Zasshi 128 (2008) 171.
[39] M. A. El-Ries, G. G. Mohamed, and A. K. Attia, Sci. Pap. Univ. Pardubice. Ser. A 13
(2007) 21.
[40] M. A. El-Ries, G. G. Mohamed, and A. K. Attia, Sci. Pap. Univ. Pardubice. Ser. A 13
(2007) 47.
[41] M. A. El-Ries, G. G. Mohamed, A. K. Attia; in: Sensing in Electroanalysis, Vol. 3 (K.
Vytřas, K. Kalcher, I. Švancara; Eds.), p. 65. Univ. Pardubice Press, Pardubice, (2008).
[42] A. K. Attia, Talanta 81 (2010) 25.
[43] A. K. Attia, in: Sensing in Electroanalysis, Vol. 5 (K. Vytřas, K. Kalcher, I. Švancara;
Eds.), p. 209. Univ. Pardubice Press, Pardubice, (2010).
[44] D. K. Gosser, Cyclic Voltammetry Simulation and Analysis of Reaction Mechanism,
VCH. New York. p. 43, (1994).
[45] J. C. Miller and J. N. Miller, Statistics for Analytical Chemistry, Ellis Horwood Series,
Prentice Hall, New York. Vol. 37, p. 119, (1993).

Copyright © 2011 by CEE (Center of Excellence in Electrochemistry)
ANALYTICAL & BIOANALYTICAL ELECTROCHEMISTRY (http://www.abechem.com)
Reproduction is permitted for noncommercial purposes.

