
Vol.:(0123456789)1 3

Journal of the Iranian Chemical Society (2023) 20:2329–2338 
https://doi.org/10.1007/s13738-023-02843-5

ORIGINAL PAPER

Electrochemical application of  ZnCr2O4@MWCNTs‑modified carbon 
paste electrode for sensing of chlorthalidone in its biological fluids

Ahmed M. Abdel‑Raoof1 · Manal M. Fouad1,2 · Noha S. Rashed1 · Asmaa I. Hosameldin1  · Elsayed Elgazzar3

Received: 13 December 2022 / Accepted: 13 June 2023 / Published online: 14 July 2023 
© Iranian Chemical Society 2023

Abstract
A new method for chlorthalidone (CLT) determination was developed on multiwalled carbon nanotube-modified nanocrystal-
line zinc chromite carbon paste electrodes  (ZnCr2O4@MWCNTs/CPEs). Electrochemical performance of CLT was assessed 
by a cyclic voltammetry (CV) and differential pulse voltammetry (DPV). The nanostructures ZnO,  ZnCr2O4, and  ZnCr2O4/
MWCNTs were prepared by chemical co-precipitation method. The microstructural, composition, and mean size of the par-
ticles were identified using XRD, EDX, and TEM techniques. ZnO showed a well crystallinity of crystal size 32 nm, while 
the spinel  ZnCr2O4 exhibited a small particle size of approximately 10 nm.  ZnCr2O4/MWCNTs showed poor crystal structure 
affected by CNTs replacement. The EDX spectra affirm the presence of the elements Zn, Cr, O, and C into the nanocomposite 
lattice, and the TEM micrographs indicated the particles in hexagonal and spherical shapes with a small size. The modified 
electrode exhibited improved activity and great conductivity in comparison with the bare sensor without modification. The 
method was linear from 0.1–9 μmol  L−1 with a minimum detection limit of 0.03 μmol  L−1. Lastly, the proposed procedure 
was effectively accurate and selective for the determination of CLT in tablet and biological fluids. This novel sensor was 
considered as environmentally friendly assisted by Eco-scale approach.

Keywords Chlorthalidone · Spinel-structured  ZnCr2O4 · Multiwalled carbon nanotubes · Green assessment · Differential 
pulse voltammetry

Introduction

In recent years, the use of electrochemical methods was con-
sidered as an alternative in the detection and analysis of food 
[1] and drugs [2–5] due to its wide range of applications, 
ease of use, wide variety of electrodes, and speedy readout. 
They can be used to measure trace levels of substances [6] 
and for the determination of exosomes from certain diseases 
[7]. They also offer excellent sensitivity and specificity and 

provide fast, reliable, and early detection of cancer metas-
tasis [8].

Moreover, nanoparticles inclusion to electrodes has sig-
nificant advantages such as enhancing active surface area, 
mass transport, long-term stability, multiple functionaliza-
tion, amplification of signals, and catalytic activity [1, 9, 
10]. Cr/ZnO is an example of these nanoparticles having a 
variety of applications, including the photolytic degradation 
of aniline and the removal of nitrogen oxide pollutants. Dif-
ferent techniques have been utilized to fabricate ZnO and 
 ZnCr2O4 including electrochemical deposition, hydrother-
mal, chemical vapor deposition, sol–gel, and co-precipita-
tion approach [11, 12].

A literature survey revealed that there is no electrochemi-
cal method for determining CLT. In this work, scalable and 
cost-effective chemical co-precipitation method was utilized 
to prepare  ZnCr2O4/MWCNTs which has been prepared 
and characterized. The objective of the present study is to 
develop a convenient and sensitive method for the deter-
mination of CLT based on the fabricated and characterized 
modified electrode in its dosage form, plasma and urine 
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samples. Electrochemical performance of the drug was 
assessed by CV and DPV. Finally, the produced method was 
assessed as an environmental ecofriendly technique.

CLT (Figure 1S) is white or yellowish-white crystalline 
powder. It is practically insoluble in water, chloroform, and 
ether and soluble in methyl alcohol [13]. CLT is an orally 
administered thiazide-like diuretic used to control hyper-
tension and edema, including that concomitant with heart 
failure [14]. Numerous analytical methods have been estab-
lished for the estimation of CLT including spectrophotomet-
ric[15–18], spectrofluorimetric [19], HPLC [20–25], chemo-
metrics [25], TLC [26, 27], capillary zone electrophoresis 
[28], LC–MS-MS [29, 30], ultrafast liquid chromatography 
[31], and supercritical fluid chromatography methods [32].

Experimental

Instruments

Voltammetric assay was done using Bio-logic SP 150 elec-
trochemical workstation attached to a specialized computer. 
The fabricated sensors were CPE, ZnO/CPE,  ZnCr2O4/CPE, 
or  ZnCr2O4/MWCNTs /CPE. X-ray diffractometer (XRD; 
Rigaku Smart Lab.) was employed to investigate the micro-
structure properties of the fabricated samples through 2θ 
changed between 20° and 80°. The elemental chemical com-
position and purity of ZnO, spinel  ZnCr2O4, and  ZnCr2O4/
CNTs were characterized by energy-dispersive X-ray analy-
sis (EDX; JEOL-JSM-7600F). Sputter coater (Model, EMS 
150 T ES) was used to coat the nanopowder by iridium. To 
define the mean size and particle distribution, transmission 
electron microscopy (TEM; Hitachi-H-7500, Japan) was 
performed at 80 kV. Further, pH meter Jenway, UK 3510, 
and sonicator (cleanwise®) model WUC-A06H (Korea) 
were used during the preparation of the samples.

Materials and reagents

CLT pure sample was kindly provided by Egyptian Co for 
Pharmaceutical and Chemical Industries (10th of Rama-
dan City), Cairo, Egypt. The purity was (99.00 ± 0.21) 
as referred by the supplier. Hygroton® containing 
50 mg CLT was purchased from local market. Methanol, 
highly pure graphite powder (10–20 µm), paraffin oil, Zn 
 (CH3COO)2.2H2O, and Cr  (NO3)2·4H2O were purchased 
from Sigma-Aldrich, Germany. Dipotassium hydrogen 
phosphate  (K2HPO4), dihydrogen potassium phosphate 
 (KH2PO4), orthophosphoric acid, and sodium hydroxide 
were purchased from El-Nasr Company, Egypt. Phos-
phate buffer solution (0.1 mol  L−1) composed of a mixture 
of 1 mol  L−1  K2HPO4 and 1 mol  L−1  KH2PO4; pH was 
adjusted using 0.1 mol  L−1  H3PO4 and 0.1 mol  L−1 NaOH.

Standard solution

Stock solution of CLT (1 ×  10−3 mol  L−1) was prepared 
by dissolving 33.87 mg of CLT in 70 mL of methanol and 
shaken for 15 min, and then volume was completed to 
100 mL with methanol.

Preparation of ZnO,  ZnCr2O4 and  ZnCr2O4/ MWCNTs 
nanoparticles

Un-doped ZnO was prepared via chemical precipitation 
approach at room temperature. Firstly, to 65  mL 1  M 
aqueous solution zinc acetate dihydrate (Zn  (CH3COO) 
2.  2H2O), 65 mL of 2 M sodium hydroxide (NaOH) was 
added dropwise under vigorous stirring. At pH ~ 10, a 
clear white precipitate of zinc hydroxide (Zn (OH)2) 
was obtained. After completion of the reaction, the 
obtained white solid precipitate was filtered and washed 
with deionized water, dried at 70 °C for 12 h, and finally 
annealed in a furnace at 400 °C for 3 h. On the other side, 
the spinel compound  ZnCr2O4 was prepared by dissolv-
ing 0.2 mol zinc acetate and 0.3 mol chromium nitrate 
Cr(NO3)2·4H2O) into 50 mL and 70 mL deionized water, 
respectively. Thereafter, 80 mL NaOH solution was care-
fully added till gray white powder was obtained at approxi-
mately pH 9. The formed powder was filtered, washed, 
dried, and calcined at the same previous procedures. The 
nanocomposite  ZnCr2O4/ MWCNTs was prepared by dis-
solving 0.05 g  ZnCr2O4 into 15 mL MWCNTs (0.05 g 
MWCNTs into 50 mL deionized water). After that, the 
solution was heat-treated in a microwave oven. The result-
ing precipitate was centrifuged, washed many times, and 
left for drying [33].

Electrode fabrication

Carbon bare electrode was constructed by mixing 0.4 g 
graphite powder and 0.2 mL paraffin oil using a pestle and 
mortar. The formed homogenous paste was filled into the 
cavity of the sensor, and the surface was smoothed out 
to obtain a glossy appearance. Modified electrodes ZnO, 
 ZnCr2O4, and  ZnCr2O4/MWCNTs were fabricated by add-
ing nanoparticles in a the ratio of 6–12% to 0.6 g graphite 
powder and 0.4 mL paraffin oil to create a uniform paste. 
All prepared sensors were constructed in a similar way as 
previously stated.
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Electrochemical procedure

The voltammetric cell was filled with 25 mL of phosphate 
buffer of pH 5.0; then a suitable volume of CLT standard 
solution was used to get a concentration of 1 ×  10−4 mol  L−1. 
All prepared electrodes were subjected to a definite voltage 
for a specified time. After the stated time, the potential and 
stirring were on hold for 6.0 s. All samples were determined 
in the same condition. Finally, differential pulse voltammo-
grams were determined at the optimum state in DPV in a 
range 0.1–9 μmol  L−1 with a scan rate of 100 mV/s, pulse 
amplitude of 20 mV, equilibrium time of 5 s, and a step 
potential of 5 mV.

Application to dosage form

Twenty Hygroton® tablets containing 50 mg CLT were 
accurately weighed and finely ground, and an amount of 
the fine powder equivalent to one tablet was transferred into 
a 100-mL volumetric flask, to which 60 mL methanol was 
added. After vigorously shaking for ten minutes, the flask 
was sonicated for 15 min, completed to the final volume 
with the same solvent, and then filtered. Further dilutions 
with phosphate buffer (pH 5) were done to prepare different 
concentrations of CLT; then the obtained solution was cen-
trifuged at 5000 rpm for 15 min. The general procedure was 
repeated using aliquots covering the working concentration 
range, and the concentrations of CLT were calculated using 
the regression equation.

Spiked human plasma

Human plasma samples obtained from healthy individuals 
immediately prior to analysis were diluted five times using 
phosphate buffer (pH 5) to minimize the matrix effects prior 
to analysis. The samples were then spiked with suitable dif-
ferent concentrations of the drug (0.3–9 µmol  L−1). CLT 
concentrations were determined in the plasma by the pro-
posed method using the regression equation, and the recov-
ery percent (%R) was determined.

Spiked human urine

A drug-free urine sample was provided by healthy non-
smoking volunteer. The urine samples were spiked with suit-
able concentrations of CLT then centrifuged at 5000 rpm for 
10 min to reduce the effect of any unexpected endogenous 
materials. The clear supernatant was diluted with phosphate 
buffer (pH 5) spiked with suitable concentrations of CLT 
(0.3–9 µmol  L−1) and then completed to volume with the 
buffer. CLT was determined in the urine as mentioned above, 
and the drug concentrations were calculated from the cor-
responding regression equation.

Results and discussion

Characterization of ZnO,  ZnCr2O4, and  ZnCr2O4 / 
MWCNTs nanocomposites

XRD, EDX, and TEM spectroscopy were used to explore the 
structural, chemical composition, and mean particle size of 
the nanoparticles ZnO,  ZnCr2O4, and  ZnCr2O4/ MWCNTs. 
As can be seen from the XRD pattern in Fig. 1, ZnO has a 
polycrystalline structure of sharp, narrow, and high-inten-
sity peaks suggesting a large crystallite size and well crys-
tal structure. The diffraction peaks located at 2θ = 32.27°, 
34.85°, 36.67°, 47.95°, 56.93°, 63.30°, 66.83°, 68.29°, 
69.61°, 72.97°, and 77.37° according to the typical reflec-
tion planes (100), (002), (101), (102), (110), (103), (200), 
(112), (201), and (004) coincide with the standard card of 
wurtzite hexagonal structure ZnO (JCPDS. 79–2205, space 
group P63mc). No other phases related to hydroxyl species 
or chemical salts existed in the spectrum [34, 35]. Besides, 
the nanostructures  ZnCr2O4 exhibited wide peaks attributed 
to the small crystalline size. The characteristic diffraction 
peaks located at 30.30°, 35.73°, 43.31°, 54.07°, 57.47°, 
62.83°, and 74.69° refer to the (220), (311), (400), (422), 
(511), (440), and (533) planes are indexed to the spinel cubic 
phase of zinc chromium oxide  (ZnCr2O4, JCPDS 87-0028, 
space group Fd-3 m) [36, 37]. Although with the closeness 
of ionic radius of  Zn2+ (0.074 nm) to  Cr3+ (0.063 nm) and 
electronegativity of Zn (1.65) compared with Cr (1.66), the 
phase was modified to the spinel structure due to the high 
amount of  Cr3+ replacements. Additionally, the nanocom-
posite  ZnCr2O4/MWCNTs showed deterioration structure in 
which most of the peaks of the spinel compound disappeared 
by MWCNTs inclusion. Only the weak reflection peaks of 
the planes (311) and (440) were observed in the spectrum. 
Moreover, a broad peak associated with the (002) plane of 
graphitic structure was detected at approximately 26.60°. It 
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Fig. 1  XRD patterns of ZnO,  ZnCr2O4, and  ZnCr2O4 /MWCNTs
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is worthy to note that the low degree of crystallinity was due 
to the lower calcination temperature as well as the combi-
nation of amorphous structure (MWCNTs) and crystalline 
phase of  ZnCr2O4 [38, 39].

To affirm the microstructure of the nanoparticles, the 
crystallographic parameters including the crystallite size 
(D), the dislocation density (δ), the degree of crystallinity 
(X_c), and the lattice strain (ε) were evaluated using the 
following equations [40–42]:

Equation 1 represents Debye–Scherrer formula where λ 
is the wavelength of the incident X-ray radiation, K is the 
Scherrer’s constant (the shape factor) ~ 0.94, θ is the angle 
of the diffracted X-ray radiations (Bragg angle), D is the 
average crystallite size, and β is the width at half maximum 
(FWHM) recorded in radian. The obtained XRD data are 
presented in Table 1. As summarized in the table, ZnO 
demonstrated a big crystallite size compared to the spinel 
 ZnCr2O4 which suddenly decreased to around 10 nm. The 
impact of size confinement is very useful in most of biologi-
cal and electrochemical applications in which the surface 
area was significantly increased. Moreover, the degree of 
crystallinity was decreased, whereas the strain and disloca-
tion density were increased due to the increase of  Cr3+ ion 
defects.

The elemental composition of the prepared samples was 
recorded using EDX spectra. Figure 2a illustrates the EDX 
pattern of ZnO including zinc (Zn) and oxygen (O) ele-
ments. However, the spectrum of spinel  ZnCr2O4 (Fig. 2b) 
revealed the presence of chromium ions which clearly assure 
the surface modification and again confirm the grown spinel 
 ZnCr2O4 with no further peaks related to other elements. 
Figure 2c shows the EDX spectrum of  ZnCr2O4 /MWCNTs 
composed of the elements Zn, O, Cr, and C [43]. The strong 
carbon peak detected in the spectrum displayed that the 
MWCNTs completely covered the spinel lattice which is 

(1)D = k�∕� cos �

(2)� = 1∕D2

(3)X_c = �∕0.24

(4)� = �∕(4 tan �)

consistent with the XRD behavior. Figure 3A–D depicts the 
EDX color mapping of the elements Zn, O, C, and Cr which 
were homogeneously dispersed [44].

Figure 4a–c describes the TEM micrographs of the nano-
structures. The TEM of ZnO shows the nanoparticles in 
spherical–hexagonal shape with mean size varied between 
30 and 40 nm (Fig. 4a). Besides, the spinel  ZnCr2O4 dis-
played a quasi-spherical particles of small diameter ~ 15 nm 
(Fig. 4b). Compared to ZnO, the particles of the spinel com-
pound revealed a relative uniform distribution [45]. The 

Table 1  The crystallographic parameters of the nanostructures ZnO, 
 ZnCr2O4, and  ZnCr2O4/MWCNTs

The nanoparticles D (nm) � × 10
−4 nm−2 X

c � × 10
−3

ZnO 32.00 9.80 47.41 4.02
ZnCr2O4/MWCNTs 10.00 100.00 15.66 11.70
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Fig. 2  EDX patterns of ZnO nanorods (a),  ZnCr2O4 (b) and  ZnCr2O4/
MWCNTs (c)
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TEM of the nanocomposite  ZnCr2O4/MWCNTs depicted 
spherical nanoparticles decorated with CNTs (Fig. 4c) [46]. 
Some of the nanoparticles were aggregated together due to 
the small particle size and large surface area. It is worthy to 
note that the obtained results from the TEM micrographs 
were consistent with the XRD behavior.

Electrochemical behavior of CLT at different sensors

Large surface area of the electrodes is a very important as it 
improves electrochemical activity and hence analytical per-
formance. The electrodes active surface area can be deter-
mined by CV method consuming a solution of (1 ×  10−3 mol 
 L−1)  K4 [Fe (CN)6] in 0.1 mol  L−1 KCl for the reaction using 
Randles–Sevcik equation [47].

The active surface area was estimated from the previous 
equation through the obtained slope.  ZnCr2O4/MWCNT/
CPE shows irreversible oxidation reaction behavior 
toward CLT (Fig. 5). The response of  ZnCr2O4/MWCNTs 
was higher than the other modified electrodes ZnO/CPE, 
 ZnCr2O4/CPE, and bare CPE. Modified electrode appears 
to increase electrochemical activity due to its large intrin-
sic surface area, and it enhances the transfer of electrons 
leading to the improvement of the electrochemical reaction. 
The active surface area of  ZnCr2O4/MWCNTs electrode was 

Ipa =
(

2.69 × 105
)

n3∕2A0C0D
1∕2

0
�1∕2

0.291 compared to 0.199, 0.151, and 0.054 for  ZnCr2O4, 
ZnO, and bare CPE sensors, respectively. A solution con-
tains (6 μmol  L−1) CLT was determined at a pH of 5 and a 
scan rate of 100 mV/s and the response of these four novel 
electrodes were compared; it was found that  ZnCr2O4 MWC-
NTs/CPE showed a greater response than other electrodes. 
 ZnCr2O4/ MWCNTs /CPE shows significant enhancement in 
the peak current due to increase in the electroactive surface 
area and electrocatalytic activity (Figure 2S).

It was found that 9%  ZnCr2O4/MWCNTs NPs gave excel-
lent response as verified by DPV (Figure 3S), while higher 
concentrations were found to be unsuitable owing to reduc-
tion of the electrode active area and block the electrode 
surface.

Optimization of the experimental conditions

Effect of pH

Phosphate buffer of pH range from 2 to 7 was tried to deter-
mine the suitable PH for  ZnCr2O4/MWCNT/CPE using the 
same CLT concentration (6 µmol  L−1). Shifting of the anodic 
peak occurred due to participation of electrons in the oxida-
tion process as shown in Figure 4S (A). The protons to the 
electrons ratio was 1:1, and the reaction slope was 0.050, 
which was relatively close to the Nernstian hypothetical 
value (0.059). Consequently, pH had important effect on 
the reaction (Figure 4S) (B).

Fig. 3  EDX analysis of A 
Oxygen, B Zinc, C Carbon and 
D Chromium
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Scan rate optimization

Scan rate effect on the oxidation of CLT solution (1 ×  10−4) 
mol  L−1 was investigated by measuring the response of the 
sensor using scan rates range from 20 to 140 mV/s (Fig-
ure 5S). The obtained results suggest that the oxidation 
behavior of CLT was due to mixed diffusion and adsorption 
mechanism on the  ZnCr2O4/MWCNTs electrode. Upon rep-
resenting the log of peak current versus log of the scan rate, 
a linear relationship was obtained (Figure 5S) (inset B). The 
obtained slope was 0.797 which confirm mixed diffusion and 
adsorption mechanism for CLT oxidation.

Diffusion of molecules from a great concentration to a 
small concentration was the principle of the mechanism of 
the electrode sensing. The electrons numbers contributing in 

(5)Epa (V) = −0.050 pH + 1.096

(6)Log Ip = 0.91 + 0.797 log �

Fig. 4  TEM micrographs of a 
ZnO, b spinel  ZnCr2O4, and c 
 ZnCr2O4/MWCNTs nanocom-
posite
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Fig. 5  CV of  ZnCr2O4/MWCNTs/CPE behavior for 
1 ×  10−4 mol  L−1 CLT in PBS of pH 5 at scan rate of 100 mV/s
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an electrochemical process can be determined using Laviron 
equation [48].

Upon drawing log scan rate (log υ) against potential (Fig-
ure 5S (Inset C)), α n can be calculated from the obtained 
slope, where n is the number of electrons transmitted and α 
is the electron transfer coefficient.

The slope of the last equation is 0.055, and α n is 1.07. 
As CLT electro-oxidation process is irreversible, α was sup-
posed to be 0.5 and n was determined to be ≈ 2, which is in 
agreement with the suggested electro-oxidation mechanism 
shown in Scheme 1S.

Determination of CLT in pure form

Oxidation of CLT on  ZnCr2O4/MWCNTs/CPE at applied 
potential range − 0.2–1.4 V. CLT displayed an oxidation 
peak at 0.847 V by DPV. The method was found to be lin-
ear from 0.1–9 μmol  L−1, and the regression parameters are 
shown in Table 2.

Methods validation

Under the above-mentioned experimental conditions, the 
calibration graph was constructed as shown in Figure 6S and 
the linear regression parameters of CLT were determined 
and presented in Table 2.

E = Eo +
(

2.303RT

anF

)

log

(

RTK
◦

anF

)

+
(

2.303RT

anF

)

log �

Ep(V) = 0.055 log � + 0.899

LOD and LOQ were determined using the following 
equations:

where σ is the residual standard deviation of a regression line 
and S is the slope of the calibration curve. The values sum-
marized in Table 2 demonstrate that the suggested method 
was sensitive for detection of low CLT concentrations.

Accuracy was assessed as % recovery of CLT concentra-
tions and found be near to the theoretical value. The values 
are summarized in Table 2.

Three different CLT concentrations were determined in 
the same day and in three successive days to estimate intra-
day and interday precision of the fabricated  ZnCr2O4/MWC-
NTs electrode. The precision as percent relative standard 
deviation (RSD %) was estimated (Table 2), and the tech-
nique appeared a worthy precision for CLT estimation.

Robustness refers to the capacity of an analytical method 
to be unaffected by slight changes without the occurrence 
of unexpected differences in the obtained results [49]. Upon 
small variation in a definite method parameters such as the 
response time (10 s ± 0.3 s) and change of pH (5 ± 0.1), the 
response of CLT stayed relatively unchanged, confirming 
robustness of the procedure. The reusability was estimated 
by recording the response of a sensor used before and that 
of the recently synthesized sensor (more than ten times). 
Similar responses explain that the sensor can be reused. The 
reproducibility of the proposed electrode was determined by 
construction of six sensors under the optimum conditions, 
and %RSD was found to be 1.650, confirming that accept-
able reproducibility. Within 30 days, sensor's stability was 
tested by recording the produced current. The peak current 
was remained up to 98% of its initial response through this 
period. As a result, the suggested sensor shows an excellent 
degree of reliability.

Application to dosage form

The developed procedure was useful for the quantification 
of CLT in tablets. The obtained results were in good con-
sistency with the label claim, demonstrating that there is 
no interference from excipients and additives. DPV tech-
nique was applied to measure CLT successfully in tablets 
at  ZnCr2O4/MWCNT/CPE electrode. The validity of the 
suggested method was further evaluated by the standard 
addition technique where acceptable results were attained 
(Table 3). By comparing the results obtained for determi-
nation of CLT in tablets with those of a published HPLC 
method [20], no important differences were found by 
applying t-test and F-test as shown in Table 4. The results 
obtained from ANOVA test (Table 1S) approve the accurate 

LOD = 3.3 �∕S

LOQ = 10 �∕S

Table 2  Regression parameters for CLT determination at  ZnCr2O4/
MWCNTs/CPE

a n Average of five determinations
b n Average of three determinations

Parameters DPV method

Linearity (μmol  L−1) 0.1–9
Slope 0.039
Intercept 0.172
Accuracya (%R) 99.45
Intermediate  precisionb (%RSD) 0.887
LOQ (μmol  L−1) 0.09
LOD( μmol  L−1) 0.03
Correlation coefficient (r) 0.9993
Repeatability (%RSD) 1.223
Robustness (%RSD) 1.801
Stability of the electrode (%RSD) 1.971
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evaluation of CLT in the bulk and in tablet. Moreover, the 
developed procedure is more sensitive than the published 
procedures (Table 2S).

Application to spiked human plasma and urine

CLT was determined successfully in human plasma and 
urine. Oral administration of 25 mg per dose leads to absorp-
tion of above 75% of CLT to reach peak plasma concen-
tration of about (192.2 ng/ml) after meal and (200.1 ng/
ml) throughout fasting. The amount excreted unchanged in 
the urine was found to be about 27% of the dose [50]. The 

published methods cannot be applied for determination of 
CLT in plasma because the c max is out of their linearity, 
which suggest the need for the developed method. Remark-
ably, excellent results of CLT estimation in spiked plasma 
and urine were achieved; Table 5 confirms the ability of the 
developed method for the estimation of CLT without any 
interference in spiked plasma and urine samples.

Study of the electrode selectivity

The selectivity of the  (ZnCr2O4/MWCNTs/CPE) to CLT was 
important parameter. The interference exhibited by materi-
als found or introduced in the same dosage form with CLT 
was determined. Valsartan (VAL) as angiotensin receptor 
blockers has been widely used in combination with CLT (a 
potent diuretic). VAL was effective and safe to be adminis-
tered with CLT in the same dosage form. The interference 
was determined by adding different VAL concentrations to 
fixed CLT concentration in phosphate buffer (pH 5.0), and 
the voltammetric current responses were recorded. It was 
observed that there was no significant variation in CLT oxi-
dation peak current with increasing VAL concentrations and 
very small %RSD demonstrates that there is no significant 
interference confirming the high selectivity of the prepared 
electrode toward CLT (Figure 7S).

Assessment of the greenness of the proposed 
method

An important step nowadays in any established method is 
evaluating its greenness and impact on the environment. 
The Eco-scale assessment technique is depended on penalty 
points deducted from a base of 100. The novel constructed 
sensor was evaluated for its greenness by calculating penalty 
points, including instruments, reagents, and waste [51]. A 
high score indicates that the method is as smart green. It was 
found that the proposed method scored 83, as summarized in 
Table 3S, demonstrating that this novel fabricated electrode 
was considered as environmentally friendly.

Table 3  CLT determination 
by standard addition technique 
at  ZnCr2O4/MWCNTs/CPE in 
commercial tablets

Tablets Method % Found ± SD Added (μmol  L−1) Found 
(μmol  L−1)

% Recovery

Hygroton® 
labeled (50 mg/
tab)

DPV 99.56 ± 0.34 0.2 0.199 99.50

1.00 0.99 99.00
3.00 3.02 100.67
5.00 5.10 102.00
7.00 6.93 99.00
Mean ± %RSD 100.03 ± 1.156

Table 4  Statistical comparison of the developed method with the 
reported method for CLT estimation

*The parenthesis contains the theoretical F and t values

Parameters Developed method HPLC 
reported 
method [20]

Mean 99.86 100.23
SD 1.110 0.925
Variance 1.232 0.855
n 5 5
Student’s t-test 1.88 (2.306)* –
F-test 1.44 (6.39)* –

Table 5  Validation parameters for the quantification of CLT in spiked 
human plasma and urine samples by DPV

a n Average of five determinations

Parameters Plasma Urine

Linearity ( μmol  L−1) 0.3–9 0.3–9
Slope ± SD (μmol  L−1) 0.04 ± 0.004 0.039 ± 0.005
Intercept ± SD 0.103 ± 0.054 0.111 ± 0.034
Correlation coefficient (r) 0.998 0.997
Accuracya (Mean ± SD) 101.98 ± 1.45 99.45 ± 1.45
LOQ (μmol  L−1) 0.29 0.29
LOD (μmol  L−1) 0.095 0.093
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Conclusion

The present work develops an electrochemical method based 
on modification of CPE by the incorporation of  ZnCr2O4/
MWCNTs to determine CLT in pure, dosage form, and bio-
logical fluids.  ZnCr2O4/MWCNTs/CPEs electrode was found 
to enhance electrical conductivity more than unmodified 
CPE electrode. The developed method can effectively deter-
mine CLT with low detection limit, high sensitivity, selectiv-
ity, good reproducibility, and repeatability; it extended for 
determination of CLT in plasma and urine.
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