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The present work describes a novel electrochemical seasedn the combination of zinc ferrite
nanostructure/muklwalled carbon nanotubes (ZFO/MWCNTs) for sensitiwoltammetric
determination of homovanillic acid (HVA) in urine samples for diagnosis of neuroblastoma. Different
ferrite nanostructures doped with Zn, Cu or Mn, were synthesized and characterized with XRD, SEM,
TEM and, FTIR. ZFO/MWCNTs nanocomposite showed an extedliectrocatalytic activity towards

the oxidation of HVA with a linear response in the concentration range from 0.415 to 3.2268l.0

Lt and the detection limit of 0.148x%£0nol L. The high resolution between the HVA voltammetric
peak and those fowric acid, ascorbic acid, and dopamine introduced the fabricated sensors as an
efficient analytical tool for submicromolar voltammetric determination of homovanillic acid in urine
samples without prior pretreatment or 4o@ncentration step. Moreover, thaectrode reaction
mechanism was studied electrically and correlated with the molecular orbital calculations.

Keywords: Neuroblastoma diagnosis; Homovanillic acid; Ferrite nanocomposite; Differential pulse
voltammetry Urine analysis; Molecular orbitahtculations.
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1. INTRODUCTION

Neumblastoma is derived from th@imordial neural crest which is frequently diagnosed in
infancy [1-3]. Neuroblastoma has a wide range of symptoms and arises from primitive sympathetic
ganglion cells [4]. Monitoring of the end products of catecholamine metabolism, homovanillic acid
(HVA), and vanilylmandelic acid (VMA) in urine samplesepresents a promising screening test for
neuroblastoma [3] as the abnormally high concentrations can signalize neurobléstainnaors [5],
pheochromocytoma [6, 7] and carcinoid .[Kloreover, early diagnosisf dlenkes disease can be
performed through assaying of the HVA to VMA ratio in newborn urine sam®|é}. |

Sensitive and selective analytical techniques were repfotdtie assaying otatecholamines
and their metabolitefl0]. HPLC methods with electrochemical detection are the most commonly
used [1113]. Gas chromatography (GC) [14, 15], thin layer chromatography [16], high performance
thin film chromatography (HPTLC) [17], immunochemical methods [18, 19], spectrophoiof2€)]
and capillaryelectrophoetic [5, 21, 22] were also found in literature.

Early diagnosis of cancer can extremely increase the successful treatment of disease; therefore
the screening tools can be an essential approach in this process [2BleRatiaurate, and fast results
are crucial preequisite for the diagnosis of cancer biomarkers. However, the aforementioned
separation and spectrometric methods are usually instrumentally complicated, acdnsmeaing.

These disadvantages encouragesl dpplication of electrochemical tools as sensitive, selective, and
yet faster, easier, and cheaper to purchase operating costs. Electroanalytical approaches were report:
as effective tools for the determination of many organic, pharmaceutical, andidatjo@ctive
compounds with the possibility of sensor miniaturization and suitability fottirmal monitoring [24

27]. Nowadays,a number of welestablished clinical analyzemsere based on electrochemical
principles.

Barek group [28] recently reviewethe electrochemicabpproachedor the detection of
catecholamine metabolites including homovanillic and vanillyilmandelic acid. Unmodified glassy
carbon [13], carbon fiber [30], carbon paste-g, and more recently screpninted sensors [35, 36]
were reported for voltammetric assay of HVA. The major drawback of unmodified voltammetric
sensors is their limited selectivity which is usually based on the redox potential of the present species
analyte and the electroactive function graupssuch cases, i difficult to recognize or distinguish
redoxactive species with similar functional groups or those producing signals at nearby potentials.
Modified or tailormade sensors were reported for improvement of the selectivity and selectivity of the
analytica approach. Different modifiers were introduced for voltammetric evaluation of different
either cationic or anionic catecholamine metabolites including carbonaceous nanocomposites [37, 38],
organic dyes [39, 40], Troeger's Base [4}]elcine [42], or s"actant [43].

Solgel chemical methods offer promising futures to deal with the most drawbacks of the
conventional way fothe synthesis of mixed oxide minerals in termsosteffectiveand simplicity of
preparation. These procedures are basedherpreparation of the required oxide salts colloidal
suspension solution, which transformed into a gel by dehydration. The resulted gel is calcined to yield
the desired oxide nanostructure. -§el was suggested fdhe synthesis of ferrite nanoparticles of
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uniform narrow size and modifications opportunity with desired structures with explored areas of its
applications [4447].

Herein, differential pulse voltammetric (DPV) determination of homovanillic acid employing
newly synthesized ferrite nanocomposites lasteode modifies was described. Improved sensitivity
with a detection limit below the HVA concentration in the biological samples allows successful
application of the proposed sensor for HVA monitoring and early detection of cancer.

2. EXPERIMENTAL

2.1. Reagents and chemicals

Traditional synthetic carbon powders-Z1um, Aldrich) and paraffin oil (PO, Merk) were
applied forthe preparation of the carbon paste electrddA aqueous solution with 1x10mol L*
concentration was prepared by dissolving the required homovanillic acid (99%,-Sldrnta) in
water. The starting materials were of analytical grade namely; ferric nitrate (R(NBLO, Sigma),
manganese nitrate (Mn(NR- 4H.0, Sigma), copper nitrat(Cu(NQ)>- 3HO, Sigma), zinc nitrate
(Zn(NOg)2. 6H0, Sigma), citric acid and ammonia solution (Merdiultiwall carbon nanotubes
(MWCNTSs, Sigma) were used fdhe synthesis of the composit&ritton i Robinson buffer was
prepared in a usuaind he deired pH value was adjusted with the appropriate amount of 2t
L sodium hydroxide solution.

2.2. Synthesis of ferrite nanostructures

A simple and lowcost solgel method has been applied foe synthesis of the spinel ferrite
NPs at the nominatomposition (Zpgs Mo.os FeOs (M = Cu, Mn) [4447]. Models thru ce
precipitation process, Zn, Cu, Mand Fe nitrates were involved at definite stoichiometric amounts
and separately dissolved in the 10 mL distilled water with continuous magnetic sta80C for 1h.
Subsequently, citric acid was added (1:1 ratio to the metal), followed by 10 mL ethylene glycol as
polymerization agentand to instigate the formation of a uniform gel. Theswsthesized uniform gel
was autoclaved at 30C for 5 h in &0 mL Teflorlined autoclave. The formed ferrite nanostructures
were collected by cooling dowto roomtemperature and washed with ethanol and deionized water
repeatedly. The formed precipitates (nominatedRS for zinc ferrite ZCFO forzinc coppefferrite,
ZMFO for zinc manganese ferritand FO for native ferrite)ere dried at 105 °C for 3 h and crushed
to get ferrite NPs.

2.3. Apparatus and electrodes

Metrohm voltammetric analyzer (797 VA, Metrohm Switzerland) was used for electrochemical
measuements. Measuring cell composed of nanomaterials functionalized carbon paste electrode,
Ag/AgCI/KCI (3.0 mol L* KCI) doublejunction reference electrode and wire of platinum auxiliary
electrode was used. Analysis ofrXy diffraction studies was measunesing X Shimadzu XRB6000
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ray diffractometer with the incident radiation
ZEISS, EVOMAL10 scanning electron microscope (SEMand JEOL transmission electron
microscope (TEM) were used ftire investgation of the morphology. The chemical functional groups
corresponding to the synthesized ferrite NPs were detected in the speatigmg from 400 to 4000

cm' with a Shimadzu FIR 4200 InfraRed spectrometer.

The working carbon paste electrodes wetariGated by the intimate blending of 0.2 g of
graphite powder and 80 pL paraffin oil, and the resultant homogenous pastes were packed into Teflon
piston holders [48]. The electrode surface was modified by three successhaasiiog of 10.0 pL of
the namcomposite suspension (2 mg Zn ferrite and 2 mg MWCNTSs in 1'0'imIDMF, Fluka) on
the upend of the electrode. After complete dryness, the working CPEs were rinsed with double
distilled water before measurement.

2.4 Anapyocedlres

Aliquots ofhomovanillic acid solution were added to the measuring cell at the desired pH value
and the DP voltammograms were recorded at scan rate 0.05pulse width 100 ms, pulse height
(pulls amplitude) 50 myand pulse time (voltage step time) 12 ms voltage $ mV. Calibration
grapts were performed by plotting the peak heights against the HVA concentraliom effective
parameters as SD, RSD, LOD, and LOQ were calculated [49] and shown in LOD = 3.3 SD/S, LOQ =
10 SD/S; where SD is the standard deviationntércept and S is the slope of a linear calibration
curve

2.5. Computation studies

Computational calculations were executed to confirm the proposed HVA oxidation mechanism
attheelectrode surface. Such calculations were carried out with Gausssant®9rograms [50].

3. RESULTS AND DISCUSSION

3.1. Characterization of the ferrite nano structures

XRD analyses werearriedout to investigate the crystallinity and the chemical composition of
the synthesized ZFO and ZFO substituted with either Qdnocations [M.os Zno.os FeO4; where M =
Mn and Cu].

XRD profiles of ZFO, ZCFO, ZMFO, and FO NPsrasulted are specified in Table S1 and
Fig. S1. The obtained XRD results confirmed the cubic system structure of zinc ferrite. The utmost
peak intense @t he 2d values of 18.62A, 29. 84aAd63.316. 12
which corresponding to the (111), (220), (311), (222), (400), (422), (511), and (440) reflections,
respectively confirmed the presence of cubic spinel phasédgj4
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The maphology of ferrite nanoparticlegaspresented ir52 Spongy structures with irregular
pores were formed as a result of the syntheses methodology with combustion at 150 °C, followed by
calcination at 300 °C. Most of the gases may be vaporized thtbegk two processes forming the
porous spongy structure

The ferrite nanospheres structural properties were more clearly observed by transmission
electron microscopy (Fig. S3). The synthesized ferrite nanospheres showed a large amount of well
dispersed phases. The interplanetary spacing was calculated to hbe®.3&hich corresponds to the
(220) interplanetary spacing of ferrite nanospheres. The inner shape is a happy pattern, in which the
diameters of the two planes correspond to the planes (311) and (440), indicating that the ferrite
nanosphere has an excalierystal structure. It is observed that every ferrite nanosphere is in general
of spherdike and possesses a uniform size af2%nm

Fourig Transform Infrare®pectromety (FTIR) spectra of zineron samples are shown in Fig.

S4. The FTIR method wasuseful method for getting info on chemical functional groups equal to the
iron complexes. The obtained spectra mainly consist of two major peaks at approximaie?d w42

1 and 366365 cm' confirming the construction of the spinel ferrous structutee first peak at about
363 cm lis related to vibration of the octahedral sublattice in the spinel structure, whileathatseut

535 cm ‘arerelated to the vibration mode of tetrahedral sublattice structdrd].

3.2. Electrochemical behavior of HVA

Modification of the electrochemical sensors with different metal oxide doped ferrite
nanostructures was reported to improve the selectivity and selectivity of the analytical appreach [51
53].To examine the electrocatalytic properties of ferrite nanocoieso®wards the electrochemical
oxidation of HVA, the cyclic voltammograms of 1.2843% mol L™* HVA at the bare CPE and Zn
ferrite (ZFO/CPE) modified electrodes were recorded in BR buffer solution at pH =2.0 (Fig. 1). On the
bare electrode, homovanillaxid showed an anodic peak at 0.758 V corresponding to the formation of
its oxidation product 4ceteo-quinone, while the reduction of 3gthydroxyphenylacetic acid
(DOPAC) showed a reduction peak at 0.347 V [29, 33]. Upon modification with ferritetnastoses,
comparatively improved peak current with shifting of the peak potential towards the negative direction
by about 0.035 V. The improvement of the performance may be explained on the basis of faster
electron transfer reaction and the possible augon between HVA and ferrite nanocomposites
compared with the bare carbon paste electrode. Moreover, a small oxidation peak appeared at 0.392
appeared in consecutive scans corresponding to the oxidation of the formed DOPAC [31, 35]. A higher
peak currat with better resolution of peaks was achieved applying differential pulse voltammetry
(DPV) compared with cyclic voltammetry (CV), therefore DPV will be applied in the following
studies.
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Figure 1. Differential pulse and cyclic voltammograms for 4230° mol L™* HVA recordedon both
blank and Zn ferrite modified carbon paste electrodes in universal BRaiinson buffeat
pH 2.0 with scan rate 50 mV!s
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Figure 2. a, d) DPV for 1.234 xI®mol L* HVA using different ferrite nanostructures modified
electrodes at pH 2.0; b, ¢) CV curves of different electrode recorded in £.ondloL KCI
containing 5.0x10%mol L' 'Fe(CN)® ' 7, $can ratevas 50 mV 51

Next, the bare workinglectrodes werenodified with different ferrite nanostructures namely;
Cu ferrite (ZCFO), Mn ferrite (ZMFO), and Zn ferrite (ZFO) in addition to unmodified ferrite (FO)
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(Fig. 2a). Zn ferrite was selected on the basis of improved peak heights and shdétmgre®negative
potental.

The redox behavior of ferricyanide was investigated over the different ferrite modified
electrodes (Fig. 2b, c). In the potential range from 0 to 0.5 with sweep speed 0.05 Yasr of redox
peaks exists on carbon paste electrodes3@00and 0.130 V, which corresponds to the redox reaction
of ferricyanide. Upon modification, improved peak currents were achieved (ranged from 3 fold for
ZMFO ferrite to about 10 fold for ZFO ferrite compared with bare CPE) and shifting of the peak
position to the negative potential direction by about 0.050 V.

Figure 2 c represents the behavior of ferricyanide on ZFO composite with either multiwall
carbon nanotubes or graphene nanosheets. The noticeable superior efficiency of ZFO/MWCNTSs
nanocomposite witlwvell-defined peak and a slight shift of the peak potential were recorded. This can
be attributed to the increased effective surface area in the presence of both ZFO nanostructure an
MWCNTSs which promotes the electron transfer rate

The electroactive surde area of the modified electrode was explored using
KaFe(CN)/KsFe(CN) as a probe applying Randi€gvik equation. The electroactive surface area of
the investigated CPE, ZFO/CPE, ZFO/rG/CPE and ZFO/MWCNTSs/CPE electrodes were 0.025, 0.238,
0.213 and 0.2 cn, respectively [54]This improved electroactive surface area was refleictelde
sensitivity of these sensors towards the target analyte (HVA). As represeriigd thd electrodes
modified with ZFO/MWNTs showed the highest sensitivity comparel ather tested electrodes.

It was reported that HVA oxidation teateteo-quinone occurs to give rise to a peak at 0.758
V while the reduction of DOPAC produces a reduction peak at 0.347V (Fig. 1). Successive
measurements of 00° mol LY HVA on the same surface resulted in diminishing of the peak height
and shifting of the peak position to the more positive potential which may be attributed to the
poisoning of the electrode surface by the reaction products [29, 33]. Contrary, modifafatiosn
nanocomposite as electrode modifier resists the electrode poisoning and impraepedtabilityof
the measuring process.

3.3. Optimization of the measuring parameters

3.3.1. Effect of pH

Homovanillic acid showedKa values of 4.35 corresponditq carboxylic group dissociation
and 10.34 for the phenolic group [55]. Therefore, the pH of the supporting electrolyte has a major
influence on the electrochemical oxidation of HVA. Herein, DPV voltammograms of HVA were
recorded on bare and ZFO/MWCNTsE R the pH ranged from 2 to Fif). 3, S5.



Int. J. Electrochem. Scil6 (2021)Article ID: 210838 8

—_ | —o— I (uA -
S ves _\. (rA) | é
53] & ~

I(uA)

0.3 0.4 0.5 0.6 0.7 0.8 s
E (V)

Figure 3. a) Differential pulse voltammograms for 1.234%1@ol L' HVA on ZFO/MWCNTs/CPE
recordedat different pH values, and b) peak potential and peak current at different pd value

For carbon paste electrode (S&)jfting theoxidation peak potential to a more positive value
with lowering the pH value with the improvement of the peak current is the common feature. Near
theoretical Nernstian slope valug({)=0.8177- 0.0545 [pH],r>=0.9978) was achieved between the
peak potential and pH value pH ranged from 5 down to 2, indicating the equal protons and electrons
are involved in the redox reactions [56]. At pH higher than k& yalue, HVA exists in the anionic
form and the oxidatioprocess involves one proton and two electrons [43]. The corresponding slope
value was suiNernstian (35 mV) indicating unequal protons and electrons involved in the redox
reactions. Generally, the highest current response was achieved in the acidianded@pH 2.

In contrast to carbon paste electrodes, modification with Zn ferrite nanocomposite enhanced the
oxidation peak current and maintained the sensitivity over the studied pH range which may be
explained on the basis of interaction between HVAeoole and ferrite structure at the electrode
surface Fig. 3. Similar slope values over the pH range from 2 to 7 was obtaihéd) 0.7441-

0.0475 [pH],r>=0.9938)

3.3.2. Effect of the potential sweep rate

Potential scanning rates ranged from 0.0800.18 V $!were applied on the working
electrodes at pH 25(69. The oxidation peak currents of HVA gradually increase with scan rate and
the peak position was shifted towards more positive potentials. The oxidation peak currents were linear
against sgare root of frequencyla =1.3159 + 0.396 [¥9, r?=0.9905) indicating the typical
diffusion control processes at the electrode surf&6l. This proposed mechanism was confirmed
from the slope value (0.39178) of the linear relationship between the log values of peak current (log
1/ OA)) agai nst the | og v3d)(EieS 6)f AstshHowed s Grrthe r at €
oxidation peakp ot ent i al s wer eE(IM)near 0 wi 92 Mh6 | 9>g0®M88R).3(9 5
According to Laviron equation, the numbef electrons involved in the oxidation process was
calculated to be 1.8 [57, 58].
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Parallel to carbon paste electrode, the effe¢hefpotential sweep rate on the electrochemical
behavior of HVA on Zn ferrite modified electrode was investigated in the range between 0.020 and
0.26 V $ 1 (Fig. 49. The peak currents showed high linearity against square root of frequency
(r>=0.98927) susining the typical diffusion control processes at the electrode suFaret}).
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Figure 4. The influence of scan rate on the cyclic voltammetric behavior of 1.23xb0 L HVA on
ZFO/MWCNTs/CPEelectrodes at pH 2.

Lower slope valu€0.3391) of the linear relation between the log values of peak current (log I)
with the |l og value of the scan rate (log g)
nanostructure of Zn ferrite composite which promotes the electron transfer p(biesdc). The
oxidation peak potential sywef OHVA7%#as DL 0E&88B &
Fig. 4d). The number of electrons involved in the reaction process was 2.43 similar to that of blank
carbon electrodes.

In conclusion, theelectrode reaction process on both electrodes was controlled by diffusion
followed by the electron transfer from the diffused HVA at the active edge of the electrode surface
generating the oxidation peak. The electrooxidation of the diffused HVA moledtiieanprecise
orientation may be influenced by the interaction of the molecules with the ferrite hanocomposite which
reduced the activation energy of the electron transfer by increasing the scan rate.

Eventually, to support the proposed mechanism, Cheoflice-17 program was usefbr
theoretical simulation. Thus tlseiggested mechanism for the irreversible electrochemical oxidation of
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the HVA is involving the transfer of 2 electrons and 2 protons as illustrated by molecular orbital
calculationg(S7 andTable S2 andconfirms the effect of the pH and scan rate resudee(sec 3.3)1
This suggested mechanism agrees with those postulated in refed?]ces [

(8]
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Scheme 1Postulated oxidation mechanism of HVA at ZFO/MWCNTSs/CPE surface

3.4.Analyticalcharacterizations

At the optimum measuring conditions described abovajc@essive additions of homovanillic

acid standard solution were added to the measuring cell so that the final concentration ranged from

0.415 to 3.225x16 mol L. For eachconcentration, differential pulse was recorded, and the

subtractive oxidation current from the baseline was calculated and plotted against the corresponding

HVA concentration Fig. 5. Calibration curves showed high degree of correlation coefficients (
(MA)=6.679+0.146 HVA[molL}] 1(0.174+0.299), r8.999 with low standard deviations verified the

linearity and the applicability of the method over the determined concentration range. The proposed

method showed LOD and LOQ values of 0.148%a&0d 0.448x16, respectively.

The analytical features of the proposed sensors compared to the previously reported methods

were tabulated in Table lir§ple modification protocols, high measuring repeatabitityd fabrication
reproducibility witha long operational fetime can be considered as valuable promising future of the

presented sensor. Moreover, the fabricated sensors showed improved sensitivity indicated by lower

LOD value compared with those reportedheliterature [33, 34, 40, 41, 683].
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Figure 5. Differential pulse voltammetric determination of HVA using ZMWCNTs/CPE electrode

at pH 2.0

Table 1 Modified electrodes for voltammetric determination of homovanilic acid

Modification/working electrode Supporting Method LOD (x10°mol Ref.
electrolyte L")

Phosphatidylethanolamine/CPE PBpH 7.4 Ccv 3.0 33

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

Composite carbon film electrode BR pH 2.0 DPV 0.1 35

Screenrprinted electrode BR pH 3.0 DPV 0.2 36

MWCNTs-Pt/GCE PBpH 7.0 DPV 0.08 37

Polyvinyl butyral/graphene oxide PB pH 6.0 DPV 0.18 38

Poly(Alizarin Red S)/GCE PB pH 3.0 DPV 1.7x10 2 39

Boron doped diamond electrode PB pH 3.0 DPV 0.6 40

GCE PB pH 3.0 DPV 0.9

Nafion/GCE PB pH 3.0 DPV 0.8

PNR/GCE PB pH 3.0 DPV 1.2

Troeger's/SPE PBpH 7.0 DPV 2.2 41

L-leucine modified SeGelCarbon PBpH 7.4 DPV 0.1 42

electrode

Molecularly imprinted polymer/GCE pH 1.1 with DPV 7.0x10 3 62
40% acetonitrile

Poly(3-amino5-mercaptel,2,4 PB pH 7.2 ChA 9.42x10 ° 59

triazol)/GCE

Cu/GCE PBpH 7.2 SWV 1.0x10 2 60

Boron doped diamond electrode 0.1 mol L1 HCI DPV 0.4 61

Zn ferrite/MWCNTs/CPE BR pH 2 DPV 0.148 This work
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3.5.Repeatability fabrication reproducibility and stability

The repeatability of measurement was performed by running 7 successive scarfbing
1.64x10% mol L HVA on the same electrode under the optimum conditions. The fabricated sensors
showed acceptableepeatabilitywith a relative standard deviation of 2.48%. Five fabricated sensors
were applied for DPV determination of 1:684° mol L' HVA under the same conditions. The
relative standard deviation of recovery of electrodes fabricated independently did not beceslde
of 1.35%.

The constructed sensors modified with ZFO/MWCNTs/CPE showedt&ngstoragetability
when stored at room temperature; sensors retained 95 % and 92 % of their initial peak current in
1.64x10% mol L HVA after 10 and 20 days, respeely. Prolong storage periods magsultin
further diminishing of the HVA peak current which may be attributed to alteration of the
nanocomposite structure after successive measurements and storage.

3.6. Interference studies

The coexisting uricacid anddopamine at high concentrat®nn the urine samples of
neuroblastoma (NB) patientsnderthe electrochemical detection of neurotransmitters in biological
samples. Applying the ZFO/MWCNTSs/CPE, high resolution between the HVA peak and those for UA
and DA (more than 0.25 and 0.4 V between the peak potential of HVA, UA, and DA, respectively)
was recorded (S8Moreover, the peak potentials aevodopa (LDOPA, 20x10° mol L1), and
ascorbic acid (AA, 2810° mol L) at pH 2 BR are far away from those of H{#t 0.658 V).

To investigate the selectivityf the proposed protogothe DPV graphs for 2xA0° mol L?

HVA were recordedn presence of increasing the concentration of other interfering species. The
results show that the tolerance limit (5% recovewgs about 10@old excess of Zff, Na', C&*,

Mg?*, CI' and SG?", while 56fold lysine (Lys), cysteine (Cys),-tilycine (Lgy), L-glutamic acid
(Lga), tryptophan (try), folic acid (FA), valine (Val) and bovine serum albumin (BSA) and glucose
(Glu) do notshow a noticeable interference.

3.7. Sample analysis

As the normal level of urinary homovanillic acids ranged from 8.2 to 41:®xrid L [63],
the obtained sensitivity and selectivity of the fabricated sensor indicated its reliability and applicability
for real sample analysis. To verify the practical applicability of the proposed analytical protocol, the
fabricated ZFO/MWCNTACPE was appd to determine HVA in urine samples collected from
healthy adult personnel. No filtration or centrifugation was required where the samples were diluted
10-fold with the buffer solution prior to electrochemical analysis. The standard addition method was
adopted to verify the accuracy of the analysis. The modified sensor showed quantitation recoveries
rangedfrom 94.66to 101.7 % with RDS values below 5 %hich were acceptable in bsample
assays (Table 2).
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Table 2. Recoveries of homovanillic acid fromhealthy human urine samples applying
ZFO/MWCNTSs/CPE sensors at pH 2.0

Sample  Add(x10°mol L'Y)  Found &10%mol L) Recovery (%) RSD (%)

Urine 5 4.94 98.8 2.98
10 10.17 101.7 2.05
15 14.2 94.66 3.55
20 19.4 97.0 2.32

4. CONCLUSION

Herein, novel carbon paste electrodes modified with Zn ferrite/MWCNTs composite were
introduced as an efficient analysis protocol for submicromolar voltammetric determination of
homovanillic acid for Neuroblastoma diagnosis. Modification with the feratonompositeffered
electrocatalytic activity towards electrochemical oxidatioithe target analyte with significant
enhancement of the peak current compared with the bare electrode. Indeed, the proposed sens
showed improved selectivity towards HVA jmmesence of other species present in the urine samples.
At the optimum conditions, the linear calibration curve was constructed in the HVA concentration
ranged between 0.415 to 3.2A2° mol L™t HVA with LOD value 0f0.148<10° mol L%; therefore, it
can be applied for the analysis of urine samples without prior pretreatment or preconcentration
protocol.
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SUPPLEMENTARY MATERIAL

Table S1 Average size crystallite particles, lattice parameters andphdear spacing of the unit cell
calculated from XRD data of metals suhgid ZFO NPs.

FO 0.495 2.5325 10.85 8.385 8.36120
ZCFO 0.521 2.5213 11.56 8.415 8.29634
ZFO 0.623 2.5241 15.17 8.282 8.26340

ZMFO 0.445 2.5412 32.20 8.314 8.19520
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Figure S1 XRD of, a) ZFO, b) ZCFO, c) ZMFO, and d) FO ferrite NPs

Figure S2 SEM Images of, a) ZFO, b) ZCFO, c) ZMFO, and d) FO ferrite NP
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Figure S3.TEM Images a) ZFO, b) ZCFO, ZMFO, and d) FO ferrite NPs

Figure S4 FTIR of, a) ZFO, b) ZCFO, c) ZMFO, and d) FO ferrite NPs
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