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A New Potentiometric Sensor for the
Determination of Desipramine Based on

N-(1-Naphthyl)Ethylenediamine
Dihydrochloride-Tetraphenyl Borate

Ali A. Ensafi and Ali R. Allafchian

Abstract—A new fast and sensitive potentiometric sensor is
introduced for the determination of desipramine. The membrane
was prepared by incorporating of N-(1-naphthyl)ethylenediamine
dihydrochloride with sodium tetraphenyl borate (as an ion-pair).
In this study, different plasticized poly(vinyl chloride) (PVC) mem-
branes with different compositions were tested to construct the
potentiometric sensor. A membrane with an ion-pair:dioctylseba-
cate:PVC ratio of 8.2:61.7:30.1 was selected. This drug electrode
showed excellent Nernstian response over the concentration range
1.0 ��

� and 1.0 ��
�
�. The electrode exhibited good

selectivity for desipramine ions with respect to alkali, alkaline
earth and several pharmaceutical substances. The response time
of the electrode was less than 5 s over the entire concentration
range. The coated-wire electrode could be used for at least two
months without any considerable divergence in their potential.
The electrode is suitable for using in aqueous solution in a wide
pH range of 3.5–7.4. The sensor was used as an indicator elec-
trode in the titration of desipramine hydrochloride with sodium
tetraphenylborate solution. The sensor was successfully applied
to determine desipramine hydrochloride in pharmaceutical and
plasma samples with satisfactory results. The drug electrode has
also been used to study the interaction of bovine serum albumin
(BSA) with desipramine in buffer solution (phosphate, pH 7). The
saturated quantities of desipramine binding were 11.02, 6.04, and
1.22 mol/mol in 0.01, 0.02, and 0.1% of protein, respectively. The
Hill equations were applied to obtain cooperative drug bindings
to BSA at 25 C.

Index Terms—Desipramine sensor, ion-selective electrode, pro-
tein interaction.

I. INTRODUCTION

D ESIPRAMINE hydrochloride, 10,11-dihydro-5-[3-
(methylamino) propyl]-5H-dibenz[b,f] azepine mono-

hydrochloride (Fig. 1) is a tricyclic antidepressant that used
to elevate mood and promote recovery of a normal range of
emotions in patients with depressive disorders. In addition,
desipramine has been used in a number of other psychiatric
and medical conditions. In the United States, the drug is also
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Fig. 1. Structure of desipramine.

known by its brand name, Norpramin. Desipramine exerts its
antidepressant action principally by inhibiting the reuptake
of norepinephrine and, to a lesser extent, serotonin, two im-
portant neurotransmitters in the central nervous system, and
thereby boosting neurotransmission. Several procedures have
been reported in literature for the analysis of desipramine
hydrochloride [1]. These methods are spectrophotometry [2],
[3], high performance liquid chromatography (HPLC) [4], [5],
electrophoresis [6], voltammetry [7]–[9], gas chromatography
[10], and potentiometry [11], [12].

Potentiometric membrane electrodes show potential re-
sponses to certain substances. Many compounds have been
detected by ion-selective electrodes (ISEs). Electrodes based
on an ionophore-doped poly(vinyl chloride) (PVC) membrane
have been investigated with ligands as their sensing agents.
Another area of research during the past two decades involved
the development of potentiometric sensors to determine phar-
maceuticals in real samples based on the synthesis and char-
acterization of different selective carriers [13]. Higuchi et al.
[14] used simple plastic membrane electrodes to show that they
were highly specific for some lipophilic ions. Other authors
used plastic membrane electrodes for monitoring certain drugs
[15]–[19]. A simple membrane electrode construction is the
coated wire ion-selective electrode (CWISE) which involves
direct coating of the surface of a conducting substance with
polymeric membrane films. Such electrodes do not require any
filling solution and usually equilibrate much faster with the
solution when the membrane is thin enough. Those have wide
applications in biomedical, clinical, and environmental research
due to their capability for extreme miniaturization. [20], [21]
reviewed the use of ion-selective electrodes for pharmaceutical
determination, while [22] may be consulted for a review of
potentiometric titrations based on ion-pair formation.
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