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Abstract

Metal oxide naroparticles have found numerous applications in different fiel ds. In this paper, the
preparation of nickel oxide nanostructuresis given. The nanostructures were synthesi zed by using
the hydrothermad method. The characterization was done with X-ray diffraction and scanning
electron microscopy. The newly synthesized nanostructures were utilized as a modifier of the
working electrode, i.e., dassy carbon electrode (GCE). The modified GCE exhibited an excellent
response towards methotrexate (MTX) anticancer drug. The modified GCE, as compared to bare
GCE, showed an increased response towards MTX. In this sudy, Britton-Robinson buffer (BRB)
was sdected as a supporting electrayte having pH 5. By usng electrochemical impedance
spectroscopy (EIS), the method was found linear in the range of 5-40 uM withalinit of detection
and quantification values of 2.4 uM and 7.28 pM, respectively. The method developed by ths
way was successfuly applied for the anaysis of MTX from injection formulations. The
interference studies were also carried out to check the method's sdectivity.
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Introduction

Methotrexate, commonly named MTX  high dose usage [4]. Analyzing MTX is very

(Fig. 1), isthe best drug to treat the number of
chemotherapies, i.e., head and neck cancer,
leukemia, and osteogenic sarcoma [1]. Also, it
is reported for indications, i.e, cancer of
bladder and breast [2]. However, it can also
cause some sde effects, including lung and
liver disease, low white blood cell counts [3],
and could also be life-threatening in case of

much necessary for many reasons Many
methods have been utilized for the detection
of MTX. Some methods are HPLC [5, 6], ESI-
MS [7], fluorimetry [8], and capillary
eectrophoresis (CE) [9], respectively. All
these methods require tedious pre-treatment,
time consuming, and highly sophisticated
machines that are very costly. That's why an
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economic, less time taking and more sensitive
method is always necessitated for analysis of
MTX. All these properties ae present in
electrochemical techniques, which are very
esy to use less time consuming, and
economic for analysis of chemicals or
pharmaceuticals. MTX has been detected by
different modes of electrochemical analysis,
i.e, sSquare wave Voltammetry [10],
differential pulse voltammetry [11], and other
electrochemical modes|[12-20].
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Figure 1. Chemical str uctur eof methotrexate

At the start of the 20" century, the
concept for electrochemical impedance
soectroscopy (ES)  was  given by
D. Macdonald [21]. Initially, EIS was carried
out to evaluate the capacitance of the
electrode, which was ideally polarized. In the
mid-1970s, researchers were able to measure
full impedance spectra by usng the most
stable potentiostats. Different mathematical
equations for the extraction of data from
impedance spectra were developed for non-
dationary  sysems  [22-25]. Various
researchers have utilized the EIS mode to
analyze drugs because of its sengtivity and
shorter time of analysis[26-28]. In this paper,
we report an easy hydrothermal method for
the synthesis of nickel oxide nanostructures
(NIONSs) and the use of these newly
synthesized materials as a modifier of GCE
for electrochemical detection of MTX. The
CV and EIS modes were used for the
electrochemical characterization of the sensor.
A method was developed using the sensor to
detect MTX and successfully applied for

analysis of MTX
formulations.

from pharmaceutical

M aterialsand M ethods
Chemicals and Reagents

All  reagents usd were without
dilution until and unless stated. MTX was
purchased from a local pharmaceutical
company. Nickel (Il) chloride hexahydrate,
potassum dichromate, urea, acetic acid,
orthophosphoric acid, and boric acid, sodium
hydroxide, and methanol were purchased from
Sgma-Aldrich. Hydrochloric acid was
purchased from Merck millipore. The stock
lution of the MTX was prepared as1 mM in
BRB buffer pH 5. Doubly distilled water with
no any ion wasused throughout this work.

Syntheds of Nickel Oxide Nanosutures
(NiONSs)

The synthesis of the nickel oxide
nanostructures (NiONSs) was carried out
using the hydrotheemal method. Equal
volumes from solutions of 0.1 M nickel (1)
chloride hexahydrate and 0.1 M urea were
mixed. Then potassium dichromate (0.1 Q)
was added to the beaker containing a urea and
nickel (I) chloride mixture. The beaker was
put in preheated oven at 95 °C. The beaker
was taken after 5 h from the oven, and growth
of nanostructures was observed at the bottom
of the beaker. The solution was filtered using
filter paper followed by air drying. Then the
filtrate was calcinated at 500 °C for 5 h.
Characterization of Nanostructures
(NiONSs)

The sample obtained by the above
mentioned method was characterized using
two techniques x-ray diffraction (XRD) and
sanning €electron microcopy (SEM). The
XRD was used to gudy the crystallography of
nanostructures by using Bruker (Model: D8
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Advanced) diffractometer a 40 kV, 40 mA
and Cu Ka radiaion (£=0.15406 nm),
scanning from 30° to 80° a a step of 0.02°.
The aurface morphology of NiONSs was
studied using JEOL (Model: 6380-L) scanning
electron microscope.

Electrochemical Analyss of Nanosutures
(NiONSs)

In this study, GCE has been modified with
NiONSs and used as a working electrode for
electrochemical operation in potentiostat. The
GCE was modified using drop casting method.
Inthefirgd step, NiONSs was weighed up to 5
mg following the addition of water (up to
1mL). The durry was prepared by vortex
mixing the material in water, and then 30 pL
of Nafion in methanol solution was mixed
with this slurry. The mixing was carried out
with vortex for 5-10 min. After the slurry was
homogenized, 10 pL from this durry was
taken out with the help of a micropipette and
put on an upright GCE surface. The electrode
was dried with warm air for 5 min. Then the
modified GCE was utilized as a working
electrode for further studies Potentiostat
VersaSTAT-4-500 was used for
electrochemical analysis. The dation was
made up of three electrode system for that
AJ/AgCl and Pt wire were used as areference
and counter electrodes, respectively. The
NiONSs modified GCE was utilized as a
working electrode. An optimum result was
observed in 0.04 M BRB at pH 5.

Results and Discusson
Characterization of
Nanosutures (NiONSs)

the Nickel Oxide

The XRD was used to study the
crystallography of NiONSs. Fig. 2 shows the
XRD  pattern  of the  synthesized
nanostructures. The cubic cdl crystal structure
of NiONSs was confirmed by JCPDS card no.
01-075-0197.

The morphology of NiONSs was
investigated usng SEM and found nanosheet
like open chain porous structure Fig. 2b. The
nanosheets synthesized by this way were
ultrathin having a thickness in between 100
and 150 nm. This structure may increase the
arface area of the nanogructures and hence
enhance itselectrochemical efficiency.
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Figure 2. XRD (a) and SEM (b) images for synthes zed Ni ONSs

Electrochemical Behavior of MTX
Cyclic voltammetry (CV)

Electrochemicad behavior was
observed for the MTX in the presence of 0.04
BRB as supporting electrolyte pH 5. In the
beginning, an amount having 100 mM
concentration of MTX wasrun in the presence
of 25 mL BRB having acidic pH. Following is
the CV curve obtained with and without
modification of GCE. The response for MTX
in the presence of the NiONSs was observed
to be more than unmodified/bare GCE as a
working electrode. This sensor was given the
wuffix NIONSSMGCE. The CV curves are
giveninFig. 3.
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Figure 3. Cyclic voltammetric response for MTX in the presence
of bare and modified e ectrodes
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pH study

Different pH solutions of BRB were
used to get the maximum response of MTX
usng CV mode. The range of pH range
checked was between 3-9, respectively. The
best response obtained from these pH values
wasat pH 5, respectively.

Electro impedance spectroscopy

The electrochemical behavior of the
NiONSs MGCE wasalso studied usng electro
impedance spectroscopy (EIS) for the
detection of MTX. To the bes of our
knowledge, this is the first method for
guantification of MTX from pharmaceutical
samples using EIS. EIS was performed from
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01 Hz to 10° Hz frequency range. The
impedance results were analyzed using Z-view
oftware. The impedance data was frequently
displayed in Fig. 4a as real impedance (Z’)
and imaginary impedance (Z'). Then, the
impedance data was used to generate complex
capacitance data, as shown in Fig. 4b, as a
function of the real pat of complex
capecitance (C') and imaginay pat of
complex capecitance (C’). By using a
complex capacitance curve, the calibration
plot was obtained in the range of 5-40 uM and
found linear, as shown in Fig 4c. The Limits
of detection (LOD) and quantification (LOQ)
were found as 2.4 uM (39/slope) and 7.28 uM
(109/slope),  respectively,  which  were
calculated by the same method as given by
[29].
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Figure 4. Nyquist plot for calibration (@) Compleximpedance plane (b) Compl ex capadtance plane (c) Calibration curve for MTX using

EIS(5-40 pM/L)
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Application of the developed method

The newly developed method for
analyss of MTX from injection formulations
was gpplied using a calibration curve in CV
mode and EIS. Two injections brands were
purchased from a local market, and MTX was
assayed from these. The stock solution of 1
mM MTX was prepared in BRB pH 5. The
dilutions from these solutions were carried out
for analyss. The results obtained from these
brandsare givenin Table 1.

Table1. The applicability of the New method for Phar maceutica
formul ations.

Added Found Rd ative
Brand Amount Amount Standar d
(uM) (uM) Deviation
40 39.04 1.09
Brand1 50 50.09 1.9
60 59.95 2.03
40 4003 204
Brand 2 50 50.06 1.93
60 60.04 2.5

Sdectivity studies for new method

The selectivity of the new method was
checked by adding different other possible
interfering agents, i.e., anticancer drugs like
Mitoxantrone,  5-flurouracil, and other
chemicals like glucose, sucrose, etc. The data
in the form of percentages were calculated for
interference. It can be shown in the table that
all these chemicals were not affecting the
selectivity of the new method asthe maximum
allowable limit for the interference of these
chemicals was noted below than £5%. The
method was observed to be mos selective for
MTX Table 2.

Table 2. Tolerancelimit was defined as ratio that causes< + 5%
inter ference.

Interfer ence Ratio Added Percentage
Agent Inter ference

Mitoxantrone 1:10 0.4

5-Furourecil 1:10 1.3
Glucose 1:10 29
Sucrose 1:10 2.1

Comparison
methods

between aready published

Table 3. The compar ative data between the new snsor and already
published sensars.

Working Mode LDR LOD Ref.

Electrode

MWCNTSMSPE® CV, 50uMtol0 10puM 30
SWV mM

SPE modified SWV  0.02-1pM 10and2.5 31

with nano- and nM

AUMWNTs- 5nM-0.2

Zno° um

CoFe0, ad SWV 005-75 0.01 pM 32

reduced UM

GOMGCE®

Au-E* modfied ES, 273 uM- 5pM 20

with antibodies MDA 273 Pm

NiONSsMGCE EIS 540 M 2.4 M This

method

MWCNTSMSPE* Multiwal carbon nanotubes modified screen
printed eledrode, MWNTs-ZnO" Mutiwal nanotubes-Zinc oxide,
GO Grephen oxide modfied Glassy Cabon Electrode, Au-E:
Gold eectrode

Concluson

Nickel oxide nanogructures have been
gynthesized using a hydrothermal method
characterized by SEM and XRD. These
nanostructures were utilized for
eectrochemical analysis of MTX, an
anticancer drug. A calibration curve was
found linear in range from 5 to 40 uM by
using electrochemical spectroscopy. The
limits of detection and quantification were
found as 24 pM and 7.28 pM, respectively.
Different  chemical and  instrumental
parameters were checked, and the method was
auccessfully applied for the analysis of MTX
from pharmaceutical formulations
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