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Abstract

A sensitive and rapid electrochemical method was developed for the determination of telmisartan based on the enhancement effect of sodium
dodecyl benzene sulfonate (SDBS). In 0.1 mol L~! HCIO, and in the presence of 7.5 x 107> mol L~' SDBS, a well-defined and sensitive oxidation
peak was observed for telmisartan at the acetylene black (AB) paste electrode. However, the oxidation peak is poor-shaped and the peak current
is very low in the absence of SDBS, suggesting that SDBS shows obvious enhancement effect for the determination of telmisartan. After all the
experimental parameters were optimized, a sensitive and simple electrochemical method was developed for determining telmisartan. The oxidation
peak current is proportional to the concentration of telmisartan over the range from 2.5 x 1077 to 2.0 x 107> molL~!. The detection limit is
7.5 x 1078 mol L~! after 2 min of accumulation. This new voltammetric method was successfully used to detect telmisartan in drugs.
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1. Introduction

Drug analysis, an important branch of analytical chemistry,
plays important role in drug quality control. Therefore, the devel-
opment of sensitive, simple, rapid and reliable method for the
determination of active ingredient is very important and interest.

Telmisartan, a substituted dibenzimidazole derivative
(Fig. 1), is an antihypertensive drug, essentially used to con-
trol blood pressure. It is used alone or in combination with other
medications to treat high blood pressure. It works by blocking
the action of certain chemicals that tighten the blood vessels, so
blood flows more smoothly. Therefore, developing simple, rapid
and sensitive method for the determination of telmisartan is of
great importance.

To date, various methods including high performance lig-
uid chromatography (HPLC) [1,2], immunoassay [3], liquid
chromatography—tandem mass spectrometry (LC-MS) [4-6],
and spectrophotometry [7], were reported for telmisartan anal-
ysis. Electrochemical method possesses high sensitivity, good

* Corresponding author.
E-mail address: huang_wensh@ 163.com (W. Huang).

0927-7765/$ — see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.colsurfb.2007.03.013

selectivity, rapid response, low cost and simplicity, so, it is
widely used and becoming an important analytical method.
Unfortunately, determination of telmisartan using electrochemi-
cal method is very limited although a linear sweep polarography
(LSP) was reported for the determination of telmisartan [8].
In that work, toxic mercury electrode and time-consuming
deaeration were used. What’s more, the sensitivity is relatively
poor. Therefore, it is necessary and important to develop a
mercury-free, sensitive and simple electrochemical method for
telmisartan.

The main objective of the current work is to develop a sen-
sitive and rapid electrochemical method for the determination
of telmisartan utilizing the enhancement effect of surfactant as
well as the excellent properties of acetylene black (AB).

Surfactant with a long hydrophobic C-H chain and a
hydrophilic head group, can adsorb at hydrophobic electrode
surface and alter the properties of electrode/solution interface,
heavily influencing the electrochemical process of electroactive
species [9—11]. To date, surfactant was widely used in electro-
analytical chemistry to improve the sensitivity and selectivity.
Acetylene black (AB), a special type of carbon black, is made
by the controlled combustion of acetylene in air under pres-
sure and possesses many extraordinary properties such as large
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Fig. 1. Chemical structure of telmisartan.

specific surface area, excellent electric conductivity, and strong
adsorptive ability.

To achieve this goal, AB paste electrode was employed and
low concentration of sodium dodecyl benzene sulfonate (SDBS)
was added into the bulk solution to change the electrode/solution
interface as well as improve the electrochemical responses of
telmisartan. Itis found that a well-defined and sensitive oxidation
peak is observed for telmisartan at AB paste electrode in the
presence of 7.5 x 107> mol L~! SDBS. Compared with that in
the absence of SDBS, the oxidation peak current of telmisartan
significantly increases in the presence of SDBS, suggesting that
SDBS facilitates the electron transfer of telmisartan. Without a
doubt, the sensitivity of determining telmisartan must be greatly
improved under the enhancement effect of SDBS.

2. Experimental
2.1. Reagents

All chemicals were of analytical-reagent grade and used with-
out further purification. 5.00 x 1073 mol L™! telmisartan stock
solution was prepared by dissolving telmisartan (Sigma) into
NaOH (0.1 mol L_l)—ethanol (1:1, v/v) mixed solution.

Sodium dodecyl benzene sulfonate (SDBS) (Shanghai
Reagent Corporation, China) was made into 1.0 x 10~ mol L~!
aqueous solutions. Acetylene black (AB, purity >99.99%, parti-
cle size = 150-200 nm) was purchased from STREM Chemicals
(USA). Paraffin oil was purchased from Sinopharm Group
Chemical Reagent Co., Ltd., China.

2.2. Apparatus

All the electrochemical measurements were performed with a
CHI 660A Electrochemical Workstation (CH Instrument, USA).
A three-electrode system, including AB paste working electrode
(3mm in diameter), a platinum wire counter electrode and a
saturated calomel reference electrode (SCE), was employed. The
body of working electrode was a polytetrafluoroethylene (PTFE)
cylinder that was tightly packed with AB paste. A copper wire
inserts into the AB paste providing electrical contact.

2.3. Preparation of AB paste electrode
The AB paste electrode was prepared by mixing 100.0 mg

AB, 100.0 p.L paraffin oil and several drops of ethanol in a small
mortar to form a homogeneous AB paste, and then dried under

an infrared lamp. After that, the paste was pressed into the end
cavity (3 mm in diameter, 1 mm in depth) of working electrode
body, and the electrode surface was smoothed against a weighing
paper. It is important to note that the amount of paraffin oil must
be carefully controlled because excessive paraffin oil will lower
the conductivity, while insufficient paraffin oil is not beneficial
to obtain uniform AB paste.

2.4. Determination of telmisartan

Unless otherwise stated, 0.1 molL~! HCIlO4 containing
7.5 x 107> molL~! SDBS was used as supporting electrolyte
for telmisartan determination. The accumulation step was car-
ried out under open-circuit with 2-min stirring solution, then
the differential pulse voltammograms from 1.00 to 1.60 V were
recorded after 15s quiet time, and finally the peak current at
1.42'V was measured.

3. Results and discussion

3.1. Electrochemical behavior of telmisartan at AB paste
electrode

The electrochemical behaviors of telmisartan at AB paste
electrode and in the presence of low concentration of
SDBS were investigated using cyclic voltammetry (CV). The
results are shown in Fig. 2. In 0.1 molL~! HCIO4 contain-
ing 7.5 x 107> mol L~! SDBS, 1.0 x 107> mol L~! telmisartan
yields a well-shaped and sensitive oxidation peak at 1.47V
during the first anodic sweep from 0.80 to 1.60V. On the
reverse scan, no corresponding reduction peak is observed,
indicating that the electrode process of telmisartan is totally
irreversible.

From Fig. 2, it is also known that the oxidation peak current
of telmisartan gradually decreases as increasing the number of
cyclic potential sweeps. The decreases in peak current may be
caused by the fact that the adsorption of telmisartan or its oxida-
tive product occurs at AB paste electrode surface. Therefore, the
oxidation peak current in the first anodic sweep was recorded for
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Fig. 2. Successive cyclic voltammograms of AB paste electrode in (a)
0.1molL=! HCIO, containing 7.5 x 1075 molL~' SDBS; (b) (a)+ 1.0 x
10~> mol L™! telmisartan. Scan rate: 100mV s~!,
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Fig. 3. DP voltammograms of 5.0 x 1077 molL~! telmisartan in HCIOj.
(a) Blank voltammograms; (b) 5.0 x 107" molL~! telmisartan; (c—e)
25x1077,5.0x 1077, and 1.0 x 10"®molL~! telmisartan in the presence
of 7.5 x 107> mol L~! SDBS. Pulse amplitude =50 mV; scan rate =20 mV sl
pulse width =50 ms; accumulation time: 2 min.

telmisartan analysis in the following studies to acquire higher
sensitivity and better reproducibility.

3.2. Enhancement effect of SDBS to telmisartan

In order to elucidate the enhancement effect of SDBS for the
determination of telmisartan, the electrochemical responses of
telmisartan in the absence and presence of SDBS were exam-
ined by differential pulse voltammetry (DPV) with the following
parameters: pulse amplitude=50mV, scan rate=20mVs~!,
pulse width =50 ms, and accumulation time =2 min.

In 0.ImolL~! HCIO4, a very poor oxidation peak is
observed for 5.0 x 1077 mol L~! telmisartan at AB paste elec-
trode (Fig. 3b). The oxidation peak potential is at 1.42V and
the peak current is very low (about 0.48 wA). However, the oxi-
dation peak current increases greatly (from 0.48 to 3.36 pA)
after adding 7.5 x 107> mol L' SDBS, and the oxidation peak
potential is still at 1.42 V (Fig. 3d), suggesting that SDBS shows
obvious enhancement effect to the oxidation of telmisartan.
SDBS, an anionic surfactant, can adsorb at AB paste elec-
trode surface via hydrophobic interaction and then change the
structure of electrode/solution interface, which facilitating the
electron transfer of telmisartan. Otherwise, the surface amount
of telmisartan maybe greatly increases in the presence of SDBS.
Therefore, the oxidation peak current of telmisartan significantly
increases in the presence of SDBS.

Additionally, when improving the concentration of telmisar-
tan to 1.0 x 107 mol L™!, it is found that the oxidation peak
current increases by two times (Fig. 3e); if we lower the concen-
tration to 2.5 x 107" molL~!, the peak current also decreases
by 50% (Fig. 3c), when the concentration further decreases to
zero (without telmisartan), the oxidation peak current will dis-
appear (Fig. 3a). These phenomena reveal that the oxidation
peak at 1.42 V corresponds to telmisartan, and what’s more, the
oxidation peak current exhibits good linearity with concentra-
tion of telmisartan, which can be used as telmisartan analytical
signal.

3.3. Supporting electrolyte

The electrochemical responses of telmisartan in a vari-
ety of determining mediums, such as pH 5.0-8.0 phosphate
buffer, pH 3.5-5.5 HAc-NaAc buffer, HC104, KCI, HCI, NaOH
(each 0.1 mol L™!) containing different concentrations of SDBS
from 0 to 1.5 x 10~* were investigated in details. It is found
that the oxidation peak current of telmisartan is highest in
0.1 mol L~! HCIO4 containing 7.5 x 107> mol L~! SDBS. Oth-
erwise, the background current is very low and the oxidation
peak is well-shaped. Thus, 0.1molL~! HCIO4 containing
7.5 x 107> molL~! SDBS was used as supporting electrolyte
for the determination of telmisartan.

3.4. Concentration of SDBS

Form Fig. 3, it is very clear that SDBS can enhance the
oxidation peak current of telmisartan. However, the oxidation
peak current of telmisartan is found to be closely related to
the concentration of SDBS. Thus, the influence of SDBS con-
centration on the oxidation peak current of telmisartan was
examined, and the results shown in Fig. 4. As gradual increas-
ing the concentration of SDBS from 0 to 7.5 x 105 mol L1,
the oxidation peak current of telmisartan also increases grad-
ually; when further improving the SDBS concentration to
1.0 x 10~*mol L™!, the oxidation peak current almost keeps
unchangeable; However, the oxidation peak current of telmisar-
tan begins to decrease when the concentration of SDBS is higher
than 1.0 x 10~% mol L~ L. Therefore, the concentration of SDBS
is chosen as 7.5 x 107> mol L™! in this work.

3.5. Influence of scan rate

The oxidation peak currents of 1.0 x 107> mol L™! telmisar-
tan in the presence of 7.5 x 1075 mol L~! SDBS under different
scan rates from 10 to 300 mV s~ ! were measured by linear sweep
voltammetry (LSV). It is found that the oxidation peak current
is proportional to the scan rate, suggesting that the oxidation
of telmisartan is adsorption-controlled.Otherwise, the oxidation
peak potential () shifts towards positive direction as improving
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Fig. 4. Effect of the concentration of SDBS on the oxidation peak current of
5.0 x 1077 mol L™! telmisartan.
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Fig. 5. Influence of accumulation time on the oxidation peak current of
5.0 x 107" mol L™! telmisartan.

scan rate (v), obeying the following equation:
Ep, =1.4546 4+ 0.0235Inv €))

For adsorption-controlled and totally irreversible electrode
process, E, and v is defined by the following equation according
to Laviron’s conclusion [12]:

Ep=£E 1 (1) RO (B, @)
= — ] In —— ) Inv
pa anF onkF anF

where « is the transfer coefficient, k¥ the standard rate constant
of the reaction, n the electron transfer number, v the scan rate,
and EV is the formal potential. Other symbols have their usual
significance.

From Egs. (1) and (2), we can obtain:

R Y ~ 0.0235 3
(ane) = >

an,

Therefore, the value of an,, calculated from Eq. (3), is 1.09.
Generally, « is assumed as 0.5 in the totally irreversible elec-
trode process. Hence two electrons are involved in the oxidation
process of telmisartan, which maybe the imidazole group is
oxidized.

3.6. Effect of accumulation time

Open-circuit accumulation is widely used in electroanalytical
chemistry to improve the determining sensitivity. In this work,
the effect of accumulation time on the oxidation peak current of
telmisartan was investigated. As Fig. 5 showing, the oxidation
peak current of telmisartan gradually increases as accumulation
time increasing from O to 2 min. However, with further increas-
ing the accumulation time, the plots become curved, revealing
that the limiting value of the amount of telmisartan at AB paste
electrode surface has been achieved. Considering both sensitiv-
ity and working efficiency, an accumulation time of 2 min was
employed.

3.7. Calibration curve

The relationship between oxidation peak current and con-
centration of telmisartan was examined by DPV after 2-min
open-circuit accumulation. The oxidation peak current is pro-
portional to the concentration of telmisartan over the range
from 2.5x 1077 to 2.0 x 107> molL~! and obeys the fol-
lowing equation: i, =0.092+6.724 x 10°C (r=0.998, ip in
RA, C in mol L_l). The detection limit is estimated to be
7.5 x 1078 mol L~ 1.

The reproducibility was also evaluated by successive mea-
suring the same 5.0 x 107" mol L™! telmisartan solution for
10 times at a single AB paste electrode. After each measure-
ment, the AB paste electrode surface was re-polished against
a clean weighing paper to remove any adsorbates and give a
reproducible electrode surface. The relative standard deviation
(R.S.D.) is 5.8%, suggesting that this method possesses good
reproducibility and potential applications.

3.8. Interference

To estimate the interferences of foreign species on the deter-
mination of telmisartan, a systematic study was carried out (see
Table 1). It is found that many other foreign substances have no
influence on the determination of ciprofloxacin. For example,
1000-fold concentration of Ca%*, Mg+, Zn>*, AI**, Cd**, Pb*",
Fe?*, Cu®*, 500-fold concentration of ascorbic acid (AA), uric
acid (UA), dopamine (DA), xanthine (XA), caffeine and vitamin
E, 200-fold concentration of L-glutamic acid, L-phenylalanine,
L-cysteine, L-tryptophan and L-tyrosine, almost do not inter-
fere with the current response of 5.0 x 10~7 mol L™! telmisartan
(signal change below 5%), suggesting that this newly proposed
method has excellent selectivity toward telmisartan.

3.9. Drug analysis

In order to evaluate its potential application in the real sam-
ple analysis, this new method was used to detect telmisartan in
telmisartan tablets.

The average mass of five tablets was determined and finely
powdered, then the required amount of sample to prepare a
solution of ca. 1073 molL~! was transferred into a 100-mL
standard flask containing 80 mL of 0.1 mol L~! NaOH—-ethanol
mixed solution (1:1, v/v). The contents of flask were stirred mag-
netically for 30 min, then diluted to volume with ethanol, and
kept overnight. After that, it was centrifugated for 20 min at the

Table 1
Interferences on the oxidation peak current of 5.0 x 10”7 mol L~! telmisartan

Foreign species Tolerance level

(mol L™1)?

Ca*, Mg?*, Zn?*, AI**, Cd**, Pb?*, Fe*, Cu®* 5.0x 107

Ascorbic acid (AA), uric acid (UA), dopamine 25x107*
(DA), xanthine (XA), caffeine and vitamin E

L-Glutamic acid, L-phenylalanine, L-cysteine, 1.0x 107

L-tryptophan and L-tyrosine

2For 6% error.
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Table 2
Determination of telmisartan in drugs

Samples Declared content (mg/tablet) Detected by HPLC (mg/tablet) Detected by this method (mg/tablet) Recovery (%)
A 80.0 79.6 79.2 99.0

B 80.0 79.4 78.9 99.4

C 80.0 79.2 80.2 99.2

D 80.0 80.1 79.6 99.6

speed of 3000 rpm. When determining telmisartan, 20.0 uL of =~ Acknowledgement

the resulting clear solution was added into 10.0 mL supporting
electrolyte and DP voltammograms were recorded as in standard
telmisartan.

The content of telmisartan was determined by the standard
addition method, and the results shown in Table 2. The results
obtained by this method are in good agreement with the declared
content as well as the results obtained by HPLC. Furthermore, in
order to establish the suitability of this proposed method, known
amounts of standard telmisartan were added into the analytical
solution, and the same procedure was applied. The recovery
is between 99.0 and 99.6%, indicating that the accuracy and
repeatability of this method are very good. From above experi-
mental results, it is very clear that this novel method has great
potential for practical sample analysis.

4. Conclusion

SDBS can adsorb at AB paste electrode surface via strong
hydrophobic interaction, altering the structure and property of
the electrode/solution interface. Therefore, the electrochemical
responses of telmisartan show great difference in the presence
of SDBS. Under the obvious enhancement effect of SDBS, both
the oxidation peak current and the determining sensitivity of
telmisartan are significantly improved.
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financial support.

References

[1] J. Nie, Q. Zhao, J.F. Huang, B.R. Xiang, Y.Q. Feng, J. Sep. Sci. 29 (2006)
650.
[2] R.N. Rao, S. Sen, P. Nagaraju, V.S. Reddy, P.R. Krishnamurthy, S.U.
Bhaskar, Asian J. Chem. 18 (2006) 775.
[3] C. Hempen, L. Glasle-Schwarz, U. Kunz, U. Karst, Anal. Chim. Acta 560
(2006) 35.
[4] B.M. Chen, Y.Z. Liang, Y.L. Wang, EL. Deng, P. Zhou, F.Q. Guo, L.F.
Huang, Anal. Chim. Acta 540 (2005) 367.
[5] PFE Li, Y.W. Wang, Y. Wang, Y.B. Tang, J.P. Fawcett, Y.M. Cui, J.K. Gu,
J. Chromatogr. B 828 (2005) 126.
[6] C. Hempen, L. Glasle-Schwarz, U. Kunz, U. Karst, Anal. Chim. Acta 560
(2006) 41.
[7]1 R.N. Rao, P. Nagaraju, C. Srinivasulu, PR. Krishnamurthy, D. Sireesha,
V.S. Reddy, Asian J. Chem. 16 (2004) 1953.
[8] M.T. Xu, J.F. Song, Y.D. Liang, J. Pharmaceut. Biomed. Anal. 34 (2004)
681.
[9] S.S. Hu, K.B. Wu, H.C. Yi, D.F. Cui, Anal. Chim. Acta 464 (2002) 209.
[10] S.H. Zhang, K.B. Wu, Bull. Korean Chem. Soc. 25 (2004) 1321.
[11] P.P. Xie, X.X. Chen, F. Wang, C.G. Hu, S.S. Hu, Colloids Surf. B: Biointerf.
48 (2006) 17.
[12] E. Laviron, J. Electroanal. Chem. 52 (1974) 355.



	Enhancement effect of sodium dodecyl benzene sulfonate (SDBS) and its application into voltammetric determination of telmisartan
	Introduction
	Experimental
	Reagents
	Apparatus
	Preparation of AB paste electrode
	Determination of telmisartan

	Results and discussion
	Electrochemical behavior of telmisartan at AB paste electrode
	Enhancement effect of SDBS to telmisartan
	Supporting electrolyte
	Concentration of SDBS
	Influence of scan rate
	Effect of accumulation time
	Calibration curve
	Interference
	Drug analysis

	Conclusion
	Acknowledgement
	References


