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Abstract 

The fabrication and electroanalytical futures of a novel disposable planner sensor integrated with zinc ferrite/multi-walled carbon nanotubes 

(ZnFR/MWCNTs) nanocomposite was introduced for selective quantification of the tumor marker vanillylmandelic acid (VMA) for early 

detection of neuroblastoma. The ZnFR/MWCNTs composite showed efficient electrocatalytic activity towards oxidation of VMA molecule 

with two distinct anodic peaks at 0.69 and 0.865 V following a diffusion-controlled reaction mechanism. Linear calibration graphs were 

illustrated covering the VMA concentration ranged from 0.11 to 2.74 µmol L-1 with a limit of detection value 0.03 µmol L-1 which is below 

the VMA concentration in the biological sample. The peak resolution between the VMA and those for homovanillic acid (HVA), uric acid 

(UA), and dopamine (DA) encourages the application of the disposable sensors for submicromolar assay of VMA in urine samples and fast 

diagnosis of neuroblastoma. The VMA oxidation mechanism was also presented based on theoretical molecular orbital studies. 

Keywords: Vanillylmandelic acid; Submicromolar voltammetric assay; Zinc ferrite nanocomposite; Biological analysis; Oxidation 

mechanism; Neuroblastoma diagnosis  

1. Introduction 

Neuroblastoma, with a wide range of symptoms, arises from primitive sympathetic ganglion cells which is derived 

from the perimordial neural crest in infancy [1-4]. Monitoring of the major cationic catecholamine metabolites, namely 

vanillylmandelic acid (VMA) and homovanillic acid (HVA), in the infant urine samples offers a rapid efficient screening tool 

for diagnoses of neuroblastoma. High levels of catecholamine metabolites may indicate neuroblastoma tumors [5], carcinoid, 

and pheochromocytoma [6, 7]. Monitoring the VMA/HVA ratio in the newborn urine samples represents an early diagnosis of 

Menkes disease [8, 9]. 

Both VMA and HVA have similar molecular structure except the existence of an alcohol group attached to the 

aromatic ring in VMA molecule. The common analytical techniques for monitoring of catecholamines and their metabolites 

were reviewed [10], where the chromatographic separation methods accompanied by electrochemical detector are usually 

recommended [11-13]. Moreover, TLC [14], GC [15-16], HPTLC [17], immunochemical [18, 19], spectrophotometric [20], in 

addition to capillary electrophortic techniques were also reported [5, 21, 22]. 

The accurate, reliable, fast screening and early diagnosis of tumor markers are crucial requirements for a successful 

medical treatment of cancer [23]. The spectrometric and chromatographic techniques are complicated with tedious sample 

pretreatment steps operating high-cost instruments operated with well-trained personnel. These limitations obstacle the 

successful application of chromatographic techniques for the analysis of large samples in adequate analysis time. Contrary, the 

electroanalytical approaches are recommended as an accurate, selective, fast, and cheaper analytical tool for monitoring 

biologically and pharmaceutically active compounds with the possibility of miniaturization and commercialization [24-27]. 

Monitoring of the catecholamine metabolites by the electrochemical sensors was recently reviewed [28]. Basically, 

the carbon-based working electrodes including the traditional glassy carbon [13], carbon fiber [30], carbon paste [31-34], and 

screen-printed carbon sensors [35, 36] were the most common. Unmodified sensors showed significant drawbacks based on 

their limited sensitivity and selectivity with the possibility of overlapping of the oxidation peaks of the electroactive species 

present in the sample solution. Therefore, it is not possible to distinguish or recognize the electroactive species producing 
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signals at nearby potentials or having similar function groups. Tailor-made or modified electrochemical sensors were 

encouraged for enhancing of the performance of the electroanalytical approach. Various electrode modifiers were selected for 

voltammetric monitoring VMA including carbon nanomaterials [37, 38], organic dyes [39, 40], Troeger's Base [41], leucine 

[42], surfactant [43], ferrite [44] or zirconia nanostructures [45]. 

Sol-gel chemical techniques were recommended as simple and cost-effective approaches for the synthesis of 

different mixed oxides avoiding limitations of the conventional way. Sol-gel methods are usually based on the preparation of 

the target metal oxides as a colloidal suspension, which is next transformed to the gel form through dehydration. Calcination 

of the produced gel form yields the metal oxide in the nano size scale [46-49]. The present study aimed to synthesize of zinc 

and copper doped ferrite nanocomposites with their successful applications as electrode modifier for fast submicromolar 

voltammetric screening of the tumor marker VMA in biological samples without a recorded interference of HVA, uric acid or 

dopamine. 

2. Experimental 

2.1. Chemicals and reagents 

The screen-printed sensors were fabricated using homemade printing ink based on graphite powder (Aldrich, 1-2 µm) 

and the nail polish solution as binder. The stock VMA and HVA solutions were prepared by dissolving the standard 

homovanillic and vanillylmandelic acid samples (99%, Sigma-Aldrich) in distilled water. Analytical grade metal nitrate salts 

(Analar), were applied for synthesis of ferrite nanostructures including; Fe(NO3)3.9H2O, Cu(NO3)2·3H2O and 

Zn(NO3)2.6H2O. Carbonaceous nanomaterials including multiwall carbon nanotubes (MWCNTs) and reduced graphene oxide 

(rG) were purchased from Sigma-Aldrich. The universal BR buffer solution (4×10-2 mol L-1) was used as supporting 

electrolyte and the appropriate pH value was adjusted with NaOH solution. Potassium ferricyanide (FCN, Analar) was applied 

as a standard redox probe. Standard biological samples were obtained by VACSERA, Giza, Egypt. 

2.2. Synthesis of zinc and copper ferrite nanostructures 

The ferrite nanostructures doped with zinc and copper metals with the nominal composition (Zn0.95 Cu0.05 Fe2O4) were 

synthesized as described in details elsewhere [44]. The metal nitrate salts were co-precipitated by dissolving a definite 

stoichiometric ratio of the metal salt in distilled water under vigorous stirring for 1h. Citric acid (1:1 molar ratio to the metal 

ion concentration) was added, followed by addition of 10 mL ethylene glycol as a polymerization agent forming a uniform 

gel. The reaction medium was autoclaved in Teflon-lined autoclave for 5 h at 300 oC then cooled down to the room 

temperature to collect the ferrite nanostructures. The ferrite nanostructure was washed with ethanol, and deionized water then 

dried for 3h at 105 °C. 

2.3. Working electrode and measuring device 

Metrohm 797 VA workstation (Metrohm, Switzerland) was used for the voltammetric measurements connected with 

the measuring cell composed of fabricated printed sensors as an active working electrode, Pt wire as an auxiliary electrode, 

and Ag/AgCl reference electrode. The homemade conductive printing ink was formulated by mixing 0.6 g of commercial nail 

polish solution with 0.5 g graphite powder under continuous stirring and sonication for 30 min. The result homogeneous 

printing ink was printed onto the transparent PVC sheet through a stainless-steel mish (200µm thickness) as printed strips 

(5×35 mm), and cured at 50 oC for 2 h. After complete drying, the printed sensors were covered with a protective layer of nail 

polish solution leaving a circular working area of 3 mm diameter. The working electrodes surface was integrated by drop-

castings of three successive 10 µL aliquots of the nanocomposite suspension solution in DMF (3 mg ZnFR and 3 mg 

MWCNTs in 1.0 mL DMF) onto the circular working area. 

2.4. Analytical procedures 

Known ascending increments of the stock VMA solution were added to the measuring cell containing 15 mL the 

supporting electrolyte at pH 2. After each addition, the differential pulse voltammograms (DPVs) was recorded at the 

following optimized electroanalytical parameters: pulse width 100 ms, pulse height 50 mV, pulse time 12 ms voltage step 6 

mV and scan rate 0.05 V s-1. Calibration graphs were illustrated by plotting the current values against the corresponding VMA 

concentration in the micromole range. The linearity parameters such as the standard deviation of intercept (SD) and the slope 

of the linear line (S) were estimated to calculate LOD value (3.3 SD/S) and LOQ value (10 SD/S) [50]. 

2.4. Analysis of VMA commercial and biological samples 

The standard urine samples were fortified with known VMA concentrations, vortexed well, and mixed with 

methanol (1:3 ratios) to remove the sample protein. The VMA content in the fortified urine sample was assayed using the 

ZnFR/MWCNTs/SPCE following the recommended procedures. 

2.5. Molecular orbital calculations (MOC) 

The theoretical molecular orbital calculation studies were executed applying Gaussian 09 suite software [51] to 

explain the tentative oxidation mechanism of the VMA molecule at the electrode surface. 

3. Results and discussion 

3.1. Electrochemical behaviour of VMA molecule 

At the blank screen-printed carbon electrode, VMA exhibited two distinct anodic oxidation peaks at 0.725 and 0.905 

V corresponding to the formation of o-quinone and vanillin ending to the formation of multiple components (Fig. 1). Two 

DPV peaks were recorded at 0.687 and 0.877 V with approximately double sensitivity compared with the CV measurements. 

Modification of the electrode matrix with ferrite nanostructures doped with different metal oxides showed enhanced 

the sensor performance regarding their sensitivity and selectivity towards the target analyte [52-54]. A noticeable shifting of 

the peak potential towards the cathodic direction indicates the electrocatalytic activity of the ferrite nanostructures against the 

electrooxidation of VMA at the electrode surface with a possible interaction between the FRNPs and VMA molecule and a 

https://scholar.google.cz/citations?view_op=view_citation&hl=en&user=sx2FRIQAAAAJ&sortby=pubdate&citation_for_view=sx2FRIQAAAAJ:RGFaLdJalmkC
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recorded enhancement of the electron transfer process compared with the unmodified electrode surface. Moreover, ZnFR 

showed higher peak current compared with CuFR and will be selected in the further studies (Fig. 1). 

  
Fig. 1: CVs and DPVs recorded for 2.4×10-5 mol L-1 VMA at the SPCEs integrated with different FRNPs in BR 

buffer pH at 2.0 and scan rate 0.050 Vs–1. 

Next, the selected ferrite nanostructure (ZnFR) solution in DMF solution was mixed with either MWCNTs or rG 

forming a nanocomposite structure (Fig. 2). The electrochemical behaviour of the ZnFRNPs or carbonaceous nanomaterials-

based sensors was investigated in FCN solution as a proper redox probe (Fig. 2a). At the bare SPCE, a pair of anodic and 

cathodic redox peaks was recorded at 0.300 and 0.130 V. Gradual improvement of the peak current was reported upon 

modification with the aforementioned nanostructures and the ZnFR/MWCNTs composite showed highest peak current (about 

10 folds compared with the unmodified SPCEs) with the cathodic shifting of the peak potential by about 0.050 V. The 

improvement of the peak current can be referred the increased effective surface area of the ZnFR/MWCNTs which promotes 

the electron transfer rate at the electrode surface. 

  
Fig. 2: a) CVs recorded in 5.0×10−3 mol L−1 Fe(CN)6

3−/4- solution at different ZnFR nanocomposites based sensors; b) 

DPVs recorded in the presence of 2.4×10-5 mol L-1 VMA in BR buffer pH 2.0 with scan rate 0.05 Vs–1.  

In addition to electrochemical behaviour in FCN solution, the electrode performance was evaluated against VMA 

molecule (Fig. 2b). Among the tested nanostructures, ZnFR/MWCNTs were the most proper. The oxidation peak at the rG-

modified electrode was broad with a limited peak current. 

3.2. Effect of pH 

VMA molecule showed two pKa values of 3.42 related to the dissociation of the carboxylic group and 9.91 

corresponding to the phenolic group [55], therefore, its electrochemical oxidation will be controlled by the pH value of the 

supporting electrolyte [56]. The cyclic voltammograms for VMA were monitored on bare SPCEs and ZnFR/MWCNTs based 

sensors at various pH values ranged from 2 to 7 (Fig. 3, 4). At the SPCEs, VMA showed irreversible cyclic voltammograms 

with oxidation potential shifted to more negative values at higher pH values due to the participation of proton in the electrode 

process [56]. Illustrating the peak potential against the pH values (Fig. 3b) showed a linear relationship (E(v)=1.0944 - 0.0654 

[pH], r2=0.9981) with Nernstian slope value indicating the involvement of an equal electrons and protons in the 

electrooxidation of VMA molecule. The highest recorded peak current was reported at pH 3.0 which is near to the pKa value 

of the VMA molecule. 
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Fig. 3: a) CVs recorded at different pH values in the presence of 2.4×10-5 mol L-1 VMA at the bare SPCE, b) the 

recorded peak current and potential against the pH value. 

Modification of the electrode surface with ZnFR/MWCNTs nanocomposite enhanced the peak current and 

maintained the peak performance over a wide pH range based on the possible interaction between the ferrite nanostructure and 

VMA molecule (Fig. 4). Near Nernstian slope value was reported over the pH range from 3 to 6 (E (v)=1.0157 - 0.0516 [pH], 

r2=0.9938) with the highest peak current at pH 4. 

  
Fig. 4: a) CVs recorded at different pH values in the presence of 2.4×10-5 molL-1 VMA at the ZnFR/MWCNTs/SPCE, 

and b) the peak current and potential versus the pH value.  

3.3. Oxidation at different scan rate values 

Studying the cyclic voltammograms at different scan rate values explain the electrooxidation behavior of the target 

analyte at the ZnFRNPs/MWCNTs/SPCE surface and estimates the electrons transferred in the electrooxidation process [56-

58]. The voltammetric behavior of the VMA molecule was monitored at both blank and ferrite-based electrodes applying a 

wide scan rate range (Fig. 5, 6). Shifting of the oxidation potential to more positive values with enhancement the peak current 

at evaluated scan rate values indicated the irreversibility of the oxidation process (Fig. 5a). For both oxidation peaks, the peak 

current linearly correlated against the square root values of the scan rate (r2=0.99177 and 0.99994 for the first and second 

peaks, respectively) sustaining the irreversibility of the oxidation reaction (Fig. 5b). The logarithmic value of the recorded 

peak current followed a linear relationship against the logarithmic value of the scan rate (log I(µA) =0.5661 + 0.3460 [log (ʋ)], 

r2=0.9975 for the first peak and log I(µA) =0.8012 + 0.4508 [log (ʋ)], r2=0.9999 for the second peak) with slope values typical 

for the diffusion control processes (Fig. 5c).  

The oxidation potential values were shifted to the anodic direction following a linear dependence on the applied 

scan rate values [E(V)=0.7815 + 0.0461±0.0011 log (ʋ), r=0.9957, for the first peak and E(V) =0.9431 + 0.0290±0.0002 log 

(ʋ), r=0.9946 for the second peak Fig. 5d]. Following the Laviron equation for irreversible electrode reactions, the number of 

electrons involved in the oxidation process was calculated to be 1.61 and 2.56 electrons for the first and second peaks, 

respectively [59]: 

 
Where: R) ideal gas constant, T) temperature, α)‎electron‎transfer‎coefficient, n) total number of electrons transferred, and F) 

Faraday constant. 
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Fig. 5: a) CVs recorded for 2.4×10-5 mol L-1 VMA at the bare SPCEs applying different scan rate values; b) the peak 

height against the square root of the scan rate; c) the logarithmic value of the peak current against the 

logarithmic value of the scan rate, and d) the peak potential against the logarithmic value of the scan rate. 
Parallel to the voltammetric behaviour of VMA at the bare SPCE, the effect of the scan rate was explored at the 

ZnFR/MWCNTs integrated sensor within the sweep rate values ranged from 0.025 to 0.325 V s−1 (Fig. 6a).  

  

 
 

Fig. 6: a) CVs recorded for 2.4×10-5 mol L-1 VMA at ZnFR/MWCNTs/SPCEs applying different scan rate values; b) 

the peak height against the square root of the scan rate; c) the logarithmic value of the peak current against 

the logarithmic value of the scan rate, and d) the peak potential against the logarithmic value of the scan 

rate. 
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Figure 6b illustrated linear relations between the peak currents against the square root of frequency (r2=0.9705 and 0.9987 for 

both peaks) indicating the irreversibility of the oxidation process. The linear relation between the logarithmic values of peak 

current versus the logarithmic value of the scan rate revealed similar slope values (0.28695 and 0.43722, for the first and 

second peak respectively) confirming the diffusion mechanism of the VMA molecule at the electrode surface (Fig. 6c). The 

peak potential values were linear against logarithmic value of the scan rate ([E(V) =0.7737 + 0.05111±0.0009 log (ʋ), 

r=0.9981, for the first peak and E(V) =0.9314 + 0.0333±0.0008 log (ʋ), r=0.9974 for the second peak Fig. 6d] indicating the 

transfer of 1.45 and 2.23 similar to that of the bare electrode. 

Eventually, to support the tentative oxidation mechanism of VMA molecule, the Chembio-office-17 program was applied. 

Thus, the tentative oxidation mechanism of the VMA involved the participation of 4 electrons and 3 protons as confirmed by 

the effect of the pH and scan rate results (Scheme 1 and Table 1).  The voltammetric oxidation of enantiomeric VMA 

molecule at pH 2 showcases a fascinating interplay between pH, chirality, and electrochemical behaviour. At this acidic pH 

value, two distinct oxidation peaks at 0.687 and 0.877 V indicate a two-step process. The initial oxidation likely involves the 

chiral hydroxyl group on the VMA molecule. Due to the presence of two enantiomers, these hydroxyl groups can be oriented 

differently in space, potentially leading to slightly different environments and oxidation potentials, which explain the 

appearance of two peaks. This suggested mechanism agrees with those postulated in references [42]. 

 

 
Scheme 1: Tentative electrooxidation mechanism of VMA at ZnFR/MWCNTs/SPCE surface  

 

Table 1: Computed molecular orbital calculations of VMA molecule 

 

  

Atom  Atom Type 

(MM2)  

Mulliken 

Charges 

(Mopac 

Interface) 

Atom Type 

(MMFF94) 

Charge 

(MMFF94) 

Charge 

(Huckel) 

C(1) C Carbonyl 0.614934 CARBOXYLIC ACID OR ESTER CARBONYL 

CARBON 

0.659 0.594565 

C(2) C Alkane 0.043512 ALKYL CARBON, SP3 0.4845 0.151396 

O(3) O Alcohol -0.5314 ALCOHOL OR ETHER OXYGEN -0.68 -0.3731 

C(4) C Alkene -0.09413 AROMATIC CARBON, E. G. IN BENZENE, PYRIDIN -0.1435 0.07655 

C(5) C Alkene -0.18207 AROMATIC CARBON, E. G. IN BENZENE, PYRIDIN -0.15 -0.05201 

C(6) C Alkene -0.20069 AROMATIC CARBON, E. G. IN BENZENE, PYRIDIN -0.15 -0.02152 

C(7) C Alkene -0.18642 AROMATIC CARBON, E. G. IN BENZENE, PYRIDIN -0.15 -0.04564 

C(8) C Alkene -0.19958 AROMATIC CARBON, E. G. IN BENZENE, PYRIDIN -0.15 -0.02281 

C(9) C Alkene -0.17782 AROMATIC CARBON, E. G. IN BENZENE, PYRIDIN -0.15 -0.04943 

O(10) O Carbonyl -0.50078 CARBONYL OXYGEN IN ACIDS AND ESTERS -0.57 -0.62402 

O(11) O Carboxyl -0.61596 ESTER OR CARBOXYLIC ACID  -O- -0.65 -0.16524 

H(12) H 0.241041 H  ATTACHED TO C 0 0.016006 

H(13) H Alcohol 0.355306 HYDROXYL HYDROGEN IN ALCOHOLS 0.4 0.201223 

H(14) H 0.214231 H  ATTACHED TO C 0.15 0.020822 

H(15) H 0.206686 H  ATTACHED TO C 0.15 0.020723 

H(16) H 0.203545 H  ATTACHED TO C 0.15 0.020648 

H(17) H 0.206184 H  ATTACHED TO C 0.15 0.020825 

H(18) H 0.21083 H  ATTACHED TO C 0.15 0.018951 

H(19) H Carboxyl 0.392584 HYDROXYL HYDROGEN IN CARBOXYLIC ACIDS 0.5 0.212053 
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3.4. Sensor validation 

At the optimized measuring parameters, the fabricated sensors were validated by spiking successive aliquots of the stock 

VMA solution to the buffer solution covering a final VMA concentration ranged from 0.11 to 2.74 µ mol L-1. After each 

addition, the corresponding DPVs were recorded and the peak current was plotted against the VMA concentration (Fig. 7, 

Table 2). High degree of linearity with low standard deviation values were recorded within the studied VMA concentration 

range indicating the applicability of the proposed sensor for voltammetric determination of VMA. It is noteworthy to mention 

that, monitoring of the oxidation process at the second peak offers better sensitivity indicated by the LOD and LOQ values 

reaching 0.03 and 0.11 µmolL-1, respectively. 

 
Fig. 7: Differential pulse voltammetric determination of VMA at ZnFR/MWCNTs/SPCE electrode in BR buffer at pH 

2.0.  

Table 2: Validation and electroanalytical futures of VMA sensors integrated with ferrite nanocomposite 

Parameters Value * 

1st peak  2nd peak 

Oxidation potential (V) 0.690  0.865 

Measuring pH value 2 

Concentration range (µ mol L-1) 0.163- 2.83 0.11-2.74 

Slope‎(μA‎µ‎mol‎L-1) 0.77 1.67 

SD slope (μA‎µ‎mol‎L
-1) 0.01 0.02 

Intercept‎(μA‎cm-2) 0.67 1.06 

SD intercept (μA‎cm
-2) 0.02 0.03 

R square 1.0 1.0 

RSD % 1.09 1.00 

LOQ (µ mol L-1) 0.05 0.03 

LOD (µ mol L-1) 0.16 0.11 

*Average of five experiments 

Due to the solid nature of the ZnFR/MWCNTs/SPCEs, the introduced sensors showed a prolonged shelf lifetime 

when stored at 4oC. The sensor performance was recorded within a storage period of 6 months. The printed sensors showed a 

stable and reproducible voltammetric peaks within the first three months (97.25±2.9% of the original peak current for the 

freshly fabricated sensor), followed by decreasing the peak height to 94.69±2.2% and 89.00±3.4% after 4 and 6 months of 

storage, respectively. The measuring reproducibility was tested by performing 7 successive DPVs under the optimum 

measuring conditions in the presence of 1.0 µ mol L-1 VMA at the same electrode surface. The introduced sensors showed 

high measurement reproducibility with a low standard deviation of 2.18%.  

The performance of the presented sensor was compared with the previous VMA approaches as tabulated in Table 3. 

Improved sensitivity with the possibility of miniaturization and simple fabrication protocols, with long operational lifetime, 

offered valuable promising futures of the ZnFR/MWCNTs/SPCEs compared with the reported VMA sensors. 
Table 3: Voltammetric approaches for determination of vanillylmandelic acid 

Modification/working electrode pH Method LOD (µ mol) Ref. 

Carbon paste electrode (CPE)  BR pH 2.0  DPV  0.4  34 

Screen-printed electrode  BR pH 3.0  DPV  0.4 36 
MWCNTs-Pt/GCE PB pH 7.0 DPV 0.173 37 

GCE  PB pH 3.0 DPV  0.4 40 

zirconia BR pH 4 DPV 0.273 45 

Surfactants 9.5 DPV 0.02 60 

ZnFR/MWCNTs BR pH 2.0 DPV 0.03 Present study 
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3.5. Selectivity of the method 

As previously mentioned VMA and HVA molecules showed similar structures and differ only through the presence 

of an alcohol group R to the aromatic ring on the VMA molecule. HVA and VMA showed an overlapped oxidation peaks at 

about 0.697 and 0.675 V with a specific peak for the VMA molecule at 0.865 V (Fig. 8). Performing the voltammetric 

measurements at 0.865 V allows specific and sensitive voltammetric measurements of VMA without a noticeable interference 

from HVA molecule. 

  
Fig. 8: Differential pulse voltammograms of 2.0×10-6 mol L-1 VMA in the presence of 3.0×10-6 mol L-1 HVA at 

ZnFR/MWCNTs electrode. The pH value was 2.0 and the scan rate was 0.05 V. 

Dopamine (DA) and uric acid (UA) coexist at high concentrations in the urine samples which may interfere with the 

electrochemical monitoring of VMA. Integration of the electrode matrix with ZnFR/MWCNTs ferrite nanocomposite 

enhanced the resolution between the oxidation peak of UA (at 0.41 V), DA at (0.22V) and the for VMA molecules at 0.865 V. 

3.6. Analysis of samples 

The normal urinary VMA level ranged from 4 to 35 µmol L-1, therefore the ZnFR/MWCNTs sensors with the 

improved sensitivity and selectivity can be encouraged as an efficient analytical tool for monitoring VMA in the urine sample 

without a reported interference from the species that commonly present in the urine sample such as AD, UA or other 

catecholamine metabolite. To verify the possible applicability of the proposed sensor, VMA content in either urine or 

authentic samples were monitored with the fabricated ZnFR/MWCNTs sensors. High quantitation recoveries with low RDS 

values were reported indicating the applicability of the fabricated sensors for monitoring of VMA in biological samples 

(Table 4). 

 Table 4: Assay of VMA in biological fluids at ZnFR/MWCNTs/SPCE at pH 2.0 

Sample Taken 

(µmol L-1) 

Found  

(µmol L-1) 

Residuals  

(%) 

Recovery (%) 

Authentic 0.2 0.201 -0.50 100.50 

 0.75 0.76 -1.33 101.33 

 1.2 1.18 1.67 98.33 

 1.5 1.52 -1.33 101.33 

Mean    100.38 

Variance    2.01 

Observations   4 

df    3 

t- test 0.94     

F 2.49     

t Critical two-tail 2.45     

F Critical one-tail 9.28     

Urine 0.5 0.501 -0.20 100.20 

 1.2 1.203 -0.25 100.25 

 1.7 1.67 1.76 98.24 

 2.5 2.54 -1.60 101.60 

Mean    100.07 

Variance    1.92 

Observations   4 

df    3 

t- test 0.57     

F 2.59     

t Critical two-tail 2.45     

F Critical one-tail 9.28     
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Conclusion:  

The present study describes the fabrication and validation of a novel disposable planner homemade disposable 

sensor integrated with ZnFR/MWCNTs nanocomposite for submicromolar voltammetric assaying of vanillylmandelic acid in 

biological samples. The electrode modifier showed high electrocatalytic activity against the oxidation of VMA molecule with 

improvement of the peak current compared with the unmodified sensors. At the optimum measuring conditions, calibration 

graphs were linear within the VMA concentration ranging from 0.11 to 2.74×10-6 mol L-1 with a LOD value of 0.03×10-6 mol 

L-1. Indeed, the reported selectivity towards the VMA in the presence of various interfering species present in the urine 

samples introduced the fabricated sensors for analysis of the biological samples without prior pretreatment steps. 
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