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Abstract 

A simple electrochemical method for determination of desipramine in human oral fluid was developed. Two types of 
electrodes, namely: glassy carbon electrode (GCE) and screen-printed electrode (SPE) were tested with different 
electrochemical techniques: cyclic voltammetry (CV) and differential pulse voltammetry (DPV). The simplex method 
was applied to find optimal instrumental conditions of DPV measurements. Three parameters were subjected to 
optimization with the simplex method procedure, namely potential of the pulse (Ep), potential difference between 
pulses (Es) and pulse time (tp). Buffer solution pH and material of the working electrode were tested in a pre-
optimization step. For optimal working conditions of a given screen-printed electrode two ranges of desipramine 
concentration were tested. Signals registered for desipramine within the range of 0.01-1 μM enabled its determination 
in alternative biological material such as saliva.  
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 

Tricyclic antidepressant drugs (TCAs) such as: amitryptyline, doxepin, imipramine and their 
metabolites: nortryptyline, nordoxepin and desipramine are still used in the treatment of depression. The 
function of these substances is to block reuptake of the neurotransmitters: serotonin and norephinephrine 
in the central nervous system [1]. Apart from its therapeutic effect it may cause negative side effects such 
as: convulsions, parasthesia, hallucinations, delusions, tachycardia or arythmia [2]. Therefore, choosing 
the proper therapeutic dose is one of the most important elements of a treatment. In particular, the 
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therapeutic range for desipramine lies between 115 – 250 ng/ml, whereas the toxic dose starts above 500 
ng/ml and plasma half-life is 12-28 hours [3]. Consequently, possibility of determination of desipramine 
and other psychoactive drugs in biological material, especially in field conditions, becomes a necessary 
element of drug abuse control along with inspection of drivers and employees on their workplace. 

Among various methods of desipramine determination gas and liquid chromatography remain the most 
popular [2,4-7]. Electroanalytical methods, despite being much cheaper and very useful in field 
conditions, require electroactivity of a given compound. While most tricyclic drugs are electrochemically 
inactive, imipramine and its metabolite – desipramine can be easily oxidized in a two-step two-electron 
mechanism [8]. 

The aim of this paper is to draw attention to importance of optimization of experimental conditions as 
well as presentation of the possibility of desipramine determination in alternative biological material. 
 

Nomenclature 

 

DPV differential pulse voltammetry 

GCE  glassy carbon electrode 

SPE screen-printed electrode 

TCAs tricyclic antidepressant drugs 

2. Experimental 

2.1. Preliminary experiments 

Oxidation of both desipramine and imipramine is limited by the material of the employed working 
electrode. Several types of working electrodes were tested, namely: gold, platinum, glassy carbon and 
graphite paste electrode and the latter two were selected for further study. Gold and platinum electrodes 
did not allow to register signal in the studied concentration range – it is much more difficult to oxidize 
desipramine and imipramine on these electrodes than on carbon electrodes. 

Phosphoric buffer containing 25 mM K2HPO4 and 10 mM KCl was examined as the base electrolyte. 
Appropriate amount of HCl or KOH was used to adjust the pH value in the range of 2.0 - 9.0 and DPV 
measurement of 50 μM desipramine solution was conducted for each pH value. The obtained results 
justified selection pH 7.4, i.e. physiological pH value, for further study. 

The simplex method [9,10] was employed to evaluate the optimal working parameters for differential 
pulse voltammetry measurements. Optimization of this method was performed via changing three 
variables: potential of the pulse Ep, potential difference between pulses Es and time of the pulse tp. Other 
parameters, like: buffer concentration, buffer pH, material of the working electrode, scan rate, were kept 
constant for the analyzed system and the chemical method under study. As a process of searching for the 
best solution to a problem, in relation to a given criterion, optimization plays a crucial role in chemical 
analysis. Sensitivity (measured as signal to noise ratio, S/N) was chosen as a criterion for consecutive 
optimization steps. In a given moment this analytical procedure was assumed as the optimal one, which 
ensured the most favorable (the highest) value of the registered signal (so called Y attribute) in 
desipramine determination. Repeatability was selected as an auxiliary criterion – at least 5 repetitions 
were made for each measurement point. RSD value was lower than 10% for each point. Scan rate for the 
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optimal conditions was also investigated. Limitations encountered during the research were mainly 
instrumental.  

Optimization process turned out to be crucial in the case of application of differential pulse 
voltammetry. As a consequence, optimization of desipramine determination conditions enabled to lower 
the quantification limit of one order of magnitude along with simultaneous improvement of measurement 
sensitivity. Reflection in the centre of gravity of the remaining vertices, expansion (α>2) and contraction 
(1<α<2) were utilized among basic operations. All these operations enabled to obtain optimal working 
conditions for desipramine determination. Fig. 1 presents optimization results obtained for graphite paste 
electrode and glassy carbon electrode. The starting simplex (initial conditions) was set on the basis of the 
results of preliminary studies conducted with the use of cyclic voltammetry. Optimization study was 
performed for a constant desipramine concentration (15 μM) in phosphorus buffer. 

 

 

 

 

 

 

 

Fig. 1. Graphical representation of a dependence of  the obtained signal (current intensity) on consecutive optimization steps, where 
simplex numbers 1-4 stand for vertices of the starting simplex. 
 

Taking into consideration the results of the conducted study, conditions corresponding to those of the 
point 24 for GCE and 22 for SPE were selected as the optimal ones. Measurements carried out for 
consecutive points either did not bring increase of the measured signal or were impossible to be realized 
owing to instrumental problems. The research was performed at a constant potential scan rate of 30 mV/s. 
Table 1 summarizes measurement parameters for starting simplexes along with the optimized potential 
values and pulse time. 

Subsequently, for the optimal potential conditions and pulse time, influence of scan rate alteration on 
the height of the obtained signals was evaluated. The study was performed within the potential range of 5-
150 mV/s. 

Table 1. Terms of the initial simplex and the optimum conditions for glassy carbon and screen-printed electrode. 

Simplex number Ep[mV] Es [mV] T [s] Mean value [μA] Confidence 
interval 95% 

1 80 5 0.070 1.743 0.199 
2 120 5 0.070 2.022 0.176 
3 100 7 0.070 2.472 0.176 
4 140 6 0.090 1.571 0.112 

GCE 520 21 0.010 37.467 0.837 
SPE 540 23 0.010 23.731 0.941 

Once the conditions of desipramine determination with the use of differential pulse voltammetry were 
established, analytical parameters were determined. Calibration curves were performed for both 
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electrodes within the concentration range of 0.5–25 μM giving linear dependence. The research was 
conducted in the volume of 3 mL with the use of Ag/AgCl reference electrode. The studied concentration 
range is considerably higher than measurable therapeutic concentrations in biological material, hence an 
attempt to decreasing it. Introduction of electrochemical preconcentration was found to be the key 
solution to the problem enabling to lower linearity range to 0.01–1 μM. GCE was excluded from this 
stage of research, since much better results were obtained for SPE sensors, along with subsequent 
miniaturization of the experimental setup. Screen-printed electrodes allowed for application of both 
higher sample volume (3 mL) and a specially designed 150 μL vessel to performed the measurements.  

3. Conclusions  

The simplex method enabled to obtain optimal conditions of desipramine determination with the use of 
differential pulse voltammetry. Simplicity of the method as well as its effectiveness allowed for fast 
establishment of the optimal conditions which, in turn, resulted in substantial increase of sensitivity in 
comparison to previously employed techniques, namely: cyclic voltammetry and chronoamperometry, by 
the factor of 3.5 and 60-fold, respectively. Application of screen-printed electrodes with small surface 
area (A=4.140 mm2) opened up a possibility to obtain results for minimal volume of 150 μL in nanomolar 
concentration range. 
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