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Abstract- A polymeric film of Dianix Blue was formed electrochemically on a glassy carbon 
electrode and used for electrochemical detection of levodopa (LD), ascorbic acid (AA) and 
uric acid (UA). Electrode modification and characterization, conditions optimization and 
electrochemical detection were performed by using cyclic voltammetry, differential pulse 
voltammetry, and chronoamperometry. The sensor represented electrocatalytic activity for 
their oxidations. The resultant differential pulse voltammograms display well defined and 
fully resolved anodic oxidation peaks for determination of the LD in the presence of AA and 
UA. Anodic oxidation currents of LD, AA and UA showed linearity with good correlation 
coefficient (>0.998), high sensitivity, and low detection limits (0.005, 0.028 and 0.005 µM 
respectively). The sensor was used successfully for recovery of the analytes in human plasma 
samples 
. 
Keywords- Modified electrode, Dianix blue, Levodopa, Uric acid, Simultaneous 
electrochemical determination 
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1. INTRODUCTION  

Levodopa (3,4-dihydroxyphenylalanine, LD) is an amino acid that can be converted to 
dopamine in the brain [1]. It was introduced the first time in 1960 and then made several new 
drugs for the Parkinson's disease, but LD is the most effective drug for Parkinson's disease 
[2]. Parkinson's disease is a disease of the central nervous system in adults, it is known by 
muscle rigidity, tremor and to lose of motion skills. This disorder occurs when a certain area 
of the brain loses its ability in produce to dopamine and LD is used to increase dopamine in 
the brain, which decreases the symptoms of Parkinson’s disease [1]. LD is the precursor to 
the neurotransmitters dopamine, norepinephrine (noradrenaline), and epinephrine 
(adrenaline), collectively called as catecholamines. Dopamine is formed by the 
decarboxylation of LD. Some studies have shown LD is a rigorous toxin that is fatal to the 
culture of neurons in vitro, and a few animal studies have shown that chronic LD may also be 
toxic in vivo [3]. Therefore, development of the simple, rapid, economic, sensitive and 
selective analytical method for LD determination in the presence of interferences mainly 
Ascorbic acid (AA) and Uric acid (UA) in plasma are important. Among the various methods 
available for determination of LD such as HPLC [4,5], TLC [6], Spectrophotometry [7], 
Chemiluminescence [8], Radioimmunoassay [9], and Capillary Zone Electrophoresis [10-12], 
electrochemical determinations are rapid, economic, highly sensitive and specific [13-15]. In 
fact, the methods based on electrochemical sensors have many advantages toward the other 
methods.  

Ascorbic acid (AA) or vitamin C with molecular formula C6H8O6 there is in fruits and 
vegetables naturally [16,17]. It plays a main role in some of the enzymatic reactions and 
defense against oxidative stress [18], as a radical scavenger in different metabolic processes, 
that involve redox mechanisms [19]. Moreover, AA is used for prevention and treatment of 
cancer, some mental illnesses, and common cold [20,21]. Due to these properties, AA is 
widely applied as an antioxidant agent in food and drink technologies, and pharmaceutical 
products [22]. Deficiency of AA in the diet can be caused scurvy's disease [23] which 
concomitantly is with bloodshed under of skin and other tissues. 

Uric acid (UA) is the major product of purine metabolism in the human body [25]. Its 
concentration level in body fluids such as urine and human serum is an indicator of many 
clinical conditions, including hyperuricemia, gout, and the Lesch–Nyhan disease [26,27]. 

As mentioned above, LD, AA, and UA are compounds of great biomedical interest. LD 
usually exists in biological samples together with AA and UA oxidize at bare electrodes in 
very nearly the same potential region. So, it is necessary to detach the oxidation peaks of 
these compounds to enable accurate determination of LD in the presence of the others. For 
example, glassy carbon electrode modified by reduced graphene oxide [28], quercetin on 
functionalized multi-wall carbon nanotubes [29], luteolin on the functionalized multi-wall 
carbon nanotubes [30], and poly-alizarin red s [31] films and carbon paste electrode (CPE) 

http://www.sciencedirect.com/science/article/pii/S0167732212003571%23bb0015


Anal. Bioanal. Electrochem., Vol. 9, No. 3, 2017, 295-311                                                   297 
 

modified with 1-(4-bromobenzyl)-4-ferrocenyl-1H-[1,2,3]-triazole [32], 5-amino-2-ethyl-
biphenyl-2-ol [33], 2,7-bis (ferrocenyl ethyl) fluoren-9-one [34], and cobalt porphyrin-TiO2 
nanoparticles [35] have been used to facilitate electrochemical oxidation of LD with 
elimination of the interference.  

So, fabrication of selective and sensitive modified electrode for LD determination in the 
presence of AA and UA is highly desirable for analytical applications. Different methods 
have been used to modify the electrodes, which include electrochemical pretreatment [36], 
self-assembled monolayer [37] and polymeric film formation [38-44]. The non-conducting 
polymers explained here are those with a high resistivity that have been provided by 
electropolymerization. The self-limitation growth of these polymers results in much thinner 
films than typical conducting polymer films. So, the thickness of non-conducting polymers is 
only 10-100 nm, and electroactive species diffuse rapidly to the including electrode surface. 
Also, the non-conducting films are perm-selective, which might be useful in preventing 
interference species from befouling the electrode surface. So, fast response and selectivity 
could be prognosticated for non-conducting-polymeric films.  

In the present work, an anthraquinone dye (Dianix Blue or DB) was used as an electrode 
modifier for the formation of a non-conducting polymeric film. The non-conducting polymer 
film of DB was prepared on a glassy carbon electrode by the electrochemical polymerization. 
So we explain the preparation of a modified electrode by electrochemical deposition of DB 
on the glassy carbon electrode surface and study of its efficiency for selective and sensitive 
determination of LD, AA and UA. 

 

2. EXPERIMENTAL 

2.1. Materials and Reagents 

LD, AA, and UA were obtained from Fluka Co (Switzerland). Dianix Blue® (4,8-
diamino-1,5-dihydroxy-2-(4-hydroxyphenyl)-4a,9a-dihydroanthracene-9,10-dione) with the 
molecular mass of 362.34 g mol-1, the structural formula of C20H14N2O5 and the following 
molecular formula was purchased from DyStar Co (Singapore).  
 

 
 

Scheme 1. The structural formula of Dianix blue 
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The other chemicals were of analytical reagent grade prepared from Merck (Darmstadt, 
Germany) and used without further purification. Phosphate buffer saline (PBS) solution 
0.1 M was prepared by dissolving appropriate amounts of sodium hydrogen phosphate and 
sodium dihydrogen phosphate in a 250 ml volumetric flask. Triple distilled water was used 
for the experiments, and all the experiments were conducted at room temperature. 

 

2.2. Electrode modification 

Before electrode modification, the GCE (nominal area of 0.0314 cm2, Azar electrode Co. 
Urmia, Iran) was polished successively with Al2O3 slurries (0.05 µm, Buehler) on polishing 
cloth and Silicon Carbide paper (P2500, Germany), thoroughly rinsed with distilled water, 
and sonicated in ultrasonic bath (S60H Elmasonic, Germany) at water, ethanol, and water 
each for 3 min. Then electropolymerization of DB on the clean surface of the GCE was 
performed in PBS (pH 3) containing 1000 ppm DB solution by the successive cyclic potential 
sweeps in the range of −0.2 to +1.8 V at a scan rate of 100 mVs−1. After  
electro-polymerization, the modified electrode was rinsed thoroughly with triple distilled 
water and used for electrochemical measurements. 
 
2.3. Electrochemical measurements 

The electrochemical polymerization and measurements were performed by an Autolab 
potentiostat/galvanostat (P/GSTAT 12, Eco Chemie, Netherlands) and the experiments were 
monitored with the general purpose electrochemical system (GPES) software. All of the 
experiments were carried out with a three electrode system. The bare glassy carbon electrode 
(GCE) or poly-DB modified GCE was used as the working electrode. Ag/AgCl (3.0 M KCl) 
and Pt rod (Metrohm) were used as the reference and counter electrodes, respectively. All of 
the potentials noted in this article are reported toward the Ag/AgCl reference electrode. A 
Metrohm 827 pH meter was used for pH adjustments. 
 
2.4. Atomic force microscopy (AFM) and scanning electron microscopy (SEM) imaging 

The topological characteristics of the sensor were examined by AFM using Nanosurf 
Easy Scan 2 AFM (Nanosurf AG, Switzerland) and Field Emission Scanning Electron 
Microscope (FESEM) from Tescan Inc (MIRA\\TESCAN, USA). AFM images were taken in 
the air in the contact mode and examined at least in three different sites in given samples. 
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3. RESULTS AND DISCUSSION  

3.1. AFM characterization of DB film 

The morphological characteristics of the modified electrode were studied by SEM and 
AFM. Fig. 1 represents the topography SEM and AFM images acquired from the surface of 
bare GC and poly-DB-GC electrodes. The SEM images of smooth and homogeneous surface 
correspond to the unmodified glassy carbon electrode (a). While the modified GCE 
micrographs reveal different patterns. Image (b) obviously shows that the electrode surface is 
covered electrochemically by poly-DB. 

Also, the topography AFM images were acquired in contact mode from the surface of bare 
GC and poly-DB-GC electrodes. According to the images, it can be seen that the surface 
morphology is considerably changed in the presence of poly-DB film on the surface of the 
GC substrate. Also, the topographic and three-dimensional images reveal the formation of the 
relatively rough electrode surface. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. SEM (top) and AFM (down) images of (a) bare GC and (b) poly-DB-GC electrodes 
 

3.2. Electrochemical behavior of LD, AA, and UA  

In order to study the electrocatalytic activity of the poly-DB modified GC electrode, the 
electrochemical behavior of LD, AA, and UA in PBS, pH 3 were evaluated at the surface of 
the bare and modified electrodes, using cyclic voltammetry (Fig. 2).  

(b) (a) (b) 

(a) (b) 
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Fig. 2. Cyclic voltammograms obtained on the surface of bare GC (solid lines) and modified 
poly-DB-GC (dash lines) electrodes in the PBS solution, pH 3 containing (a) 2 μM LD; (b) 
100 μM AA; (c) 60 μM UA and (d) the mixture of them. The scan rate was 100 mVs−1 
 

The anodic peak potentials for oxidation of 2 µM LD (a), 100 µM AA (b), and 60 µM 
UA (c) at the bare GC electrode are about 432, 268, and 554 mV respectively, while the 
corresponding oxidation peak potentials at the poly-DB modified GC electrode are 408, 185, 
and 561 mV. Comparison of the two curves set for each analyte show the oxidation peak 
potentials of LD, AA, and UA at the modified electrode surface shifts by about 24, 83, and -7 
mV respectively toward negative potential values compared with that at the bare electrode. 
Moreover, the related peak currents on the surface of bare GCE, demonstrated sluggish and 
small responses, although, substantial increases in the peak currents were observed due to the 
improvements in the reversibility of the charge transfer processes which suggests an efficient 
oxidation-reduction reaction of LD, AA, and UA at the modified poly-DB-GC electrode. 

Also as is shown in Fig. 2 (d), the CVs of a mixture of three analytes on the bare GC 
electrode are not well defined with overlapped peaks, while at the modified poly-DB-GCE 
surface, the anodic peaks are clearly separated. Compared to bare GC electrode, poly-DB 
modified electrode separates LD, UA and AA peaks at 444, 596 and 239 mV, respectively 
and increases peaks current of three compounds in the mixture. The separations of oxidation 
peak potentials of AA-LD, LD–UA and AA–UA were 205, 152 and 357 mV, respectively 
that were enough for the simultaneous determination of them in a mixture. In bare GCE, it is 
difficult to locate the oxidation peak potential of UA and the other peaks are weak with low 
currents. Oxidation peaks of LD, UA, and AA indicated that the oxidation processes of them 
are independent at the poly-DB modified electrode. Therefore, determination of LD is 
possible without any interference and this showed that poly-DB film is very much 
appropriate for the determination of both anionic and cationic forms of the analytes.  
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3.3. Effect of pH and scan rate on the electro-oxidation of LD  

In order to find the optimum pH in the electrochemical studies of LD, UA, and AA on the 
surface of the modified poly-DB-GC electrode, LD was selected, because of well-defined 
responses, electrochemical reversibility, and its peak potentials position. Therefore, cyclic 
voltammograms in various buffer solutions (pH 3–9, PBS 0.1 M) containing 60.0 µM LD 
was recorded (Fig. 3). From the plot of Ip,a vs. pH (Fig. 3, right) it is obvious that the peak 
currents are affected by the pH values. However, the best results together with sensitivity 
accompanied with sharper response were obtained with pH 3.0. So this pH was selected for 
further experiments. Also according to the linear plot of Ep,a vs. pH in the range of pH 3–9, 
the slope 0.0609 V/pH is obtained which is very close to the expected Nernstian value of 
0.059 mV at 25 °C, where (number of protons)=(number of electrons).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Cyclic voltammograms of modified poly-DB-GCE in 0.1 M PBS solution containing 
60 μM LD at the pH (a) 3.0, (b) 4.0, (c) 5.0, (d) 6.0, (e) 7.0, (f) 8.0 and (g) 9.0. Scan 
rate=100 mVs−1. The plots of the extracted anodic peak current (Ip,a) and related potential 
(Ep,a) vs. pH are shown at right. The error bars are based on the standard deviations of at least 
5 measurements in each pH 
 

Also, the effect of potential scan rate of cyclic voltammetry was investigated on the 
electro-oxidation peak current (Ip,a) of LD at the surface of poly-DB-GCE in the range of 
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 -0.010 to 0.900 Vs−1 (Fig. 4). The results indicated linearly correlation between Ip,a and the 
square root of scan rate (ν1/2) (Fig.4, right) and confirms a diffusion-controlled process for the 
electrochemical oxidation of LD on the surface of poly-DB-GCE in the studied range of 
potential sweep rates. 

 

 
 
Fig. 4. Cyclic voltammograms of poly-DB-GCE in phosphate buffer solution (0.1 M, pH 3.0) 
containing 70.0 µM LD at the different scan rates. a–k, related to the scan rates of 10, 40, 
100, 200, 300, 400, 500, 600, 700, 800, and 900 mVs−1 respectively. The inset shows a 
variation of the anodic peak currents vs. the square root of scan rate and its regression line 
and equation. The error bars are based on the standard deviations of at least 5 measurements 
in each scan rate 
 
3.4. Kinetic studies of electrode interaction with DA, AA, and UA 

Linear sweep voltammetry (LSV) which is an appropriate technique for electroactive 
species was used to extract the heterogeneous kinetic parameters at the bare and modified 
electrodes. Fig. 5 display the linear sweep voltammograms of the (a) bare GC and (b) poly-
DB-GC electrodes in PBS 0.1 M, pH 3.0 containing 1 mM of each of LD (A), AA (B), and 
UA (C) with a sweep rate of 5 mVs-1. Tafel analysis was performed by the points of the rising 
part of the voltammogram which is known as Tafel region for three analytes on the surface of 
bare and modified poly-DB-GC electrodes and based on them the Tafel plots were drawn 
(Fig. 5, insets).  
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Fig. 5. Linear sweep voltammograms in buffered solutions (0.1 M PBS, pH 3) containing 1 
mM of each of LD (A), AA (B), and UA (C) obtained on the surface of bare GC (a) and poly-
DB-GC (b) electrodes with a sweep rate of 5 mVs-1. The insets show the respected Tafel plots 
 

The regression equations namely Tafel equations are obtained from figures. Table 1 
shows the respected Tafel equations and extracted parameters including equilibrium potential 
(Eeq), electron transfer coefficient (α), exchange current (I0) and intrinsic rate constant (k0). 
The results show great improvement on the kinetic parameters by the modification of GCE. 
This is an advantage for showing the ability of the poly-DB-GC sensor for determination of 
LD, AA, and UA. 

 
Table 1. Electrochemical and kinetic parameters extracted from the linear sweep 
voltammograms (Fig. 5) 
 

Electrode Analyte Tafel Equation Eeq/V α I0/A k0/cms-1 

GC 

LD 

AA 

UA 

log(I/A)=17.3η/V-13.5 

log(I/A)=13.8η/V-9.25 

log(I/A)=15.4η/V-14.9 

-0.085 

-0.080 

-0.063 

0.49 

0.59 

0.54 

3.16×10-14 

5.62×10-10 

1.26×10-15 

5.22×10-12 

9.28×10-8 

2.08×10-13 

poly-DB-GC 

LD 

AA 

UA 

log(I/A)=15.9η/V-10.9 

log(I/A)=16.5η/V-9.28 

log(I/A)=13.1η/V-14.2 

-0.058 

-0.080 

-0.078 

0.53 

0.51 

0.61 

1.26×10-11 

5.25×10-10 

6.31×10-15 

2.08×10-9 

8.66×10-8 

1.04×10-12 

 
3.5. Chronoamperometry studies 

The chronoamperometry is another electrochemical technique that applied for the  
electro-oxidation study of LD at poly-DB-GCE. Short time chronoamperometry 
measurements were performed for various concentrations of LD at poly-DB-GCE (Fig. 6). 
For an electroactive species (LD) with a diffusion coefficient of D, the current for the 
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electrochemical reaction (at a mass transport limited rate) is characterized by the Cottrell 
equation [45]: 

I= nFAD1/2 Cbπ−1/2t−1/2         (1) 

Under diffusion control condition, a plot of I vs. t−1/2 will be linear, and from the slope, 
the value of D obtained. The mean value of the D was found to be 5.86×10−6 cm2s-1 for LD.  
 

 
Fig. 6. Short time chronoamperometric studies of (a) 10.0, (b) 20.0, (c) 30.0, (d) 50.0, (e) 
60.0, and (f) 80.0 µM LD in PBS (0.1 mol L-1, pH 3.0) obtained on poly-DB-GCE at the 
initial potential of 0.0 V and step potential of 0.5 V vs. Ag/AgCl, (KCl 3 M) (A); The inset 
(B) shows I vs. t−1/2 for the points illustrated on A. The inset (C) shows the plot of the slopes 
of lines B as a function of the LD concentrations. The error bars are based on the standard 
deviations of at least 5 measurements in each chronoamperogram 

 
 
3.6. Determination of LD, AA and UA on the modified electrode 

Since differential pulse voltammetry (DPV) has considerably higher current sensitivity, 
and better resolution than cyclic voltammetry, it was used to determine LD, AA, and UA 
concentrations at the poly-DB-GC modified electrode. The DPV experiments of LD, AA and 
UA were performed in 0.1 M PBS, pH 3.0. Under the optimized conditions, the DPV 
responses of various concentrations of LD, AA and UA at the surface of poly-DB-GCE were 
separately recorded at the anodic direction (Fig. 7).  

 



Anal. Bioanal. Electrochem., Vol. 9, No. 3, 2017, 295-311                                                   305 
 

 
 
Fig. 7. Differential pulse voltammograms of LD (A), AA (B), and UA (C) at poly-DB-GCE 
in 0.1 M PBS (pH 3). LD concentrations (µM): (a) 0.3, (b) 0.9, (c) 4, (d) 10, (e) 30, (f) 45, (g) 
60, (h) 75, (i) 90, (j) 100, AA concentrations (µM): (a) 20, (b) 50, (c) 85, (d) 110, (e) 133, (f) 
145, and UA concentrations (µM): (a) 0.8, (b) 1.5, (c) 8.5, (d) 11, (e) 25, (f) 40, (g) 55, (h) 
70, (i) 75 (j) 110. The insets show the related calibration lines of extracted anodic peak 
currents and equations. The error bars are based on the standard deviations of at least 5 
measurements in each concentration 
 

The respected calibration curves of the anodic peak currents for solutions containing 
different amounts of each analyte were plotted (Fig. 7, Insets) and the linear ranges were 
from 0.3 to 100 µM, 20 to 145 µM and 0.8 to 110 µM, for LD, AA and UA respectively. 
Detection limit (3σ) of LD, AA and UA were obtained 0.005, 0.028 and 0.005 µM, 
respectively. Also, the modified electrode presented good repeatability. The relative standard 
deviations (RSDs) for 5 consecutive peak currents measurements of LD at 0.5 µM, AA at 24 
µM and UA at 4 µM were obtained 0.1%, 1.72%, and 0.2% respectively. These values are 
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comparable with values reported by other research groups for electrocatalytic oxidation of 
LD at the surface of chemically modified electrodes by other modifiers (Table 2). 
 
Table 2. Comparison of the analytical performance for the electroanalysis of LD using 
different modified electrodes 
 
Electrode Ep,a (V) Linear Range (µM) LOD (µM) Concomitant Ref. 
rGO

a
/GCE 0.285 2-100 1.13 AA, UA [28] 

Q/fMWCNT
b
/GCE 0.254 0.90-85.0 0.38 UA, Tyramine (TY) [29] 

LU
c
/fMWCNT/GCE 0.151 0.7-100 0.25 Acetaminophen, 

TY 
[30] 

poly-ARS
d
/GCE 0.446 0.075-0.160 0.006 AA, UA [31] 

1,4-BBFT
e
/CPE 0.450  0.05-800 0.015 Cabergoline [32] 

5AEB
f
/CPE 0.290 0.25-200 0.09 Carbidopa [33] 

DC/IL
g
/CPE 0.120 0.1-900 0.04 Carbidopa [46] 

Co(OH)2
h
–

MWCNTs/CILE 
0.100 0.25–225 0.12 serotonin [47] 

poly-DB/GCE 0.408 0.3-0.100 0.005 AA, UA This work 
areduced graphene oxide; bquercetin on functionalized multi-wall carbon nanotubes; cluteolin; dpoly-alizarin red 
s; e1-(4-bromobenzyl)-4-ferrocenyl-1H-[1,2,3]-triazole; f5-amino-2’-ethyl-biphenyl-2-ol; g7-(1,3-dithiolan-2-yl)-
9,10-dihydroxy-6H-benzofuro[3,2-c]chromen-6-on/ ionic liquid; hcobalt hydroxide nanoparticles 

 
3.7. Simultaneous determination of LD, AA, and UA on the modified electrode 

The ability of the modified electrode for simultaneous determination of each analyte was 
examined by addition of various concentrations of the species in the presence of the constant 
concentration of others (Fig. 8). 

Under the optimum conditions, by increasing of various concentrations of LD in the 
presence of 200 µM AA and 50 µM UA (Fig. 8), the peak current of LD increased linearly 
with increasing of LD concentration in the range of 1 to 130 µM and the related regression 
calibration is I/μA=0.045 CLD/µM+2.9 (Fig. 8A, Inset). It is observable that the oxidation 
peaks related to AA and UA are approximately steady. Furthermore, as shown in Fig. 8B, the 
peak currents of AA increased with an increase in AA concentration when the concentrations 
of LD (2 µM) and UA (20 µM) were kept constant. The peak current of AA depends on 
linearly on the AA concentration in the range between 10 to 150 μM, and the related 
calibration equation of regression line is I/μA=0.007CAA/µM+0.10 (Fig. 8B, inset) which 
shows simultaneous determination of AA in the presence of LD and UA on the surface of 
poly-DB-modified GCE. 

We also from the Fig. 8C observed the oxidation peaks of various amounts of UA in the 
presence of a constant concentration of LD (1.7 µM) and AA (220 µM). There is no serious 
variation observed in the peak current of LD and AA, but the peak current of UA in the 
concentration range of 0.4 to 110 µM increased linearly with the calibration regression 
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equation of I/μA=0.008CUA/µM+0.17 (Fig. 8C, inset). These results indicate that the 
electrochemical determination of three analytes in the presence of each other on the poly-DB-
modified GCE surface is possible independently. 
 

 
 

 
 
Fig. 8. Differential pulse voltammograms of poly-DB-GCE in 0.1 M PBS (pH 3), containing 
different concentrations (µM) of LD (A): (a) 1, (b) 13, (c) 22, (d) 30, (e) 42, (f) 55, (g) 60, (h) 
78, (i) 105, and (j) 130, in the presence of 200 µM AA and 50 µM UA; different 
concentrations of AA (B): (a) 10, (b) 25, (c) 40, (d) 54, (e) 70, (f) 80, (g) 99, (h) 120, (i) 141, 
and (j) 150 in the presence of 2 µM LD and 20 µM UA; and different concentrations of UA 
(C): (a) 0.4, (b) 10, (c) 25, (d) 46, (e) 67, (f) 92, and (g) 110 in the presence of 1.7 µM LD 
and 220 µM AA. The insets show the related calibration plots of extracted anodic peak 
currents and equations. The error bars are based on the standard deviations of at least 5 
measurements in each concentration 
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3.8. Interference study 

The interference effect of some metal ions was investigated by DPV, at poly-DB-GCE. 
LD concentration was stabilized at 5.5 µM. Interfering species of 10 to 100 times higher 
concentration than that of LD were added to the solution, using an error approximately 5% as 
the criterion. It was found that no interference could be observed for 10-5 M of Ni(NO3)2, 
Fe(NO3)3, Cu(NO3)2, Co(NO3)2, Mn(NO3)2 and poly-DB-GCE has excellent selectivity for 
LD.  
 
Table 3. Determination and recovery tests of LD, AA, and UA in real samples performed by 
the poly-DB-GC modified electrode 
 

Analyte Sample Added (µM) Found (µM) Recovery (%) 

LD 

Serum 1 
0 0.201 - 

15 15.8 103.7 

Serum 2 
0 0.232 - 

16 16.7 103.2 

Serum 1a 
0 0.204 - 

20 20.96 103.7 

Serum 2a 
0 0.181 - 

20 19.14 94.8 

AA 
Serum 1 0 0.341 - 

40 38.9 96.57 

Serum2 0 0.112 - 
24 22.5 93.31 

UA 
Serum 1 0 0.115 - 

30 28.6 95.06 

Serum 2 0 0.041 - 
14 14.9 106.2 

                                              a The recovery tests of LD were performed  in the presence of  
                              50 µM AA and 10 µM UA in real samples 

 

3.9. Real samples analysis 

The application of the modified electrode in real sample analysis was also studied. Two 
physiological samples (human blood serum) were selected as real samples for analysis of 
individuals LD, AA, and UA and also the determination of LD in the presence AA and UA 
by the modified electrode using the standard addition method. The blood plasma samples 
were collected from clinical laboratory and diluted to 4 times by 0.1 M PBS solution (pH 3) 
without any treatment. The recoveries of these three analytes in blood serum were determined 
by the standard addition method (Table 3) and satisfactory results were obtained. These 
results show that the poly-DB-GC modified electrode is an excellent sensitive tool for 
simultaneous determination of the analytes in physiological samples. 
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4. CONCLUSION 

This work explains that modified glassy carbon electrode with DB is appropriate for a 
sensitive simultaneous determination of LD, AA, and UA. The high sensitivity of the 
modified electrode can be related to low resistance and electrocatalytic effect of the DB. 
Moreover, the fabricated sensor indicated the low detection limit with high selectivity in the 
determination of LD, AA, and UA. The interfering study of some species showed no 
significant interference for determination of LD. The sensor was successfully applied for the 
analysis of LD, AA, and UA in human serum.  
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