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Abstract- A novel, selective and sensitive modified graphite paste electrode (GPE) 
containing ferrocyanide anionic complexs (FCN) doped-Nano resin Lewatit FO36 (NRL) 
was designed for simultaneous determination of Uric acid (UA) and Tryptophan (Trp). The 
above modified electrode was investigated by various techniques such as transmission 
electron microscopy, Fourier transform infrared spectroscopy, cyclic voltammetry (CV), and 
electrochemical impedance spectroscopy (EIS). The electrochemical behaviour of the UA 
and Trp was investigated at FCNNRL/GPE by CV, differential pulse voltammetry and 
Chronoamperometry techniques in pH 3. Under the optimum conditions, the calibration 
curves were linear in the ranges of 0.4-175.2 µM and 0.5-173 µM with detection limits 10 

and 30 nM, for UA and Trp, respectively. The above sensor can be successfully was used for 
the determination of UA and Trp with high sensitivity and accuracy in real samples. 

Keywords- Redox probe, Ferrocyanide anionic complexs doped- Nano resin Lewatit FO36, 
Simultaneous determination, Uric acid, Tryptophan 
 

1. INTRODUCTION  

Uric acid (UA) is a major product of urine metabolism and its abnormal levels in blood 
can lead to several diseases like gout, hyperuricemia, leukemia, pneumonia and Lesch–Nyhan 
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syndrome [1]. Hence, the determination of UA in blood and urine is highly important. 
Tryptophan (Trp) is an essential amino acid for the production of hormones, 
neurotransmitters and other biomolecules in human diet and the abnormal concentrations of 
Trp can lead to hepatic disease [2]. So, it is very important to develop a simple, efficient and 
rapid analytical technique for determination of biological molecules such as UA and Trp, 
because as mentioned, many of diseases are related with their concentrations into biological 
fluids. Determination of UA and Trp have been done by following different methods: high 
performance liquid chromatography [3-6], capillary electrophoresis [7-9] and 
spectrophotometry [10,11] as well as electrochemical techniques [12-17]. The mentioned 
above methods except latter are performed with the high costs and time consuming. The most 
of above methods, measurement of analytes is started after of carried out extraction or pre-
treatment. The electrochemical techniques in the comparison with these above measurement 
methods have the benefits such as fast response, high sensitivity, very well accuracy, 
excellent selectivity, cheap and simplicity instrument, low cost and less time consuming 
 [18-20].  

The Nano resin Lewatit FO36 (NRL) (Lewatit polymer resin (FO36) based iron oxide 
nanoparticles doped)  is based on a polymeric, macroporous, anion exchange resin which is 
doped with a nano-scaled film of iron oxide involving hydroxy-groups [21].  Iron hydroxides 
(FeOOH) can act as the anion exchange surfaces for a variety of anions which given the large 
surface area [21]. The Ferrocyanide anionic complex can be exchanged with hydroxy-groups 
from the NRL surface and the product can be used as modifier in the paste electrodes (PE). 
The great surface area and optimised pore structure of NRL act as absorbent these 
electroactive biomolecules to the NRL/PE surface. In this study, a simple and rapid analytical 
technique which combines the considerable properties of NRL doped with ferrocyanide 
anionic complex (FCN) with physical and chemical properties of graphite paste electrodes 
(GPE), such as low background currents, high conductivity, hydrophobicity, variable 
potential window, easy preparation, modification and surface regeneration and low cost [22] 
was used for measurement of biological molecules UA and Trp. The FCNNRL/GPE makes 
high sensitivity and selectivity for the determination of UA and Trp in chloroacetic acid 
buffer solution (CABS) 0.1 M at pH 3.0. Finally, above sensor has been successfully applied 
for measurement of these mentioned molecules in real samples. 
 

2. EXPERIMENTAL 

2.1. Reagents and materials 

Iron oxide nanoparticles resin Lewatit (FO36) was prepared from Germanic Company 
(Lanxess Company). The potassium hexacyanoferrate (II) and (III), viscosity paraffin oil 
(density=0.88 g ml–1), graphite powder, Tryptophan (Trp), Uric acid (UA) and NaOH were 
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purchased from Merck Company. The solutions 1.0×10-2 M of UA and Trp were prepared by 
dissolving in doubly distilled water (DDW). The above solutions were daily prepared. 
Chloroacetic acid (CA) and acetic acid (AA) were purchased from May & Bayker and Merck 
Companies, respectively. The buffers with different pHs were prepared with 0.1 M NaOH 
solution and CA and AA solutions. The CA and AA buffer solutions denoted as CABS and 
AABS, respectively. The CA (pKa=2.87) was used for pH 2-3.8 and the AA (pKa=4.76) was 
used for pH 3.8-5.8 were used. All solutions were prepared with double distilled water 
(DDW). The serum and urine real samples were obtained from the Omid Clinical Laboratory 
(Zahedan, Iran) and passed through a filter with suitable porosity. The de-oxygenations from 
electrolyte solutions were performed with high-purity nitrogen bubbling before each 
voltammetric measurements. The nitrogen atmosphere at room temperature is used for 
performance all electrochemical experiments.  
 
2.2. Instrumentation 

Cyclic voltammetric (CV), differential pulse voltammetric (DPV) and 
chronoamperometric (CHA) experiments were carried out with a SAMA500 Electroanalyser 
(SAMA Research Center, Isfahan, Iran). The experiments were performed using a 
conventional three-electrode cell included, the modified graphite paste electrode(GPE) with 
5.0 mm diameter as the working electrode, a platinum electrode as the auxiliary, and a 
saturated calomel electrode (SCE) was used as the reference electrode. Electrochemical 
impedance spectroscopy (ESI) was performed with an Autolab PGSTAT 128N (EcoChemie, 
Netherlands) potentiostat/galvanostat controlled by NOVA 1.11 software. Electrochemical 
impedance measurements were performed in 5 mM [Fe (CN) 6]3- /4- prepared in 0.1 M KCl. 
EIS was performed over a frequency range of 0.1 Hz to 100 kHz with 0.02 V amplitude 
(rms). Electrolyte solutions were cleared with high-purity nitrogen before electrochemical 
experiments. A Metrohm 632 pH-meter with a Metrohm double junction glass electrode was 
used for monitoring any pH adjustment. The nanoparticles size of FCNINRL was obtained 
using a Zeiss CEM 902A transmission electron microscopy (TEM). The infrared spectrum of 
the FCNNRL/GPE and NRL/GPE were taken by a Nicolet 5DX FT-IR spectrometer using 
KBr pellets. 
 
2.3. Preparation of working electrode 

For Preparation of NRL doped with FCN, 0.1 gr of the NRL was mixed with 10 mL of 
[Fe(CN)6]3-/4- solution (1.0×10-3 M, 25 ◦C) and stirred for 90 min at 450 rpm. The 
ferrocyanide complexes were exchanged with hydroxy-groups of iron ions (Fe3+ and Fe2+) on 
the inner surfaces of the NRL [21] and the we suggested that the Prussian Blue was formed 
onto of NRL. In fact, the Prussian Blue is ferric ferrocyanide (Fe4

III[FeII(CN)6]3) with 
iron(III) atom coordinated to nitrogen and iron(II) atom coordinated to graphite [23]. It is 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=0CDIQFjAE&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FDifferential_pulse_voltammetry&ei=EF1sVY-hCMWqsAHK0oDoAw&usg=AFQjCNE7Z5r2Luhf-e-O62E3jsyIgJ6jsQ
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know that the Prussian Blue can be synthesized chemically by mixing of ferric (ferrous) and 
hexacyanoferrate ions solution with different oxidation state of iron atoms: either Fe3+ + 
[FeII(CN)6]4- or Fe2+ + [FeIII(CN)6]3-. The result product denoted as FCNNRL. The obtained 
FCNNRL washed with double distilled water and then dried in air. The GPE was prepared by 
hand-mixing the graphite powder with paraffin oil (65:35 w/w) in a mortar. For preparation 
of FCNNRL/GPE and NRL/GPE, a mixture of 3.0% (w/w) FCNNRL or NRL with graphite 
powder was blended then the above resulting mixture and paraffin was mixed with a mortar. 
The obtained paste was packed into the end of a polypropylene tube. For implement electrical 
contact a copper wire was inserted into the above tube. 
 

3. RESULTS AND DISCUSIION  

3.1. Characterization of the FCNNRL/GPE 

Figure 1(a) shows transmission electron microscopy (TEM) image of FCNNRL/GPE. 
The FCNNRL sizes were estimated <100 nm. Supporting evidence for this modified 
electrode found by the comparison Fourier transform infrared spectroscopy of FCNNRL with 
infrared spectroscopy of NRL. Figure 1(b) was shown the FT-IR spectrums of NRL and 
FCNNRL which the FT-IR spectra of FCN-NRL displays a peak at 2105.63 cm-1 related to 
cyano groups of [Fe(CN)6]3-/4- [24] and also peak at 2044.73 cm-1, which was attributed to 
cyano groups stretching vibration. These results display that ferrocyanide anionic complex 
was exchanged with hydroxy groups within nanoparticles on the surface of NRL.  

 

 

Fig. 1. (a) TEM image of FCNNRL/GPE and (b) FT-IR spectrum image of NRL/GPE and 
FT-IR spectrum image of FCNNRL/GPE in KBr pellet 
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3.2. Electrochemical impedance spectroscopy 

The charge transfer processes in the different electrodes were studied by monitoring 
charge transfer resistance (Rct) at the electrode and electrolyte interface. The value of the 
RCT depends on the dielectric and insulating features at the electrode/electrolyte 
interface. The interfacial information of FCNNRL/GPE, NRL/GPE and GPE was 
characterized by electrochemical impedance spectroscopy (EIS). Figure 2(a) displays the EIS 
spectrum of the GPE, NRL/GPE and FCNNRL/GPE modified electrodes in KCl solution (0.1 
M) containing the [Fe(CN)6]3-/4- solution (5 mM) (1:1) with the frequencies swept from 105 to 
10−1 Hz. the Nyquist plots can be analyzed by Randles equivalent circuit which shows in 
inset of Figure 2(a). The electron transfer resistance (Rct) value which were 17.9, 5.0 and 2.7 
kΩ for GPE, NRL/GPE and FCNNRL/GPE, respectively. It was observed that the Rct of the 
FCNNRL/GPE modified electrode is lower than that of the GPE, NRL/GPE electrodes. The 
results show that the FCN in FCNNRL/GPE decreases the resistance of the electrode and 
holds high electron transfer efficiency, while the Rct of the GPE and NRL/GPE electrodes 
increases over that of the FCNNRL/GPE modified electrode. This increase in RCT is 
attributed to the fact that GPE and NRL/GPE are poor electrical conductors at low 
frequencies and cause hindrance to electron transfer. These results also indicate binding of 
FCN onto the NRL of FCNNRL/GPE electrode.  
 

 
Fig. 2. (a) the EIS spectrum of the FCNNRL/GPE, NRL/GPE and GPE in KCl solution (0.1 
M) containing the [Fe(CN)6]3-/4- solution (1.0×10-3 M) with the frequencies swept from 104 to 
10−1 Hz.3; (b) The cyclic voltammograms of FCNNRL/GPE, NRL/GPE and GPE in the 
above mentioned solution 

 
Figure 2(b) displayed the cyclic voltammograms of FCNNRL/GPE, NRL/GPE and GPE 

in the above mentioned solution. Based on Figure 2(b), the anodic and cathodic peak currents 
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of FCNNRL/GPE is more than NRL/GPE and GPE which was in good agreement with the 
results obtained from of the EIS study. 
 
3.3. The electrochemical characterization of FCNNRL/GPE 

The electrochemical behaviour of NRL/GPE and FCNNRL/GPE were studied by cyclic 
voltammetry over a potential range from – 0.5 to 1 V in the CAB solution 0.1 M at pH 3.0. 
The results were shown in Figure 3(a). Based on this figure, there is not any voltammetric 
response for the NRL/GPE but for the FCNNRL/GPE there is one well defined reversible 
voltammetric response corresponding to the [Fe(CN)6]3−/4− redox system. Figure 3b shows the 
cyclic voltammograms of FCNNRL/GPE at the different scan rates (10-130 mV/s).  

 

 
 
Fig. 3. (a) Cyclic voltammograms of modified paste electrodes FCNNRL/GPE and 
NRL/GPE in CABS (0.1 M) at pH 5.0. Scan rate: 50 mV/s; (b) Cyclic voltammograms of 
FCNNRL modified GPE in 0.1 mol L-1 CABS (pH 3.0) at various scan rates (of inner to outer 
curve):  10, 20, 30, 40, 50, 60, 70, 80, 100, 130 mV s-1; (c) Plots of anodic and cathodic peak 
currents of FCNNRL/GPE vs. scan rates 

 
A couple of reduction and oxidation peaks at 0.229 and 0.285 V with peak potential 

separation ΔEP=0.056 V (or 56 mV) was acquired that is smaller than the 59/n mV (with n=1 
for number of electrons for [Fe(CN)6]3−/4−redox system) expected for a reversible system. 
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Figure 3c displays a linear variation between current and scan rate with correlation 
coefficient (R2) o.995 which showing surface-controlled electrode processes. These 
behaviours are coinciding with diffusionless system and a reversible process. A proximate 
amount of the electroactive species can be calculated by Sharp et al. method [25] for 
FCNNRL/GPE. Therefore the peak current is related to the surface coverage (Γ) following 
Eq. (1);  

 𝐼𝐼𝑃𝑃 = n2F2A𝛤𝛤𝛤𝛤
4R𝑇𝑇

                                                                                                                           (1) 

where n represents the number of electrons involved in the reaction (n=1), A is the surface 
area of the electrode (0.2 cm2), IP is the peak current, Γ represents the surface electroactive 
species concentration (mol cm-2), F is Faraday’s constant (96485 C mol-1), R is gas constant 
(8.314 J mol-1 K-1), T is the temperature (298 K) and ν is the scan rate. From the slope 0.05 
(Figure 3c) of anodic peak currents versus can rate, the surface electroactive species 
concentration (Γ) of FeCN in FCNNRL /GPE is estimated to be about 2.69×10-10 mol cm-2. 
 
3.4. The effective electroactive surface area study 

The active microscopic surface areas of GPE, NRL/GPE and FCNNRL/GPE were 
investigated by using Cyclic voltammetry (CV) technique at various scan rates in 1.0 mM 
[Fe(CN)6]3-/4- and 0.1 M KCl solution. As shown in Figure 4, the oxidation and reduction 
peak currents of [Fe(CN)6]3-/4- redox couple increased with increasing the scan rates. Figure 
4(d) was shown a linear relationship between peak current and v1/2 for GPE, INRL/GPE and 
FCNINRL/GPE. These results can be predicted by the Randles– Sevcik equation [21,22]; 

𝐼𝐼𝑝𝑝𝑝𝑝 = 0.4463𝐴𝐴𝐶𝐶𝑜𝑜 �
𝐹𝐹3

𝑅𝑅𝑇𝑇
�
1
2�
𝑛𝑛3 2�  𝐷𝐷𝑅𝑅

1
2�  𝜈𝜈1 2�                                                                               (3) 

where  𝐼𝐼𝑝𝑝𝑝𝑝 is anodic peak current of  electroactive species,  𝐴𝐴 is the electrode  active 
surface area (cm2), 𝐶𝐶𝑜𝑜  is the concentration  of analyte (mol. Cm-3), F is Faraday’s constant 
(96,485 C. mol-1), R  is the universal gas constant (8.314 J. mol-1 .K-1), T is the temperature 
(298 K), n represents the number of transferred electrons,  𝐷𝐷𝑅𝑅 is the diffusion coefficient of 
analyte (cm2.s-1) and ν is the scan rate (V. s-1). For 1.0 mM [Fe(CN)6]3-/4- solution in 0.1 M 
KCl as supporting electrolyte, n=1 and DR=7.60×10-6 cm2. s-1 [21,22]. Therefore, from the 
slopes obtained of the plots of I vs.  𝜈𝜈1 2�  relation at various scan rates, the active microscopic 
surface areas of GPE, NRL/GPE and FCNNRL/GPE calculated to be 0.117 cm2, 0.324 cm2 
and 0.769 cm2, respectively, which indicates that the presence of NRL and  FCN can be 
increased the effective microscopic surface areas of the modified electrodes. 
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Fig. 4. Cyclic voltammograms of (a) GPE, (b) NRL/GPE and (c) FCNNRL/GPE in the 
presence of [Fe(CN)6]3-/4- (1.0 mM) in 0.1 M KCl, at various scan rates (from inner to outer 
curve): 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140 and 150 mV s-1. (d) Plots of 
anodic and cathodic peak currents for each electrode vs. υ1/2 

 
3.5. Electrocatalytic investigation of UA and Trp 

Figure 5 displays the differential pulse voltammograms obtained in the absence and 
presence of a mixture of UA (65 µM) and Trp (50 µM) in 0.1 M CABS (pH 3.0) at bare GPE 
(BGPE), NRL/GPE and FCNNRL/GPE modified electrodes. The BGPE showed two weak 
peak currents for UA and Trp at potential 0.69 and 0.99 V, respectively. The NRL/GPE 
displayed slightly increasing in the oxidation peak current of UA and Trp in compare of 
BGPE at potential 0.65 and 0.97 V, respectively. The FCNNRL/GPE displayed a high 
increasing in the oxidation peak current of UA and Trp in compare of BGPE and NRL/GPE 
at potential 0.63 and 0.94 V, respectively. It is shown from DPVs at the FCNNRL/GPE that 
the oxidation peak potential of UA and Trp were shifted by 60 and 50 mV to the negative 
direction compared in compared to BGPE and 20 and 30 mV with that NRL/GPE for UA and 
Trp, respectively. Also, the oxidation peak current at FCNNRL/GPE was increased 4.7 and 
4.3 times for UA and 3.4 and 1.9 for Trp in compared to GPE and NRL/GPE, respectively. 
These results showed that FCN into the FCNNRL/GPE had excellent improvement on the 
electrocatalytic oxidation of UA and Trp and decreasing the over potential of the analytes.            

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=0CDIQFjAE&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FDifferential_pulse_voltammetry&ei=EF1sVY-hCMWqsAHK0oDoAw&usg=AFQjCNE7Z5r2Luhf-e-O62E3jsyIgJ6jsQ
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 The mechanism of electrocatalytic oxidation of UA and Trp on FCNNRL/GPE surface 
can be written as follow (EC); 

2[Fe(CN)6]4−                   2[Fe(CN)6]3−+2e                                                                            (2) 

2[Fe(CN)6]3−   + UARed (or TrpRed)           2 [Fe(CN)6]4− + UAox (or Trpox) + 2H+              (3) 

The selective determination of UA and Trp at FCNNRL/GPE was studied by the 
comparison in the simultaneous determination and individual determination of UA and Trp. 
The results display in Figure 4(B), that indicating the oxidation processes of these two 
compounds are independent and therefore, simultaneous determination of UA and Trp on 
FCNNRL/GPE is possible without any significant interferences. 

 

 
 
Fig. 5. (A) DPVs of (a) GPE in the absence of UA and Trp, (b) GPE in the presence of UA 
(65.0) µM and Trp (50.0 µM),  (c) NRL/GPE in the absence of UA and Trp, (d) NRL/GPE in 
the presence of UA (65.0) µM and Trp (50.0 µM) (e) FCNNRL/GPE in the absence of UA 
and Trp and and (f) FCNNRL/GPE in the presence of UA (65.0) µM and Trp (50.0 µM each) 
in 0.1 mol.L-1 CABS (pH 3.0); (B) DPV obtained of comparison the simultaneous 
determination with single determination of UA (60.0 µM) and Trp (50.0 µM) in 0.1 M CABS 
with pH 3 at FCNNRL/GPE 
 

3.6. Effect of pH on the oxidation of UA and Try  

     The effects of pH on anodic peak currents and potentials of UA and Trp on 
FCNNRL/GPE in the range of 2–5 using 0.1 M CABS were investigated by DPV and the 
results were shown in Figure 6. Based on Figure, the pH value of electrolyte has an important 
effect on the electrooxidation of UA and Trp because protons participate in their 
electrochemical reactions. Figure 6 (b) has been shown that highest peak current was 
obtained at pH 3 for UA and Trp. In addition, in the selected pH range (2–5), the oxidation 
peak of potentials of UA and Trp is also pH dependent (see Figure 6(c)) and the Epa of UA 
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and Trp were shifted to more negative values, with increasing the pH. These results indicate 
that the protons are directly involved in the electrochemical reaction of the UA and Trp 
[26,27]. The linear regression equations for variation of the oxidation of UA and Trp vs. pH 
are as follow; 

E(pa, UA) ( V ) = 0.860 – 0.0622 pH               (r2 = 0.9836)                                                (4) 
E(pa, Trp) ( V ) = 1.130 – 0.0562 pH                ( r2 = 0.9878)                                                 (5)  

These results display that the two lines of Epa νs. pH for UA and Trp are almost parallel, 
which indicates that the difference of the peak potentials was stable in different electrolytes 
solutions. The observed slopes of 0.0622V/ pH and 0.0562V/ pH, respectively for UA and 
Trp are close to the theoretical Nernst value of 0.0591V/pH for two electrons and two protons 
process [28]. Based on the above results, the probable the electrochemical reaction of UA and 
Trp at surface of FCNNRL/GPE should be a two- electron and two- proton process (Eqs. 6, 
7). Therefore, pH 3.0 CABS was selected as the optimum pH for electrocatalysis of UA and 
Trp oxidation at the surface of FCNNRL/GPE.  
 

 
Fig. 6. (a). The effects of pH on the electrocatalytic oxidation of UA (65.0µM each) and Trp 
(50.0µM each) on FCNNRL/GPE surface in 0.1 mol L-1 CABS. (b) Plots of anodic peak 
currents of UA and Trp vs. pH. (c) Plots of anodic peak potentials of UA and Trp vs. pH. 
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3.7. Chronoamperometric studies 

Figures 1S, 2S have been shown chronoamperograms obtained for UA and Trp in 0.1 M 
CABS (pH 3.0) on the FCNNRL/GPE electrode. The plots of I vs. t-1/2 (Figure 1S, 2S(b)) for 
different concentrations of  UA and Trp gives straight lines which the slopes obtained were 
then plotted against UA and Trp concentrations, which of the slopes obtained, the diffusion 
coefficients for UA and Trp were estimated to be according to Cottrell equation (eq. 8) [29], 
2.68×10-6 and 2.35×10-6 cm2 s-1 , respectively. 

𝐼𝐼 = 𝑛𝑛𝑛𝑛𝐴𝐴𝐷𝐷1/2𝐶𝐶𝜋𝜋−1/2𝑡𝑡−1/2                                                                                                (8) 

3.8. Effect of interferences 

Possible interference for the detection of UA and Trp on FCNNRL/GPE surface under 
optimum experimental condition was investigated by increasing the concentration of one 
species while keeping the concentration of the other species is constant. Figure 3S shows the 
oxidation peak current of UA increased remarkably with the increase of UA concentration, 
while the peak current of Trp did not change. As shown in Figure 4S, when the concentration 
of UA was kept constant, the oxidation peak current of Trp was positively proportional to its 
concentration. The above results indicate that UA and Trp on FCNNRL/GPE can be 
separately determined in their mixture using the proposed method. 

 
3.9. Simultaneous detection of UA and Trp 

Calibration graph and detection limit for the simultaneous determination of UA and Trp 
can be evaluated by the DPV method (Figure 7). The plots of oxidation peak current of UA 
and Trp vs. concentration consisted of two linear segments that are because of dependence 
activity of the FCNNRL/GPE surface to low and high concentration of the analytes. Also, 

 

Trp 

(7) 

UA 

(6) 
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there are an isopotential point (IPP) in potential 0.54 V that the peak current of FCN 
decreasing with increasing the concentration of analytes and oxidation peaks currents of UA 
and Trp. In the lower concentrations of analytes, because of a high number of active sites in 
relation to the total number of the analyte molecules, the first calibration curve slope for UA 
and Trp is high. While in the higher concentrations of UA and Trp, because of decreasing 
active sites in relation to the total number of analyte molecules at FCNNRL/GPE surface, the 
second calibration curve slope decreased too. The linear relationship exhibited between the 
peak currents and the concentrations of UA and Trp with two segments in the ranges of 0.4 – 
31 and 31-175.2 µM and 0.5-32 and 32-173 µM, respectively. The detection limits were 
determined to be  of  10 and 30 nM for  UA and Trp based on YLOD= Xbk + 3Sbk, where YLOD, 
Xbk and Sbk are signal for detection limit, the mean of blank signal and the standard deviation 
of the blank signal, respectively. 

 
 

 
Fig. 7. DPVs of the simultaneous determination of UA and Trp at the FCNNRL/GPE 
electrode in 0.1 M CABS with pH 3. Concentrations for UA (0.0- 175.2 µM) and Trp (0.0- 
173.0 µM) 

 
3.12. Determination of UA and Trp in real samples 

    The proposed FCNNRL/GPE was used to measure the concentrations of UA and Trp in 
human serum and urine samples. The accuracy of the method in real samples was estimated 
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by recovery. The recovery of UA and Trp was determined in real samples by spiking UA and 
Trp standard solutions into the samples before the electrochemical determination by the 
modified FCNNRL/GPE.  

 

Table 1. Determination of UA and Trp in real samples using FCNNRL/GPE (n=3) 
 

a. Mean±standard deviation 
b. Not detected 
 
Table 2. Comparison the FCNNRL/GPE electrode with other various electroanalytical 
electrodes for the simultaneous determination of UA and Trp 
 

Ref. Detection 
Limit/µM 

Linear 
range/µM 

Analyte pH Method Modifier Electrode 

[12] 2.00 
0.80 

5.0 – 420.0 
1.0 – 400.0 

UA 
Trp 

7.0 SWV N-(3,4-
dihydroxyphenethyl)-
3,5-dinitrobenzamide 

Carbon nanotube 
paste 

[13] 0.6 
0.10 

 

1.0 – 600.0 
0.6 – 600.0 

UA 
Trp 

7.4 CV 
 

Electrochemical 
reduction of graphene 
oxide 

Carbon fiber 
microdisk 
electrode 

[14] 0.14 
0.14 

1.3–433.3 
1.3–433.3 

UA 
Trp 

3.0 LSV/CV Inorganic ruthenium red 
dye-multiwalled carbon 
nanotubes 

Fluorine-doped-
tin oxide 
electrode 

[15] 0.03 
0.06 

0.4-100.0 
0.6-100.0 

UA 
Trp 

3.0 DPV multi-walled carbon 
nanotubes 

CPE 

[16] 0.04 
0.05 

0.5–150 
0.1–200 

UA 
Trp 

5.0 LSV/CV pre-anodized inlaying 
ultra-thin 
 

CPE 

[17] 0.6 
1.3 

1.6– 25.0 
1.3 – 50.0 

UA 
Trp 

7.0 LSV/CV gold nanoparticles 
(AuNPs) functionalized 
multiwalled carbon 
nanotubes 

Glassy Carbon 

This 
work 

0.01 
0.03 

0.4-175.2 
0.5-173.0 

UA 
Trp 

3.0 DPV 
 

FCNNRL/GPE 
 

GPE 

The standard addition method was used for analysis of the real samples by the proposed 
modified electrode. The UA was detected in the serum and urine samples. For simultaneous 

Sample Analyte Detected/µMa Added/µM Found/µMa Recovery/% RSD/% 
Serum 1 UA 0.90±0.04 10.00 9.60±0.04 96.00 0.80 

 Trp NDb 22.00 23.20±0.13 105.44 1.54 
Serum 2 UA 0.85±0.05 20.00 19.20±0.05 96.00 0.81 

Urine 1 
Trp NDb 25.00 24.00±0.20 96.00 2.94 
UA 12.60±0.08 22.00 21.30±0.09 96.82 1.55 
Trp NDb 23.00 22.00±0.12 95.65 1.63 

Urine 2 UA 10.90±0.14 20.00 19.30±0.16 96.50 2.35 
Trp NDb 24.00 23.70±0.07 98.75 1.20 
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determination UA and Trp in serum and urine samples, one mL of serum or urine was added 
to 10 mL of CABS (0.1 M, pH 3.0) in electrochemical cell. After each addition of UA and 
Trp standard solutions DPVs were recorded and the results obtained for spikes of these 
electroactive compounds to real samples are summarized in Table 1. The recovery was 
obtained between 95.6 and 105.4% which indicate FCNNRL/GPE can be successfully 
applied to the determination of UA and Trp with good accuracy in real samples. 

 

4. CONCLOSION  

    In this research, for the first time a novel FCNNRL/GPE was prepared and applied for 
simultaneous determination of UA and Trp. This modified electrode was characterized by 
CV, ESI, TEM and FT-IR techniques. The CV and DPV investigations displayed excellent 
electrocatalytic activity of the FCNNRL/GPE in lowest anodic over potential and highest 
peak currents for the electrooxidation of UA and Trp. High sensitivity, long time stability, 
selectivity, cheap, well anti-interference ability, good reproducibility of the voltammetric 
responses, reliability, fast response for the detection of UA and Trp, wide linear range and 
very low detection limit are the advantages of this modified electrode. The figures of merit of 
proposed electrode were compared with literature in Table 2. Based on this table, the figures 
of merit of the proposed modified electrode such as modifiers, linear range and detection 
limit were compared for the determination of the UA and Trp with some reported works. In 
the some cases, the proposed sensor shows a good linear range and lower detection limit and 
in other cases shows satisfactory results in comparison to other literatures. So, the proposed 
modified electrode is a good candidate for simultaneous determination of UA and Trp with 
satisfactory results in comparison with the other literatures. Finally, the FCNNRL/GPE was 
applied for simultaneous determination of UA and Trp in real samples, with excellent results. 
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