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INTRODUCTION
Amitriptyline (AMT), 3(10, 11-dihydro-5H-

dibenzo[a,d]cycloheptene-5-yl idene)-N,N-
dimethyl propane-1 amine hydrochloride, is 
a medicine used to treat a number of mental 
illnesses. It is one of the most commonly 
prescribed tricyclic antidepressants that inhibit 
the membrane pump mechanism responsible 
for the uptake of serotonin and norepinephrine 
in serotonergic and adrenergic neurons [1, 2]. 
A change in the concentration of amitriptyline 
in the body may influence its bioavailability and 
subsequently, its magnitude of action. Common 
side effects of amitriptyline include a dry mouth, 
sleepiness, trouble seeing, constipation and 
low blood pressure on standing. Serious side 
effects may include seizures, glaucoma, urinary 
retention and a number of heart issues. In view 

of this, amitriptyline quantification is required 
to achieve better remedial effect and a lower 
toxicity [3-5]. A range of analytical methods such 
as gas chromatography/FID, gas chromatography-
mass spectrometry, capillary electrophoresis, 
fluorimetry, HPLC and spectrophotometry are 
reported in the literature for amitriptyline 
quantification [6-13]. However, aforementioned 
methods suffer from some disadvantages with 
regard to time, cost, sensitivity and selectivity. 

Electrochemical methods are promising 
analytical methods that have been used to measure 
directly the concentration of various drugs, in 
most instances, without separation of active 
pharmaceutical ingredients from the formulation 
matrix [14]. In addition electrochemical sensors 
are used in pharmaceutical analysis mainly due to 
their inexpensive, easy fabrication, fast response 
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and reduced time of analysis, adequate accuracy 
and selectivity [15-18]. Therefore the advantages 
of electrochemical techniques make them suitable 
for determination of amitriptyline.

Screen-printing technology, which has been 
adopted for microelectronics, is significantly used to 
fabricate electrodes for disposable electrochemical 
sensors. Screen-printed electrodes (SPEs) are 
highly-versatile, easy to use, cost-effective analytical 
tools, also suitable to miniaturization and applied 
widely in the electroanalytical chemistry field [19, 
20]. In order to improve their electrochemical 
performance, SPEs have been modified with 
nanosized materials [21-26]. 

Recently non-precious transition metals and 
metal oxides are drawing increasing attention as 
modifier due to the ability to promote electron 
transfer reactions at low overpotential, their ease 
of synthesis, outstanding electrocatalytic activity, 
good stability and low cost [27-36]. Among 
them, copper oxide (CuO) is a p-type metal oxide 
semiconductor with a narrow band-gap stands 
as a good candidate in terms of its abundant 
reserves, low impact on the environment, cost-
effectiveness, and fascinating electrochemical and 
catalytic properties [37-43]. 

According to the previous points, it is important to 
create suitable conditions for analysis of amitriptyline 
in biological fluids. In this study, CuO nanoparticles 
were used to improve the sensitivity of sensors for 
voltammetric determination of amitriptyline. The 
proposed sensor showed good electrocatalytic 
effect on amitriptyline. Eventually, we evaluate the 
analytical performance of the suggestion sensor for 
amitriptyline determination in real samples.

EXPERIMENTAL
Apparatus and chemicals 

The electrochemical measurements were 
performed with an Autolab potentiostat/
galvanostat (PGSTAT 302N, Eco Chemie, the 
Netherlands). The experimental conditions were 
controlled with General Purpose Electrochemical 
System (GPES) software. The screen-printed 
electrode (DropSens, DRP-110, Spain) consists of 
three main parts which are a graphite counter 
electrode, a silver pseudo-reference electrode and 
a graphite working electrode.

All solutions were freshly prepared with double 
distilled water. Amitriptyline and all other reagents 
were of analytical grade and were obtained from 
Merck chemical company (Darmstadt, Germany). 

The buffer solutions were prepared from 
orthophosphoric acid and its salts in the pH range of 
2.0-9.0. Copper oxide nanoparticles were synthesized 
in our laboratory as reported previously [32]. A 
typical SEM (KYKY, SBC-12, China) for synthesized 
Copper oxide nanoparticles is shown in Fig. 1.

Preparation of modified electrode 
The bare screen-printed electrode was coated 

with CuO nanoparticles as follows. A stock solution 
of CuO in 1 mL aqueous solution was prepared by 
dispersing 1 mg CuO with ultrasonication for 1 
h, and a 5 µl aliquot of the CuO /H2O suspension 
solution was casted on the carbon working 
electrodes, and waiting until the solvent was 
evaporated in room temperature. 

Preparation of real samples 
Five amitriptyline tablets (labeled 10 mg per 

tablet, Mahban Darou Distribution Company, 
Iran) were grinding. Then, the tablet solution was 
prepared by dissolving 50 mg of the powder in 
25 mL water by ultrasonication. Then, different 
volume of the diluted solution was transferred 
into a 25 mL volumetric flask and diluted to the 
mark with PBS (pH 7.0). The amitriptyline content 
was analyzed by the proposed method using 
the standard addition method. Urine samples 
were stored in a refrigerator immediately after 
collection. 10 mL of the sample was centrifuged 
for 15 min at 2000 rpm. The supernatant was 
filtered out using a 0.45 μm filter. Then, different 
volume of the solution was transferred into a 25 
mL volumetric flask and diluted to the mark with 
PBS (pH 7.0). The diluted urine sample was spiked 
with different amounts of amitriptyline.

RESULTS AND DISCUSSION
Electrocatalytic oxidation of amitriptyline at CuO/SPE

The electrochemical behavior of amitriptyline is 
dependent on the pH value of the aqueous solution. 
Therefore, pH optimization of the solution seems to 
be necessary in order to obtain the electrocatalytic 
oxidation of amitriptyline. Thus the electrochemical 
behavior of amitriptyline was studied in 0.1 M PBS 
in different pH values (2.0 < pH < 9.0) at the surface 
of CuO/SPE by CV. It was found that the electro-
oxidation of amitriptyline at the surface of CuO/SPE 
was more favored under neutral conditions than 
in acidic or basic medium. Thus, the pH 7.0 was 
chosen as the optimum pH for electrocatalysis of 
amitriptyline oxidation at the surface of CuO/SPE.
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Fig. 2 depicts the cyclic voltammetric responses 
for the electrochemical oxidation of 40.0 μM 
amitriptyline at CuO/SPE (curve a) and bare 
SPE (curve b). The anodic peak potential for the 
oxidation of amitriptyline at CuO/SPE (curve a) 
is about 740 mV compared with 940 mV for that 
on the bare SPE (curve b). Similarly, when the 
oxidation of amitriptyline at the CuO/SPE (curve a) 
and bare SPE (curve b) are compared, an extensive 

enhancement of the anodic peak current at CuO/
SPE relative to the value obtained at the bare SPE 
(curve b) is observed. In other words, the results 
clearly indicate that the CuO nanoparticles improve 
the amitriptyline oxidation signal. Fig. 3 shows the 
Electro-oxidation mechanism of amitriptyline at 
CuO/SPE.

The effect of potential scan rates on the 
oxidation current of amitriptyline has been studied 

 

Fig. 1: SEM images of Copper oxide nanoparticles. 

 

  

Fig. 1: SEM images of Copper Oxide nanoparticles.

 

 

Fig. 2: Cyclic voltammograms of (a) CuO/SPE and (b) bare SPE in 0.1 M PBS (pH 7.0) in the 

presence of 40.0 μM amitriptyline at the scan rate 50 mVs-1. 

 

 

  

Fig. 2: Cyclic voltammograms of (a) CuO/SPE and (b) bare SPE in 0.1 M PBS (pH 7.0) in the presence 
of 40.0 μM amitriptyline at the scan rate 50 mVs-1.
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(Fig. 4). The results showed that increasing in the 
potential scan rate induced an increase in the 
peak current. In addition, the oxidation process 
is diffusion controlled as deduced from the linear 
dependence of the anodic peak current (Ip) on the 
square root of the potential scan rate (ν1/2) over a 
wide range from 10 to 400 mV s−1.  

Fig. 5 shows a Tafel plot that was drawn from 
points of the Tafel region of the LSV. The Tafel 
slope of 0.1407 V obtained in this case agrees 
well with the involvement of one electron in the 
rate determining step of the electrode process, 
assuming a charge transfer coefficient of α=0.58 
[44].

Chronoamperometric measurements 
Chronoamperometric measurements of 

amitriptyline at CuO/SPE were carried out by 
setting the working electrode potential at 0.8 V 

for the various concentration of amitriptyline in 
PBS (pH 7.0) (Fig.5). For an electroactive material 
(amitriptyline in this case) with a diffusion 
coefficient of D, the current observed for the 
electrochemical reaction at the mass transport 
limited condition is described by the Cottrell 
equation [44]. 

 I =nFAD1/2Cbπ
-1/2t-1/2       

Where, D and Cb are the diffusion coefficient 
(cm2 s-1) and the bulk concentration (mol cm−3), 
respectively. Experimental plots of I vs. t−1/2 
were employed, with the best fits for different 
concentrations of amitriptyline (Fig. 6a). The 
slopes of the resulting straight lines were then 
plotted vs. amitriptyline concentration (Fig. 6b). 
From the resulting slope and Cottrell equation the 
mean value of the D was found to be 8.1 × 10−5 
cm2/s.

 

 

 

Fig. 3: Electro-oxidation mechanism of amitriptyline at CuO/SPE. 

 

 

 

  

Fig. 3: Electro-oxidation mechanism of amitriptyline at CuO/SPE.

 

Fig. 4:  LSVs of CuO/SPE in 0.1 M PBS (pH 7.0) containing 40.0 μM amitriptyline at various scan rates; 

numbers 1-7 correspond to 10, 30, 50, 70, 100, 200 and 400 mV s-1, respectively. Inset: variation of 

anodic peak current vs. ν1/2. 

  

Fig. 4: LSVs of CuO/SPE in 0.1 M PBS (pH 7.0) containing 40.0 μM amitriptyline at various scan rates; numbers 1-7 correspond to 
10, 30, 50, 70, 100, 200 and 400 mV s-1, respectively. Inset: variation of anodic peak current vs. ν1/2.
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Fig. 5: LSV (at 10 mV s−1) of electrode in 0.1 M PBS (pH 7.0) containing 100.0 µM amitriptyline. The 

points are the data used in the Tafel plot. The inset shows the Tafel plot derived from the LSV. 

  

Fig. 5: LSV (at 10 mV s−1) of electrode in 0.1 M PBS (pH 7.0) containing 100.0 μM amitripty-
line. The points are the data used in the Tafel plot. The inset shows the Tafel plot derived from 

the LSV.

Fig. 6: Chronoamperograms obtained at CuO/SPE in 0.1 M PBS (pH 7.0) for different concentrations of amitriptyline. 
The numbers 1–4 correspond to 0.1, 0.75, 1.0, and 1.5 mM of amitriptyline. Insets: (A) Plots of I vs. t-1/2 obtained from 

chronoamperograms 1–4. (B) Plot of the slope of the straight lines against amitriptyline concentration.

 
Fig. 6: Chronoamperograms obtained at CuO/SPE in 0.1 M PBS (pH 7.0) for different 

concentrations of amitriptyline. The numbers 1–4 correspond to 0.1, 0.75, 1.0, and 1.5 mM of 

amitriptyline. Insets: (A) Plots of I vs. t-1/2 obtained from chronoamperograms 1–4. (B) Plot of 

the slope of the straight lines against amitriptyline concentration. 
 

  



202

H. Beitollahi et al.

Int. J. Nano Dimens., 8 (3): 197-205, Summer 2017

Calibration plot and limit of detection
The peak current of amitriptyline oxidation at 

the surface of the modified electrode can be used 
for determination of amitriptyline in solution. 
Therefore, differential pulse voltammetry 
(DPV) experiments were done for different 
concentrations of amitriptyline (Fig. 7). The 
oxidation peak currents of amitriptyline at the 
surface of a modified electrode were proportional 
to the concentration of the amitriptyline within 
the ranges 1.0 to 200.0 μM. The detection limit 
(3σ) of amitriptyline was found to be 4.0 × 10-7M. 
These values are comparable with values reported 
by other research groups for electro-oxidation of 

amitriptyline at the surface of chemically modified 
electrodes (see Table 1).

Real sample analysis
In order to evaluate the analytical applicability 

of the proposed method, also it was applied 
to the determination of amitriptyline in 
amitriptyline tablet and urine samples. The 
results for determination of the amitriptyline 
in real samples are given in Table 2. Satisfactory 
recovery of the experimental results was found for 
amitriptyline. The reproducibility of the method 
was demonstrated by the mean relative standard 
deviation (R.S.D.).

Fig. 7: DPVs of CuO/SPE in 0.1 M (pH 7.0) containing different concentrations of amitriptyline. Numbers 
1–9 correspond to 1.0, 5.0, 10.0, 20.0, 40.0, 60.0, 80.0, 100.0 and 200.0 μM of amitriptyline. Inset: Plot of the 

electrocatalytic peak current as a function of amitriptyline concentration in the range of 1.0-200.0 μM.

 
Fig. 7: DPVs of CuO/SPE in 0.1 M (pH 7.0) containing different concentrations of amitriptyline. 

Numbers 1–9 correspond to 1.0, 5.0, 10.0, 20.0, 40.0, 60.0, 80.0, 100.0 and 200.0 µM of 

amitriptyline. Inset: Plot of the electrocatalytic peak current as a function of amitriptyline 

concentration in the range of 1.0-200.0 µM. 
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Table 1: Comparison of the efficiency of electrochemical methods used in detection of amitiptyline. 

 

Method Modifier LOD LDR Ref. 

Voltammetry SiO2/Al2O3/Nb2O5/DNA 0.12 μM 10.0-80.0 μM 3 

Voltammetry AuNPs@Polyethyleneimine-derived 
carbon hollow spheres 0.034 μM 0.1-700.0 μM 45 

Voltammetry Carbon nanotube 1.16 μM 0.0-30.0 μM 46 

Voltammetry poly(N-vinylimidazole) - 10.0-100.0 μM 47 

Voltammetry Montmorillonite nanoclay and ionic liquid 24 nM 0.1-40.0 μM 48 

Voltammetry CuO nanoparticles 0.4 μM 1.0-200.0 μM This work 
 

 

  

Table 1: Comparison of the efficiency of electrochemical methods used in detection of amitiptyline.
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CONCLUSIONS
Copper oxide (CuO) nanoparticles were used 

to construct an electrochemical sensor for 
amitriptyline sensing. CuO nanoparticles could 
effectively enhance the surface area and then 
improve the sensitivity of sensor. Under the 
optimized condition, the linear range was changed 
from 1.0 µM to 200.0 µM, and the detection limit 
was obtained 0.4 μM. In a word, the proposed 
sensor provided a simple and reliable technique 
for amitriptyline detection in biological samples 
and a notion to perfect the CuO-based sensor for 
trace detection.
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Table 2: The application of CuO/SPE for determination of amitriptyline in amitriptyline tablet and urine samples (n=5). All 

concentrations are in µM. 

Sample Spiked Found Recovery (%) R.S.D. )%( 
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