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Abstract- This article pronounces differential pulse and square wave voltammetric 
techniques for determination of Nepafenac in pharmaceutical dosage form and human serum. 
The proposed techniques were established on electro-oxidation of nepafenac at two 
electrodes, the first electrode is carbon paste modified with carbon multiwalled nanotubes 
and plated with Gold nanoparticles (GN-CMWNT-CPE) in 0.1 M HCl and the second 
electrode is the carbon paste modified with multiwalled carbon nanotubes and 1-n-butyl-3-
methylpyridinium hexafluorophosphate ion crystal and plated with Gold nanoparticles 
particles (GN-CMWNT-BMH-CPE) in 0.1 M H2SO4. The peak current concentration 
relationship was rectilinear over the range 3.33-36.63 and 6.67- 46.69 µg/mL for  
(GN-CMWNT-BMH-CPE) in DPV and SQW modes, respectively, and 6.67-33.35 µg/mL 
and 6.67-40.02 µg/mL for (GN-CMWNT- -CPE) in both DPV and SQW modes. LOD was 
0.557 and 0.929 µg/mL for (GN-CMWNT-BMH-CPE) in DPV and SQW modes, 
respectively, 1.213 and 0.806 µg/mL for (GN-CMWNT- -CPE) in both DPV and SQW 
modes. Experimentations were optimized using glassy electrode. Precision and accuracy of 
were checked with good repeatability and reproducibility. The methods were applied 
successfully to the pharmaceutical dosage form and human serum. 
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1. INTRODUCTION  

Nepafenac (NPF) [1-4] (Figure 1) 2-amino-3-benzoylbenzeneacetamide, is non-steroidal 

anti-inflammatory drug (NSAID) formulated as an ophthalmic suspension [5]. NPF is a pro-

drug of amfenac, a highly effective nonselective cyclo-oxygenase COX-1 and COX-2 

inhibitor. It is used to prevent and treat ocular pain and inflammation that can occur after 

cataract surgery by reducing the production of prostaglandins in the eye [6-9].  The purpose 

of the previous report is to revisit the use of topical ophthalmic NSAIDs for the treatment of 

surgically induced anterior segment inflammation with a particular focus on NPF. NPF is 

unique among ophthalmic NSAIDs in that it is a prodrug deaminated to amfenac, a highly 

effective non-selective cyclo-oxygenase inhibitor [9]. In the case of analgesics topical eyes, 

must practitioners carefully weigh the costs and benefits of implementation of the "extremely 

strong" new pharmaceutical products due to unrest in the pharmacological response Due to 

the inherent novelty in terms of chemical designs may outweigh showed pharmaceutical work 

replicative all topical NSAIDs eyes [8]. NPF was determined in ophthalmic dosage form 

using several methods including UV spectrophotometry [10-13], HPLC method [11,14] and 

organic volatile impurities in NPF by GC method [15]. Although reports methods, they 

require the use of sophisticated apparatus and expensive. Some cumbersome, requiring 

prolonged treatment sample, and strict control of pH and long reaction times. Chemically 

modified electrodes have recently attracted much attention due to their significant advantages 

such as increasing peak current and decreasing over potential for redox systems. Analytical 

advantages of the various voltammetric techniques include excellent chemical species-

selective and sensitivity with low detection range (10–12 to 10–1 M), a large verity of useful 

solvents and electrolytes, rapid analysis times [16,17], Which give it a value position to use in 

advanced analysis, The carbon paste electrode, which is made up of carbon particles and 

organic liquids, has been widely applied in the electroanalytical field due to its low cost, ease 

of fabrication, high sensitivity for detection and renewable surface. To improve the 

sensitivity, selectivity, detection limit and other features of carbon paste [18-20], chemically 

modified carbon paste electrodes have been used. Their operation mechanism depends on the 

properties of the modifier materials used to impart selectivity and sensitivity to the target 

species [21]. Gold nanoparticles, with large surface area, good biocompatibility, high 

conductivity and electrocatalysis characteristics, have been used to improve the detection 

limits in electrochemical studies [22–26]. They are also suitable for surface immobilization 

and can act as tiny conduction centers and facilitate the transfer of electrons. Many studies 

have been conducted to construct an immunosensor using carbon paste electrodes modified 

with gold nanoparticles [27–32].  

Electrochemical methods have ultimate importance and variety of applications in 

biological and environmental analysis since these methods can quantify the trace amounts of 
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analytes that cannot be detected by traditional analytical methods in a green way without 

causing any harm to the surrounding environment [33-35].  

In the present study, Carbon paste (CPE) and Glassy carbon (GCE) electrodes are used. 

CPE was modified with gold nanoparticles (GNs) for determination of NPF in Bulk powder, 

pharmaceutical dosage form and biological fluid. 

 

 
Fig. 1. Structure of Nepafenac (NPF) 

 

2. EXPERIMENTAL 

2.1. Chemicals and reagents  

NPF was supplied from Orchidia company, Cairo, Egypt, its potency was certified to be 

101.7%. Nevaxal® eyedrops labeled to contain 1 mg NPF from Orchidia company, Cairo, 

Egypt were purchased from local market. A stock solution of 1mg/mL NPF was freshly 

prepared by dissolving the weighed amount 50 mg in 50 ml bi-distilled water and stored in 

refrigerator 4oC between measurements. Gold nanoparticles (GNs) HAuCl4.3H2O (99.99% 

metal), carbon multiwalled nanotube (CMWNT), 3-20 nm OD, 1-3 nm ID, 0.1-10 micron 

long 95% powder and 1-n-butyl-3-methylpyridinium hexafluorophosphate ion crystal 

(BMH), were all purchased from Alfa Aesar, Germany. Sodium hydroxide, phosphoric acid, 

acetic acid and boric acid were purchased from Sigma-aldrich. Britton- Robinson (B-R 

buffer) of concentration 0.04 M was prepared by mixing phosphoric acid, acetic acid and 

boric acid [36] with appropriate amount of 0.1 M NaOH to obtain the desired pH range (2-9). 

All solutions were prepared from analytical grade chemicals and deionized water. All 

materials and reagents were used as received without further purification. 

 

2.2. Instrumental and experimental set-up 

2.2.1 Voltammetry Measurement 

Voltammetric measurements were obtained using the electrochemical analyzer 

computrace system with 797VA, computrace software (1.0) from Metrohm company, 

Switzerland. The three electrodes system consisted of working electrode, Ag/AgCl (3M KCl) 

electrode as the reference electrode, and a platinum wire as the auxiliary electrode. Glassy 

carbon electrode, mini glassy carbon disk electrode of the active zone: 2.8 mm, for ELCD 

641/656.A JENWAY 3510 pH meter from England, with glass combination electrode was 

used for pH measurements. The pH was calibrated using standard buffer pH 4.0, pH 7.0and 
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pH 10.0. A Mettler balance (Toledo-AB104) was used for weighing the solid materials, 

U.S.A. A micropipette (Eppendorf- multi pipette plus) was used throughout the present 

experimental work, Germany. Ultrasonic Cleaner, United Jeveiry Tool Supplies, model UTA-

60, 6L capacity from Italy. Deionized water used throughout the present study was supplied 

from a burette still plus deionized connected to a Hamilton-Aquametric deionized water 

system from U.K.  All experiments were carried at an ambient temperature of 25±1 °C. 

 

2.3. Preparation of the electrodes 

2.3.1. Preparation of the bare CPE  

Carbon paste electrode (CPE) was prepared by mixing graphite powder (0.5 g) with 

paraffin oil (0.25 mL) in a glassy mortar. The carbon paste was packed into the hole of the 

electrode body and smoothed on a filter paper until its shiny appearance. 

 

2.3.2. Glassy carbon disc electrode (GCE) 

To improve the sensitivity and resolution of the voltammetric peaks, the glassy carbon 

electrode (GCE) was polished manually with wet alumina powder (0.3 and 0.05 mL from 

Fischer) rinsed copiously with distilled water and sonicated in a water bath for 2 min. and 

then dried. Finally, the electrode was subjected to an electrochemical activation process 

which was carried out by the Anjol method. 

 

2.3.3. Preparation of the modified CPE with CMWNT and plated with Gold nanoparticles 

(GN-CMWNT-CPE)  

Two CPE modified with 10% carbon multiwalled nanotubes (CMWNT) were prepared 

by hand mixing 202.5 mg graphite powder, 22.5 mg CMWNT and 14.5 mg paraffin oil in an 

agate mortar to get homogeneous carbon paste. The carbon paste was packed into the hole of 

the electrode body and smoothed on a filter paper until a shiny appearance was achieved. The 

first electrode was immersed in 3 mM hydrogen-tetrachloroaurate trihydrate HAuCl4.3H2O 

solution containing 0.1 M HCl (prepared in double distilled water), the second electrode was 

immersed 3 mM hydrogen-tetrachloroaurate trihydrate HAuCl4.3H2O solution containing 0.1 

M H2SO4 (prepared in double distilled water) and a constant potential of 0.4 V versus 

Ag/AgCl was applied for 4 min to obtain two modified gold nanoparticles (GN-CMWNT-

CPE) electrodes. The prepared electrodes were washed with double distilled water and dried 

carefully by a paper without touching the surface and then left to dry in air for ten minutes 

before being used. 

2.3.4. Preparation of the modified CPE with CMWNT and BMH ion crystals and plated with 

Gold nanoparticles particles (GN-CMWNT-BMH-CPE) 



Anal. Bioanal. Electrochem., Vol. 10, No. 7, 2018, 851-872                                                 855 
 

Two CPE modified with10% CMWNT and10% BMH ion crystals was prepared by hand 

mixing a ratio of 22.5 mg w/w CMWNT and 22.5 mg w/w BMH ion crystals with suitable 

percentage of graphite powder to complete to 225 mg and pasted with 14.5 mg paraffin oil in 

an agate mortar to get homogeneous carbon paste. The carbon paste was packed into the hole 

of the electrode body and smoothed on a filter paper until a shiny appearance was achieved. 

The first electrode was immersed in 3 mM hydrogen-tetrachloroaurate trihydrate 

HAuCl4.3H2O solution containing 0.1 M HCl (prepared in double distilled water), the second 

electrode was immersed 3mM hydrogen-tetrachloroaurate trihydrate HAuCl4.3 H2O solution 

containing 0.1 M H2SO4 (prepared in double distilled water) and a constant potential of 0.4 V 

versus Ag/AgCl was applied for 4 min to obtain four gold nanoparticles modified (GN-

CMWNT-BMH-CPE) electrodes. The prepared electrodes were washed with double distilled 

water and dried carefully by a paper without touching the surface and then left to dry in air 

for ten minutes before being used. 

 

2.4. Recommended experimental procedure 

2.4.1. Assay of pure form 

In the electrochemical measurements, Voltammetric analyses were performed in 15 ml of 

B-R buffer solution at all prepared electrodes, respectively. Appropriate aliquots of the drug 

solution of NPF were introduced into the  electrolytic cell while 8 mm of CPE was immersed 

into the supporting electrolyte, the calibration curves of NPF using both methods, differential 

pulse voltammetric (DPV) and square wave voltammetric (SQW) techniques, were 

constructed by plotting the peak current I (µA) against drug concentration (µg/mL) for the 

first anodic peak which appeared for DPV response at  0.903 V to 1.06 V for (GN-CMWNT-

CPE)and at 0.916 V to 0.929 V for (GN-CMWNT-BMH-CPE) and for SQW response at 

0.949 V to 0.956 V for (GN-CMWNT-CPE) and at 0.962 V to 0.969 V for (GN-CMWNT-

BMH-CPE) as it introduced better, narrower, sharper symmetrical and smooth peaks without 

noise with the calibration experiment. 

 

2.4.2 Analysis of Pharmaceutical dosage form  

A portion of 2 mL suspension of Nevaxal® eyedrop were carefully transferred in a 5 mL 

volumetric flask and diluted to the mark with methanol then filtered to prepare a stock 

concentration of 80 µg/mL. The amount of NPF was calculated using the linear regression 

equation obtained from the calibration curve of pure NPF [37]. 
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2.4.3 Standard addition technique 

Standard addition technique was applied by adding different additions of standard 

solution to a fixed concentration of drug dosage solution. The amount of NPF was calculated 

using the linear regression equation obtained from the calibration curve of pure NPF [37]. 

 

2.4.4. Application to human spiked serum samples  

Drug-free human blood samples got from healthy volunteers (after having obtained their 

written consent), were centrifuged (at 4000 rpm) for 15 min at room temperature and 

separated serum samples were stored frozen until measurement. After thawing, an aliquot 

appropriate volume of sample was fortified with NPF dissolved in bi-distilled water to 

required concentration and preserved with 0.5 ml of acetonitrile as serum protein 

precipitating agent, then the volume completed to 2 ml with serum sample. The tubes were 

vortexed for 50 sec. and then centrifuged 5 min at 4000 rpm to get rid of protein residues. 

The supernatant was taken carefully. Appropriate volume of supernatant liquor was 

transferred in the voltammetric cell containing supporting electrolyte. Voltammograms were 

recorded as in pure NPF. Different amounts of acetonitrile were tried. The best results were 

obtained with 0.5 ml acetonitrile. Quantifications were performed by means of calibration 

curve method from the related calibration equation.  

 

3. RESULTS AND DISCUSSION 

3.1. Electrodes surface morphology Study 

The surface morphology of modified sensor greatly affected the efficiency and the 

catalytic performance headed for NPF oxidation.  

 

      
 

Fig. 2. SEM micrographs of: (A) (GN-CMWNT-CPE) prepared in 0.1 M HCl and (B) (GN-

CMWNT- BMH-CPE) prepared in 0.1 M H2SO4 
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Fig. (2. A and B) shows the SEM of electrodes modified with gold nanoparticles, the gold 

nanoparticles appear as glossy white dots and are distributed homogenously on the electrode 

surface, gold nanoparticles increased the effective surface area and consequently improved 

the voltammetric responses of the determinations. 

 

3.2. Electrochemical behavior of NPF  

The electro oxidation behavior of NPF was recorded in the range of 500 to 1200 mV. Fig. 

3 (A and B) shows illustrative cyclic voltammograms of NPF in B–R buffer pH 6.0, at a scan 

rate of 100 mV s-1 disclosed at five different working electrodes: glassy electrode, two 

electrodes of (GN-CMWNT-CPE plated in both 0.1 M H2SO4 and 0.1 M HCl) and two 

electrodes of (GN-CMWNT-BMH-CPE plated in both 0.1 M H2SO4and 0.1 M HCl), the inset 

shows bar representation for the DPV response of 200 µg/mL NPF at the five mentioned 

electrodes. The highest response was for (GN-CMWNT-BMH-CPE) prepared in 0.1 M 

H2SO4 followed by (GN-CMWNT-CPE) prepared in 0.1 M HCl then (GN-CMWNT-BMH-

CPE) prepared in 0.1 M HCl then (GN-CMWNT -CPE) prepared in 0.1 M H2SO4, 

respectively. The increased peak current in comparison with glassy electrode indicated that 

the CMWNT contributed to NPF electrocatalysis by increasing the surface area. When BMH 

is used, it assists the direct electron transfer between the drug and the bulk electrode surface. 

It is most likely that there is an electrostatic attraction between the cationic NPF and the 

anionic BMH which enhances the diffusion of NPF through the electrode surface. Also, there 

is interaction between the positively charged NPF and anionic BMH which enhances 

hydrogen bond formation between NPF and BMH and promotes faster electron transfer 

kinetics. Covalent binding between gold nanoparticles contributes to their immobility on the 

surface of the electrode. This nanostructured film clearly enhances the active surface area of 

the electrode and increases electron transfer. The resulting electrodes show good 

electrocatalytic ability towards the oxidation of NPF compared to glassy electrode. Different 

acidic media (0.1 M HCl and 0.1 M H2SO4) were used for dissolving the gold nanoparticles 

during plating the electrodes to determine the best media required for maximum response of 

each type of electrodes. For (GN-CMWNT-BMH-CPE) type, the maximum response 

appeared for (GN-CMWNT-BMH-CPE) prepared in 0.1 M H2SO4and for (GN-CMWNT-

CPE) type, the maximum response appeared for (GN-CMWNT -CPE) prepared in 0.1 M 

HCl. Both electrodes showing maximum responses were used for subsequent quantification 

of NPF. 
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Fig. 3. (A) Cyclic voltammograms (CV) of 1.0×10 -3 mol L -1 of NPF in BR buffer pH 7.0 at 

a scan rate 100 mV s-1 recorded at different working electrodes [(GN-CMWNT-BMH-CPE) 

prepared in 0.1 M H2SO4 (yellow line), (GN-CMWNT-CPE) prepared in 0.1 M HCl (blue 

line), (GN-CMWNT-BMH-CPE) prepared in 0.1 M HCl (grey line), (GN-CMWNT-CPE) 

prepared in 0.1 M H2SO4 (orange line) and glassy electrode (black line)]; (B) Inset: Bar 

representation of DPV response of 200 µg/mL of NPF on the five electrodes 

 

3.3. Mechanism  

In the proposed method, the electro-oxidation of NPF involves one electron and one 

proton transfer process, the plausible mechanism is as shown in Fig. 4. Here the amino group 

(-NH2) is attached to the carbon atom (C-2) of the benzene ring during the electrolysis when 

the first proton is removed, nitrogen loss a negative charge and anionic form is formed. To 

stabilize the anionic form hydrogen atom attached to the carbon (C-2) of the cyclohexane has 

undergone further electro oxidation and stable product 7-oxo paclitaxel is formed. 

 

 

 

 

 

 

 

Fig. 4. Proposed oxidation mechanism 
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3.4. Effect of operational parameters:  

To optimize the operational parameters for NPF determination, glassy electrode was used 

to study the effect of solution pH using DPV and SQW techniques, effect of scan rates, 

deposition time and deposition potential. 

 

3.4.1. Effect of solution pH 

The effect of electrolyte pH on the oxidation of NPF at glassy electrode was studied by 

the DPV and SQW voltammograms techniques using B–R buffer within the pH range of (2–

9) shown in Fig. 5 (A-C) and Figure 6 (A-C). The anodic peak potentials lifted negatively 

with the rise in the electrolyte pH, indicating that the oxidation of NPF is a pH-reliant 

reaction and displaying that protons have occupied part in the electrode reaction routes. For 

DPV technique, the correlation between the anodic peak potential and the solution pH value 

with the pH range of 2–9 could be fitted into the linear regression equation E(V)=1.087–

0.039 pH, with a correlation coefficient r=0.9900. For SQW technique, the correlation 

between the anodic peak potential and the solution pH value with the pH range of 2–9 could 

be fitted into the linear regression equation E(V)=1.115–0.035 pH, with a correlation 

coefficient r=0.991. In both techniques, NPF anodic current responses gave highest value at 

pH 6 and at high pH values the current responses were higher than those at low pH values; 

this is due to the pKa value of NPF which is 9.08 therefore, NPF can be attracted by the 

negative charges of the electrode. The highest oxidation peak current was obtained at pH 6.0. 

Thus pH 6.0 was employed for the determination of NPF to achieve higher sensitivity. 

 

3.4.2. Effect of scan rate   

Effect of different scan rates on the current response of 1.0×10-3 M NPF at glassy 

electrode in 0.04 M B–R buffer (pH 6.0) was investigated (Fig. 7). A plot of current peak 

height (I µA) versus of scan rate (ν) resulted in a straight linear relationship for a scan rate of 

20 to 300 mV s-1 with correlation coefficient r=0.999 (Fig. 7). This indicated that the charge 

transfer was partially under adsorption control. The redox peak currents increased with the 

linear regression as: I (A)=4E-06 V+2E-07with correlation coefficient r=0.999.  

 

3.4.3. Effect of deposition time 

The choice of the deposition time is related to the current response of NPF using glassy 

electrode in B–R buffer pH 6 (Fig. 7). By increasing the deposition time, the signal increases 

until saturation of the signal (t=80 sec). After 80 sec. deposition time, the current decreases. 

Therefore, deposition time of 80 sec. is the optimum chosen one. 
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3.4.5. Effect of deposition potential 

The interfacial adsorptive character of NPF was studied by CV technique. The effect of 

deposition potential as a function of the peak current was evaluated at a concentration level of 

5 µg/mL showing -300 mV to be the best values to be applied in whole experiments NPF as 

shown in (Fig. 7). The adsorptive peak current at the electrodes' surfaces appear to be 

dependent on the deposition potential. 

 
 

 

 

 

 

 

 

 

 

Fig. 5. A) Differential voltammetric response of 1.0 ×10 -3 mol L-1 NPF at glassy electrode in 

0.04 M B-R buffers of different pH values B) peak currents at different pH values. C) 

Comparison between the anodic peak response and potential  
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Fig. 6. A) Square wave voltammetric response of 1.0 ×10 -3 mol L-1 NPF at glassy electrode 

in 0.04 M B-R buffers of different pH values B) peak currents at different pH values C) 

Comparison between the anodic peak response and potential 
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Fig. 7. (A) Scan rates on the current response of 1.0 to 10-3 M NPF at glassy electrode in 0.04 

M B–R buffer (pH 6.0) at scan rates (inner to outer) of 20 to 300 mV s−1; (B) inset: Plots of 

peak currents vs. the scan rate 

 

3. 5. Validation of the proposed method  

International Conference on Harmonization (ICH) guidelines [38] for method validation 

was followed for validation of the suggested method. 

 

3.5. 1. Linearity and range 

For quantitative drug determination, we designated the DPV and SQW techniques at both 

electrodes that showed maximum response for selected drug NPF, namely, [(GN-CMWNT-

BMH-CPE) plated in 0.1 M H2SO4 and (GN-CMWNT-CPE) plated in 0.1 M HCl, DPV and 

SQV technique were achieved using (GN-CMWNT-BMH-CPE) plated in 0.1 M 

H2SO4electrode and (GN-CMWNT-CPE) plated in 0.1 M HCl, both in 0.04 M B–R buffer at 

pH 6.0 solution containing different concentrations of NPF as illustrated in Fig.(8-11), 

respectively. The calibration graph range was carried out through consideration of the 

essential practical series to contribute to accurate, precise and rectilinear consequences. The 

calibration range of the suggested technique is specified in Table 1. The results displayed that 

the peak height currents of NPF oxidation at the surface of the studied electrodes were linear 

dependent on the NPF concentrations. For DPV technique, (GN-CMWNT-BMH-CPE) 

showed the range of 3.33–36.63 µg/ml with a slope 0.07 µA and correlation coefficient of 

0.999 and (GN-CMWNT-CPE) showed the range of 6.67–33.35 µg/ml with a slope 0.056 µA 

and correlation coefficient of 0.998. For SQW technique, (GN-CMWNT-BMH-CPE) showed 

the range of 6.67–46.69 µg/ml with a slope 0.042 µA and correlation coefficient of 0.999 and 

(GN-CMWNT-CPE) showed the range of 6.67–40.02 µg/ml with a slope 0.095 µA and 

correlation coefficient of 0.998. 
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Fig. 8. The DPV calibration curve of different concentrations of NPF Inset (b): Effect of 

changing the concentration of NPF, using DPV mode at (GN-CMWNT-BMH-CPE) in 0.04 

M B-R buffer pH 6.0 and scan rate 100 mVs-1 

 

      

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. The DPV calibration curve of different concentrations of NPF Inset (b): Effect of 

changing the concentration of NPF, using DPV mode at (GN-CMWNT -CPE) in 0.04 M B-R 

buffer pH 6.0 and scan rate 100 mVs-1 
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Fig. 10. The SQW calibration curve of different concentrations of NPF Inset (b): Effect of 

changing the concentration of NPF, using SQW mode at (GN-CMWNT-BMH -CPE) in 0.04 

M B-R buffer pH 6.0 and scan rate 100 mVs-1 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. The SQW calibration curve of different concentrations of NPF Inset (b): Effect of 

changing the concentration of NPF, using SQW mode at (GN-CMWNT -CPE) in 0.04 M B-R 

buffer pH 6.0 and scan rate 100 mVs-1 

 

3.5.2. Detection and quantitation limits 

According to ICH recommendations [38] the methodology based on both the standard 

deviation of the oxidation peak current and the slope of the standardization calibration curve 

was used for computation the detection and quantitation limits as stated in Table 1. The LOD 

was computed via the equation LOD=3S/x and the quantitation limit (LOQ) was estimated 
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via the equation LOQ=10S/x where S is the standard deviation of the oxidation peak current 

(n=5) and x is the slope of the calibration curve. For DPV technique, the estimated LOD was 

found to be 0.557µg/ml and 1.213 µg/ml, LOQ was found to be 1.857 µg/ml and 4.043 µg/ml 

for (GN-CMWNT-BMH-CPE) and (GN-CMWNT -CPE), respectively. For SQW technique, 

the estimated LOD was found to be 0.769 µg/ml and 0.806 µg/ml, LOQ was found to be 

3.095 µg/ml and 2.686 µg/ml for (GN-CMWNT-BMH-CPE) and (GN-CMWNT-CPE), 

respectively. These precise low values of LOD and LOQ can be attributed to the presence of 

CMWNT, BMH and GNs in the structures of the improved modified electrodes. 

 

Table 1. Regression data of the calibration curve for quantitative determination of NPF by 

the DPV and SQV techniques 

 

a Obtained from an average of five experiments 

 

3.5.3. Accuracy  

To prove the accuracy of the proposed method, the results of the assay of NPF in pure 

form assessed by the proposed voltammetric methods were compared with those obtained 

using the reported spectrophotometric method [5]. Statistical comparison of the results 

Parameters 
GN-CMWNT-BMH-CPE GN-CMWNT -CPE 

DPV SQW DPV SQW 

Linearity range (µg/ml) 3.33-36.63 6.67-46.69 6.67-33.35 6.67-40.02 

Slope (µA) 0.07 0.042 0.056 0.095 

Intercept 0.400 0.477 0.455 0.299 

SE of Slope 0.0841 0.068 0.017 0.063 

SE of Intercept 0.087 0.244 0.099 0.130 

Correlation Coefficient(r) 0.999 0.999 0.998 0.998 

LOD (µg/ml) 0.557 0.557 1.213 0.806 

LOQ (µg/ml) 1.857 1.857 4.043 2.686 

Repeatability of the peak current a (SD) 0.013 0.013 0.023 0.082 

Reproducibility of the peak current a 

(SD) 
0.127 0.057 0.053 0.127 

Repeatability of the peak potential a 

(SD) 
0.011 0.029 0.021 0.014 

Reproducibility of the peak potential a 

(SD) 
0.034 0.012 0.051 0.045 
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obtained by the proposed method and those obtained by the reported method using student’s 

t-test and F-test revealed no significant difference between the two methods as shown in 

Table 2. 

 

Table 2. Accuracy of the proposed DPV and SQV method for determination of NPF in pure 

form 

 

Reported 

method [5] 
GN-CMWNT -CPE GN-CMWNT-BMH-CPE  Parameter 

R%* SQW DPV SQW DPV 
Amount taken 

(µg/mL) 
 

99.50 100.07 99.55 100.37 100.37 13.34  

99.60 99.85 99.70 99.25 99.90 20.01  

100.12 99.74 99.14 99.63 99.40 26.68  

99.74±0.330
99.89 

±0.168 

99.46 

±0.289 
99.75 ±0.569 99.89±0.485 

Mean ± 

SD 

0.109 0.028 0.084 0.324 0.235  Variance 

 0.591 1.102 0.026 0.258 (ttab=2.78) 

t-

Tabulated 

at p=0.05 

 3.89 1.29 2.97 2.16 (Ftab=5.79) 
F-tabulated 

at p=0.05 

*each result is an average of three separate determinations 

 

3.5.4. Precision/reproducibility.  

The precision of the method was investigated by performing three series of measurements 

(each three runs) with three different concentrations of NPF solution within one day to 

evaluate the within-day (repeatability) variability. RSD% values were calculated to check the 

ruggedness and the precision of the method. To calculate between day fluctuations of the 

analytical signal (reproducibility), three series of measurements were carried out on two 

successive days (reproducibility of the same modified electrode) and using three consecutive 

newly modified electrodes (reproducibility of renewed modified electrodes), Table 3. 
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Table 3. Inter- and intra-days regression parameters for the voltammetric determination of 

NPF 

* Each result is the average of three separate determinations 

 

 

 GN-CMWNT-BMH-CPE DPV 

Conc. (µg/mL) 13.32 19.98 26.64 

Intra-day* (Repeatability) 99.55±1.306 99.02±0.597 100.09±1.057 

Inter-day*(Reproducibility on same 
electrode) 
 

99.83±0.999 99. 16±0.294 98.227±1.085 

Reproducibility on renewed 
electrode 

99.55±1.306 99.347±0.309 100.239±1.861 

 (GN-CMWNT-BMH-CPE) SQW 

Conc. (µg/mL) 13.34 20.01 26.68 

Intra-day* (Repeatability) 99.23±0.781 98.47±1.320 98.81±0.764 

Inter-day*(Reproducibility on same 
electrode) 
 

99.03±0.647 98.88±0.722 99.957±0.976 

Reproducibility on renewed 
electrode 

100.12±0.672 98.88±1.600 98.84±2.025 

 (GN-CMWNT-CPE) DPV 

Conc. (µg/mL) 13.34 20.01 26.68 

Intra-day* (Repeatability) 99.59±0.482 99.35±0.638 99.49±0.576 

Inter-day*(Reproducibility on same 
electrode) 
 

99.14±0.357 98.97±0.804 100.46±0.324 

Reproducibility on renewed 
electrode 

100.00±0.638 99.80±1.434 99.173±1.91 

 (GN-CMWNT-CPE) SQW 

Conc. (µg/mL) 13.34 20.01 26.68 

Intra-day* (Repeatability) 99.40±1.296 98.87±0.597 99.66±0.748 

Inter-day*(Reproducibility on same 
electrode) 
 

99.40±1.269 98.83±0.525 99.06±1.498 

Reproducibility on renewed 
electrode 

99.53±1.271 98.68±1.983 98.64±0.649 
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3.5.5. Robustness  

The robustness of an analytical procedure is a measure of its capacity to remain 

unaffected by minor, but deliberate variations in method parameters. The robustness of the 

proposed method was investigated by constancy of the peak current with deliberated minor 

changes in the experimental parameters. The studied variables included the change in pH 

(±0.2), the time considered before each measurement(10s±5s). These minor changes that may 

take place during the experimental operation did not affect the peak current intensity of the 

studied drug, indicating the reliability of the proposed method during normal usage. 

 

3.5.6. Stability  

The stability of the modified electrodes has been investigated. The peak current does not 

change after storage in air for 9 days. The modified electrode retained 98% of its initial 

response up to 1 month. 

 

3.5.7. Specificity  

Specificity was proved by comparing the voltammograms of the pharmaceutical 

preparation to that of the pure form, they were found similar. Besides, good results for the 

recovered concentrations of the pharmaceutical preparation prove specificity, Table 4. 

 

Table 4. Application of the proposed and comparison methods for determination of Nevaxal® 

for NPF in drug pharmaceutical preparations 

 

*average of nine determinations 

 

 

 

Dosage 
form 
Nevaxal ®  
eye drops 

GN-CMWNT-BMH-CPE 
in 0.1 M H2SO4 

GN-CMWNT-CPE 
in 0.1 M HCl 

Reported 
method [5] 

(R%) DPV SQW DPV SQW 

 Mean*±SE 100.58±0.205 100.75±0.274 100.641±0.303 100.66±0.243 100.33±0.375
      
 SD 0.615 0.821 0.910 0.854 0.612 
Variance 0.378 0.674 0.828 0.729 0.375 
 t-test 0.611 

(t tab=2.23) 
0.939 0.409 0.489 N=3 

 F-test 1.01 
(F tab = 4.82) 

1.79 2.21 1.94  
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3.5.8. Analytical application 

 3.5.8.1. Analysis of Nevaxal® eyedrops 

To demonstrate the applicability of the proposed electrode for the analysis of real 

samples, it was applied to the determination of NPF in commercial Nevaxal® eye drops 

(which nominally contain 1 mg NPF per 5 mL solution), Table 4. The validity of the 

proposed method was assessed by applying the standard addition technique, which showed 

accurate results and there was no interference from preservatives as shown in Table 6. 

Statistical calculations were made to check the confidence and correlation between the 

suggested procedures and the reported method [5]. From the calculated t- and F-values at the 

95% confidence level, the results obtained by the developed method are in good agreement 

with those obtained by a reported method [5], Table 4.  

 

Table 5. Appraisal of the accuracy and precision of the proposed method for determination of 

NPF in spiked serum samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(GN-CMWNT-BMH-CPE) DP 

Added  Found (µg/mL) (Mean ± SE a) R% SD b 

13.33 13.22±0.332  99.19 0.575  

20.01  19.90±0.208 99.45 0.361  

26.68 26.41±0.898 98.99 1.556  

(GN-CMWNT-BMH-CPE) SQW 

Added  Found (µg/mL) (Mean ± SE) R% SD b 

13.33 13.19±0.225 98.92 0.442 

20.01  19.85±0.286 99.22 0.496 

26.68 26.51±0.997 99.36 1.726  

(GN-CMWNT -CPE) DPV 

Added  Found (µg/mL) (Mean ± SE a) R% SD b 

20.0 20.04±0.245 100.18 0.425 

40.0 39.99±0.268 99.97 0.465 

60.0 59.34±0.651 98.90 1.128 

(GN-CMWNT -CPE) SQW 

Added  Found (µg/mL)(Mean ± SE a) R% SD b 

13.33 13.28±0.492 99.65 0.853
20.01  19.99±0.208 99.92 0.511  

26.68 26.41±0.814 98.97 1.410  

 SE a: Standard error of three replicates 
            SDb:  Standard deviation, b Average of three replicate determinations
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3.5.8.2 Assay of NPF in in human serum samples 

The applicability optimized procedure of the proposed to quantitative determination of 

NPF concentration in human serum was successfully investigated; Acetonitrile and methanol 

were investigated as the serum precipitating agents.  The best effects were found with 

acetonitrile. So, acetonitrile was used for the subsequent studies. The measurements of NPF 

in serum samples were achieved as described in the analysis of spiked serum samples. For the 

applicability of the suggested method to the human serum, the calibration equation was 

obtained in spiked serum. Parameters and validation data are displayed in Table 5. 

       

3.5.9. Standard addition method 

The standard addition method was applied to the commercial pharmaceutical formulation 

containing NPF. With the application of the standard addition method the mean percentage 

recoveries and their standard deviations for the proposed methods were calculated in Table 6. 

According to the obtained results good precision and accuracy were observed for this method. 

 

Table 6. Appraisal of the selectivity of the proposed method for determination of NPF by 

applying standard addition technique 

 

 GN-CMWNT-BMH-CPE GN-CMWNT- CPE 

 DPV SQW DPV SQW 

(R% ± SE a) 98.05±0.378 99.87±0.725 100.00±0.756 100.48±0.628 

SDb 0.654 1.256 1.309 1.086 

variance 0.428 1.578 1.713 1.179 
          SE a: Standard error of three replicates 
          SD b:  Standard deviation b Average of three replicate determinations 
 

4. CONCLUSION 

This manuscript validates the direct measurement of NPF at two electrodes modified with 

multiwalled carbon nanotubes, 1-n-butyl-3-methylpyridinium hexafluorophosphate liquid ion 

crystals and gold nanoparticles, namely, (GN-CMWNT-BMH-CPE) prepared in 0.1 M 

H2SO4 and (GN-CMWNT- CPE) prepared in 0.1 M HCl, in pharmaceutical dosage form and 

spiked human serum samples using differential and square wav voltammetric techniques. The 

described methods are useful for NPF quantitative determination in conventional supporting 

electrolytes. Both electrodes were considerably stable up to 1 month when put in refrigerator. 

The electrodes preparation is easy and simple. The results illustrate that the oxidation of NPF 

is catalyzed at pH 6.0, where both electrodes demonstrate higher selectivity in voltammetric 

measurements of pure form, pharmaceutical and in spiked serum samples. 
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