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Abstract

In this study, silver nanoparticles modified choline chloride functionalized graphene oxide (AgNPs-ChCI-GO)
was synthesized using sonochemical method and utilized as a bioelectrochemical sensor for detection of celecoxibe
(CEL). The characterization studies were ultimately performed in order to acheive a more complete understanding of
the morphological and structural features of the AgNPs-ChCI-GO using different techniques including FT-IR, AFM,
FE-SEM, EDX, and XRD. AgNPs-ChCI-GO demonstrated a significant improvement in the reduction activity of CEL
due to the enhancement in‘the current response compared to the bare carbon paste electrode (CPE). The optimum
experimental conditions, were optimized using central composite design (CCD) methodology. The differential pulse
voltammetry (DPVs) showed an expanded linear dynamic ranges of 9.6 x 10°- 7.4 x 107 M for celecoxib in Britton-
Robinson buffer in pH 5.0 with. LOD (S/N = 3) and LOQ (S/N = 10) were obtained 2.51 x 10° M and 6.58 x 10° M
respectively. AgNPs-ChCI-GO-carbon paste electrode exhibited suitable properties and high accuracy determination

of celecoxib in the human plasma sample.
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1. Introduction
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Nonsteroidal anti-inflammatory drugs (NSAIDs) are the most important prescribed anti inflammation drugs
worldwide that used as inhibitor to treat pain, arthritis, rheumatism, colonic polyps, and menstrual cramps [1-3]. This
category of drugs can effect on reducing the risk of developing Alzheimer's disease and delaying its onset [4, 5].
Celecoxib, 4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl] benzene sulphonamide is a persistent member
of NSAID group against biological degradation that retains its chemical structure long enough to do its healing work
[6]. Also, due to its frequent application, it could remain in the environment for a long time, and its presence is
considered lethal. Up to now, various methods were used for the removal of different pharmaceutical compounds
from the wastewater including spectrophotometric [7-9], electrophoretic [10], chromatographic [11], fluorometric [12],
polarographic [13], membrane [14], submerged aerated biological filter [15], photocatalytic degradation [16] and so on
[17-23]. Electrochemical sensors are the most beneficial procedure due to their effectiveness, reasonable operational
costs, no secondary pollutants generated, regeneration and reuse possibilities, short retention time, and high
efficiency [24]. Therefore, the search for new types of electrochemical sensor and development of new efficient
removal methods is mandatory [25-28]. Carbon based compounds are extensively used in drug sensing application
due to having a potential for forming electrochemical platform with high surface area [29-33]. Among the Carbon
based compounds, Graphene has attracted much attention because of their unique properties, including high values
of its Young’s modulus, fracture strength [34], thermal conductivity [35], mobility of charge carriers [36], specific redox
peaks [37] and specific surface area [38]. Its excellent physicochemical properties make it a suitable choice for
applications in nanosensor technology [39, 40]. Meanwhile, the presence of different hydrophilic agents including
hydroxyl, epoxy and acidic groups and strongly oxygenated functional groups [41] facilitate its dispersion in various
solvents with long-term stability [42]. So, recently, electrochemical sensors based on GO have been applied for
detection and removal of drugs. In spite of unique advantages of Go, it exhibited weak catalytic performance in some
cases due to its poor-conductivity [43], different approaches have been used by modifying the electrodes with
different material that may enhance its electrochemical performance [44]. Considering the unique and advantageous
properties of GO, many efforts have been made towards the modification and development of these materials either
by themselves, or in conjunction with other nanomaterials such as metal nanopatrticles [45,46].

Among different synthetic method of nano composite structures, the ultrasonic technique has been applied
in_many homogeneous and heterogeneous reactions as an agitator or homogenizer. Application of ultrasound in
chemical reactions provides specific activation based on an acoustic cavitation phenomenon [47]. Sonochemical
preparation method utilizes the acoustic cavitation phenomenon which includes the formation of the bubbles and their
successive growth and implosive collapse in a mixture of the reactant ions and clusters [48]. As a mostly adiabatic

process, this collapse of the grown bubbles leads to a massive energy build-up ensuing high pressures of about 2000



atm and very high temperatures more than 5273 K (5000 °C) in localized microscopic regions inside the sonicated
solution mixture [46]. It has been employed extensively for the synthesis of the nanostructured materials due to its
rapid reaction rate, controllable reaction conditions, simplicity and safety. Moreover, powder particles synthesized
through this method normally have uniform shape with narrow size distribution [47-49]. Response surface
methodology (RSM) is an empirical mathematical model that correlates the real and simulated behavior of the
adsorption efficiency to various effective parameters based on their individual and interaction effects. Central
composite design (CCD) under RSM is applied for modeling and the optimization of experiments [50].

This work reports an organic functionalized graphene oxide modified using silver nanoparticles both the
electrically conductivity property of graphene, hydrophilicity of choline chloride, large specific surface area and active
sites to immobilize of silver nanoparticles (Ag NPs). Fig. S1 shows the covalent functionalization of graphene sheets
with ChCI. One of the most significant reasons for the selection of ChCl is the presence of hydroxyl group that
facilitates the attachment of it onto the surface of graphene oxide sheets through covalent bond. Moreover, the
cholinium cationic polar head group (-N'(CHa)s) of ChCl can provide a positively charged uniform surface with a
suitable density, which can facilitate the deposition of Ag-NPs through  the electrostatic interaction between N*(CHa)s
and AgCl. Herein, we used of the advantages of all of the above mentioned materials and methods. We report a
novel biosensor employing silver nanoparticles modified choline chloride functionalized graphene oxide (AgNPs-

ChCI-GO) that was synthesized sonochemically and applied for the sensitive determination of celecoxib.

2. Experimental

2.1. Materials

Celecoxib (purity of 98%), pure graphite powder, AgCl, (2-hydroxyethyl)trimethylammonium chloride (purity
of 98%), sodium hydroxide (NaOH) and SOCI, were purchased from Sigma-Aldrich company. Nitric acid, sulfuric acid
and anhydrous methanol used in this investigation were of analytical grade Merck quality and used as received.
Britton-Robinson buffer (B-R buffer) 4.0 x 107 M was prepared by mixing HzPO4, acetic acid and boric acid with the
appropriate amount of 0.2 M NaOH to obtain the desired pH. Paraffin oil from Merck was used as the pasting liquid
for the preparation of the paste electrodes. A stock anhydrous ethanol solution of celecoxib (1.0 x 10° M) was
prepared and kept in the dark under refrigeration (below 4 °C). The human plasma samples were supplied from Fars

Blood Transfusion Center (Shiraz, Fars, I.R. Iran).

2.2. Instruments



Ultrasonic Homogenizer (UHP-400) (made in Ultrasonic Technology Development company-Iran) was used
for synthesis of nano particles Voltammetric measurements were carried out on Autolab PGSTAT 101
Potentiostat/Galvanostat (Metrohm Autolab, Utrecht, The Netherlands) in a conventional three electrodes glass cell
(volume 250 mL, Autolab, Metrohm Autolab, Utrecht, The Netherlands) with a triple electrode configuration at
ambient temperature of 25+1°C and controlled by Nova 1.6 software. The counter and reference electrodes were
platinum (Metrohm) and Ag/AgCl (Metrohm) electrodes, respectively. Differential pulse voltammetric measurements
are performed at a step potential of 5 mV, pulse height of 25 mV and pulse width of 50 ms. FT-IR spectra (400-4000
cm’ region) were recorded on the 8300-FT-IR Shimadzu spectrophotometer using KBr disks. Absorbance spectra of
the solutions were recorded on a Perkin EImer Lambda 40 UV-Vis spectrometer. A> X-ray powder diffraction (XRD)
diffractometer (Holland Philips PW-1840) using a with monochromated Cu-Ka radiation (A=1.54 A), at a scanning
speed of 2°/min from 20° to 80°(26) was used for elucidation of Nanostructures and estimation of crystalline size by
Debye-Scherrer formula. Scanning electron microscopy (SEM) measurements were carried out using a Philips XL30
scanning electron. Fluorescence measurements were carried out on a Varian Cary Eclipse fluorescence

spectrophotometer. pH in the range 1-13 was measured on pH/lon meter model 686 (Metrohm, Switzerland Swiss).

2.3 Synthesis

2.3.1 Synthesis of AgNPs-ChCI-GO

The preparation of silver nanoparticles modified choline chloride functionalized graphene oxide in some
consecutive stages that are shown in Scheme 1. The graphite oxide (GO) was prepared by a modified Hummers
method [51]. For acylation of GO, 1.0 g of it was dispersed in DMF (20 mL) under ultrasonic treatment for 1 h and the
process followed in the presence of SOCI, (60 mL) at 80 °C for 30 min [52]. In order to the preparation of Choline
chloride functionalized graphenoxide, ChCl (0.4 g) in 8 mL THF was mixed to the SOCI, treated GO under
sonochemical condition for 2 h, followed by the addition of N(Et)z (5 mL). Then, this mixture was stirred for 24 h,
resulting in a stable suspension. The obtained solid was then centrifuged, separated and washed with distilled water
and absolute ethanol several times. Finally, the product was dried at 60 °C overnight. In the next step, the ultrasound-
assisted preparation of silver nanoparticles was performed in two continuous steps: Firstly, the AgCl has been
adsorbed onto the choline chloride functionalized graphene oxide via positively charged ammonium groups by
immersing 0.5 g of functionalized graphene oxide in 50.0 mL of 0.1x10° M aqueous AgCl solution at room
temperature. The synthesized solid has been centrifuged and washed three times with distilled water. Then, the
functionalized graphene oxide has been sonicated in agqueous solution of NaBH4 (50.0 mL and 1.0x1072 M) for 30

min. The final solid was then centrifuged, washed with distilled water and dried at 300 K.



<Scheme 1>

2.3.2. Preparation of AgNPs -ChCI -GO modified CPE

To prepare of carbon paste electrode (CPE), graphite powder (0.45 g) was mixed to the 0.3 mL of paraffin
oil and then was packed into the hole of the electrode body and smoothed on a filter paper. AgNPs -ChCl -GO
modified electrode, was prepared by mixing different amount of nanocomposite with 0.45g graphite. Each AgNPs -
ChCl -GO paste was mixed well with an adequate amount of paraffin oil for 60 min until a-homogeneous paste was
obtained. The synthesis process was followed by packing and compacting of these pasted into the hole of the

electrode body.

2.4. Design of experiments

Response surface methodology (RSM) composed of three steps such as conduction of statistical design of
experiment, estimation of variables coefficient in empirical formula and final prediction of the response and
investigation of model validating and adequacy [53] Central composite design (CCD) combination with response
surface methodology was used to study the parameters contribution on the celecoxib preconcentration and
subsequent determination in the sample. The boundary levels for each parameter were as follows:. pH of B-R buffer
(1-8), amount of modifier (5-25 mg) and.scan rate (10-50 mVs’l) (Table 1) was taken as response. The CCD model
[54] which is the standard RSM, was employed on the basis STATISTICA software (version 10.0) for the survey of
effective parameters in the performance of biosensor.

Experimental data were fitted to a second-order polynomial equation, and regression coefficients were obtained.

Comparisons of means were performed by one-way ANOVA (analysis of variance), followed by t-test (p-value < 0.05)
[55]. By calculating Adi. R? and square. R’ the suitability of the response surface model was judged. The t-value
indicates whether the means of two parameters are statistically different from each other or not. The larger the t-

value, the smaller the p-value, and therefore, the more significant the parameter [56].

< Table 1.>

3. Results and Discussion

3.1. Characterization of AQNPs-ChCI-GO



The FT-IR spectra were recorded to investigate the chemical structure and the possible boundary of
products, as depicted in Fig. 1 for the GO (a), pure ChCl (b) and AgNPs-ChCI-GO (c), at a frequency range of 4000
to 400 cm™. The FT-IR spectrum of the GO revealed a strong peak at 3425 which can be attributed to the hydroxyl
groups. Also, the C-H, C-OH, C-O-C, C=0, C=C, C-O stretching vibrations appeared at 2931, 1750, 1610, 1437,
1231 and 882 cm™ [57]. In Fig. 1 (b) the stretching vibrations at 3367, 1089 and1044 cm™, corresponded to OH, C-C-
O respectively (Fig. 1b) [57]. In addition, there are also peaks indicating the presence of a specific group of
guaternary ammonium compounds, in the range of 900-1000 cm™. The absorption peaks which shown at the
wavelength of 972 and 935 cm™ are suspected to be the peaks of the C-N group of ChCI, respectively [58]. The
comparison of FT-IR spectrum of AgNPs-ChCI-GO (Fig. 1c) and (Fig. 1b) no change was observed at location of C-C

frequency due to the presence of Ch" in the nanocomposite structure [59].

< Fig. 1>

The surface morphology of the AgNPs-ChCI-GO nanocomposites was studied through AFM, FE-SEM and Energy-
dispersive X-ray spectroscopy analysis. The AFM image (Fig. 2a) of the nanocomposite demonstrates a high order of
the surface morphology of the prepared modified GO. It is very important that the prepared composite is homogenous
because its surface morphology affects the performance of the sensor with respect to parameters such as sensitivity,
repeatability and detection precision. Fig. 2b presents the representative FE-SEM image of free-standing GO
nanosheets, revealing a crumpled and rippled structure which was the result of deformation upon the exfoliation and
restacking processes. These ‘nanoscaled single- or few-layer GO nanosheets were flat, which were due to the

sonication in the synthetic process destroyed the van der Waals interactions between GO layers, and the existence of

a large amount of oxygen-containing functional groups on the surface of GO nanosheets.

As shown in Fig. 2¢: A distinct change was observed between the free-GO morphology and free-standing nanosheets
of AgNPs-ChCI-GO nanocomposites. It showed a nanocomposite with the sizes from 100 nm to several micrometers.
This change in morphology reveals the presence of Ch groups on GO surfaces. It can be seen that the formed silver
nanoparticles are spherical shaped and homogeneously dispersed in the choline chloride functionalized GO
nanocomposites.

<Fig. 2.>

The energy dispersive X-ray spectroscopy spectrum of the AgNPs-ChCI-GO nanocomposite was measured to

assess its chemical composition (Fig. 2d, 2e and 2f ). It showed that the composite was composed mainly of C, O, N,



Cl, and Ag elements. The appearance of a sharp peak at 0.48 KeV can show the successful oxidation of the grahen.
The corresponding EDX spectrum exhibited the characteristic peaks of elemental Cl at 2.43 and 2.65 that evidences
the presence of ChCl on the surface of GO. In addition, this spectra confirmed the presence of Ag nanoparticles
which were successfully decorated the surface of GO film by this method. This observation is consistent with the XRD
results.

Fig. 3 shows the XRD analysis of GO (A) choline chloride functionalized GO (B) and AgNPs-ChCI-GO (C).
The characteristic 26 peak of graphene oxide appeared at 12.31° corresponds to a d-spacing of approximately 0.75
nm that is consistent with the interlayer space of graphene oxide sheets in according to Braggs law [60], due to the
existence of oxygen-rich groups on both sides of the sheets and water molecules trapped between the sheets In
addition, two strong peaks at 12.31° and 42.56°, are attributed to the (002) plane of GO and (100) plane of the
hexagonal structure of carbon, respectively [61].
The powder XRD profile of Choline chloride shows appearance of 18 peaks with 26 values of 16.47°, 22.21°, 28.76°,
29.11, 29.84°, 30.65°, 34.65°, 36.44°, 41.78°, 45.26°, 50.14°, 50.62°, 51.35°, 51.98°, 54.21°, 58.45°, 70.76° and
72.23°[57], while, the choline chloride functionalized GO presented of peaks at 12.3, 17.5, 21.4, 22.6, 24.3, 26.8,
27.9, 30.9, 32.7, 34.8, 43.8, 44.53, 46.5, 49.9, 53.2, and'55.2 indicating the interaction between the GO and choline
chloride during the modification as observed in the FT-IR study (Fig. 3b). The obtained curve has contained a peak at
12.0 degree for GO. According to the Bragg equation, the distance between sheets of graphene oxide was 0.75 nm
whereas after modification of particles this distance reached to 0.80 nm. Increasing of this distance is related to
presence of choline chloride agents on the surface of graphene oxide sheets [62]. Fig. 3c shows the XRD patterns of
the as-synthesized AgNPs-ChCI-GO, indicating that the metal Ag was formed after being reduced by NaBH4 solution.
In Fig. 3c, some Bragg reflections corresponding to the (111), (200), (220), (311) and (222) sets of lattice planes are
observed. These peaksare matched with the face centered cubic (fcc) structure of silver (Fig. 3d, JCPDS file No. 04-
0783) [63] as shown in Fig. 3c.
The appearance of peaks at 26 = 21.4° and 43.8° revealed the presence of choline chloride agents on the surface of
graphene oxide sheets. The suggested mechanism is that the attached silver nanoparticles prevent the restacking of
these carbon sheets and therefore the characteristic diffractions peaks of the layered structure disappear [64]. These
figures demonstrated that the silver nanoparticles modified choline chloride functionalized graphene oxide had been

prepared successfully, in accordance with the SEM, AFM and EDX results.

< Fig. 3.>



3.2. Electrochemical detection of celecoxib

Fig.4 shows the electrochemical results of sensing evolution of CPE, GO/CPE, GO-ChCI/CPE, and AgNPs-
ChCI-GO/CPE electrodes. The voltammetric measurements of celecoxib showed that optimal electrocatalytic
efficiency was achieved using the AgNPs- ChCI-GO-based sensor. The bare carbon paste electrode shows no
change towards celecoxib. In the presence of GO/CPE, the reduction peak current enhanced that can be attributed to
the larger surface area of the modified electrode using graphene oxide which leads to an increased conductivity. After
the addition of ChCl and AgNPs to the surface of the electrode the reduction response towards celecoxib greatly
increased which was due to the high capability of electric conductivity and quick electron transfer rate in the surface

of the modified electrode.

<Fig. 4.>

3.3. CCD modeling and RSM plots

RSM is more advantageous than the traditional single parameter optimization and leads to saving in time and raw
material. There were a total of 16 runs for optimizing the four individual parameters in the current CCD and ANOVA
programs. By applying multiple regression analysis on the experimental data, the response variable and the test

variables were related by the following eguation:

W= 5.76543 - 3.67654 X - 0.56720 X* + 2.58432 Y + 1.98253 Y* - 2.56772 Z + 1.73194 Z* - 0.30870 XY + 0.46895

XZ+2.11648 YZ

Where W, X, Y and Z are the response, pH, Modifier% and scan rate respectively. In this equation, the positive
values indicate their positive effect on the response and the magnitude of parameters effect can be examined.

Actuals are obtained by performing the experiments whereas predicted responses are estimated from the model as
proposed by the software. The R? is calculated by the ratio between the variation explained by the model and the
total variation of the experimental data. Higher value of R? is desirable as it is interpreted as the percentage of
variability in the response explained by statistical model. The value of R? (R2 =0.982) and adjusted R? (R2 adj =
0.964) are close to 1 which are very high and indicate a high correlation between the observed and the predicted
values. Therefore, the response surface model established in this study for predicting of celecoxib removal was

considered reasonable. By applying the diagnostic plots provided by RSM (such as the predicted versus actual value



plots), the adequacy of the modeled approximation can be estimated. The predicted values of extraction recovery of
of celecoxib obtained from the model were in good agreement with the obtained experimental data (Fig. S2A).

The normal probability of residuals (Fig. S2B) indicates almost no serious violation of the assumptions underlying the
analyses. Satisfactory normal distribution of results confirm the normality assumptions made earlier and the
independence of the residuals. Pareto chart (Fig. S3) was used to visualize the estimated effect of variables. The
chart showed that the terms X, Y, Y* have significant effect on the peak current. Analysis of variance (ANOVA) is
statistical method that partitions the total variation into its component parts while each term has different source of
variation and estimated the interaction. As demonstrated in Table 2 and Fig. S4, all the previous observations have
been substantiated. The no significant value of lack of fit (more than 0.05) represent validity of quadratic model for
explanation of experimental data of the present study. Obviously, the linear terms of pH and modifier% have larger
effect with respect to scan rate. The increasing of the modifier percentage shows positive effect on the response,
whereas negative response would result upon changing pH=5 to high value and it was not seen significant change
before pH=5.0 (Fig. 5).

<Table. 2>

< Fig. 5.>

3.4. Analytical qualifications and calibration plot

DPVs experiments were performed in the presence of AgNPs-ChCI-GO in B-R buffer pH 5.0 solutions
containing various concentrations of celecoxib under optimized conditions. The resulting cyclic voltammograms (Fig.
6) indicated the electrochemical reduction of celecoxib that is presented by the cathodic peak at -1.1 V, so that the
corresponding reductive reaction is in direct correlation with the increased drug concentration in the solution.
According to the inset of Fig 6, it was found that the intensity of the reductive peak current vs. of celecoxib
concentration showed linear calibration curve with approximately two orders of magnitude from 9.6 x 10°- 7.4 x 107,
the regression equation was | (mA)=1.543C + 0.946 (R2:0.990). The limits of detection were determined according to
a signal-to noise-ratio (S/N) of three and the limits of quantification as ten times the above mentioned ratio, where S
is the standard deviation of the background. LOD value was found to be 2.51 x 10° M, while the LOQ value was
found to be 6.58 x 10° M. The resultant intraday and interday precisions, were calculated 1.98% and 1.96%,
respectively. The peak current of the modified electrode does not change after storage in air for two weeks and it

retained 92.0% of its initial response up to one month.

< Fig. 6.>



3.5. Application of AQNPs-ChCI-GO sensor for human plasma sample

AgNPs-ChCI-GO electrochemical biosensor was used to evaluate celecoxib concentration in human plasma
sample. In order to preparation of Human plasma sample, firstly, 0.5 mL HCIO4 2.0 M was added to the 1.0 mL of the
sample and then centrifuged for 10 min at 1500 rpm. Here after, the supernatant diluted five times and then used for
analysis of celecoxib by standard addition method. So, the prepared sample spiked with different volumes of of
celecoxib standard solution in B-R buffer solution of pH 4.0. of celecoxib was determined after the addition of 0.5 uM
to the human plasma samples, diluted 7 times and the spiked values were calculated from the standard addition plot.
The standard addition calibration curve was constructed for determination of of celecoxib in‘real sample showed a
straight line in the linear dynamic range with the regression equation I(mA)= 9.337 C+0.630 (RZ:O.996). An average
value of 0.487 uM has been obtained for of celecoxib in real samples (Fig. 7), which shows a good agreement with
the value of spiked. The comparison of AgNPs-ChCI-GO with other reported works for detection of celecoxibe support

the efficiency of the proposed sensor (Table 3).

< Fig. 7.>

<Table. 3>

4. Conclusion

In this study, ultrasound-assisted synthesized silver-NPs was loaded on the chlorin chloride functionalized
graphen oxide for modification of carbon paste electrode which was applied to detection of celecoxib. Central
composite design and the response surface methodology were applied to optimize of experimental parameters.
Differential pulse voltammetry exhibited expanded linear dynamic ranges of 9.6 x 10°- 7.4 x 10”7 M for of celecoxib
with a/LOD (S/N = 3) and LOQ (S/N = 10) of 2.51 x 10° M and 6.58 x 10”° M respectively. The peak current of the
modified electrode does not change after storage in air for two weeks and it retained 92.0% of its initial response up
to one month. The resultant intraday and interday precisions, were calculated 1.98% and 1.96%, respectively. The
brilliant advantages of AgNPs-ChCI-GO-carbon paste electrode such as cost effective, simplicity, stability, recycle
ability and low detection limit make it an excellent choice to detection and determine of celecoxib in biological

samples.
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Caption of Figures and Schematics

Scheme 1. Synthesis procedure of silver-NPs modified choline chloride functionalized graphene oxide (AgNPs-ChClI-
GO)

Fig. 1. FTIR spectra of GO (A), choline chloride (B), and AgNPs- ChCI -GO (C).

Fig. 2. (a) The AFM image of AgNPs-ChCI-GO, (b) The SEM image of GO (c) AgNPs-ChCI-GO, (d) The EDX
spectrum of AgNPs-ChCI-GO.

Fig. 3. XRD pattern of (A) GO (B) choline chloride functionalized GO (C) and AgNPs-ChCI-GO (d) XRD pattern of
silver( JCPDS file No. 04-0783), (e) XRD pattern of silver( JCPDS file No. 04-0783),

Fig. 4. Differential voltammogrames CPE, GO/CPE, ChCI/GO/CPE and AgNPs/ChCI/GO/PG modified electrodes in
presence of of 1.0 mM CEL in B—R buffer (pH 5.0).

Fig. 5. Response surface plot of (A) pH versus %modifier (mg) (uL) (XY), (B) scan rate (mV/s) versus pH (XZ), and
(C) scan rate (mV/s) versus % modifier on current response of biosensor.

Fig. 6. (A) DPVs of CEL in B-R buffer solution (pH 5.0) with different concentrations of CEL at a scan rate of 50 mV
s (B) Insets: the plot of the peak current as a function of CEL in the concentration range 9.6 x 10°-7.4x 10"

Fig. 7. DPVs curves of AgNPs/ChCI/GO/CPE electrode in B-R buffer solution pH 5.0, Insets show the standard-

addition calibration plot extracted from data of plot.
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Caption of Tables

Table 1. Experimental Parameters in central composite design.
Table 2. Results of Analysis of variance (ANOVA) for CCD.

Table 3. The comparison of AgNPs-ChCI-GO.with some reported works for celecoxibe detection.
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Table 1.

Factors levels Star point a=2.2
low central high -a +a
PH B-R buffer 3.0 5.0 7.0 1.0 8.0
Modifier% (mg) 8.0 16.0 20.0 5.0 25.0
Scan rate (mV/s) 20.0 30.0 45.0 10.0 50.0
Run pH B-R buffer modifier% (mg) scan rate (mV/s) 1/uA
1 3.0 8.0 15.0 10.21
2 3.0 8.0 45.0 8.53
3 3.0 24.0 15.0 9.97
4 3.0 24.0 45.0 11.14
5 7.0 8.0 15.0 6.65
6 7.0 8.0 45.0 5.31
7 7.0 24.0 15.0 7.02
8 7.0 24.0 45.0 6.84
9 5.0 16.0 30.0 7.51
10 1.0 16.0 30.0 10.22
11 8.0 16.0 30.0 4.23
12 5.0 5.0 30.0 8.34
13 5.0 30.0 30.0 11.13
14 5.0 16.0 7.5 9.00
15 5.0 16.0 35 7.68
16 5.0 16.0 30.0 7.41




Table 2.

Source Sum of Squares df Mean Square
(1) Ph B-R solution 38.88254 1 38.88254
pH B-R solution(Q) 0.15748 1 0.15748
(2) Modifier (mg) % 8.55241 1 8.55241
%modifier (mg)(Q) 9.01275 1 9.01275
(3)scan rate (mV/s)(L) 2.54278 1 2.54278
scan rate (mV/s)(Q) 3.59874 1 3.59874
1L by 2L 0.24570 1 0.24570
1L by 3L 0.52417 1 0.52417
Lack of Fit 2.54612 5 2.54612
Pure Error 0.05474 1 0.010948
Total SS 78.25411 17 78.25411




Table 3.

Raw sensor Method LOD Ref.
1 MWNT/PANI-ME and Ccv 1x107 uM 65
PANI-ME
2 graphene-based DPV 0.2 yM 66
carbon ionic liquid
electrode modified with
gold nanoparticles
3 MIP CV and DPV 2.34x107° UM 67
4 - Spectrofluorimetric 4.97 ng/ml 68
5 AgNPs-ChCI-GO DPV 2.51x 10° uM Present work




Highlights
e Modification of CPE by ultrasound-assisted synthesized Ag-NPs-Ch-GO.
e Application of a cost effective method using modified carbon paste electrode (CPE) for celecoxibe detection
in biological samples.

e High selective biosensor has detected celecoxibe with LOD of 2.51 x 10 M in human plasma.
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