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Modified platinum electrode based on the poly 8-(3-acetylimino-6-methyl-2,4-dioxopyran)-1-aminonaphthalene 
(PAMDAN) film was prepared by electrochemical polymerization technique. The modified electrode showed 
electrocatalytic activity toward tramadol (Tram) oxidation in acidic aqueous solution. It was demonstrated that 
Pt electrode modified by PAMDAN film (PAMDAN/Pt modified electrode) could be used for Tram detection 
using cyclic voltammetry (CV) and square wave voltammetry (SWV) techniques. This modified electrode was 
quite effective not only for detecting Tram, but also for simultaneous determination of Tram and dopamine 
(DA) in a mixture with satisfactory results. 
 
Key words: Voltammetry, electrocatalysis, electro analysis, tramadol, dopamine, simultaneous determination. 

 
 
INTRODUCTION 
 
Tramadol is a centrally acting analgesic that was first 
introduced in Germany in 1977. Today, it has become the 
most prescribed opioid worldwide. It is generally said to 
be devoid of many of the serious adverse effects of 
traditional opioid receptor agonists such as the risk for 
respiratory depression and drug dependence.  

Recently, reported results of post-marketing 
surveillance and case reports have shown that Tram 
abuse and Tram related fatalities have been noted. Its 
overall analgesic efficacy is comparable to that achieved 
using equianalgesic doses of morphine or alfentanil 
(National Corporation of Pharmacies, Sweden (Apoteket 
AB) Sale statistics, 2006; Scott and Perry, 2000; Karen 
and Lesley, 2003; Babaei et al., 2011). On the other 
hand, 3,4 –Dihydroxyphenyl ethylamine, also commonly 
known as dopamine (DA), is an important neuron 
transmitter compound widely distributed in the brain for 
message transfer in the mammalian central nervous 
system. Low levels of DA are related to neurological 
disorders (such as schizophrenia), Parkinson's disease 
and HIV infection (Wightman et al., 1988; Mo and 
Ogorevc, 2001). So DA is currently the subject of intense 
research focus by neuroscientists and  chemists  and  it is 

 
 
 

 
essential to develop rapid and simple methods for the 
determination of its concentration. Electrochemical 
methods can be used for determining DA because it is an 
electro active compound.  

The electrochemical method is one of the most 
favorable techniques for the determination of most of the 
biological compounds in recent years, because of its fast 
response, high sensitivity and easy operation. However, 
the major drawbacks associated with conventional 
electrode materials for simultaneous electrochemical 
sensing of these compounds are poor selectivity arising 
from overlapping oxidation peaks and low reproducibility 
due to electrode fouling. Chemically modified electrodes 
have proved very useful to solve these problems (Ensafi 
et al., 2012; Hadi and Rouhollahi, 2012; Gong et al., 
2012). The chemical modifications of bare electrodes with 
redox active films offer significant advantages in the 
design   and   development of the electrochemical 
sensors.  Recently, our laboratory has developed several 
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Figure 1. 8-(3-acetylimino-6-methyl-2,4-
dioxopyran)-1-aminonaphthalene (AMDAN). 

 
 

 
chemically modified electrodes (Hathoot, 2000; Abd El-
Rahman et al., 2000; Diab et al., 2000; Yousef et al., 
2001; Hathoot, 2003; Atia et al., 2008; Hathoot et al., 
2009; Hathoot et al., 2010; Ismail et al., 2002; 
AbdelAzzem et al., 1998; Yousef et al., 2010; Ramiz et 
al., 2010).  

In this work, poly 8-(3-acetylimino-6-methyl-2,4-
dioxopyran)-1-aminonaphthalene (PAMDAN) film 
previously prepared by electrochemical polymerization 
technique (Abd El-Rahman et al., 2000; Yousef et al., 
2001) was used for the detection of Tram in the presence 
of DA. Up to now and to the best of our knowledge, there 
are no reports in the literature of simultaneous 
electrochemical studies of Tram and DA in real 
pharmaceutical and human serum samples. 
 
EXPERIMENTAL 
 
Materials 
 
Tramadol-HCl (Tram) was obtained from AMRIYA pharm. 
Ind. Co. - Egypt, whereas Dopamine (DA) was brought 
from EIPICO pharmaceutical co., Egypt. The chemicals 
1,8-diaminonaphthalene, dehydroacetic acid analytical 

grade (Aldrich), lithium perchlorate (LiClO4), acetonitrile 

(CH3CN), sodium sulfate (Na2SO 4) and sulfuric acid 

(H2SO4) were of analytical grade (Aldrich). The aqueous 
solutions were prepared from bi-distilled water. 
 
Pharmaceutical dosage forms 
 
For this study, Tram ampoule 100 mg/2 ml (CID 
pharmaceutical co. – Egypt) was used. 
 
Human serum samples 

 
These samples were supplied by the local Hospital Blood 
Bank and  from  the  investigator. Human serum samples 

 
 
 

 
were obtained by centrifugation of human blood after two 
hours of intravenous injection at 6000 rpm for 15 min and 
immediately frozen at -20°C until assay. Frozen human 
serum samples were left on the bench to thaw naturally 
and were vortex prior to their use. 
 
Instruments 
 
Electrochemical measurements were recorded using a 
potentiostat Model PST 006 from Voltalab-Radiometer 
analytical with software Model voltaMaster 4. All 
voltammograms were obtained in a three-electrode 
electrolytic cell from Bioanalytical system; model C-1A 
which contains a platinum disc electrode (Pt) of 3.0 mm 
diameter as working electrode, a platinum coil as counter 
electrode and Ag/AgCl as a reference one. All 
experiments were conducted at room temperature (25°C  
± 1). 
 
Preparations 
 
Preparation of AMDAN Schiff base 
 
AMDAN Schiff base (80% yield) was prepared by a 
condensation reaction between 1 mole of 1,8-
diaminonaphthaline and 1 mole of dehydroacetic. The 
dehydroacetic acid in ethanol was added drop wise with 
stirring to hot 1,8-diaminonaphthaline in ethanol. The 
resulting Schiff base (Figure 1) was recrystallized twice 
from ethanol as faint brown granules (Abd El-Rahman et 
al., 2000). 
 
Preparation of poly AMDAN 
 
In preparing this sample, 1×10

-3
 M AMDAN Schiff base 

was dissolved in acetonitrile solution containing 0.1M 

LiClO4. The electrochemical polymerization of AMADAN 
at Pt electrode was carried out using repeated CV 
method between -0.2V and +0.8V for 20 cycles, at a scan 
rate of 0.1 V/s (Abd El-Rahman et al., 2000; Yousef et al., 
2001). 
 
Preparation of the drugs solutions 
 
In preparing this solution, 1×10

-2
 M Stock solutions of 

Tram were prepared by dissolving an accurate weight in 

the appropriate volume of 0.1 M H2SO4. The required 
concentrations were obtained by accurate dilution. 
 
Preparation of the H2SO4 aqueous solution with 

different pH 
 
The desired pH value was prepared by adjustment and 
addition of 1.0M NaOH solution to 0.1M H2SO4, and the 

ionic strength was kept constant by using Na2SO4. 
 
RESULTS AND DISCUSSION 
 
Electrocatalytic oxidation of Tram 
 
Figure 2 shows the cyclic voltammograms of 1×10

-4
 M of 
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Figure 2. Cyclic voltammograms of 1×10

-4
 M of Tram at PAMDAN/Pt electrode, bare Pt 

electrode in 0.1 M H2SO4 and PAMDAN/Pt in blank solution (0.1 M H2SO4, Tram free 
solution) scan rate of 0.1 V/s. 

 
 

 
Tram obtained at PAMDAN/Pt and bare Pt electrodes in 

the 0.1 M H2SO 4 aqueous solution, where the dashed 

line shows the CV obtained for Tram at bare electrode, 
dashed dotted line for CV of Tram at PAMDAN /Pt, and 
solid line illustrates the redox response of PAMDAN/Pt 
modified electrode in absence of Tram (blank solution). 
The voltammogrames illustrate that the electrooxidation 
of Tram can be catalyzed by the modified electrode as a 
mediator, and it could be seen that the peak current was 
enhanced, which means that the polymer layer could 
accelerate electron transfer between the solution and Pt. 
The obtained results showed that Tram oxidation at bare 
electrode gave no peak, while its oxidation at 
PAMDAN/Pt modified electrode made the peak to appear 
at 0.18 V and the corresponding cathodic peak to appear 
at 0.1 V.  

This behavior is typical of that expected for 
electrocatalysis at chemically modified electrodes (Gong 
et al., 2012; Hathoot, 2000; Abd El-Rahman et al., 2000; 
Diab et al., 2000).  

For investigating the reaction mechanism, the effect of 
scan rate versus the peak current of Tram at PAMDAN/Pt 
modified electrode was investigated as shown in Figure 
3.  

The results showed that the anodic peak current (Ipa) 
of Tram was linearly proportional to the square root of 
scan rate (υ ½) within the range of 0.01 - 0.2 V/s, with a 
regression equation: 

 
 

 

Ipa = (-0.49) + (5.82) υ
½

. 
 
These results show that the Tram redox reaction process 
was a diffusion controlled kinetic process (Abd El-
Rahman et al., 2000; Diab et al., 2000; Yousef et al., 
2001; Hathoot, 2003; Atia et al., 2008; Hathoot et al., 
2009; Hathoot et al., 2010; Ismail et al., 2002; 
AbdelAzzem et al., 1998; Yousef et al., 2010; Ramiz et 
al., 2010). Also, Figure 3 illustrates that the oxidation 
peak potential shifts towards more positive potential with 
increasing scan rates, confirming the kinetic limitation of 
the electrochemical reaction (Lu et al., 2012). The redox 
system should be affected by changes in pH values 
because of the involvement of protons in the overall 
electrode reaction. It was observed that the pH value 
obviously influenced the redox peak current where the 
maximum current response was obtained at lower pH (1 
to 3), which confirmed our previously reported results that 
the polyaniline and their derivatives are electroactive at 
pH ≤ 4 (Hathoot, 2000; Abd El-Rahman et al., 2000; Diab 
et al., 2000; Yousef et al., 2001; Ismail et al., 2002). The 
proposed oxidation mechanism of Tram is given as 
shown in Scheme 1. 

 
Linear calibration curves, LOD and LOQ 
 
CV and     SWV    were    performed  to  investigate  the 
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Figure 3. Cyclic voltammograms of 1×10

-4
 M of Tram in 0.1 M H2SO4 at PAMDAN/Pt modified 

electrode at different scan rates. The inner diagram represents the plot of Ipa vs. square root of scan 

rate (υ
1/2

) for Tram at PAMDAN/Pt modified electrode. The regression equation is Ipa = (-  
0.49) + (5.82) υ

1/2
. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme 1. Probable oxidation mechanism for Tram. 
Scheme1. Probable oxidation mechanism for Tram  
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Figure 4. Cyclic voltammograms of different Tram concentrations in 0.1 M 
H2SO4 aqueous solution and blank solution (Tram free solution) at 
PAMDAN/Pt modified electrode at scan rate of 0.1 V/s. 
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Figure 5. Square wave voltammograms of different Tram concentrations in 0.1 M H2SO4 
 

aqueous  solution  and  blank  solution  (Tram  free  solution)  at  PAMDAN/Pt  modified  
Fig.5. electSquarodewaveat voltammogramsscanrateof5 

ofmV/sdiffere.Inset:TramPlotconcentrofpeaktionscurrentsin0.1 MasH2aSOfunction4aqueousofsolutionTram 

concentration.  
and blank solution (Tram free solution)  at PAMDAN/Pt modified electrode at scan rate 5 mV/s. Inset 
 
:Plot of peak currents as a function of Tram concentration. 

 
relationship between the peak current height and 
concentration of Tram (Figures 4 and 5). It was found that 
the anodic peak currents were proportional to the Tram 
concentration (Zhao et al., 2009; Huang et al., 2008;  

 
Ardakani et al., 2011; Qiu et al., 2008). The calibration 
curves were plotted and their parameters are shown in 
Table 1. Limit of detection (LOD) and quantification 
(LOQ) were determined according to the IUPAC protocol 
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Table 1. Calibration parameters of Tram at Pt/PAMADAN. 
 

 Technique Regression equation R2 SD S LDR (μM) LOD (μM) LOQ (μM) 

 CV Ipa=2.989 + 0.083
C
 0.998 0.018 0.083 100-1000 0.650 2.166 

 SWV Ipa=0.0083 + 0.0077
C
 0.989 0.00084 0.0077 5-30 0.32 7 1.09 
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Figure 6. Square wave voltammograms of 5 mg/2 ml Tram in its pharmaceutical forms (Tram 
ampoule) and the human blood serum sample in 0.1 M H2SO4 at PAMDAN/Pt at a scan rate of 5 
mV/s. 

 
 
 
Table 2. Determination of Tram in ampoule at Pt/PAMADAN. 
 
 Technique Declared (mg/ml) Found (mg/LI) Recovery % 
 CV 50 46 92 
 SWV 50 52.1 104.2 
 HPLC 50 51.5 103 

 
 
 
(Currie, 1995; Falciola et al., 2012): 
 
LOD = 3 (σ blank) / S 
LOQ = 10 (σ blank) / S 
 
where S (indicating the method’s calibration sensitivity) is  
the slope of the linear calibration plot and σ blank is the 
blank standard deviation. LOD, LOQ and calibration 
sensitivity (S) are explained in Table 1, which shows that 
SWV   technique   possesses     good    LOD and LOQ as 

 
 
 
compared to CV technique. 
 
Detection of Tram in real sample 
 
In order to test the practical application of the proposed 
methods, the PAMDAN/Pt modified electrode was applied 
to the analysis of Tram ampoule. The sample was 
determined in triplicate under the same conditions. Figure 
6 illustrates the SWV of the diluted sample (dashed line). 
As illustrated in Table 2, the content   of   the  Tram in the 
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Table 3. Determination of Tram in human serum at Pt/PAMADAN. 
 
 Technique Spiked (mg/mL) Found (mg/mL) Recovery % 
 CV 0.16 0.16 100 
 SWV 0.16 0.167 104.3 
 
 

 
Table 4. Comparisons of linear dynamic range (LDR) and detection limits (LOD) of 
various electrodes used for detection of Tram. 

 
 Electrode LDR/µM LOD/µM Reference 

 

 GC 15-75 2.2 33 
 

 
CNP-GC 

10-100 
5 34  

 
100-1000  

    
 

 GC/MWCNTs 2-300 0.361 4 
 

 PAMDAN/Pt (SWV) 5-30 0.327 This work 
 

 PAMDAN/Pt (CV) 100-1000 0.650 This work 
 

 
 
 
ampoule was calculated using CV and SWV as an electro 
analytical method and HPLC as an analytical method. 
The good recoveries of the applied methods, for 
determination of Tram are presented in Table 2, which 
indicates that the determination of Tram using the 
modified electrode is effective and can be applied for the 
detection in real samples (Zhao et al., 2009; Huang et al., 
2008; Ardakani et al., 2011; Qiu et al., 2008; Currie, 
1995; Falciola et al., 2012; Noroozifar et al., 2010; Ensafi 
et al., 2009; Behera and RetnaRaj, 2007; Sivanesan and 
John, 2008).  

In addition, the applicability of the proposed methods 
was also tested by measuring the concentration of Tram 
in the human serum sample. The analyses were 
performed in triplicate. Figure 6 (solid line) illustrates that 
SWV of the blood serum sample and the results obtained 
in Table 3 show that the recovery rates are acceptable 
and indicate that both the accuracy and repeatability of 
this study’s proposed methods are very good. Thus, the 
modified electrode can be successfully used for the 
determination of Tram in serum samples.  

The comparison on the calibration curve parameters 
(LOD, LOQ) of Tram at various modified electrodes 
(Babaei et al., 2011; Garrido et al., 2003; Bidkorbeh et al., 
2010) are listed in Table 4. It was concluded that our 
proposed method has a satisfactory LOD compared to 
the listed values. Moreover, this electrochemical 
response has good stability as the peaks remain 
unchanged after 40 consecutive cyclic voltammetric 
scans, which means that the PAMDAN/Pt modified 
electrode showed good stability for the determination of 
Tram. 
 
Simultaneous determination of Tram and DA 
 
The electrooxidation processes of Tram and DA at 
PAMDAN/Pt in the mixture at different concentrations (in 

 
 
 
a range from 0.01 to 0.001 M for both) was also 

investigated in aqueous H2SO4 solution, in the potential 

range of -0.2 to 0.8 V by SWV method, due to its higher 
current sensitivity and better resolution than CV (Huang 
et al., 2008; Ardakani et al., 2011; Qiu et al., 2008; Currie, 
1995; Falciola et al., 2012; Noroozifar et al., 2010; Ensafi 
et al., 2009; Behera and RetnaRaj, 2007; Sivanesan and 
John, 2008; Badawy et al., 2010; Hathoot et al., 2012). 
Examination of Figure 7 shows that this modified 
electrode exhibits potent and persistent electron-
mediating behavior followed by well-separated oxidation 
peaks towards Tram and DA. The peak current of Tram 
and DA increased with an increase in their concentrations 
with two well-distinguished anodic peaks at potentials of 
0.18 and 0.60 V, corresponding to the oxidation Tram and 
DA respectively, whose separation was large enough to 
allow for the simultaneous determination of Tram and DA 
in one mixture. The calibration curves for both Tram and 
DA were plotted and it gave linear relation with correlation 
coefficient of 0.992 and 0.947 for Tram and DA 
respectively. The characteristics of the calibration curves 
of Tram individually and in mixture with DA in the 
solutions are presented in Table 5. The investigations 
showed the high efficiency of the prepared modified 
electrode for the simultaneous determinations in mixture. 
 
Conclusion 
 
In this paper, it was shown that the PAMDAN/Pt modified 
electrode exhibits electrocatalytic activity to oxidation of 
Tram. It was found that the catalytic currents increase 
with increasing Tram concentration in the examined 
range, with correlation coefficient of 0.992 in case of 
SWV method. The modified electrode displays good 
selectivity in the voltammetric measurements of Tram and 
DA in their mixture solutions. The peak potential 
separation  for   the  oxidation of Tram and DA by SWV is 
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Figure 7. Square wave voltammograms of simultaneous determination of different Tram 

and DA concentrations at PAMDAN/Pt modified electrode at scan rate of 5 mV/s. Insets: 
(A) Plot of peakvoltammogramscurrentsasfunction of Tram concentration. (B) Plot of peak currents as  

Fig. 7. Square wave of simultaneous determination of different Tram and DA a function of DA 
concentration  

concentrations at PAMDAN/Pt modified electrode at scan rate 5 mV/s. Insets :(A)Plot of peak 
 

currents as a function of Tram concentration.(B) Plot of peak currents as a function of DA 
Table 5. The characteristics of the calibration curves of Tram individually and in mixture  
with DA in solution at Pt/PAMADAN. 

concentration. 
 

 Drug Tram individually Tram in mixture 

 Regression equation Ipa=0.0083+0.0077
C
 Ipa=0.1739+41.411

C
 

 R
2
 0.989 0.992 

 SD 0.00084 0.1960 
 S 0.0077 41.411 
 LOD/ μM 0.32 7 0.0142 
 LOQ/ μM 1.09 0.04733 

 
 

about 420 mV, so it is suitable for simultaneous 
determination. Moreover, the results obtained from the 
application of the proposed method for determining Tram 
in pharmaceutical real samples confirmed the good 
accuracy and precision of this study’s proposed method.  
The proposed modified electrode is rapid, simple and low 
cost when compared with other reported methods.  

The results indicate that the modified electrode was 
successfully applied for determination of Tram in the 
presence of DA and can be used as a sensor in the 
biological systems. 
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