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Nimesulide (NIM) was determined utilizing (GO-MWCNTS/GCE) using
differential pulse voltammetry (DPV). The impact of different experimental
factors, such as scan rate, pH, and aggregation time, on the voltammetric responses
of NIM was assessed. NIM achieved an irreversible electrochemical reaction
controlled by the diffusion-controlled electrode method at GO-MWCNTS/GCE.
This research examined the relationship between peak oxidation current and

eywords: concentration under optimal conditions. A calibration curve was plotted showing
Nimesulide, the linear range of 0.06-0.8 ppm and limited of detection of 0.000318 ppm. The
GO-MWCNTs, approach was effectively used to detect NIM in drugs as well as in human serum
Glassy Carbon Electrode, and urine samples. Results refer that the chosen method is fast, responsive, and
CV, DPV. cost-effective. The sensor (GO-MWCNTS/GCE) had an excellent reproducibility

and good repeatability.

1. Introduction reducing pain and inflammation Rheumatoid arthritis
associated with osteoarthritis, it is also considered an anti-
free radical, and helps protect tissue damage that may

occur during inflammation[4].

Nimesulide (NIM) is an anti-inflammatory drug,
which functions by stopping the prostaglandin production
and by this means mitigating the pain caused. NIM too has
antipyretic and analgesic assets, which utilized in the
treatment of rheumatoid arthritis, osteoarthritis [1, 2].
However, excessive use of NIM causes severe side

HMNSO,CH,

effects, both gastrointestinal (heartburn, abdominal [l ) T Il “]
discomfort, nausea, abdominal cramps, and diarrhea), and — —
central nervous system (drowsiness, headache, dizziness), T -
There are things that affect the genitourinary system MO,

(blood in the urine, decreased urination, and drowsiness)

[3].
Nimesulide is a drug that is N-(4-nitro-2-
henoxyphenyl) methane sulfonamide shown in Scheme 1.

Scheme 1. Chemical structure of Nimesulide.

Expensive and tedious chromatographic techniques

It is considered a non-steroidal anti-inflammatory drug
(NSAID) and is non-acidic (pKa 6.5) with
administration as an antipyretic and analgesic. It inhibits
Cyclooxygenase enzymes such as prostaglandin, which
leads to a decrease in the production of prostaglandins.
The strength of inhibition is moderate for cyclooxygenase
2 (COX-2), so the possibility of stomach injury and
intolerance to the drug is less, and it is effective in

have been adopted to detect NIM [5-8] such as
spectroscopic analysis. In comparison with other
techniques, the electrochemical method exhibits high
precision and less time consuming for bioactive molecules
estimation [9-12]. In electrochemical methods, many bare
electrodes are used with a modifier on their surface to
estimate drugs [13-18]. However, few techniques are
available for the estimation of NIM [19-22].
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Determination of NIM utilizing thin  layer
chromatography, high-performance liquid
chromatography with UV technology, capillary zone
electrophoresis, and spectrophotometry [23-27].

These methods are highly appreciated in analysis
field, while they have drawbacks that make them
undesirable in some analyzes or the search for an
alternative to them. For example, it is not a routine
analysis regarding those that require repeated analysis.
The reason for this is due to equipment high cost, the need
for an expert to operate it, and to test it for a long time,
which is necessary. To overcome this problem, other
methods have been developed, like electrochemical
techniques which depends on electrodes. The approaches
are more accurate and at ease in drug detection due to their
short reaction time and rapid response. Cyclic
voltammetry (CV), differential pulse voltammetry (DPV),
square wave voltammetry (SWV), and many other
voltammetric techniques and sensors have been employed
in electrochemical drug detection approaches [28-30]. In
latest years, electrodes have been developed to make their
surfaces sensitive and have a larger surface area by adding
non-toxic, chemically active materials that are less
expensive and have ion exchange, diffusion or adsorption
properties than are more porous [31-33]. Also, to improve
the possibility of increasing the reading of the electric
current curve, the surfaces of the electrodes can be
modified using new carbon nanomaterials [34,35] with
high surface area and high porosity, such as graphite oxide
and carbon nanotubes. This permits the electrodes to sense
the direction of the drugs to be administered more
effectively [36-38].

To our knowledge, there are few electrochemical
studies using a modified glassy carbon electrode in the
determination of the drug NIM. Therefore, we sought to
develop a method in this study, by enhancing (modifying)
the surface of the glassy carbon electrode with a mixture
of multi-walled carbon nanotubes (MWCNTSs) and
graphene oxide (GO). These modifications were
synthesized and branded utilizing CV and DPV
techniques for nimesulide quantification.

2. Computational details
Reagents and solutions

Pure Nimesulide (NIM) from xian veda chemical
Co., Ltd., (98%) sulfuric acid H.SOa, nitric acid HNO5
and (37%) HCI from B.D.H., from Fluka, (97.0%) NaOH
From Sigma-Aldrich, (99%) KCI, (99.50%) Al.Os, acetic
acid CH3COOH (glacial) (99.7%) and (99.5%) potassium
hexacyanoferrate. From Merck, (99%) acetic acid, sodium
acetate (99%), (85%) orthophosphoric acid, and (99.9%)
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boric acid. From Riedel-de-Haen, (99%) sodium
phosphate dibasic heptahydrate and (98%). From
Scharlau, absolute ethanol (99.99%) and sodium
phosphate monobasic monohydrate. Buffer Solutions
Preparation: 0.1M Acetate Buffer Solutions (ABS), 0.1M
sulfuric acid, Phosphate Buffer Solutions (PBS), and0.1M
Britton- Robinson Buffer Solutions (BR-BS), in this
study, sulfuric acid is the best buffer solutions. Tab.
labeled Nimesulide (NIM) 5 mg from citric labs Co.,
India.

Instruments and electrodes

Voltammetric measurements were conducted using
the CH INSTRUMENTS CH660E (USA) with software
HP PC. Electrochemical Glass Cell with a volume of
10mL involves 3 electrodes: (GCE) Glassy Carbon
Electrode with 2 mm diameter, a Pt wire electrode serving
as the counter electrode, and an (Ag/AgCl) Electrode with
3.0 M potassium chloride as the reference electrode. The
experiment was conducted using CH INSTRUMENTS
(USA).

Preparation of GO-MWCNTs/GCE

To obtain the cleaned surface electrode, the GCE
firstly polished utilizing 0.05pm alumina-slurry on a
polishing pad while until a clean mirror- surface achieved,
subsequent to washing with distilled water. The GCE
surface was cleaned by ultra-sonication in a solution of
Milli-Q water and ethanol (1:1, v: v) for 5 minutes to
remove any adsorbed contaminants. 0.1 grams of multi-
walled carbon nanotubes were distributed in a 1.0
milliliter solution of (DMF) and sonicated for 2 hours. 15
microliters of multi-walled carbon nanotubes suspension
which applied over the cleaned glassy carbon electrode
surface and allowed to dry at ambient temperature.

Measurements of Voltammetric

The numbers of buffer solution were analyzed are
four: 0.1M PBS, 0.1M APS, 0.1M BR-PS, and 0.1M
H,SO4. The most effective one produced an oxidation
peak for 0.0002M KET drug at 0.1M H;SOs. Three
voltammetric techniques (CV, DPV, and SWV) were
examined. The CV approach showed the most prominent
oxidation peak (0.0002MNIM drug) in the existence of
GO-MWCNTSs/GCE, followed by the CV, SWV and DPV
approaches. CV was conducted by assessing the potential
within the limit of 0.4 to 1.6 V using a scan rate of 70 mV
stina 0.1 M H;SO, supporting electrolyte solution.

Calibration Curve
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Measured solution was diluted to concentrations
ranging from 0.06ppm to 0.18 ppm. A calibration curve
was then constructed by plotting current versus
concentration to determine the LOD, LOQ, and
calibration graph.

Preparation of the commercial NIM drug

Pharmaceutical formulations containing (0.8, 1.0,
1.2) ppm of NIM from citric labs Co., India, were obtained
from a local pharmacy. The tablet contains the next
excipients as mentioned on the drug's leaflet: sucrose,
tartaric acid, glucose, starch, magnesium citrate, lactose,
and sodium bicarbonate.

The stock solution of the tablet sample was obtained
by properly weighing and grinding one 100 mg NIM tablet
in a mortar. The powder was stirred for 15 minutes in
deionized water until completely dissolved. The mixture
is filtered and then poured into a 0.5 L volumetric flask.
Residual volume packed with a 0.04 M H,S0, of
supporting electrolyte solution. The current of the NIM
tablet solution was measured and then from plotting the
calibration curve the concentration of the tablets was
estimated.

Samples Collecting

Urine samples were obtained from three species:
healthy, non-smoking volunteers: V1 (30 years old,
female), V2 (32 years old, male), and V3 (42 years old,
male). For the real samples preparation, real urine samples
of human were obtained Of individuals were in good
health, and then diluted with 100 ml with electrolyte
supporting before determining the concentration in urine
and blood plasma. 1 mL of urine was added to the
electrochemical cell and then filled up to 10 mL with
supporting electrolyte. Later, the solution was

appropriately mixed with a standard solution of NIM to
get the desired concentration. The samples were analyzed
for NIM utilizing the standard addition method with
concentrations of 0.2 ppm, 0.4 ppm, and 0.6 ppm (n = 5).

1.0 ml of serum has been positioned in a centrifuge
tube. A portion of the NIM stock solution was added to
get the desired finishing concentration. The sample was
thoroughly mixed utilizing a vortex mixer and
subsequently centrifuged. The material from the
centrifugation tube was moved into the voltammetric cell,
and voltammograms were obtained for NIM by employing
the addition method with concentrations of 0.3, 0.5, and
0.7 ppm (n=5).

The statistical analysis having done, given the values
for Recovery%, accuracy, Relative Standard Deviation
(RSD), and Standard Deviation (SD).

3. Results and Discussion
Study of the best buffer solutions

Fig.1 shows the results of a cyclic voltammetry (CV)
study on buffer solutions including 0.1M H>SO., BRBS,
ABS, and PBS. The study was conducted using a scan rate
of 70 mV s? and a voltage range of -2.0 to 2.0 V, and it
was conducted with a 2 x 10~* M KET drug using bare
GCE. The results showed a distinct oxidation peak in the
buffer solution, which contained 0.1M H,SOs4. Since
buffer solutions of 0.1M (BR-PS, ABS, and PBS) did not
show any oxidation peak, the NIM drug can be examined
in the range of 0.1M H,SO.. However, a well-defined
voltammetric profile and the largest magnitude and
repeatability for the NIM oxidations signal were achieved
with the 0.1M H,SO4 buffer solution, which was also the
best overall result. When exposed to an electrode with a
positive potential, the electroactive chemical NIM can
move electrons from the solution to the electrode.
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Fig. 1. Cyclic voltammograms (70 mVs~1) in 0.1M (H,S0,, BRBS, ABS, and PBS) in the presence 2 X 10™*M NIM.

721



Chem Rev Lett 7 (2024) 719-730

Electrode modification by GO, MWCNTs and GO-
MWCNTSs/GCE

The study focused on enhancing the activity of the
electrode surface via the incorporation of MWCNTSs and
GO. MWCNTSs and GO were prepared separately and
then mixed in equal amounts of 5 pmol each. The mixing
caused an increase in the oxidation peak current of NIM
compared to GO, MWCNTSs, and the surface of the bare
glassy carbon electrodes. Therefore, As a result, GO-
MWCNTs/GCE was chosen for this study as Figure 2.

Surface Area

The determination of active surface of bare GE and
GO-MWCNTSs/GE was done using 5.00 mM
K3[Fe(CN)g ] in 0.10 M of electrolyte (KCI) and CV
were recorded by varying the scan rates utilizing the CV
as publicized in [Figures (3) A, C]. By used the Randle—

Sevcik eqn. 1, is useful for the surface area estimation of
the working [38,39]:

ipa= (2.69x105)n32 ADo2C u/?) (1)

Where ip the peak current of anode, n(n=1
reversible reaction) the electrons number, Do (7.6 X
10 — 6 cms™1) the coefficient of diffusion, A the active
surface area of the electrode, u scan rate and C the

1
concentration. Utilizing the slope of the plot ip avs uz
(Fig. 3B, D),
for bare GE: ip = 2.73784 x 10~5u1/2 +
7.08471 x 107°,4 = 0.06cm 2
for GO — MWCNTSs/GE: ip = 7.1428 x 10~* u'/2 +
4.28339x107° ,A= 0.19cm?

These results indicate that the surface area is larger
than the geometric area (0.031 cm?) due to the effective
surface area being significantly affected by the surface
porosity GO-MWCNTS/GE [40].

le-5A

Current/

Potential /' V

Fig. 2. Cyclic voltammograms (CV) 2 x 10™*M NIM at different modifications: (a) bare GCE (b) MWCNTs/GCE
(c)GO/GCE and (d) GO+MWCNTS/GCE, at scan rate of 70 mVs~tin 0.04M H2S04
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Fig. 3. CV (A): bare GE and (C): GO-MWCNTS/GE. Plot of ip a vs u'/?at (B): bare GE and (D): GO-MWCNTS/GE.
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Effect of pH

The impact of pH on a 2x10*M NIM medication
was investigated using a scan rate of 70 mV s across a
pH range from 0.7-1.4. The influence of solution acidity
on NIM was investigated by utilizing a 0.04M H,SO..
The resulting voltammograms can be shown in Fig. 4A.
An increase in pH of the electrolyte caused the peak of
oxidation potential (Ep) to move into a more negative
potential, suggesting the participation of a proton in the
oxidation of NIM [41]. The electrochemical behavior of
a 2x10M solution of NIM is mostly influenced by the
pH of the supporting electrolyte. The different
voltammograms were acquired with changes in the
oxidation potential and oxidation peak current [42—44].
Fig. 4A and 4B show that the NIM anodic peak current
gradually increases as pH rises till reaching a pH of 1.1,
then it decreases at pH 1.4 at (0.04M H,S0.) as a result
of the protonation of the analyte. An observed shift in
peak potential towards lower potential, accompanied by

18

an increase in pH from 0.7 to 1.4, indicates proton
involvement in the electrooxidation cycle. The peak
current is influenced by the deprotonation and
protonation state of the active species in the
electrochemical cell. The current magnitude is directly
related to the electrochemical reaction rate. NIM exhibits
irreversible conduction at higher pH levels, such as pH
0.7-1.4. It is claimed that the oxidation of NIM is
followed via an irreversible chemical reaction with
hydrogen ions (H*), particularly in acidic circumstances.
The optimal sensitivity and form of the voltammogram
are achieved at pH=1.1, resulting in the peak current of
the analyte. Thus, a 0.04M H,SO, solution with 1.1 pH
of was selected as the best medium for voltammetric
oxidations of NIM. Slope of the Ep versus pH graph was
0.0526  V/pH  (Fig. 4C), Ep = 1.40555—
0.0526 pH (r? = 0.9970). This result being near to the
theoretical value of 0.05 suggests an equal number of
electrons and protons present [45-47].
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Fig. 4. (A) the effect pH= (0.7-1.4) for 2 x 10~*M NIM. (B) ip vs. pH. (C) Ep vs pH
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Effect of scan rate

Valuable insights into electrochemical mechanisms
may typically be obtained by examining the correlation
between scan rate and peak current. Cyclic voltammetry
was used to investigate the NIM voltammetric behavior
across a range of scan rates, as shown in (Figure 5 A, B).
Scan rate investigations were conducted to determine if
the process on GO-MWCNTSs/GCE was governed by
diffusion or adsorption. The scanning was done within a
range (20 - 100 mVs™) as in Figure 5C. A plot showing
peak current (ip) against the square root of the scan rate
(u¥?) displayed a linear relationship with a correlation
coefficient of 0.99723). The study focused on examining
the characteristic of the limiting current by cyclic
voltammetry (CV) technique. The peak current graph
displayed a linear relationship, indicating that the
oxidation peak current of NIM was governed by a
controlled diffusion process [48]. This relationship can
be mathematically stated as:

1

i, = —30208 + 1.01289 pz, (r? = 0.99723)

Plot illustrating the logarithm of peak current of
anode against the logarithm of scan rate resulted in a
linear relationship with a slope of 0.91249 (Figure. 5D).
The value closely aligns with the expected theoretical
slope of 0.5 for a process solely controlled by diffusion
[49-51], providing further evidence that the method is
diffusion-controlled. This indicates that the electroactive
NIM species transfers from the solution's bulk to an
electrode's flat surface by diffusion. The data analysis
resulted in the equation:
logi, = —0.95777 + 0.91249 logp, (r* = 0.99924)

Voltammetric studies were conducted at different

oxidation of NIM is an irreversible process [52]. The S/N
ratio was highest when the scan rate was set to 100 mVs"
1 The rate of 70 mVvs? was selected for its ability to
produce a distinct and well-defined peak current.

From the plot of E,, vslogu (Fig. 5A and E), values
of slope were estimated to equal 0.061 for oxidation
peak. The close-fitting equations correlated with these
dataare E, = 1.241 + 0.061 logu (r? = 0.99925). The
slope of the plot was utilized to estimate the value of an
and electrons number of reaction. For irreversible
process, the Laviron’s equation (2) could be written as
[53]:

Ep

E, + [2.303RT / anF ]log [RT Ks / anF ]
+ [2.303RT / anF ]log u (2)

Where, E, the official standard redox potential, &
charge transfer coefficient, K the constant of rate, n the
electrons contributed. For the irreversible electrode
process the value of a 05T =298K,R =
8.314 JK'mol™1,and F = 96485 Cmol~, and (n
value) for the anodic peak the was found (slope =
[2.303RT / anF]) to 1.94 ( =2.0). Scheme 2 show the
proposed mechanism detailed. Through Equation No. 2,
it is possible to draw the curve between Ep and log u,
and the extrapolation point on the vertical axis at p =0
can obtain E,, and thus the value of Ks can be calculated.
[54], E, were1.125V, From the overhead, calculated K
values were 3963 /s. The value of surface coverage (I')
can be obtained from Equation No. (3) ; through the
slope of the curve between ip versus p ( Fig. 5B) could
be estimated from [i, = 0.3858 + 0.06979 u(r? =
0.9970)], the slope = 0.0697 uA(mV 1)1 become
69.7 uA(V~1)"1, A = 0.19c¢m?, the value the I' for GO-

scan rates to determine NIM under the best conditions, MV_V90NTS/G_E2 equivalent_z to 97.76 X
increasing the scan rate gradually from 20 to 100 mvs® 107" molem , (;97-76 nmolcm™*).
, at a constant concentration of NIM results in an increase P = n°F ra 3)
in background signal and a movement of the peak p 4RT K
potential for a more negative value. This proves that
0 0
H !~|, CH |
P 3 OH S—CH;,
N7 SNl
O
O O
2H', -2¢
»
H,0
NDE HD:

Scheme 2. Proposed mechanism for oxidation of NIM
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Effect of accumulation times

Open circuit potential (OCP) accumulation is a
common technique in electroanalytical chemistry to
aggregate analytes to  increase  sensitivity in
determination. Fig. 6 shows the effect of accumulation
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time, ranging from 0 to 900 s, on the oxidation of NIM
at GO-MWCNTs/GCE. The potential diminished
progressively as the accumulation duration went from 0
to 600 seconds. With further increase, the peak potential
stabilizes after an accumulation time of 600 seconds.
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Hence, 600-second accumulation duration was used in
subsequent studies. The peak current of NIM slightly
varied with the variation in accumulation potential. The
peak current through NIM was unaffected by the
accumulating  potential.  Therefore,  open-circuit
conditions were employed for the accumulation.

Calibration curve

Fig. 7A displays the voltammograms of NIM for
various concentrations using (DPV) between 0.06 to
0.18 ppm. The oxidation peak current rises as the NIM
concentration increases, indicating a linear correlation
between ip and NIM concentration. Results indicated a
linear connection between the peak current (ip) and the
conc. of NIM in the range of 0.06-0.18 ppm, as depicted
in Fig. 7B. The equation is:

ip (UA) = 38.12 + 5.00 C (ppm) (r*>=0.99993).

The DPV analysis revealed a direct correlation
between the oxidation peak current and the
concentration of NIM, as the anodic peak current
increases with the increase in NIM concentration. This
outcome suggests that the procedure is suitable for
estimating NIM in various samples.

The limit of detection (LOD) of an analytical
method is the minimum amount of analyte in a sample
that can be detected but not necessarily measured
precisely. At S/N of 3 (LOD=3s/m), (n=8), the limit of
detection for NIM was determined to be 0.000318 ppm
using DPV under ideal conditions. The limit of
guantitation (LOQ) is the minimum amount of analyte in
a sample that can be accurately and precisely measured
using a specific analytical method. LOQ for NIM with
a (S/N) ratio of 10 (LOQ=10s/m) (n=8) determined to be
0.00106 ppm for DPV under optimal conditions.

The method proposed in the scope of this study gave
a linear range with a detection limit equivalent to or
lower (better) than that studied in the literature using
chemically modified electrodes as shown in Table 1. Our
method is efficient and rapid for quantifying NIM
concentration, with LOD of 0.000318ppm, as indicated
by the findings. The results indicate that DPV
technology may be used to estimate NIM in samples due
to its environmentally benign nature, time efficiency,
and low detection limit.

Analytical applications

Pharmaceutical tablets analysis

100 mg of NIM tablets drug was dissolved in 1000
ml of the electrolyte solution to conduct a DPV analysis.
The oxidation current of different concentration NIM
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(0.8, 1, 1.2) ppm, was measured and found to be equal to
42.15, 43.14, 44.13 uA. Through the calibration curve
from standard solutions, using equation: ip(uA) = 38.12 +
5.00 C(ppm) (r?= 0.99943).The concentration of the NIM
was evaluated by ratio and proportional calculations,
revealing a presence of (0.806, 1.004, 1.202) ppm of the
drug as indicated in table 2. The results obtained for
quantifying NIM closely align with the supplier's
recommendations, with a recovery rate of 100.75%,
100.4%, 100.17%, demonstrating the effectiveness of
the sensor for practical analysis.

Biological fluids assay application

The suggested method's applicability was assessed
by estimating the recovery of NIM in human serum and
urine samples. Prepared samples were analyzed utilizing
the usual addition procedure. The data offered in table 3
indicates positive outcomes. The practical usefulness
and reliability of the glassy carbon electrode surface
modified with GO-MWCNTs in estimating NIM in
biological samples such as serum and urine were
measured. This supports the analysis of NIM in the
samples (plasma and urine). No detectable NIM content
was present in biological fluids. Therefore, a specific
quantity of NIM was introduced into the human serum
and urine samples. The NIM concentration was
estimated using the DPV approach and calibration plot
designed for biological fluids, ip (uA)=38.12+5.00C
(ppm) (r?=0.99993).The oxidation peak vs current was
determined for each concentration of NIM in blood and
urine samples from three healthy volunteers by
conducting one test per subject. This data was used in the
linear regression equation to calculate the NIM
concentration.

Repeatability, reproducibility and stability

To evaluate the applicability of electrochemical
sensors, the stability, reproducibility, and repeatability
of a glass electrode modified with GO-MWCNTSs were
studied. By repeating the reading five times in a row, it
was almost observed that the GO-MWCNTSs sensor has
a high repeatability in NIM estimation; RSD = 1.52%
was obtained; this indicates that GO-MWCNTSs have
good repeatability.

Seven modified electrodes were made under the
same experimental conditions to study the
reproducibility of NIM estimation; It was noted that the
reproducibility is excellent because RSD = 1.84%.

GO-MWCNTSs/GCE sensor stability to 0.0002M
NIM in 0.04M H,SO,was also observed periodically.
After stored for 5 days at 4 °C in a refrigerator, the



Chem Rev Lett 7 (2024) 719-730

anodic current gotten from the as-prepared electrode
continued practically similar. Also, under the same

and maintained about 98.75% of its original value, which
represents the high stability possessed by GO-

experimental conditions under study, for ten days the MWCNTS.
electrode was stored, the anodic peak current was stable
0384 — — — — L
0362 \“»\\
" 0]
E 0.378 \\\-\.m
| i)
g oo \\
0374 \\\; :
R
0312 T T T T T T T
0 100 200 300 400 500 600 FOD 800 000 1000
Time / sec

Fig. 6. Effect of accumulation time on the oxidation peak potential at 2 x 10~*M NIM in 0.04M H,SO
for GO- MWCNTSs/GCE.

Table 1. Literature results with this study to estimate the LOD for NIM.

LOD(ppm) linear range (ppm) Methods Years Reference
0.03 0.05-5 HPLC 1999 55
0.01 0.01-2 HPLC 2001 56

0.0154 0.0308-3.08 DPV 2006 57
0.05 0.01-1 LCM 2008 58
0.0493 0.1-20 LCV 2010 59
0.0400 0.81-31 DPV 2011 60
0.297 10—50 Amperometry 2013 61
0.001 0.0308-12.32 DPV 2016 62
0.001078 0.00308-462 Amperometry 2017 63
0.004928 0.1078-0.616 SWV 2018 64
0.000311 0.00308-0.1078 SWV 2020 65
0.04312 0.0095-0.539 ASP 2021 66
0.000310 0.06-0.18 DPV 2024 This work
50 L . . L . . L
45
o [ A 4 | B
351 e
.‘f 307 p
: 259
; 20 544
75 15 :
T -
05 a ‘ 42
0 1
05 : : : : : : : 40
-1.60 -150 -140 -1.30 -1.20 1.10 1.00 -0.90 -0.80
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Table 2. Determination of NIM in pharmaceutical tablet

Sample Added (ppm) Found (ppm) Recovery% S.D? RSDP A(‘gf;;f/f)y
NIM 0.800 0.806 100.75 0.493 1.17 0.75
NIM 1 1.004 100.4 0.495 1.15 0.40
NIM 1.2 1.202 100.17 0.523 1.18 0.17

a= standard deviation, b= relative standard deviation.
Table 3. Determine of NIM in biological fluids
Added NIM ip Found NIM  Recovery Accuracy

Sample (pm)  (uA)  (ppm) % 5P RO (hiasw)
0.2 39.10 0.196 98.00 0.03 0.077 -0.4
Urine 0.4 40.13 0.402 100.50 0.08 0.20 0.5
0.6 4111 0.598 99.67 0.04 0.10 -0.3
0.3 39.63 0.302 100.67 0.07 0.18 0.7
Serum 0.5 40.61 0.498 99.60 0.09 0.22 -0.4
0.7 41.64 0.704 100.57 0.07 0.17 0.57

4. Conclusion

This work explores the electrochemical oxidation of
NIM utilizing the GO-MWCNTSs/GC electrode by cyclic
and differential pulse voltammetry with a sulfuric acid
supporting electrolyte. Analysis of pH changes indicated
the involvement of protons in the electro-oxidation
process. The proposed mechanism detailed the
involvement of two electrons and two protons in the
oxidation process. Forward voltammograms displayed
peaks, however no peaks were seen in the reverse scan,
indicating an irreversible reaction of NIM. The
investigation of the scan rate indicated that the process is
regulated by diffusion approach and calculation the rate
constant K and surface coverage. A linear range of 0.06-
0.8 ppm was identified for MIM concentration, with
LOD and LOQ values determined as 0.000318 ppm and
0.00106 ppm, respectively. The approach can be used to
detect various drugs in biological samples such blood
serum and urine. The GO-MWCNTs sensor for GC
electrode surface modification has good repeatability
and reproducibility. It is beneficial for generating real
clinical data in clinical laboratories.
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