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Abstract: The advanced and high-functional activities of magnesium oxide and copper oxide nanopar-
ticles encourage the extensive use of these metal oxides as remarkable electroactive materials in
electrochemical and sensing detections. The current study described a comparative sensing activity
and selectivity of modified coated wire membrane sensors enriched with magnesium oxide and
copper oxide nanoparticles for quantifying the breast cancer medication letrozole (LTZ) in its phar-
maceutical form and human plasma. The fabricated sensors were based on the incorporation of LTZ
with phosphomolybdic acid (PMA) to form the electroactive complex letrozole-phosphomolybate
(LTZ-PM) in the presence of o-nitrophenyloctyl ether (o-NPOE) as a solvent mediator. Under op-
timum conditions, the modified sensors LTZ-PM-MgONPs and LTZ-PM-CuONPs demonstrated
linear relationships of 1.0 x 1078-1.0 x 1072 and 1.0 x 10710-1.0 x 1072 mol L1, respectively. Least
square equations were calculated as Ep,yv = (56.4 &+ 0.7) log [LTZ] + 569.6 and E,yv = (58.7 + 0.3)
log [LTZ] + 692.6 for LTZ-PM-MgONPs and LTZ-PM-CuONPs, respectively. The conventional type
LTZ-PM showed a potential response E,,y = (53.3 £ 0.5) log [LTZ] + 451.4 over concentration range
of 1.0 x 1070~1.0 x 1072 mol L. The suggested sensors were successfully used to determine LTZ
in pharmaceutical formulations and biosamples. Method validation ensured the suitability of the
suggested potentiometric sensors.

Keywords: letrozole; electrochemical analysis; metal oxide nanoparticles; potentiometric sensors;
pharmaceutical formulations; biosamples

1. Introduction

Nano-scale materials are considered a potential key in sensors, material construction,
electronics, drug delivery systems, and cancer diagnosis. The nano size material exhibits
different and amazing properties that are considered a possible solution for many current
problems and can be an essential contribution to solve some global and environmental
challenges. These unique properties can potentially modify our life cycle and can be
utilized for the construction of ultra-sensitive sensors [1-4].

Magnesium oxide (MgO) is a basic oxide that has various applications. It has a
promising potential as a caustic adsorbent of toxic chemical wastes. Due to the characteristic
structures and versatile properties of MgO nanoparticles, they displayed exceptional
optical, electronic, magnetic, thermal, mechanical and chemical features. Therefore, MgO
nanoparticles have significantly been utilized in catalysis, toxic wastes remediation and
refractory material industries [5-7].

Copper oxide (CuO) is a strong p-type semiconductor. It has rewarded substantial at-
tention due to its outstanding optical, electrical, physical, and magnetic properties. Thus, it
is heavily utilized in different purposes such as catalysis [8], conversions of solar energy [9],
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sensors [10] and emissions [11]. Nevertheless, these characteristics can be enhanced by
synthesizing CuO in nanoparticles for better performance when compared with their bulk
counterparts. Different approaches have been proposed to fabricate nanoparticles in several
sizes and shapes such as thermal oxidation [12], sonochemical [13], combustion [14] and
quick precipitation [15]. The multi-functional physicochemical features, large surface area,
powerful binding properties and high isoelectric stability of magnesium oxide nanoparti-
cles (MgONPs) and copper oxide nanoparticles (CuONPs) enhanced their usage in various
analytical probes including electrochemical sensors [16,17], biomedical applications [18,19]
and drug delivery systems [20,21].

The typical potentiometric electrodes for detecting medicinal drugs, organic or in-
organic compounds are the classical form of self-powered electrodes that do not need
any external energy sources for their work [22]. The potentiometric measurements of
these electrodes are achieved as a result of analyte accumulation under the effect of an
electrostatic mechanism causing the production of potential difference between working
electrode surface and the surface of reference electrode [22]. The diverse structure and size
of the synthesized MgONPs and CuONPs provide an advanced competence for the con-
struction of various catalytic sensing systems. These systems exhibit rapid, ultrasensitive
and selective characteristics such as low detection limits, wide concentration ranges, higher
recoveries percentage, strong reproducibility, and functionality under room temperature
conditions [23,24].

Letrozole (LTZ) is an oral non-steroidal medication for breast cancer therapy after
surgery. It acts as aromatase inhibitor and prevents estrogen production. The action of this
medication is very specific and does not inhibit the formation of corticosteroids [25]. LTZ
was previously quantified using various analytical techniques, including chromatographic
separation such as high-performance thin layer chromatography [26], reversed phase liquid
chromatography [27,28], liquid chromatography coupled with tandem mass spectrome-
try [29,30], and capillary zone electrophoresis [31]. Furthermore, different spectrophotomet-
ric methods were reported for the determination of LTZ in various media [32-36]. However,
very few articles were concerned with potentiometric determination of LTZ [37]. These
techniques exhibited several analytical advantages such as excellent sensitivity to quantify
organic and inorganic substances with useful and wide linear concentration ranges. How-
ever, they still possess certain drawbacks such as the need for high technical skills and long
analytical time as well as the consumption of large solvent quantities.

Currently, determination and quantification of dosage form medications using modi-
fied metal oxide sensing electrodes have gained major attention. The objective of this study
is to fabricate highly sensitive and selective modified coated wire sensors enriched with
MgONPs and CuONPs. Those sensors were applied for electrochemical quantification
of the breast cancer medication LTZ in its tablets and biosamples. Moreover, method
validation was carried out to evaluate the validity of the suggested modified sensors.
Additionally, a comparative study was carried out between the enriched sensors with metal
oxide nanoparticles and the conventional fabricated ones.

2. Experimental
2.1. Chemicals

The purest form of breast cancer medication LTZ and its Femara® tablets (2.5 mg Letr-
ozole/tablet) were obtained from Saudi Pharmaceutical Distribution Co. Ltd. (Novar-
tise, Jeddah, Saudi Arabia). Magnesium sulfate, sodium hydroxide and copper nitrate
(Cu(NO3)2-3H,0) were supplied by BDH (Poole, UK). Various solvents and chemicals
including methanol 99.9%, acetone 99.9%, ethanol 99.9%, tetrahydrofuran (THF) 97.0%,
ortho-nitrophenyloctyl ether (0-NPOE), hydrochloric acid 37%, phosphomolybdic acid as
well as high molecular weight polyvinyl chloride (PVC) were supplied by Sigma Aldrich
(Hamburg, Germany). The blood samples were collected from patients in King Khalid hos-
pitals (Riyadh, Saudi Arabia), and the research ethics committee at King Saud University,
KSA (KSU-REC-002-E, 2020) approved the study.
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2.2. Instruments

A digital pH meter HANNA model 211 (HANNA instruments, Smithfield, RI, USA)
was used to perform all the potentiometric measurements. Metrohm pH-meter model
744 (Metrohm Co., Herisau, Switzerland) was used to control the pH conditions of the
analyte samples. The electrochemical systems were comprised of a fabricated indicator
electrode in conjunction with a silver/silver chloride (Ag/AgCl) as a reference electrode.
Spectrophotometer (Shimadzu Corporation, Kyoto, Japan), Spectrum BX spectrometer,
(PerkinElmer, Waltham, WA, USA), Transmission electron microscope (TEM) (JEM-2100F,
JEOL Ltd., Akishima, Tokyo, Japan), Scanning Electron Microscope (SEM) (JSM-7610F;
JEOL, Tokyo, Japan), and X-ray diffraction (XRD) (Shimadzu XRD-6000 diffractometer,
Kyoto, Japan) were used for nanoparticles characterization. Energy-Dispersive X-Ray
Spectroscopy (EDX) analysis was obtained by a SEM microscope (JSM-7610F; JEOL, Tokyo,
Japan) connected with EDX to ensure the presence of magnesium and copper in samples.

2.3. Synthesis of Magnesium Oxide and Copper Oxide Nanoparticles

Magnesium hydroxide was prepared by mixing 50 mL of each 5% magnesium sulfate
(MgSOy4) and 5% sodium hydroxide (NaOH) solutions under magnetic stirring for 3 h. The
formed magnesium hydroxide was heated in a hot air oven for another 3 h at 100 °C. This
precursor was calcined in a muffle furnace at 500 °C to obtain MgONPs [38].

The synthesis of CuONPs using copper nitrate was conducted by preparing 100 mL of
1.0 x 10~! mol L~ of copper nitrate in deionized water. A solution of 1.0 x 10~! mol L~!
sodium hydroxide was added dropwise with continuous stirring. The black precipitate
was observed when the pH elevated to 14. Deionized water and absolute ethanol were
used to wash and neutralize the formed precipitate, and then dried at 80 °C for 16 h [39].

2.4. Characterization of Nanoparticles

Spectrophotometric detection at a wavelength range of 200-500 nm using a UV 2450
Spectrophotometer (Shimadzu Corporation, Kyoto, Japan) was carried out to ensure the
formation of MgONPs and CuONPs. Fourier-Transform Infrared spectroscopy (FI-IR)
spectra was used to determine the predicted functional groups that appear in the —prepared
MgONPs and CuONPs. Microscopic examination under TEM and SEM was performed to
study the surface structure, shape and particle size of both MgONPs and CuONPs.

2.5. Preparation of Standard Drug Solution

A standard 1.0 x 1072 mol L™! of LTZ solution (pH = 4) was obtained by dis-
solving 0.285 g of LTZ in 100 mL acidic distilled water (HCL:water, 1:3 v/v). Ana-
lytical solutions in the ranges of 1.0 x 107°-1.0 x 1072, 1.0 x 1078-1.0 x 1072 and
1.0 x 10719-1.0 x 1072 mol L~! were prepared by performing serial dilutions using the
same solvent. The experimental studies were carried out using a conventional LTZ-PM,
modified LTZ-PM-MgONPs and LTZ-PM-CuONPs coated wire sensors, respectively.

2.6. Preparation of Electroactive Complex

The electroactive complex (ion pair) of LTZ-PM was prepared by mixing equal vol-
umes (50 mL) of 1.0 x 102 mol L~! of LTZ acidic solution (pH = 4) with 1.0 x 1072 mol L~!
of PMA solution. A yellowish precipitate of LTZ-PM complex was obtained. The resulted
precipitate was filtrated using Schleicher and Schuelfilter paper No. 595 150 mm, washed
three times with distilled water, and air dried at ambient temperature overnight.

2.7. Membrane Composition and Sensor Fabrication

Three different coated wire sensors based on LTZ-PM, LTZ-PM-MgONPs and LTZ-PM-
CuONPs were fabricated by mixing 190 mg of high molecular weight polyvinyl chloride
(PVC), 10 mg of ion-pair (LTZ-PM), and 0.35 mL of plasticizer o-NPOE in 5 mL of THF. The
mixed solution was purred in a Petri dish (3 cm in diameter) and allowed to evaporate
until the formation of an oily membrane solution. An Al wire was polished and acetone
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cleaned, then dipped several times in the membrane mixture to construct the conventional
LTZ-PM sensor. To fabricate the modified sensors, a plastic membrane mixture containing
MgONPs or CuONPs (5 g), PVC (190 mg), LTZ-PM-MgONPs or LTZ-PM-CuONPs ion-
pair (10 mg) and 0-NPOE plasticizer (0.35 mL) in 5 mL of THF were prepared. A well
homogeneous dispersed membrane mixture was obtained by continuously stirring it for
15 min at room temperature. The formed polymeric membrane mixtures were used to
formulate a thin layer on the surface of the sensors. After drying, sensors were immersed
in the coated membrane mixture (several times) to form a thick coated wire membrane.
The fabricated sensors were designed as follows: Al wire/modified coated membrane/test
solution/ /Ag/AgCl reference electrode (Figure 1).

PVC PMA

CuONPs LTZ-PM-CuONPs

\

0.35 mL EMF
O-NPOE

|
— —

Potentiometric
System

Coated membrane

Figure 1. Illustrated the construction of the modified sensor and its potentiometric system.

2.8. Calibration Graphs

Twenty-five mL of 1.0 x 1071°~1.0 x 1072 mol L~! LTZ standard solution was ana-
lyzed using the fabricated sensors separately in conjunction with Ag/AgCl as a reference
electrode. The calibration graphs of each sensor were plotted (Microsoft office Excel 2010)
using the potential readings as a function of -logarithm LTZ concentrations.

2.9. Optimization of Potential Readings Condition

To evaluate the pH effect, 0.1 mol L~! hydrochloric acid was used to acidify 1.0 x 10~* mol L~!
of LTZ test solution. The potential readings were recorded after elevating the pH using
0.1 mol L™! of sodium hydroxide and the fabricated sensors were separately used in con-
junction with Ag/AgCl reference electrode and combined glass electrode for measuring
pH values. pH graphs were plotted (Microsoft office Excel 2010) using the pH values as a
function of potential readings of each sensor.

The separate solution method [40] was followed to evaluate the selectivity of the sug-
gested sensors. The tolerable values of various interfering species including cations, sugars,
amino acids and co-formulated compounds were calculated using the following equation:

Log KP° = (E; — E;)/S + Log [LTZ] — Log [B*"]/* (1)
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The equation represented as selectivity coefficient (KP?"), potential reading of 1.0 x 1073 mol L !
LTZ (E;), potential reading of 1.0 x 1073 mol L ™! of interfering species (Ey), interfering
ions (B*") and slope of the calibration graph (S).

The dynamic response time was investigated by measuring the potential response of
the tested drug using a concentration range of 1.0 x 1071°-1.0 x 1072 mol L.

2.10. Analysis of LTZ in Femara® Tablets

Twenty Femara® tablets (2.5 mg/tablet) were milled to fine powder and an accurate
amount equivalent to 0.285 g was dissolved in distilled water to prepare 1.0 x 10~2 mol L~!
standard solution. Serial dilutions were carried out to prepare different concentrations
of LTZ within the range of 1.0 x 1071°-1.0 x 1072 mol L~!. The fabricated sensors
LTZ-PM, LTZ-PM-MgONPs and LTZ-PM-CuONPs were separately used to quantify the
investigated drug.

2.11. Analysis of LTZ in Biosamples

To measure the concentration of LTZ in human plasma samples, approximately 3 mL
of blood samples were collected from a forearm vein into vacuum heparinized tubes. The
samples were withdrawn after 0.25-240 h of drug administration. The plasma samples
were separated after centrifugation for 15 min at 1500 rpm and low temperature (less than
10 °C). Before and during the separation process, the samples were kept in an ice water
bath. The obtained samples were analyzed using the fabricated modified sensors and LTZ
concentrations in the plasma samples were calculated using regression equations.

2.12. Statistical Analysis

Statistical analyses were performed in triplicate measurements using Student’s t-test
which was applied to compare the means between two groups at p-value < 0.05. The F test
is used to evaluate the statistical variance significance [41].

3. Results and Discussion
3.1. Characterization of MgO and CuO Nanoparticles

The prepared MgONPs and CuONPs were characterized using different spectroscopic
methods. UV-Vis spectroscopy is the utmost useful and reliable technique suitable for
confirming the primary characterization of size, shape and stability of the synthesized
metal oxide nanostructures in their aqueous suspensions [42]. UV-Vis spectroscopy of
MgONPs and CuONPs showed broad absorption peaks at 290 and 330 nm, respectively
(Figure 2). The band gap was calculated using the formula Eg = hv = hc/A, where h
is Planck’s constant, c is the velocity of light, and A is the wavelength. The calculated
band gab for each synthesized nanoparticles were 7.46 eV and 3.58 eV for MgONPs and
CuONPs, respectively. The obtained results were in agreement with the standard band
gaps of MgONPs (7.5 eV) and CuONPs (3.63 eV) previously reported in [43,44].

FTIR analysis for MgONPs and CuONPs was performed in the range of 4004000 cm 1.
The absorption bands for MgONPs were 3703, 3440, 2362, 1654, 1622, 1129, 534 and
442 cm~!. The two bands observed at 3697 and 3646 cm~! corresponded to the O-H
bond stretching vibration. The weak band at 2362 cm~! was assigned to be related to
CO; stretching vibration as a result of atmospheric carbon dioxide adsorption [45]. Two
observed absorption bands around 1654 and 1622 cm™~! revealed the existence of an O-H
stretching mode of water. A strong peak at 1129 cm ™! was attributed to S=O of sulfate.
The noticed peak, which is slightly shifted from 534 to 442 cm ! confirmed the formation
of Mg-O stretching vibration (Figure 3a).

For CuONPs, two well defined bands at 3430 and 2926 cm~! were observed and were
related to both O-H and C-H stretching vibrations. The appearance of absorption band
at 2360 cm ! revealed the presence of CO, stretching vibration. Additionally, the O-H

stretching mode of water is confirmed by the presence of an absorption band at 1620 cm .
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In the range from 400-1000 cm ™!, the observed bands around 835 and 622 cm~! can be
assigned to represent the formation of Cu—O (Figure 3b).
— MgONPs —— CuONPs

3 330 nm
25 290 nm

1.5

Absorbance

0.5

200 300 400 500
Wavelength, nm
Figure 2. UV-Vis spectra of the synthesized MgONPs and CuONPs, the absorbance wavelength at

200-500 nm.

58 CuONPs
42 @) MgONPs ) o
54 835
36 50 1097
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Figure 3. FT-IR spectra of synthesized (a) MgONPs and (b) CuONPs at a wavenumber range from 4000 to 400 cm ™.

The presence of magnesium and copper elements in MgONPs and CuONPs was
revealed by investigating their EDX profiles using SEM equipped with an EDX spectroscopy.
The recorded profiles showed that the elemental composition percentage of Mg and Cu
nanoparticles were 54.12% Mg and 45.88% O for MgONPs, while 72.48% Cu and 27.52%
O in CuONPs (Figure 4a,b). The maximum intensity peaks were at 1.5 keV and 1.2 keV
for Mg and Cu, respectively. This confirmed the high purity of the prepared nanoparticles
and the reduction of magnesium and copper ion to zero valences. The outcomes were in
agreement with the previously reported results in [46,47].

XRD is an analytical method for estimating and quantifying different crystalline forms
in the tested samples. This analysis was carried out using XRD diffractometer with Cu-ka
at (k = 1.5405 A°) and applied to determine and verify the crystal structure of MgONPs
and CuONPs. XRD patterns of MgONPs displayed characteristic peaks at 26 = 37.2°, 43.5°,
64.3°,75.1° and 79.2° corresponding to MgO of (11 1), (200),(220),(311)and (22 2),
respectively. These values can be indexed as a high hexagonal crystalline structure, and
these results were similar to the JCPDS file of MgO (No. 36-1451). For CuONPs, different
peaks were recorded at 20 = 32.5°, 35.7°, 46.8° and 66.8° for CuO (111),(200), (202)
and (1 1 3) plane orientation of CuO (JCPDS 80-1268). The broad XRD patterns revealed
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high particle crystalline and nanoscale dimensions. No other phases were observed and all
diffraction peaks can be indexed as typical monoclinic structure (Figure 4c,d).

(200)  pmgonps

- (©)
=
s
2 (220)
n
[}
=
£
6 1 2 3 4 5 6 7 8 10 20 30 40 50 60 70 80
Full Scale 1064 cts cursor. 0.000 keV 2Theta degree
111)
- (@ (
CuONPs (b) X (111 (CuONPs)
(1]
-'E (202)
8 (110) (020) E11)
£ 113
- (202) ‘( )
|
N .
0 1 2 3 4 5 6 7 8 9 1010 20 30 40 50 60 70
Full Scale 1064 cts cursor. 0.000 keV 2Theta degree

Figure 4. (a,b) EDX and (c,d) XRD spectra of MgONPs and CuONPs using XRD diffractometer with Cu-ke at (k = 1.5405 A°).

Further microscopic investigations, including TEM and SEM, were carried out to study
the surface size, shape and morphology of the prepared nanoparticles. The obtained images
of MgONPs and CuONPs using TEM showed fairly uniform distributed particles with
hexagonal and spherical shape for MgONPs and CuONPs, respectively. The recorded size of
their particles was in the range from 60-100 nm for both MgONDPs and CuONPs (Figure 5a,b).
Moreover, the surface morphology of the synthesized metal oxide nanoparticles was studied
under SEM using 30,000 x magnification and the resulted images confirmed that they are
highly aggregated crystals with particles size around 100 nm (Figure 6a,b).

.(a} . MgONPs

% Microscope| Accelerating voltage.
JEM-1400 100 kV

Magnification.
200 0000 x | 100 nm

[ A
Magniﬁcalion-}i % Microscope | Accelerating voltage.
200 0000 x 100 nm JEM-1400 100 kV
Figure 5. Transmission electron microscope (TEM) images of (a) MgONPs and (b) CuONPs at acceleration voltage 100 kV
and magnification x 200,000.
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x 30 000
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15.0kV  sE| SEM WD. 5.4 mm Xx30000 15.0kV  SEI SEM WD. 3.9 mm

Figure 6. Scanning electron microscope (SEM) images of (a) MgONPs and (b) CuONPs at acceleration voltage 15.0 kV and

magnification x 30,000.

3.2. The Nature of the Fabricated Sensors

LTZ interacts with PM to obtain a stable LTZ-PM complex soluble in THFE. The fabrica-
tion of conventional and modified coated wire sensors was conducted by adding the active
materials with (0-NPOE) as a solvent mediator in the presence of PVC. In the current study,
0-NPOE acted as a fluidizer aiding homogenous dissolution of ion-pair and permitting its
diffusion mobility inside the membrane. The elevated dielectric constant of 0-NPOE (e = 24)
improves membrane selectivity towards the tested analyte by influencing the dissolution
of ion pair within the active membrane and consequently increase its partition coefficient
and gave suitable mechanical feature [48].

Potentiometric response and critical characteristic performance of the LTZ-PM, LTZ-
PM-MgONPs and LTZ-PM-CuONPs sensors were presented in Table 1. Outcomes showed
that the above-mentioned sensors exhibited Nernstian responses with slopes of 53.3 & 0.5,
56.4 4 0.7 and 58.7 & 0.5 mV over the drug concentration ranges of 10 x 107°-1.0 x 1072,
1.0 x 1078-1.0 x 1072 and 10 x 107'°-1.0 x 10~2 mol L™! with correlation coefficients
(0.9996, 0.9998, 0.9999) for conventional LTZ-PM, modified LTZ-PM-MgONPs and LTZ-
PM-CuONPs, respectively (Figure 7a—). The results showed that both modified metal
oxide sensors displayed increased potentiometric response to a wide linear concentration
range compared with the conventional one. Outcomes revealed high sensitivity of those
sensors towards the determination of LTZ. This could be attributed to the coating nanopar-
ticles layer with large surface area that enhanced the conductivity of the sensor surface.
Furthermore, it was noticed that the use of CuONPs gave better results than MgONPs,
which could be due to the elevated dielectric permittivity value of CuONPs (=10*) over
MgONPs (~3.2-9.8) at room temperature [49,50].

The dynamic response (time of response) is known as the time between the instant at
which the potential of the cell becomes equal to its steady-state value within 1 mV. This
time should be taken under experimental conditions, including the constant stirring and
precondition of the sensor in test sample prior to measuring the potential readings [51].
The dynamic response of each fabricated sensor was detected, and it was noticed that
rapid dynamic responses at 75, 45 and 30 s for 20, 50 and 65 days were recorded for LTZ-
PM, LTZ-PM-MgONPs and LTZ-PM-CuONPs, respectively. The results showed that the
modified sensors enriched with metal oxide nanoparticles displayed fast and high stability
compared with the conventional one. This could be due to the modification of sensors with
nanomaterials, which possess new physicochemical features that are not present in the bulk
material. These nanoparticles had greater surface to volume ratio improving interactions
with targets in test solutions. Additionally, the extraordinary electrical properties, such as
high charge transfer as well as the excellent electrical capabilities produced at interfaces of
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some nanostructured materials, are vital when nanomaterials are used as transductions in
potentiometric sensors [52].

Table 1. Performance characteristics of fabricated conventional coated wire LTZ-PM and modified LTZ-PM-MgONPs and
LTZ-PM-CuONPs sensors.

Conventional Coated Wire Modified LTZ-PM-MgONPs  Modified LTZ-PM-CuONPs

Parameter LTZ-PM Sensor Sensor Sensor
Slope (mV. Decade ™) 5334+ 0.5 56.4 + 0.7 58.7 + 0.5
Intercept 4514 569.6 692.6
. . Emv = (53.3  0.5) log [LTZ] + Epy = (56.4 + 0.7) log [LTZ] + Epy = (58.7 & 0.5) log [LTZ] +
Regre5510n equatlon 4514 569.6 692.6
Correlation coefficient, r 0.9996 0.9998 0.9999
Linear range (mol L™1) 10 x 1076-1.0 x 1072 1.0 x 1078-1.0 x 1072 1.0 x 10710-1.0 x 102
LOD 5.0 x 1077 59 x 1077 5.6 x 10711
Response time/s 75 45 30
Working pH range 2-5 2-5 2-5
Lifetime/day 20 50 65
Temperature, °C 25 25 25
Accuracy (%) 993 +£04 99.6 0.3 99.8 £ 0.3
600 (a) 7001 ()
z Y = -56.357x + 569.64 2 600 ¥ = 98,887 692.56
£ 500 r=09998 E r=0.9999
£ 400 ' g 500
% 300 % 400
s & 300
% 200 % 200
“ 100 “ 100
0 LTZ-PM-MgONPs 0 LTZ-PM-CUONPs
10 8 6 4 2 0 12 10 8 6 4 2 0
[LTZ], mol L [LTZ], mol L
400 () Y=-53.3x+4514
> r=0.9996
:. 300
2
T 200
o
g
£ 100
7]
LTZ-PM
0
7 6 5 4 3 2 1 0
[L7Z], mol L

Figure 7. Calibration graphs for the determination of 1.0 x 1078-1.0 x 1072, 1.0 x 10710-10 x 1072 and
1.0 x 1070-1.0 x 1072 mol L~! LTZ using the fabricated (a) modified LTZ-PM-MgONPs, (b) LTZ-CuONPs and (c) con-
ventional LTZ-PM coated wire sensors, respectively.

The performance of the membrane sensors can greatly be influenced by hydrogen
ions interference. Thus, the influence of pH on the potential of fabricated sensors was
investigated to decide the safe pH range suitable for determining LTZ in its tested solutions.
The outcomes demonstrated that both conventional and modified sensors were practically
independent in the acidic pH range 2-5, and LTZ could simply be determined using
the studied sensors within this range (Figure 8). It was observed that in acidic medium
(below pH 2), the readings were slightly augmented due to the existence of H* ions and
the formation of protonated ion-pair that is poorly responsive to LTZ ions as well as the
strong response to hydronium ions in the test solution. In the alkaline medium (pH value
higher than 5), the readings were gradually decreased. The rise in OH™ ions caused a
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competition between LTZ and OH™ ions, and consequently decreased interaction between
the tested drug ions and the sites of ion-pair on the sensor membrane. Therefore, the
potential response of the fabricated sensors was reduced [53].

Selectivity of the fabricated LTZ-PM, LTZ-PM-MgONPs and LTZ-PM-CuONPs sensors
towards the detection of LTZ using 1.0 x 1073 mol L ! was investigated. Separate solution
method [40] was applied and various inorganic cations (Na*, K*, Ag*, N 2t Mg2+, Cu?*
and Zn?*), some sugars (glucose, lactose and starch) and amino acids (lysine, L. histidine,
tryptophan, glycine, lysine, valine, and leucine) were tested. The presence of metal oxide
nanoparticles with considerable surface area and physicochemical properties increased the
conductivity of the constructed sensors, and hence increased selectivity towards the drug
under investigation. This selectivity could be due to the free energy transfer of LTZ" ions
initiated between the membrane and the surrounding medium. The outcomes revealed the
absence of any interference caused by sugars and amino acids. Additionally, the difference
in inorganic cations ionic size, their mobility and permeability when compared with LTZ*
prevented the interference of these cations during the analysis. Thus, outstanding selectivity
and suitable tolerance were achieved when LTZ-PM-MgONPs and LTZ-PM-CuONPs were
used for determining LTZ (Table 2).

Table 2. Selectivity coefficient (KPot [ 17*) of conventional coated wire LTZ-PM, modified LTZ-PM-MgONPs and LTZ-PM-
CuONPs sensors by the separate solution method using 1.0 x 1073 mol L~! LTZ.

Conventional Coated Wire Modified Modified

Interferences LTZ-PM Sensor LTZ-PM-MgONPs Sensor LTZ-PM-CuONPs Sensor
(KpotLTZ+) (KpotLTZ+) (KpotLTZ+)
Na* 54 x 1073 48 x 1074 9.2 x 107>
K* 1.9 x 1073 3.3 x 1074 48 x 1074
Ag* 3.1x 1073 1.5 x 1073 8.4 x 1074
NiZ* 5.6 x 1073 42 x 1073 22 %1073
MgZ+ 6.8 x 1073 79 x 1074 87 x10~*
Cu?* 6.6 x 1073 1.4 x 1074 23 x 1072
Zn%* 49 x 1073 49 x 1074 6.3 x 1074
Glucose 3.6 x 1073 99 x 104 42 x 1074
Lactose 39 x 1073 6.7 x 1074 5.6 x 1074
Starch 48 x 1073 23 x 1074 2.1 x 1073
Lysine 14 x 1073 89 x 1073 9.5 x 1074
L-histidine 2.6 x 1073 2.7 x 1074 32 x107°
Tryptophan 55 x 1073 5.8 x 107* 54 x 107>
Glycine 84 x1073 3.6 x 1073 6.6 x 1074
Valine 2.6 x 1073 84 x 1073 25 % 1074
Leucine 25 %1073 35x 1073 29 x 1074
Talc 52 x 1073 2.2 x 1074 9.1 x 107>
SiO, 3.7 x 1073 7.7 x 1073 82 x 1074
TiO, 7.8 x 1073 7.8 x 1074 7.8 x 1074
Magnesium stearate 39 x 1073 45x1073 7.3 x 1070
Microcrystalline cellulose 45 x 1073 1.8 x 1074 3.6 x 1074
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Figure 8. Effect of pH on the fabricated conventional LTZ-PM and modified metal oxide LTZ-PM-
MgONPs and LTZ-PM-CuONPs coated wire sensors using 1.0 x 10~# mol L~! of LTZ solution.

3.3. Quantification of Letrozole

The designed sensors were used to determine LTZ in its bulk powder. The direct
calibration method was used and the obtained results were expressed as percentage recov-
eries. The outcomes of the analysis using the suggested sensors showed mean percentage
recoveries of 98.9 + 0.7, 99.6 £ 0.5% and 99.7 +£ 0.3 for LTZ-PM, LTZ-PM-MgONPs and
LTZ-PM-CuONPs, respectively (Table 3). These results displayed ultrasensitivity of the
modified LTZ-PM-MgONPs and LTZ-PM-CuONPs sensors. The unique physicochemical
characteristics of the used metal oxide nanoparticles enhanced the sensitivity and conduc-
tivity of the modified sensors towards the determination of the selected drug. Moreover, it
was noticed that the CuONPs modified sensor exhibited an excellent detection towards the
investigated LTZ due to the high dielectric constant of CuONPs over MgONPs.

Table 3. The outcomes from the determination of LTZ in pure form using fabricated LTZ-PM, modified LTZ-PM-MgONPs
and LTZ-PM-CuONPs coated wire sensors.

Conventional LTZ-PM Coated Modified LTZ-PM MgONPs Modified LTZ-PM CuONPs
Wire Sensor Sensor Sensor
Test Solution % Recovery Test Solution * % Recovery Test Solution * % Recovery
6 98.5 8 99.8 10 100.0
L 5.3 99.2 7 99.7 9 99.7
Statistical 5 99.8 6 100.0 8 99.9
analysis 4 99.5 5 100.2 7 100.0
3 98.0 4 99.8 6 99.7
2 98.7 3 98.7 5 99.2
2 99.0 4 99.8
3 99.3
2 99.5
Mean + SD 989 +£0.7 99.6 £0.5 99.7 £0.3
n 6 7 9
Variance 0.49 0.25 0.09
RSD % 0.71 0.50 0.30
SE ** 0.29 0.18 0.12

* Test solution using ~log Conc. mol L1, ** SE (standard error) = SD/+/n.
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3.4. Method Validation

The proposed analytical technique was ensured and validated according to ICH
guidelines [54]. Wide linear concentration relationships were exhibited by the designed
sensors over 1.0 x 1078-1.0 x 1072, 1.0 x 10719-1.0 x 1072 mol L™}, respectively, in
comparison with 1.0 x 1076-1.0 x 10~2 mol L~! for the conventional coated wire type.
The regression equations were estimated to be Ey,y = (56.4 & 0.7) log [LTZ] + 569.6 and
Emv = (58.7 £ 0.3) log [LTZ] + 692.6 for LTZ-PM-MgONPs and LTZ-PM-CuONPs, respec-
tively. The conventional type LTZ-PM showed a potential response of E;,,y = (53.3 & 0.5) log
[LTZ] + 451.4 with correlation coefficients 0.9998, 0.9999 and 0.9996 for the abovementioned
sensors, respectively.

To detect the lower limit of detection (LOD), the potential readings of the designed sensors
were recorded after the decrease in each sensor slope by 17.9 mV. The obtained LOD was
5.0 x 107,59 x 107?,and 5.6 x 10~ mol L~! for the three suggested sensors, respectively.

The accuracy of the developed potentiometric technique was investigated using nine
authentic samples and the (mean =+ SD) were estimated as 99.3 & 0.4%, 99.6 £ 0.3% and
99.8 £ 0.3% for LTZ-PM, LTZ-PM-MgONPs and LTZ-PM-CuONPs, respectively. The
intermediate precision of the proposed electrochemical procedure was evaluated using
intra-day and inter-day assay and results were presented by estimating the relative standard
deviation percentage (RSD %). The outcomes indicated that the RSD % for the fabricated
LTZ-PM-MgONPs and LTZ-PM-CuONPs were 0.3% and 0.1%, 0.4% and 0.2% for intra-
day and inter day, respectively. All results are less than the recommended value (2.0%)
indicating high precise technique (Table 4).

Table 4. Intermediate precision assay of LTZ using modified LTZ-PM-MgONPs and LTZ-PM-CuONPs coated wire sensors.

Modified LTZ-PM-MgONPs Coated Wire Sensor

Intra-Day Assay Inter-Day Assay
Statistical P * o so % * 0
. Test Solution Found %o Recovery Test Solution Found %o Recovery
Analysis
8.0 7.98 99.50 8.0 797 99.60
6.0 6.00 100.00 6.0 5.99 99.80
4.0 3.98 99.50 4.0 3.96 99.00
Mean + SD 99.8 £ 0.3 99.5 + 0.4
n 3 3
Variance 0.09 0.16
RSD % 0.30 0.40
SE ** 0.17 0.23
Modified LTZ-PM-CuONPs Sensor
Intra-day assay Inter-day assay
Statistical Test Solution * Found * % Recovery Test solution * Found * % Recovery
Analysis 10 10.00 100.00 10 9.99 99.90
8 7.99 99.90 8 8.00 100.00
6 5.98 99.70 6 5.97 99.50
Mean + SD 99.9 + 0.1 99.8 + 0.2
n 3 3
Variance 0.01 0.04
RSD % 0.10 0.20
SE ** 0.06 0.12

* Test solution using ~log Conc. mol L1, ** SE (standard error) = SD/+/n.

The robustness of the described method was studied by changing the pH using acetate
buffer pH 5 & 0.5 and the (Mean =+ SD) recoveries were recorded as 98.9 £ 0.6%, 99.2 £ 0.4%
and 99.6 £ 0.1% for LTZ-PM, LTZ-MgONPs and LTZ-PM-CuONPs, respectively. An
additional study was carried out to evaluate the raggedness of the proposed method by
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altering the pH meter model (Metrohm-744) The resulted (mean =+ SD) recoveries were
99.2 4+ 0.7%, 99.6 &+ 0.5% and 99.8 + 0.2% for the above-mentioned sensors. The outcomes
confirmed a great agreement with those obtained by the described method.

3.5. Determination of LTZ in Tablets

To quantify the breast cancer medication LTZ in its pharmaceutical form (Femara®
2.5 mg/tablet), the fabricated LTZ-PM, LTZ-PM-MgONPs and LTZ-PM-CuONPs sensors
were used. The potential readings were measured vs. different concentrations of LTZ
samples, and the recoveries percentage was estimated. The outcomes were 99.3 £ 0.4,
99.6 £ 0.3 and 99.9 +£ 0.2 for the above-mentioned sensors, respectively (Table 5). It was
observed that the modified sensor LTZ-PM-CuONPs displayed ultrasensitivity towards the
determination of LTZ more than LTZ-PM-MgONPs. The enhancement of LTZ-PM-CuONPs
conductivity over LTZ-PM-MgONPs one could be due to the higher dielectric constant of
CuO over MgO.

The calculated (Mean + SD) recoveries were assessed statistically using student’s
t-test and F-test [41]. The results were compared with those achieved by the potentiometric
method [37], which is established at the formation of PVC electrode using tetraphenylb-
orate. The outcomes indicated excellent sensitivity of the proposed sensors towards the
determination of LTZ in its dosage forms.

Table 5. The outcomes from the determination of LTZ in Femara® (2.5 mg Letrozole/tablet) using fabricated LTZ-PM, modified
LTZ-PM-MgONPs and LTZ-PM-CuONPs coated wire sensors in comparison with previously reported method [37].

Conventional LTZ-PM Modified LTZ-PM MgONPs  Modified LTZ-PM CuONPs
Coated Wire Sensor Sensor Sensor Reported
Method [37]
Test o Test o Test o
Solution * % Recovery Solution * % Recovery Solution * % Recovery
Staﬁfti‘ial 6 99.3 8 99.9 10 100.0
Analysis 53 99.4 7 100.01 8 99.9
5 99.4 6 99.7 6 99.7
4 99.8 4 99.8 4 99.8 99.5£04
3 99.3 3 99.3 3 100.3
2 98.5 2 99.0 2 100.0
Mean + SD 993+ 04 99.6 + 0.3 99.9 + 0.2
n 6 6 6
Variance 0.16 0.09 0.04
RSD % 0.40 0.30 0.20
SE ** 0.16 0.12 0.08
f-test 0.884 (2.228) *** 0.500 (2.228) *** 2.236 (2.228) ***
F-test 1.00 (5.05) *** 1.78 (5.05) *** 4.00 (5.05) ***

* Test solution and Found using —log Conc. mol L~L. ** SE (standard error) = SD/+/n. *** The tabulated values of “Student’s t-test” and

“F-test” at p < 0.05 [41].

3.6. Quantification of LTZ in Biosamples

To confirm the suitability of the proposed modified metal oxide sensors for the de-
tection of breast cancer medication letrozole, further investigations were carried out on
16 plasma samples of patients recommended to use letrozole as a breast cancer medication.
The fabricated sensors were used to analyze the real samples withdrawn from women
ranging from 25-55 years old. Certain increments (0.5 mol L~! of LTZ) were added, and
the potential concentration relationship was used to evaluate the tested drug in 3 replicates
using the modified LYZ-PM-MgONPs and LTZ-PM-CuONPs. The results showed excellent
efficiency for the quantification of LTZ with calculated RSD % (0.4-1.4%), (0.1-0.7%) and
percentage recoveries (98.2-99.3%), (98.9-99.9%) for the sensors as represented in Table 6.
Furthermore, a confirming study was carried out to compare the outcomes with other
results obtained using the reported method [55]. The random analysis of plasma samples
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demonstrated that the modified sensors displayed ultrasenstivity for the quantification of
LTZ when compared with the reported method.

Table 6. The outcomes from the determination of LTZ in biosamples using modified LTZ-PM-MgONPs and LTZ-PM-
CuONPs coated wire sensors in comparison with a reported method [55].

LTZ-PM-MgONPs LTZ-PM-CuONPs Reported Method [55]
Initial [LTZ], mol L1 Added [LTZ] mol L1

% Recovery + %RSD % Recovery + %RSD % Recovery + %RSD
8.9 0.5 98.2+0.8 99.3£0.7 973+ 0.6
6.8 0.5 98.4£0.6 99.2 £0.1 96.8 £0.9
8.5 0.5 98.8 £0.5 99.5+£0.2 972+£12
6.6 0.5 982+ 04 98.9 £0.6 96.8 £0.9
8.4 0.5 98.3£0.5 994 +£0.3 973 £0.7
6.3 0.5 98.7 £0.9 99.8 £0.2 98.2+1.2
6.7 0.5 99.3£0.7 99.5+0.3 969 + 14
8.7 0.5 99.2 £ 04 99.7 £0.9 97.6 £0.9
7.2 0.5 98.6 £1.2 99.9 £0.1 98.1+£04
8.3 0.5 98.6 £0.8 99.7 £0.3 96.7 £1.1
7.4 0.5 989 +£1.2 99.2 £ 0.6 975+ 0.6
8.1 0.5 98.2£0.7 98.9 £0.7 98.1+12
7.9 0.5 98.6 £ 0.4 994 +£0.2 96.8 £0.9
8.8 0.5 99.3£0.8 99.8 £0.4 97.8 £0.6
7.5 0.5 984+14 99.6 £0.1 983 +£04
8.4 0.5 99.3£0.7 999 +£0.3 969 + 1.1

4. Conclusions

The described electrochemical method was conducted by constructing two coated
wire sensors modified with magnesium oxide and copper oxide nanoparticles. The sug-
gested sensors were utilized for the determination of the oral non-steroidal medication
for breast cancer (LTZ) in its authentic powder, commercial pharmaceuticals and biosam-
ples. The measured potential readings of the modified sensors were compared with those
of conventional LTZ-PM type. Outcomes of the modified sensors showed excellent and
higher sensitivity over the conventional one due to the enhanced electro-conductivity.
Additionally, the use of metal oxide nanoparticles as coated membrane modifiers promoted
high selectivity in quantifying the selected drug with high selectivity with wide linear
concentration range and low limit of detection. Thus, metal oxide enriched membrane
sensors can successfully be applied for the analysis of LTZ in pharmaceutical industries,
research laboratories and biosamples.

Author Contributions: A.M.S. proposed the protocol of this study, carried out the analytical treat-
ment and revised the text; M.EE.-T. performed the practical study and drafted the manuscript. All
authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by Deanship of Scientific Research at Umm Al-Qura University
Grant Code 19-MED-1-01-0011.

Institutional Review Board Statement: The blood samples were collected from patients in King
Khalid hospitals (Riyadh, Saudi Arabia), and the research ethics committee at King Saud University,
KSA (KSU-REC-002-E, 2020) approved the study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: All data are included within the text.

Acknowledgments: The authors would like to thank the Deanship of Scientific Research at Umm
Al-Qura University for supporting this work by Grant Code 19-MED-1-01-0011.

Conflicts of Interest: The authors clarified that this study is not associated with any competitive
of interest.



Polymers 2021, 13, 1384 15 0f 17

References

1. Mousavi, S.M.; Hashemi, S.A.; Zarei, M.; Amani, A.M.; Babapoor, A. Nanosensors for chemical and biological and medical
applications. Med. Chem. Los Angeles 2018, 8, 205-217. [CrossRef]

2. Evanoff, D.D,, Jr.; Chumanov, G. Synthesis and optical properties of silver nanoparticles and arrays. ChemPhys. Chem. 2005, 6,
1221-1231. [CrossRef]

3. Whitesides, G.M. Nanoscience, nanotechnology, and chemistry. Small 2005, 1, 172-179. [CrossRef] [PubMed]

4. Li, Z.; Guo, D,; Liu, Y.; Wang, H.; Wang, L. Recent advances and challenges in biomass-derived porous carbon nanomaterials for
supercapacitors. Chem. Eng. ]. 2020, 397, 125418. [CrossRef]

5. Oprea, M,; Panaitescu, D.M. Nanocellulose hybrids with metal oxides nanoparticles for biomedical applications. Molecules 2020,
25,4045. [CrossRef] [PubMed]

6. Abinaya, S.; Kavitha, H.P.; Prakash, M.; Muthukrishnaraj, A. Green synthesis of magnesium oxide nanoparticles and its
applications: A review. Sustain. Chem. Pharm. 2021, 19, 100368. [CrossRef]

7.  Fouda, A.; Hassan, S.E.D.; Abdel-Rahman, M.A.; Farag, M.M.; Shehal-deen, A.; Mohamed, A.A.; Alsharif, S.M.; Saied, E.;
Moghanim, S.A.; Azab, M.S. Catalytic degradation of wastewater from the textile and tannery industries by green synthesized
hematite (x-Fe;O3) and magnesium oxide (MgO) nanoparticles. Curr. Res. Biotechnol. 2021, 3, 29—41. [CrossRef]

8. Yan, ].C,; Tianyi, W.; Liu, M.Y.; Yuan, Z. Synthesis of porous hematite nanorods loaded with Cuo nanocrystals as catalysts for CO
oxidation. J. Nat. Gas Chem. 2011, 20, 669-676. [CrossRef]

9. Jess, K,; Nicolas, G.; Richard, R.; Miller, E. Advances in copper-chalcopyrite thin films for solar energy conversion. Sol. Energ.
Mat. Sol. C 2009, 94, 12-16. [CrossRef]

10. Yang, Z.; He, X,; Jianping, L.; Huigang, Z.; Xiaoguang, G. Gas-sensing properties of hollow and hierarchical copper oxide
microspheres. Sensors 2007, 128, 293-298. [CrossRef]

11. Bohr, RH.; Chun, S.Y.; Dau, C.W,; Tan, J.T,; Sung, J. Field emission studies of amorphous carbon deposited on copper nanowires
grown by cathodic arc plasma deposition. New Carbon Mater. 2009, 24, 97-101. [CrossRef]

12. Manmeet, K.; Muthea, K.P.; Despandeb, S.K.; Shipra, C.H.; Singhd, ].B.; Neetika, V.; Gupta, S.K.; Yakhmi, ]J.V. Growth and
branching of CuO nanowires by thermal oxidation of copper. J. Cryst. Growth 2011, 289, 670-675. [CrossRef]

13.  Alothman, A.A.; Albagami, M.D. Nano sized Cu (II) and Zn (II) complexes and their use as a precursor for synthesis of CuO and
ZnO nanoparticles: A study on their sonochemical synthesis, characterization, and DNA /binding/cleavage, anticancer, and
antimicrobial activities. Appl. Organometal. Chem. 2020, 34, e5827. [CrossRef]

14. Yamukyan, M.H.; Manukyan, K.V.; Kharatyan, S.L. Copper oxide reduction by combined reducers under the combustion mode.
Chem. Eng. . 2008, 137, 636—642. [CrossRef]

15. Wu, R;Ma, Z; Gu, Z,; Yang, Y. Preparation and characterization of CuO nanoparticles with different morphology through a
simple quick-precipitation method in DMAC-water mixed solvent. J. Alloys Compd. 2010, 504, 45-49. [CrossRef]

16. Shuai, H.-L.; Huang, K.-J.; Zhang, W.-].; Cao, X,; Jia, M.-P. Sanwich-type microRNA biosensor based on magnesium oxide
nanoflower and graphene oxide-gold nanoparticles hybrids coupling with enzyme signal amplification. Sens. Actuators B 2017,
243, 403-411. [CrossRef]

17.  Al-Mohaimeed, A.M.; Alarfaj, N.A.; El-Tohamy, M.E,; Al-Harbi, H. Prospective of ultrasenstive nanometal oxides electrochemical
sensors for pharmaceutical analysis of antihistamine drug fexofenadine hydrochloride. Int. J. Electrochem. Sci. 2020, 15, 4774-4788.
[CrossRef]

18. Alarfaj, N.A.; Amina, M.; Al Musayeib, N.M.; El-Tohamy, M.E,; Oraby, H.F.; Bukhari, S.I.; Moubayed, N.M.S. Prospective of green
synthesized Oleum cumini Oil/PVP/MgO bionanocomposite film for its antimicrobial, antioxidant and anticancer Applications.
J. Polymer. Environ. 2020, 28, 2108-2124. [CrossRef]

19. Rabiee, N.; Bagherzadeh, M.; Kiani, M.; Ghadiri, A.M.; Etessamifar, F.; Jaberizadeh, A.H.; Shakeri, A. Biosynthesis of copper
oxide nanoparticles with potential biomedical applications. Int. J. Nanomed. 2020, 15, 3983. [CrossRef] [PubMed]

20. Alfaro, A,; Leon, A.; Guajardo-Correa, E.; Reuquen, P,; Torres, F.; Mery, M.; Segura, R.; Zapata, P.A.; Orihuela, PA. MgO
nanoparticles coated with polyethylene glycol as carrier for 2-Methoxyestradiol anticancer drug. PLoS ONE 2019, 14, e0214900.
[CrossRef]

21. Javed, R; Rais, F; Kaleem, M.; Jamil, B.; Ahmad, M.A,; Yu, T.; Qureshi, S.W.; Ao, Q. Chitosan capping of CuO nanoparticles: Facile
chemical preparation, biological analysis, and applications in dentistry. Int. J. Biol. Macromol. 2021, 167, 1452-1467. [CrossRef]

22. Israr-Qadir, M.; Jamil-Rana, S.; Nur, O.; Willander, M. Zinc oxide-based self-powered potentiometric chemical sensors for
biomolecules and metal ions. Sensors 2017, 17, 1645. [CrossRef]

23. Alarfaj, N.A.; El-Tohamy, M.F. New functionalized polymeric sensor based NiO/MgO nanocomposite for potentiometric
determination of doxorubicin hydrochloride in commercial injections and human plasma. Polymers 2020, 12, 3066. [CrossRef]

24. Karimi-Maleh, H.; Sheikhshoaie, M.; Sheikhshoaie, I.; Ranjbar, M.; Alizadeh, J.; Maxakato, N.W.; Abbaspourrad, A. A novel
electrochemical epinine sensor using amplified CuO nanoparticles and an-hexyl-3-methylimidazolium hexafluorophosphate
electrode. New J. Chem. 2019, 43, 2362-2367. [CrossRef]

25. Lamb, HM.; Adkins, ].C. Letrozole. Drugs 1998, 56, 1125-1140. [CrossRef]

26. Tamilselvi, N.; Arivukkarasu, R.; Antony, A.; Anitha, T.].; Boominathan, A.; Chandrasekar, R.; Visakh, D. Development and

validation of HPTLC method for the determination of Letrozole in bulk and tablet dosage form. World J. Pharm. Res. 2015, 5,
884-893.


http://doi.org/10.4172/2161-0444.1000515
http://doi.org/10.1002/cphc.200500113
http://doi.org/10.1002/smll.200400130
http://www.ncbi.nlm.nih.gov/pubmed/17193427
http://doi.org/10.1016/j.cej.2020.125418
http://doi.org/10.3390/molecules25184045
http://www.ncbi.nlm.nih.gov/pubmed/32899710
http://doi.org/10.1016/j.scp.2020.100368
http://doi.org/10.1016/j.crbiot.2021.01.004
http://doi.org/10.1016/S1003-9953(10)60238-1
http://doi.org/10.1016/j.solmat.2009.03.032
http://doi.org/10.1016/j.snb.2007.06.013
http://doi.org/10.1016/S1872-5805(08)60040-2
http://doi.org/10.1016/j.jcrysgro.2005.11.111
http://doi.org/10.1002/aoc.5827
http://doi.org/10.1016/j.cej.2007.05.033
http://doi.org/10.1016/j.jallcom.2010.05.062
http://doi.org/10.1016/j.snb.2016.12.001
http://doi.org/10.20964/2020.05.90
http://doi.org/10.1007/s10924-020-01755-2
http://doi.org/10.2147/IJN.S255398
http://www.ncbi.nlm.nih.gov/pubmed/32606660
http://doi.org/10.1371/journal.pone.0214900
http://doi.org/10.1016/j.ijbiomac.2020.11.099
http://doi.org/10.3390/s17071645
http://doi.org/10.3390/polym12123066
http://doi.org/10.1039/C8NJ05581E
http://doi.org/10.2165/00003495-199856060-00020

Polymers 2021, 13, 1384 16 of 17

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Dhakne, P.; Sahu, A K.; Sharma, M.K.; Sengupta, P. Simultaneous quantification of abemaciclib and letrozole in rat plasma:
Method development, validation and pharmacokinetic application. Biomed. Chromatogr. 2020, 34, e4825. [CrossRef]

Mondal, N.; Pal, TK.; Ghosal, S.K. Development and validation of RP-HPLC method to determine letrozole in different
pharmaceutical formulations and its application to studies of drug release from nanoparticles. Acta Pol. Pharm. 2009, 66, 11-17.
[CrossRef] [PubMed]

Ameline, A.; Gheddar, L.; Raul, ].S.; Kintz, P. Characterization of letrozole in human hair using LC-MS/MS and confirmation by
LC-HRMS: Application to a doping case. ]. Chromatogr. B 2021, 1162, 122495. [CrossRef] [PubMed]

Joshi, C.; Vishnubhatla, S.; Chakkirala, S.; Mannam, S. Validation and application of a high-performance liquid chromatography-
tandem mass spectrometry assay for Letrozole in human plasma. Asian J. Pharm. Clin. Res. 2011, 4, 107-112.

Rusu, A.; Sbanca, M.A.; Todoran, N.; Vari, C.E. Letrozole determination by capillary zone electrophoresis and UV spectrophotom-
etry methods. Acta Med. Marisiensis 2017, 63, 80-86. [CrossRef]

Patil, S.M.; Galatage, S.T.; Choudhary, A.U. Development of UV spectrophotometric method for estimation of letrozole in pure
and pharmaceutical dosage form. Indo Am. J. Pharm. Res. 2013, 3, 5541-5548. [CrossRef]

Mondal, N.; Pal, TK.; Ghosal, S.K. Development and validation of a spectrophotometric method for estimation of letrozole in
bulk and pharmaceutical formulation. Die Pharmazie-An Int. ]. Pharm. Sci. 2007, 62, 597-598. [CrossRef]

Swain, S; Jena, B.R.; Sitty, M.B.; Pradhan, D.P. Validated UV spectrophotometric methods for the estimation of Letrozole in solid
dosage forms. Int. |. Pharm. Sci. Nanotechnol. 2018, 11, 4129-4135. [CrossRef]

Dange, Y.D.; Salunkhe, V.R.; Bhinge, S.D.; Bhutkar, B.R.; Momin, Y.H. Simultaneous equation method for the estimation of
Palbociclib and Letrozole by UV-visible spectrophotometry. Ind. Drugs 2017, 54, 61-66.

Acharjya, S.K.; Mallick, P.; Panda, P.; Kumar, K.R.; Annapurna, M.M. Spectrophotometric methods for the determination of
Letrozole in bulk and pharmaceutical dosage forms. J. Adv. Pharm. Technol. Res. 2010, 1, 348-353. [CrossRef] [PubMed]

Ganjali, M.R.; Karimi, A.; Norouzi, P. Letrozole potentiometric PVC membrane and nano-composite carbon paste electrodes. Int.
J. Electrochem. Sci. 2012, 7, 3681-3692.

Dais, S.L.; Mary, A.C.C.; Devi, K,; Prabha, S.S.; Rajendran, S.; Zahirullah, S.S. Magnesium oxide nanoparticles-synthesis and
characterization. Int. J. Nano Corr. Sci. Eng. 2015, 2, 64-69.

Phiwdang, K.; Suphankij, S.; Mekprasart, W.; Pecharapa, W. Synthesis of CuO nanoparticles by precipitation method using
different precursors. Energ. Procedia 2013, 34, 740-745. [CrossRef]

Alarfaj, N.A.; El-Tohamy, M.F. Ultrasensitve modified carbon paste inclusion 3-cyclodextrin and carbon nanotubes sensors for
electrochemical detection of anticancer nimustine hydrochloride. Int. J. Electrochem. Sci. 2016, 11, 1184-1198.

Mishra, P; Singh, U.; Pandey, C.M.; Mishra, P; Pandey, G. Application of student’s t-test, analysis of variance, and covariance.
Ann. Card. Anaesth. 2019, 22, 407. [CrossRef] [PubMed]

UV/VIS/IR Spectroscopy Analysis of Nanoparticles. 2012. Available online: http://50.87.149.212/sites/default/files/
nanoComposix%20Guidelines%20for%20UV-vis%20Analysis (accessed on 10 May 2015).

Moorthy, S.K.; Ashok, C.H.; Rao, K.V.; Viswanathan, C. Synthesis and characterization of MgO nanoparticles by Neem leaves
through Green method. Mater. Today Proc. 2015, 2, 4360-4368. [CrossRef]

Varughese, G.; Rini, V.; Suraj, S.P,; Usha, K.T. Characterization and optical studies of copper oxide nanostructures doped with
lanthanum ions. Adv. Mater. Sci. 2014, 14, 49-60. [CrossRef]

Mageshwari, K.; Mali, S.S.; Sathyamoorthy, R.; Patil, P.S. Template-free synthesis of MgO nanoparticles for effective photocatalytic
applications. Powder Technol. 2013, 249, 456—-462. [CrossRef]

Ogunyemia, S.0.; Zhanga, F; Abdallaha, Y.; Zhanga, M.; Wangc, Y.; Sunc, G.; Qiua, W.; Lia, B. Biosynthesis and characterization
of magnesium oxide and manganese dioxide nanoparticles using Matricaria chamomilla L. extract and its inhibitory effect on
Acidovorax oryzae strain RS-2. Artificial Cells. Nanomed. Biotechnol. 2019, 47, 2230-2239. [CrossRef]

Manyasree, D.; Peddi, K.M.; Ravikumar, R. CuO nanoparticles: Synthesis, characterization and their bactericidal efficacy. Int. |.
App. Pharm. 2017, 9, 71-74. [CrossRef]

Al-Tamimi, S.A. Biogenic green synthesis of metal oxide nanoparticles using oat biomass for ultrasensitive modified polymeric
sensors. Green Chem. Lett. Rev. 2021, 14, 165-178. [CrossRef]

Hornak, J.; Trnka, P; Kadlec, P; Michal, O.; Mentlik, V.; Sutta, P.; Csanyi, G.M.; Tamus, Z.A. Magnesium oxide nanoparticles:
Dielectric properties, surface functionalization and improvement of epoxy-based composites insulating properties. Nanomaterials
2018, 8, 381. [CrossRef]

Sarkar, S.; Jana, PK.; Chaudhuri, B.K,; Sakata, H. Copper (II) oxide as a giant dielectric material. Appl. Phys. Lett. 2006, 89, 212905.
[CrossRef]

Pingarron, ].M.; Labuda, J.; Barek, J.; Brett, C.M.; Camoes, M.F.; Fojta, M.; Hibbert, D.B. Terminology of electrochemical methods
of analysis IUPAC Recommendations 2019). Pure Appl. Chem. 2020, 92, 641-694. [CrossRef]

Kakhkiz, R.M. Application of nanoparticles in the potentiometric ion selective electrodes. Russ. J. Electrochem. 2013, 49, 458-465.
[CrossRef]

Isa, LM.; Sohaimi, N.M.; Hashim, N.; Kamari, A.; Mohamed, A.; Ahmad, M.; Ghani, S.A. Determination of salicylate ion by
potentiometric membrane electrode based on zinc aluminium layered double hydroxides-4 (2, 4-dichlorophenoxy) butyrate
nanocomposites. Int. J. Electrochem. Sci. 2013, 8, 2112-2121.


http://doi.org/10.1002/bmc.4825
http://doi.org/10.1371/journal.pone.0228822
http://www.ncbi.nlm.nih.gov/pubmed/19226963
http://doi.org/10.1016/j.jchromb.2020.122495
http://www.ncbi.nlm.nih.gov/pubmed/33360417
http://doi.org/10.1515/amma-2017-0022
http://doi.org/10.5281/zenodo.2531283
http://doi.org/10.1691/ph.2007.8.6305
http://doi.org/10.37285/ijpsn.2018.11.3.7
http://doi.org/10.4103/0110-5558.72425
http://www.ncbi.nlm.nih.gov/pubmed/22247870
http://doi.org/10.1016/j.egypro.2013.06.808
http://doi.org/10.4103/aca.ACA_94_19
http://www.ncbi.nlm.nih.gov/pubmed/31621677
http://50.87.149.212/sites/default/files/nanoComposix%20Guidelines%20for%20UV-vis%20Analysis
http://50.87.149.212/sites/default/files/nanoComposix%20Guidelines%20for%20UV-vis%20Analysis
http://doi.org/10.1016/j.matpr.2015.10.027
http://doi.org/10.2478/adms-2014-0021
http://doi.org/10.1016/j.powtec.2013.09.016
http://doi.org/10.1080/21691401.2019.1622552
http://doi.org/10.22159/ijap.2017v9i6.71757
http://doi.org/10.1080/17518253.2021.1895326
http://doi.org/10.3390/nano8060381
http://doi.org/10.1063/1.2393001
http://doi.org/10.1515/pac-2018-0109
http://doi.org/10.1134/S1023193513050078

Polymers 2021, 13, 1384 17 of 17

54. ICH-Q2 (R1) Validation and Analytical Procedures: Text and Methodology. In Proceedings of the International Conference on
Harmonization Guidelines, Geneva, Switzerland, 4 November 2005.

55. Liu, Y;; Zhang, Y,; Wang, Q.; Yang, W.; Chen, X; Jing, S.; Zhao, L.; Zhang, C.; Wei, L.; Li, X; et al. Bioequivalence and safety study
of letrozole tablet in healthy Chinese postmenopausal women volunteers. J. Chin. Pharm. Sci. 2013, 22, 190-196. [CrossRef]


http://doi.org/10.5246/jcps.2013.02.027

	Introduction 
	Experimental 
	Chemicals 
	Instruments 
	Synthesis of Magnesium Oxide and Copper Oxide Nanoparticles 
	Characterization of Nanoparticles 
	Preparation of Standard Drug Solution 
	Preparation of Electroactive Complex 
	Membrane Composition and Sensor Fabrication 
	Calibration Graphs 
	Optimization of Potential Readings Condition 
	Analysis of LTZ in Femara® Tablets 
	Analysis of LTZ in Biosamples 
	Statistical Analysis 

	Results and Discussion 
	Characterization of MgO and CuO Nanoparticles 
	The Nature of the Fabricated Sensors 
	Quantification of Letrozole 
	Method Validation 
	Determination of LTZ in Tablets 
	Quantification of LTZ in Biosamples 

	Conclusions 
	References

