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ABSTRACT

The binding of curcumin on the surface of AgNPs-sodium dodecyl sulfate

(SDS)-multi-walled carbon nanotubes–glassy carbon electrode (CM/AgNPs/

SDS/MWCNTs) was reported for simultaneous electrochemical determination

of dopamine (DA), uric acid (UA) and guanine (GU). Morphological properties

of modified electrodes surfaces were characterized using different voltammetry

methods. The microscopic area of the modified electrode was obtained

0.139 cm-2 using chronoamperometry analysis. The scanning electron micro-

scope (SEM), XRD, and TEM were used to monitor the sensor fabrication. The

zeta potential results showed that SDS dispersed the pure AgNPs, and the

AgNPs were significantly stabilized. Also, the results showed that the con-

structed CM-functionalized nanocomposite create a large surface area, long

stability, good adaptability, anti-interference capability, and significant repro-

ducibility. The electrochemical results confirmed that the fabricated nanocom-

posite has a high electrocatalytic activity toward the oxidation of analytes

especially for DA (vs. Ag/AgCl). While the above results hold true for DA, UA,

and guanine GU determination, there was no comparable electrochemical peak

for ascorbic acid (AA). The calibration curves were linear in the range of

12.0–200.0, 16.0–400.0, and 18–650.0 lmol L-1 for DA, GU, and UA, respectively.

The detection limit values were 0.14 lmol L-1 for DA, 0.19 lmol L-1 for GU,

and 0.38 lmolL-1 for UA. The prepared electrode was applied successfully to

the simultaneous determination of analytes in blood, serum, urine, and dopadic

ampoule samples.
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1 Introduction

In the complex human body fluids (e.g., serum), there

exists are many of biological molecules such as GU,

UA, DA, and AA. These molecules have a significant

effect on human physiology and play a serious

function in the efficiency of cardiovascular, central

nervous, renal, and hormonal systems as variation in

relative concentration affects human health. There-

fore, it proves necessary to develop rapid, practical,

selective, and sensitive methods for accurately iden-

tifying of these molecules for both investigations of

their physiological impact and diagnoses of several

diseases [1]. GU is the second-most common purine

found in the nucleic acids and appearing in both

DNA and RNA molecules. Not only the GU nucleo-

tides are involved in intermediary metabolism, but

they also found in many mammalian excrements and

tissues.

The main product of purine metabolism is UA,

which is present in blood and human urine. An

unusual amount of UA may cause hyperuricaemia,

gout, or Lesch–Nyan disease. Catecholamine DA is

an important neurotransmitter that plays essential

roles in the operation of the central nervous system of

mammals. Unusually low concentrations of DA may

cause serious health problems, such as schizophrenia,

Parkinson’s disease, epilepsy, or Alzheimer’s disease

[2, 3]. Ascorbic Acid (AA), as a vital vitamin, is sug-

gested for inhibition and treatment of common cold,

infertility, and mental illness. It should be noted that

the UA, DA, GU, and AA have similar oxidation

potentials at bare electrodes and produce overlap-

ping signals. The great problem with DA detection

regards low concentration levels of DA compared to

AA and UA. As a result, the interference effect of AA

occurs at 0.2–0.4 mM (excess of AA in extracellular

fluids).

Oxidized DA causes catalytic oxidation of AA and

causes major interference in the detection of DA.

Thus, it is critical to recognize the DA signal from AA

and UA signals and eliminate the interference effect

of AA [4]. Also, their oxidation products may be

absorbed or electropolymerized on the bare elec-

trodes and change their reusability and repro-

ducibility. Recently, experiments such as capillary

electrophoresis [5], high-performance liquid chro-

matography [6], a spectrophotometric method [7],

and electrochemical method [8] were introduced to

detect two or three components of UA, DA, and AA

simultaneously, such as.

Among these processes, the electrochemical

method for detecting UA, DA, and AA has attracted

considerable attention due to its numerous advan-

tages. The advantages include simplicity, sensitivity,

relatively low cost, and fast response [9, 10].

The similar oxidation potentials of biological

compounds and accumulation of oxidation products

of them at the electrode surface are major problems

that decrease reusability, selectivity, and repro-

ducibility of electrodes. So, construction of selective,

sensitive, and reusable electrodes are interested. Our

literature review details different modified electrodes

that have been fabricated and applied to overcome

this problem. After the fabrication of the first carbon

nanotubes (CNTs)-based electrochemical sensors, the

CNTs have been considered to develop of electro-

chemical sensors [11, 12]. Carbon-based nanomateri-

als (Carbon nanotubes, graphene, and its derivatives)

have been utilized in both modifications of glassy

carbon electrode (GCE) and carbon paste electrode

(CPE) for determination of target analytes. In this

area, we discuss single-walled carbon nanotubes

(SWCNTs) [12], MWCNTs [13], MWCNTs/metal

nanoparticles (MNPs), [14, 15] carbon nanohorns [2],

grapheme/MWCNTs [16], graphene, and its deriva-

tives [17, 18].

Also, modification of electrode surface was per-

formed by metal nanoparticles (MNPs) [19], com-

posite of MNPs [2], hybrid of MWCNTs, and MNPs

[20], and polymeric materials [21]. It is difficult to

apply some of these techniques to quantize of targets

in biological fluids due to decreasing sensitivity.

Also, the detection limits of some of the reported

methods are quite varied [22]. Silver nanoparticles

(AgNPs) were used for fabrication of different sen-

sors and biosensors. AgNPs have several advantages

such as high catalytic activity, good conductivity,

small dimensional size, effective mass transport, and

biocompatibility [23].

Curcumin (1,7-bis[4-hydroxy-3-methoxyphenyl]-

1,6-heptadiene-3,5-dione)(CM) is a principal pigment

obtained from curcuma. Curcumin shows a wide

background of biological activities such as antifungal

[24], antibacterial [24], antidiabetic [25], anti-allergic

[26], anti-cancer, anti-inflammatory [27], and anti-

protozoal [28] activities. Based on prior knowledge,

there are few reports of using CM in electrochemistry

J Mater Sci: Mater Electron (2021) 32:5602–5613 5603



methods for determinations or modification of elec-

trode surface.

Curcumin was used to modify GCE for electro-

catalytic determination of simple alcohols, glucose,

and some amino acids. Also, CM multi-wall carbon

nanotubes–glassy carbon electrode has been con-

structed to determine hydrazine [28]. On another

note, surfactants are amphiphilic compounds that

contain hydrophilic or hydrophobic moieties that can

reduce surface tension or interfacial tension between

molecules at the surface or interface. Since the sur-

factants can increase solubility, sensitivity, enrich-

ment, anti-interference effect, and selectivity, these

chemicals have been widely used in various fields of

analytical chemistry. Recently, surfactants have been

applied in electrochemical analysis for ion selective

electrode and polarographic voltammetric analysis

[29].

Previous studies show that the presence of cationic

and anionic centers of the b-diketone structure of CM

may affect the hydrophilic/hydrophobic balance

between curcumin and sodium dodecyl sulfate(SDS).

Therefore, the complex formation of CM and SDS

will stabilize the b-diketone forms of CM [30].

In this work, we intended to use synergistic

advantages of CM, SDS, Ag NPs, and MWCNTs to

enhance the electron transfer between the GCE sur-

face and therefore, improving the analytical perfor-

mance of biological molecules determination. To the

best of our knowledge, this is the first report on the

application of CM for stabilization and functional-

ization of decorated MWCNTs/GCE by AgNPs for

the simultaneous determination of DA, UA, and GU

in the presence of ascorbic acid (AA). The results

show that the adsorption of SDS on the electrode

surface may enhance the solubility of CM in micellar

media and significantly varying both the oxidation/

reduction potential and transfer coefficients of ana-

lytes. As a result, they increase the rate of electron

transfer and create large surface area respect to

MWCNTs. By using the selective and sensitive con-

structed composite, simultaneous determination of

DA, UA, and GU analyses was concluded done in

multiple real samples without the interference of AA.

2 Experimental details

2.1 Reagents and materials

Multi-walled carbon nanotube (MWCNT) (outer

diameter: 5–9 nm, inner diameter: 110–170 nm, pur-

ity:[ 95%), Sodium dodecyl sulfate (SDS), uric acid,

ascorbic acid, dopamine, adenine, and guanine were

purchased from Sigma Aldrich. Sodium hydrogen

phosphate, disodium hydrogen phosphate, sodium

hydroxide, potassium chloride, potassium nitrate,

hydrochloric acid, acetic acid, sodium acetate,

sodium sulfate, sodium chloride, sodium carbonate,

and ethanol were purchased from Merck (Darmstadt,

Germany). pH adjustments were performed with

0.1 mol L-1 HCl or NaOH solutions. Graphite pow-

der, high purity Nujol oil, silver nitrate, poly (vinyl

pyrrolidone) (PVP), and sodium borohydride

(NaBH4) were purchased from Fluka. CM (reference

standard) was purchased (Beijing, China). The stock

solution of CM (1.0 mM) was prepared with ethanol.

The working solutions of CM were made through

diluting the stock solution with pH 7.0 phosphate

buffer (0.1 M). All Chemicals with analytical grade

were used without furthers purification.

2.2 Apparatus

Electrochemical experiments were performed using

the IM-6 impedance analyzer (IM6e from Zahner-

Elektrik, Germany). The electrochemical cell was

assembled with a conventional three-electrode sys-

tem: CM/SDS/AgNPs/MWCNT/GCE was used as

the working electrode. An Ag/AgCl and platinum

wire were applied as the reference electrode and

counter electrode, respectively. pH measurements

were performed with a Metrohm model 713 pH/mV

meter (Metrohm, Switzerland). The micrographs of

the modified electrodes were investigated by scan-

ning electron microscopy (SEM–EDX, XL30, Philips

Netherland). Electron microscopy (TEM) image was

obtained using Zeiss-EM10C at the accelerating

voltage of 80 kV. The zeta potential of all dispersed

AgNPs was estimated on Malvern Zetasizer Nano

Series (Malvern, UK).

2.3 Synthesis of silver nanoparticles

AgNPs were synthesized using ice-cold sodium

borohydride. First, 30 mL of 0.002 M sodium
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borohydride (NaBH4) solution and magnetic stir

were added to an Erlenmeyer flask. The flask was

placed in an ice bath on a stir plate (20 min). Then,

2 mL of 0.001 M silver nitrate solution (AgNO3) was

added into the stirring NaBH4 solution at approxi-

mately 1 drop per second. The stirring was stopped

as soon as all of the AgNO3 is added. By mixing both

solutions (i.e., NaBH4 and AgNO3), Ag ions were

reduced and clustered to form nanoparticles [23].

2.4 Functionalization of nanocomposite
(CM/AgNPs/SDS/MWCNT/GCE)

A bare GCE was polished with 0.3 lm Al2O3 powder

and was rinsed with distilled water. Then, the soni-

cation was subsequently performed for 10 min in a

1:1 solution of HNO3 and distilled water. The cleaned

GCE was electrochemically activated in a 1.0 mol L-1

H2SO4 solution at a scan rate of 100 mV s-1. In this

study, highly dispersed MWCNTs were obtained by

dispersing 1.0 mg MWCNTs in 5.0 mL 3:1:1 mixture

of DDW, ethanol, and SDS under sonication for

30 min. To prepare MWCNT film at GCE (SDS/

MWCNT/GCE), 10 lL of the black suspension of

MWCNTs in SDS was directly placed on the cleaned

electrode surface and then dried at room temperature

(15 min). The CM/AgNPs/SDS/MWCNT/GCE,

AgNPs/SDS/MWCNT/GCE, CM/SDS/MWCNT/

GCE, and CM/GCE modified electrodes were pre-

pared by coating the surface of GCE with 10 lL of

CM/AgNPs/SDS/MWCNT suspension, AgNPs/

SDS/MWCNT suspension, and CM solution,

respectively. The electrodes were then dried for

15 min at room temperature before measurement.

These took about 15 min to dry at the electrode

surface.

2.5 Blood sample and urine sample
preparation

Blood samples, taken from the blood transfusion

Center, Bushehr, were transformed into EDTA anti-

coagulant tubes. Plasma samples were obtained after

centrifugation at 1000 rpm for 10 min. The plasma

samples were stored at - 80 �C until required, while

urine was collected overnight. Then, 25 mL of urine

sample was mixed with 1.0 mL of 1:1 H2O: HNO3

and was heated for 10 min. Next, the digested sample

was filtered and diluted to the desired mark with

distilled water [29].

3 Results and discussion

In this work, we tried to improve the solubility of CM

without using an organic solvent. Also, we decided to

use CM for modification, stabilization, and func-

tionalization of decorated MWCNTs/GCE. SDS as an

anionic surfactant at pH 7 can stabilize b-diketo form

of CM where some of the medicinal effects of CM are

connected with this tautomer. The absorption spectra

of CM and CM-SDS were recorded. The results

showed that in addition to the original band

(425 nm), the new band at 350 nm has been intro-

duced. The new band is due to the b-diketo tautomer

of CM stabilized by CM and the SDS [30]. This tau-

tomer has the maximum electron density in the

structure of CM and combination of ion–dipole or

H-bonding interaction results strong electron with-

drawing or releasing effects [31].

3.1 Characterization of CM/AgNPs/SDS/
MWCNT/GCE

The SEM image of the modified electrode is depicted

in Fig. 1. Figure 1a shows that AgNPs formed a clear

spherical structure with different sizes and hetero-

geneous dispersion. The dimensions of these

nanoparticles differed with a diameter of about

39–64 nm, indicating an average particle size of

47.2 nm for Ag. Figure 1b and c portrays that the

AgNPs and MWCNTs in SDS were immobilized on

the GCE surface, which dispersed without aggrega-

tion, while MWCNTs maintained network-like

structure. Figure 1c demonstrates that CM also sta-

bilizes AgNPs. In this solution, the average size of

silver nanoparticles was recorded as 35.6 nm. Fig-

ure 1d represents dispersion of MWCNT in SDS, and

Fig. 1e shows the image of CM/AgNPs/SDS/

MWCNT/GCE nanocomposite, implying that CM/

AgNPs are distributed well on SDS/MWCNT/GCE

surface. The random isolated distribution of CM/

AgNPs/SDS-/MWCNTs increased the surface area

of the sensor and could therefore result in high

loading and fast response of analytes. TEM image of

AgNPs is shown in Fig. 1f. The histogram for silver

nanoparticles showed that the maximum particle size

distribution was 39–64 nm, and average size of par-

ticles was 47 nm.

Also, the XRD patterns of composites structure are

shown in Fig. 2. According this figure, the charac-

teristic peaks were appeared at 12.0�, 17.1�, and 18.3�
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for curcumin. XRD analysis of the MWCNT-Ag-CM

nanocomposite reveals the characteristic peak at 28.4�
owing to the presence of MWCNT and 38�, 45�, and

65� can be attributed to AgNPs in the composite. So,

the results of XRD show that the composites were

made of CM, Ag, and MWCNTs.

Moreover, the presence of AgNPs and CM on the

MWCNTs surface are proved with observing the

EDX analysis (Fig. 3). It can be proved with

observing the signals corresponding to C, O, and Ag

in the EDX.

The zeta potential of bare AgNPs was compared

with AgNPs zeta potential values dispersed in SDS to

determine the stability. As expected, the surfactant

changed the stability of the silver nanoparticles. Fig-

ure 4 illustrated, the bare AgNPs exhibited higher

zeta potential than SDS-AgNPs. The zeta potential

decreased upon changing pH from 2 to 8. The zeta

potential of SDS-AgNPs is less than - 30 mV,

Fig. 1 SEM image of

modified electrode: a AgNPs,

b AgNPs dispersed in SDS,

c fictionalization of AgNPs

with CM, d MWCNT

dispersed in SDS, e CM/

AgNPs/SDS/MWCNTs/GCE

nanocomposite and f TEM

image of AgNPs, respectively
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normally indicating strong stability. ESI was further

applied for illustration of the differences between the

electrochemical performance of bare GCE and mod-

ified GCE electrodes. Using a frequency response

analyzer (Nova1.7, The Netherlands), the data fittings

and all simulations were performed.

The Nyquist plots of 1.0 9 10-3 mol L-1 K3-

[Fe(CN)6] in 0.1 mol L-1, KCl at pH 7 were recorded

a frequency domain of 5 to 10 MHz. The plots

showed a significant difference in bare GCE respon-

ses and the modified CM/AgNPs/SDS/MWCNT/

GCE (Fig. 5). As can be conspicuously seen, the Rct

values were significantly decreased due to the

excellent electrical conductivity of AgNPs and

MWCNT after deposition of CM, SDS, AgNPs, and

MWCNT on to the surface of GCE. This shows that

synergistic effect of CM, AgNPs, and MWCNTs

facilitated the electron transfer process on the elec-

trode surface and further enhanced electrocatalytic

effect of the fabricated electrode. Additionally, con-

sideration of anodic and cathodic peak current of

K3[Fe(CN)6] using functionalized nanocomposite

showed notably separated and shifted peaks toward

positive potentials. On average, both peak currents

were 40 times greater than the bare electrode.

0
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Fig. 2 XRD patterns of a CM, b MWCNT, and c MWCNT-CM-

AgNPs

Fig. 3 Energy dispersive X-ray spectrum of fabricated

nanocomposite

Fig. 4 Zeta potential of a bare AgNPs and b SDS-AgNPs as pH

Fig. 5 The Nyquist plots of bare GCE and CM/SDS/AgNPs/

MWCNT/GCE in KCl solution containing 1 mM Fe CNð Þ4�=3�
6
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3.2 Electrochemistry of modified electrode

Cyclic voltammetry was utilized to explain the elec-

trochemical behavior of different modifications of the

electrode surface at pH 7. The electrochemical prop-

erties of DA (5.0 9 10-5 mol L-1) using different

electrodes were investigated. DA has an oxidation

peak at 0.5 V at bare GCE. The CV values of different

electrodes GCE, SDS/MWCNT/GCE, CM/GCE, and

CM/AgNPs/SDS-MWCNT/GCE were recorded and

are illustrated in Fig. 6. The peak current was mag-

nified by 3.1, 22, 23, 29, and 40 times higher than bare

GCE. These results show that the AgNPs and

MWCNTs displayed superior electrical conductivity,

interesting electrocatalytic activities, and great

adsorption capacity of analytes. Furthermore, SDS

enhanced the dispersion of the AgNPs and MWCNTs

while CM improved the surface area. About biolog-

ical molecules, the synergistic effect of CM, AgNPs,

SDS, and MWCNTs can remarkably increase the

sensitivity and selectivity of differential pulse

voltammetry determination.

3.3 Optimization of experimental
conditions

To reach the effective electroanalytical performance

of the modified GCE, useful experimental variables

such as pH, supporting electrolyte, amount of CM,

and surfactant concentration were carefully studied

and optimized in a solution containing 10 lM of

targets. The DPV peaks of analytes were recorded,

and DPV current changes were used for optimization

of experimental parameters. The effect of buffer pH

on the electro-oxidation of DA, UA, and GU was

studied in the range of pH 4.0–8.0. Figure 7b illus-

trates that DPV currents were increased with

increasing pH values. Therefore, a phosphate buffer

of pH 7.0, which is compatible with the body’s

physical condition, was employed in further studies

because the DPV current is more than other pHs

values. As shown in Fig. 7a, the oxidation potentials

of species were shifted positively when pH of solu-

tion decreases over the range 8.0 to 4.0. It is indicating

that the electrochemical oxidation of analytes related

to a proton-transfer process. The relationship of peak

potential and pH is linear over the entire pH (7c).

The regression equation was obtained E(V) = 0.0521

pH ? 0.501, E(V) = 0.0499 pH ? 0.168, and E(V) =

0.0502pH ? 0.577 for Gu, UA, and DA, respectively

(Fig. 7b and c). The linear slopes of the graphs were

close to the Nernstian theoretical value of 0.059 V at

25 �C. This model assumes that the number of pro-

tons was equal to the number of the transferred

Fig. 6 CV of modified electrodes GCE, SDS/MWCNT/GCE,

CM/GCE, and CM/AgNPs/SDS-MWCNT/GCE at optimum

conditions

(a)

(b)

(c)

Fig. 7 a Effect of pH value on the electrochemistry behavior of

100 lM of analytes (color blue, red, black, and green for pH 4, 5,

7, and 8, respectively), b relationship between peak current and

pH and c linear relationship between oxidation peak potential

(Epa) and pH at CM/SDS/AgNPs/MWCNT/GCE electrode
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electrons in the electrochemical processes. According

to the results, the electrochemical oxidation of gua-

nine followed a loss of 4e-, while DA and UA fol-

lowed loss of 2e-. The effects of various supporting

electrolytes were also studied. The results showed

that Na2SO4, Na2CO3, NaCl, and KNO3 did not sig-

nificantly enhanced the DPV peak currents. But the

current in KCl solution increased and DPV peaks

were separated better than other supporting elec-

trolytes. Also, the background current is also the

lowest in comparison to other electrolytes. The

results show that DPV peak currents of analytes

significantly increased after increasing concentration

of KCl up to 0.1 mol L-l and remain approximately

constant at higher concentrations.

Therefore, a concentration of 0.1 mol L-l of KCl

was selected and applied for further studies. Herein,

DA and UA electron transfer behavior was studied

by changing the amount of silver nanoparticles in the

GCE. The responses of GCE/MWCNTs surface elec-

trodes containing different volumes of AgNPs were

detected at pH 7 for 0.1 mol L-1 KCl solution.

According to the results, increasing the number of the

nanoparticle to 10 lL increases the DPV current.

After adding 10 lL of AgNPs, there was little change

in the amount of DPV currents. Therefore, the 10.0 lL

volume of silver nanoparticles is suitable for reaching

the highest sensitivity. The aggregation of AgNPs

decreases the active surface area of nanoparticles and

hence, remarkably decreases the AgNPs activities.

Therefore, an experiment was performed using SDS

to enhance the applicability and stabilization of

AgNPs.

3.4 Investigation of scan rate

Beneficial information about the mechanism of elec-

trochemical reactions usually can be achieved from

the investigation of cyclic voltammetry at various

scan rates. The effects of scan rate on the electro-

chemical signal of analytes were studied by a con-

structed composite using 10 lM of K3[Fe(CN)6] at

optimum conditions. Figure 8a shows the influence

of the scan rate on the cyclic voltammograms of

analytes in the range of 40–150 mV s-1. A depen-

dence of ip on m1/2 and ip and m for anodic peak cor-

responded to the following equations:

Ipa(A) = 3.01m1/2 - 1.21 (R2 = 0.995) and Ipa(-

A) = 0.16m ? 12.25 (R2 = 0.986) (Fig. 8b), respectively.

The first equation is a typical diffusion-controlled

reaction, whereas the second one is a redox reaction

controlled by adsorption. These equations indicated a

mixed adsorption–diffusion-controlled process.

3.5 Surface area study of nanocomposite

The effective surface of nanocomposite was evalu-

ated by chronoamperometry of K3Fe(CN)6. The graph

of current as a function of time (I vs. t-1/2) was

considered. The linear plot reveals the Cottrellian

behavior and diffusion of K3Fe(CN)6 from bulk

solution toward the electrode’s surface. The slope of

linear region of the Cottrell plot was used, and the

diffusion coefficient of K3Fe(CN)6 was estimated. The

calculated value was 5.30 9 10-6cm2 s-1, which is in

well compliance with reported diffusion value of

K3Fe(CN)6. Moreover, the surface area of electrode

was calculated using Cottrell equation. The obtained

microscopic area of the modified electrode was

y = 3.012x - 1.2103
R² = 0.9955
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Fig. 8 a Influence of scan rate on anodic peak currents in the

range of 40–150 mV s-1 a dependence of ip on m1/2 and

b dependence of ip and m
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0.139 cm-2, which is approximately twice as the

value for MWCNT/CPE (0.0801 cm-2) [32].

3.6 Analytical features of the constructed
composite

Under the optimized conditions, DPV of the different

concentrations of analytes was recorded. The rela-

tionship between the ipa and the concentration of DA,

UA, and GU was tested on the surface of CM/

AgNPs/SDS/MWCNT/GCE. Under the obtained

optimum conditions, calibration plots were plotted.

The obtained calibration equations, correlation coef-

ficients, and limit of detection are given in Table 1.

The results indicate that the system is very sensitive

for determination of DA, UA, and GU.

The repeatability of the modified electrode was

considered by repetitive recording of DPV signals at

a fixed concentration of 100 lmol L-1 for each ana-

lytes. The relative standard deviations (RSD) of peak

currents intensity were 2.8, 1.1, and 4% for DA, UA,

and GU, respectively. These data show the good

repeatability of the modified GCE response. The

storage stability studies of 100 lmol L-1 of targets

using modified electrode demonstrated that peak

current did not change considerably over the first

23 days decreased by only about 5% after 30 days.

The results of repeatability and stability indicate an

excellent repetition ability and good long-term sta-

bility of modified electrode.

3.7 Interference study

To evaluate the selectivity of the proposed method in

the determination of DA, UA, and GU in the presence

of AA, the influence of various foreign species on the

determination of 10.0 lmol L-1 of DA, UA, and GU

was selected and thoroughly studied. The tolerance

limit was taken as the maximum concentration of

foreign substances that lead to an approximate rela-

tive error of 10 ± 10%, with results that are shown in

Table 2. As evident in Table 2, many biological

molecules do not interfere with their measurements,

even at high concentrations (cysteine, lysine, trypto-

phan, and tyrosine). Additionally, ascorbic acid does

not show any signal at the potential range of deter-

mination. Therefore, the designed composite has a

great selectivity for the determination of low levels of

analytes.

3.8 Applications of the method to real
samples

The applicability of the proposed method was vali-

dated by determination of analytes in various blood,

urine, serum, and dopamine ampoule samples.

3.8.1 Determination of UA in the urine sample

The prepared urine sample was used to determine

the amount of UA by CM/AgNPS/SDS/GCE

Table 1 Results of the

recovery analysis of DA and

UA spiked in urine and

DOPADIC samples

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

Urine DA 0 0 –

23.0 22.8 99.1

DA 0 0 –

50 50.22 100.4

GA 0 0 –

30 32.1 107

GA 0 0 –

50 53.4 106.8

DOPADIC DA 0 0 –

30.0 28.2 94.0

GU 0 0 –

96.0 101.8 106.0

Serum DA 0 7.04 –

19 25.7 98.2

UA 0 10 –

60 68.2 97.0

GU 0 13.5 –

3.5 17.2 105.7
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(3.0 9 10–4 ± 4.3 9 10-5 lmol L-1) and correlated

with the value obtained by standard addition method

(2.7 9 10–4 lmol L-1). The results presented here

show the average of three-time measurements ± s-

tandard deviation of the replicates. The calculated

value of student’s t test (0.98) was lower than the

critical value of t (4.30) at p = 0.05 for three

determinations.

3.8.2 Determination of DA at DOPADIC ampoule

The dopadic ampoule was prepared for the evalua-

tion of DA. Three measurements were performed,

and the average of analysis was calculated based on

these values. The amount of DA was obtained by the

proposed sensor, which was 5.8 9 10–3 ± 2.6 9 10–4

(three-time measurements ± standard deviation).

The concentration of DA was obtained by the stan-

dard addition method as a reference method

(5.4 9 10–3). The student t test was applied to test the

presence of statistically significant differences

between the results. The calculated t value (2.18) was

lower than the critical (table) value (4.30). According

to these results, there is no significant difference

in the mean value of analysis (p = 0.05).

3.8.3 Recovery tests

3.8.3.1 Determination of DA and UA in urine and

dopadic ampoule sample The standard addition

method was applied for the evaluation of DA and UA

in the spiked samples (Table 2). Various amounts of

DA and UA were added into the samples, and the

values of spiked samples were calculated. The results

of urine sample (Table 2) indicated that the current

study showed good recoveries (94–107%). Besides,

the concentration of DA and GU was obtained in

DOPADIC ampoule samples. The recoveries of

spiked samples are also collected in Table 2.

3.8.3.2 Determination of DA, UA, and GU in serum

sample The applicability of the method was tested

by determining DA, UA, and GU in spiked serum

samples. Different concentrations of analytes were

Table 2 Influence of various foreign species on determination of

DA, UA, and GU using functionalized nanocomposite by GCE

Species Tolerance limits

GU UA DA

Lucien 1000 1000 2

Phenylalanine 50 50 50

Cysteine 1000 1000 1000

Tyrosine 400 1000 30

Tryptophan 1000 30 30

Aspartic acid 30 5 5

Acetaminophen 2 2 2

Table 3 Characteristic comparison of some reported modified electrodes for the determination of analytes with proposed method

Electrode Method LDRa (lmol L-1) LODb (lmol L-1) References

DA UA GU DA UA GU

Pd-CNFs/CPEc DPV 0.5–160 2–20 – 0.2 0.7 – [7]

AuNPs@MoS2 /GCEd DPV 0.05–30 50–40,000 – 0.05 10 [33]

PImox–GO/GCEe DPV 12–278 3.6–249.6 3.3–103.3 0.63 0.59 0.48 [18]

PAA-MWNTs/GCEf DPV 5–500 3–60 – 1.5 – 1.0 [28]

Ag-PMel/GCEg DPV 0.1–50 0.1–50 0.1–50 0.01 0.1 0.008 [16]

CM/AgNPs/SDS/MWCNTs DPV 2–120 6–184 4–160 1.43 3.72 1.9 Current work

aLinear dynamic range
bLimit of detectionr
cPalladium nanoparticle-loaded carbon nanofiber
dGold nanoparticle-decorated MoS2-modified GCE
eOveroxidized polyimidazole (PImox) and graphene oxide copolymer-modified electrode
fPoly(acrylic acid) (PAA)-multiwalled carbon-nanotubes
gAg/melamine monomer/glassy carbon electrode
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added to the serum samples, and DPV signals were

recorded. The calculated recovery values are sum-

marized in Table 2. The data presented are the

average of three determinations. The results explain

that the proposed composite could be apply to the

simultaneous determination of targets in real bio-

logical samples with satisfactory outcomes. The

response characteristics of modified electrode were

compared with reported methods for determination

of DA, UA, and GU (see Table 3). These characteris-

tics clarify that the nanocomposite provides better

sensitivity, the limit of detection, linear range, and

selectivity over most of the reported electrodes.

4 Conclusion

Overall, we have successfully designed and fabri-

cated functionalized CM/AgNPs/SDS/MWCNTs

nanocomposite using GCE for the simultaneous

determination of DA, UA, and GU in the presence of

AA. The results showed that SDS is a good stabilizer

of AgNPs and MWCNTs. While MWCNTs main-

tained network-like structure, aggregation of silver

nanoparticles was prevented and smaller nanoparti-

cles were obtained. To the best of our knowledge,

there is no prior report on the simultaneous mea-

surement of targets in the presence of AA using GCE

modified with the proposed modifiers, especially CM

for stabilization and functionalization. The results

demonstrated that the developed nanocomposite had

great electrocatalytic activity toward biomolecules

oxidation than other constructed electrodes and bare

GCE. Furthermore, the study of potential-interfering

substances demonstrated that the proposed method

was free from the usual interfering compounds.

Compared with the reported modified electrodes, the

designed nanocomposite displayed effective perfor-

mances of wider linear range and lower detection

limit, which suggests this strategy for selective and

sensitive determination of these components and

demonstrates the main function of functionalized

AgNPs.
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