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AN effective novel electrochemical sensor constructed for the determination of Midodrine 
hydrochloride drug using differential pulse voltammetry. The sensor is based on a carbon 

paste electrode modified with gold nanoparticles and β-cyclodextrin in Britton-Robinson 
buffer of pH 3.0. The effect of various experimental parameters on the constructed electrodes 
properties including pH, β-cyclodextrin concentration and scan rate was investigated. At 
the optimum conditions, a linear range from 3.0 x 10-6 to 3.2 x 10-4 mol L-1 with correlation 
coefficient of 0.9997 and a detection limit of 5.14 x 10-7 mol L-1were obtained. The modified 
electrodes were used for microdetermination of the drug in tablets and spiked human urine 
samples with appropriate an acceptable recovery, reproducibility, selectivity and robustness. 

Keywords: Gold nanoparticles modified electrode, Midodrine hydrochloride, β-cyclodextrin, 
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Introduction                                                              

Midodrine hydrochloride (MID) is a direct-
acting sympathomimetic with selective alpha 
adrenergic agonist. It acts as a peripheral 
vasoconstrictor. So it is used in the treatment 
of hypotensive states particularly orthostatic 
hypotension [1-4].  To determine MID, some 
methods had been developed based such 
as; high liquid chromatography (HPLC) 
with fluorescence[5, 6]and ultraviolet (UV) 
detection[7, 8], capillary electrophoresis 
(CE)[9], potentiometry [10] and 
spectrophotometry[11-13]. Electroanalytical 
methods are rapid, accurate and cheap with 
very low detection limits for electroactive 
molecules. Applications of modified electrodes 
have great interest in various areas of research 
and development, such as electroanalysis, 
biosensors and electroanalysis [14-18]. Gold 
nanoparticles have been used in electroanalysis 
of pharmaceutical compounds studies, due to 
its large surface area, high conductivity and 

electroanalytical characteristics. They can act 
as tiny conduction centers and facilitate the 
transfer of electrons [19-22]. Cyclodextrin 
catchers(CDs) are talented of appealing various 
size of target molecules; due to its physically 
unique molecular configuration[23]. Since CDs 
are hydrophobic inside and hydrophilic outside, 
they can form complexes with hydrophobic 
compounds. The CD considers as a trap for 
certain molecules better due to its basket type 
physical[24-26]. Furthermore it is known as 
the host guest recognition [27-32].There is no 
attempts to determine MID using voltammetric 
methods. Therefore, gold nanoparticles carbon 
paste modified electrodes were fabricated in the 
presence of β-cyclodextrin solution for sensitive 
quantification of MID using differential pulse 
voltammetry (DPV) based the enhancement 
effect of gold nanoparticles and formation of 
inclusion complex with β-cyclodextrin (CD).
The stereo-structure, numbering system; and 
IUPAC name of Midodrine hydrochloride 
(MID) are shown in Fig. 1.
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Fig. 1. Chemical and stereo structure of MID.

Experimental                                                                

Materials and solutions
Standard MID and its pharmaceutical dosage 

form, Midodrine 2.5 mg tablets, were provided 
by Nile Company for Pharmaceuticals and 
Chemical Industries, Egypt. MID stock solution 
was prepared by dissolving an appropriate 
amount of MID powder in deionized water to 
obtain 1.0 x 10-2M solution. Standard working 
solutions were prepared by dilutions of the stock 
solution just before use. Β-cyclodextrin (β-CD) 
was purchased from Fluka. Graphite powder, 
paraffin oil and hydrogen tetrachloroaurate were 
supplied from Sigma-Aldrich. Britton-Robinson 
(BR) buffer was prepared by mixing 0.04 M 
phosphoric acid, acetic acid and boric acid [33]. 
An appropriate amount of 0.2 M NaOH was 
added to BR buffer to obtain solutions of pH 
values varied from 2.0 to 11.0. 

Preparation of gold nanoparticles modified 
carbon paste electrode 

Carbon paste electrode (CPE): the carbon 
paste was prepared by mixing of 0.5 g graphite 
powder (particle dimension 20 µm, Sigma–
Aldrich, Egypt) with 0.3 mL of paraffin oil in 
mortar with a pestle[34]. The carbon paste 
was packed into the hole of the electrode 
body and smoothed on a filter paper until its 
shiny appearance. CPE was immersed into a 6 
mmol L-1 hydrogen tetrachloroaurate (HAuCl4) 
solution containing 0.1 M KNO3 prepared in 
doubly distilled water and deaerated by bubbling 
with nitrogen. A constant potential of -400 
mV was applied for 400 sec [35]versus Ag/
AgCl reference electrode. The obtained gold 
nanoparticles modified carbon paste electrode 
(GNCPE) was washed with doubly distilled 
water and dried carefully before being used.

Experimental and instrumental set up
All voltammetric measurements were 

performed using a pc-controlled AEW2 
electrochemistry work station and data were 
analyzed with ECprog3 electrochemistry 
software, manufactured by Sycopel Scientific 
Limited (Tyne & Wear, UK). The one compartment 
glass cell with the three electrodes was connected 
to the electrochemical workstation through a 
C-3-stand from BAS (USA). A platinum wire 
from BAS (USA) was employed as auxiliary 
electrode. All the cell potentials were measured 
with respect to Ag/AgCl (3.0 mol L-1 NaCl) 
reference electrode from BAS (USA). Solutions 
were degassed using pure nitrogen prior and 
throughout the electrochemical measurements. 
A JENWAY 3510 pH meter (England) with 
glass combination electrode was used for pH 
measurements. Measurements of scanning 
electron microscopy (SEM) were investigated 
with a JSM-6700F scanning electron microscope 
(Japan ElectroCompany).

Effect of β-CD concentration
The cyclic voltammetry of 1.0 x 10-3M MID 

(in BR buffer, pH 3.0) was studied on GNCPE 
upon successive additions from β-CD solution 
(1.0 x 10-2M) to the electrolytic cell and the 
voltammograms were recorded using cyclic 
voltammetry.

Determination of MID in bulk powder
Aliquots of MID solution (1.0 x 10-3M) 

were added to the electrolytic cell containing 5 
mL of BR buffer of pH 3.0. The solution was 
stirred for 5 sec at open circuit conditions in 
presence of at GNCPE working electrode in the 
presence of β-CD solution (4.0 x 10-5M) and the 
voltammograms were recorded at scan rate of 10 
mV s-1[34].

Analysis of MID in dosage form 
Twenty tablets (Midodrine 2.5 mg tablets) 

were accurately weighed and finely powdered. A 
portion of the finely grounded powder needed to 
prepare 1.0 x 10-3MMID solution was transferred 
into 100 mL calibrated flask containing 75 mL 
deionized water, then dissolved by sonication for 
30 min and made up to the volume with deionized 
water. The solution was filtered to separate 
the insoluble excipients. 35 μL of the resulted 
solution and different aliquots of standard MID 
solution (1.0 x 10-3M) were introduced into the 
electrolytic cell and the voltammograms were 
recorded[36].
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Applications to human urine 
Accurately measured aliquots of MID 

solutions were pipetted into centrifugation tubes 
containing 400 μL human urine in each tube, 
then vortex was done for 5 min. Into each tube, 
0.5 ml of methanol, 0.1 mL NaOH (0.1 M) and 
0.5 ml ZnSO4.7 H2O (5% w/v) [37] were added, 
then centrifuged for 10 min at 4000 rpm. The 
clear supernatant layer was filtered through 0.45 
μm Milli-pore filter. The supernatant liquor (0.1 
mL) was transferred into the voltammetric cell 
and completed to 5 mL with a pH 3.0 BR buffer. 
The drug MID was quantified by means of the 
proposed DPV procedure[38].

Conduct of stress studies 
Hydrolytic-degradants of MID was prepared 

by refluxing in acidic medium according published 
method[39]. Substantially complete degradation 
was done under acidic condition by refluxing 
with 0.1MHCl for 13hrs; then the solution was 
neutralized. It was noted that the main degradant 
is similarly the main metabolite of the MID in the 
human body The UV-degradation was achieved 
by keeping the (30 μg mL-1) MID solution in UV 
light lamp (254nm, 20watt) and after each 10 h 
interval the sample was withdrawn and requisite 
concentration was prepared for measuring.

Results and Discussion                                               

SEM of surface electrodes 
The sensitive response of a voltammetric 

sensor was according to its physical 
morphology of surface. The morphology of 
bare CPE (A) and GNCPE (B) were shown 
in Fig. 2. The SEM image displays that CPE 
surface was predominated by isolated and 
unevenly shaped graphite flakes and separated 
layers, but the SEM image of GNCPE displays 
that gold nanoparticles are sited at different 
sites of the elected surface[40], Nano-particles 
increased number of active nucleation sites and 
nucleation rate. Also, a spongy nanostructured 
of gold nanoparticles film was observed which 
particularly improved the active area of GNCPE 
surface. The active areas of bare CPE and GNCPE 
are calculated using chronoamperometry with 
equation: Γ = Q/nFA[41] where Q is the charge 
resulted by integration of the current against 
time, A is the working electrode surface area, 
and n means number of electrons involved. It 
was calculated to be 0.082 and 0.201 cm2 for 
bare CPE, and GNCPE respectively, The Active 
surface areas of the compared CPE, and GNCPE 
were achieved by applying CV using 1.0 mM 
K4Fe (CN)6 as a probe with different scan 
rates. For a reversible process controlled by 
one electron system, using the Randles-Sevcik 
formula equation[34, 42]. In our experiment, 
electroactive areas of CPE and GNCPE were 
found to be 0.092 and 0.241 cm2. Electro-active 
surface area of GNCPE was found to be higher 
than that of CPE, hence greater response of 
peak current was observed for GNCPE towards 

Fig. 2. Scanning electron microscope images of (A) bare CPE and (B) GNCPE.
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MID oxidation.
Effect of pH and electrochemical behavior of MID

Preliminary cyclic voltammetry (CV) 
experiments for 1.0 x 10-3 mol L-1 MID were 
carried out at CPE in BR buffer background 
solutions over the pH range (2.0-11.0). Fig. 
3 shows reversible oxidation process of MID 
within the pH range from 2.0 to 5.0 due to 
the oxidation of hydroxyl group and a second 
irreversible oxidation peak appears at more 
positive potentials from pH 6.0 to pH 11.0 
due to the oxidation of primary amino group 
which is deactivated in acidic medium due to 
protonation. 

 Fig. 3A shows that the anodic peak 
potential increases by increasing the pH up to 
pH 3 reaching approximately steady state up to 
pH 5.0. The anodic peak potential decreases by 
increasing the pH up to 11.0. Fig. 3B shows that 
the anodic peak current (Ip) has three maximum 
values 23.23 µA, 29.05 µA and 29.07 µA at pH 
values 3.0, 7.0 and 11.0, respectively. Therefore, 
we study the effect of different modifiers such 
as gold nanoparticles and β-CD solution on the 

anodic peak current at these pH values. 
Fig. 5A shows cyclic voltammograms of 1.0 

x 10-3 mol L-1 MID at CPE and GNCPE, from 
the figure we note that the anodic peak currents 
of MID in case of GNCPE, 55.78 µA (pH 3), 
95.92 µA (pH 7) and 123.22 µA (pH 11), have 
higher values than those at CPE. Fig 5B shows 
the cyclic voltammograms of MID at GNCPE 
in the presence of 4.0 x 10-5mol L-1 β-CD, from 
the figure we note that the maximum anodic peak 
current value of 149.22 µA obtained at pH 3.0, 
while the peak current values at pH 7.0 (79.97 
µA) and pH 11.0 (83.61 µA) are smaller than the 
corresponding values at GNCPE at pH 7.0 and 
pH 11.0 in absence of β-CD solution. Thus pH 
3.0 is chosen as the optimum pH value for the 
determination of MID at GNCPE in the presence 
of β-CD solution indicating that acidic medium 
(pH 3.0) is suitable to form inclusion complex 
with β-CD rather than neutral (pH 7.0) and basic 
medium (pH 11.0). 

Fig. 6 shows the suggested oxidation 
mechanism of MID at pH 3.0 which may be 
attributed to the oxidation of hydroxyl group to 

Fig. 3.Cyclic voltammograms of the effect of solution pH on the oxidation of MID (1.0 x 10-3 mol L-1) at CPE using 
BR buffer from (A)pH 2.0 to 5.0 and (B) pH6.0-11.0.
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Fig. 4.The plot of anodic peak potential (A) anodic and peak current (B) of MID (1.0 x 10-3M) as a function of pH 
at CPE.

Fig. 5.Comparison of different modifiers on the anodic peak current of MID (1.0 x 10-3 M) at (A) CPE,GNCPE 
scan rate of 100 mV s-1and (B) CPE,GNCPE,  BCD/GNCPE at different pH values 3.0, 7.0 and 11.0.

Fig. 6.The oxidation mechanism of MID at GNCPE in presence of 4.0 x 10-5M β-CD, BR of pH 3.0
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carbonyl group.
Effect of β-CD concentration

Fig. 7 shows anodic peak current of 1.0 x 
10-3 mol L-1 MID at GNCPE (in BR buffer, pH 
3.0) as a function of β-CD concentration through 
successive additions from β-CD solution (1.0 
x 10-2 mol L-1) to the electrolytic cell. From the 
figure we note that as the β-CD concentration 
increases, the peak current increases up to 4.0 x 
10-5 mol L-1β-CD and reaches steady state above 
this concentration. Therefore, 4.0 x 10-5 mol L-1is 
chosen as the optimum concentration of β-CD.

Electrochemical calculation of hermodynamic 
constant of the claimed inclusion complex

At electrode surface of GNCPE in HCLO4, 
the response of complexation between β –CD 
and midodrine (2mM) for 20 min is recorded. 
Adhesion of MID at the GNCPE-(β -CD) s 
surface through complex formation is well at 
1070mV as applied potential. Langmuir equation 
Eq. (1)[29] is used to calculate formation constant 
as following 

Fig. 7. (A) Cyclic voltammograms of MID (1.0 x 10-3 mol L-1) in BR buffer of pH 3.0 at scan rate of 100 mV s-1 as a 
function of β-CD concentration at GNCPE. The inset (B): plot of the anodic peak current as a function 
of β-CD concentration.

 Ip is the peak current obtained at each  
 concentration of MID

 Imax is the maximum peak current when the  
 current is kept constant

In Figure (a) is plotted between [MID]/Ip 
versus [MID] with linearly relation, Imax and k is 
conclude from slope and intercept. The formation 
constant for the GNCPE - (β -CD) s complex 
calculated from Figure (a) was found to be 2930 
M-1 at room temperature.

Thermodynamic parameters of the formation 
of the GNCPE -( β -CD)s inclusion complex can  
be calculated as change in Gibbs energy , ΔG° 
using Eq. (2) ,and enthalpy, ΔH°, and entropy, ΔS°  
by using Van’t Hoff’s law, Eq. (3),which are listed 
in table (1)
 

ΔG°= - RT ln K                            (2). 

 ([MID])/Ip=1/KImax+([MID][MID])/(Imax ×Ip)=1/
KImax+([MID])/Imax              (1)

lnK=(-ΔH°)/RT+〖ΔS〖^°/R                        (3)
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Fig (8).  (a) Graph of [MID]/Ip versus [MID]. (b) ln K versus 1/T graph for estimation of the thermodynamic 
parameters of the formation of the GNCPE -( β -CD)s inclusion complex.
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Effect of scan rate
Fig. 9 shows the effect of scan rate (υ) on the 

anodic peak current of MID at CPE and GNCPE 
(in absence and in the presence of β-CD solution) 
in BR buffer (pH 3.0)in the range from 10-150 
mV s-1. It is found that the logarithm of oxidation 
peak current    (log Ip) is linear to the logarithm 
of scan rate (log υ) as shown in Fig. 8A, with the 
linear regression equations: log Ip = 0.54log υ + 
1.16, r (correlation coefficient) = 0.9997 (CPE), 
log Ip= 0.48log υ + 0.74, r (correlation coefficient) 
= 0.9993 (GNCPE) and log Ip = 0.32log υ + 0.69, 
r (correlation coefficient) = 0.9991 (GNCPE in 
the presence of β-CD solution). From the slope 
values, it can be deduced that the oxidation 
process of MID is an adsorption contribution 
process at CPE and  GNCPE in the presence of 
β-CD solution[43]. 

The relation between the anodic peak current 
of MID and the square root of scan rate (Fig. 9B) 
can be used to determine diffusion coefficient 
of MID using Randles-Sevcik equation: Ip = 
(2·99 x 105) n3/2 A Co

* Do
1/2 υ1/2[43]where Ip is 

the anodic peak current (A), Do is the diffusion 
coefficient of the electroactive species (cm2 
s-1), υ is the scan rate (V s-1), n is the number 
of electrons exchanged during oxidation, A 
is the electrode area of (0.0706 cm2) and Co

* 
is the concentration of the analyte. Values of 
diffusion coefficient for MID at CPE , GNCPE 
and GNCPE /β-CD  are 1.083 x 10-6,1.142 x 10-5 
and 8.019 x 10-5cm2 s-1 respectively, indicating 
a quick mass transfer of the analyte molecules 
towards the surface of GNCPE from bulk 
solution in the presence of β-CD solution. 

Effect of accumulation time

TABLE. 1. Thermodynamic parameters calculated for the formation of the inclusion complex GNCPE - ( β -CD)s.

T (8C) K(M-1)
ΔGₒ 
(kJmol-1)

ΔHₒ(kJmol-1)
ΔSₒ(Jmol-

1K-1)

25 2930 -19.79 19.4 31.54

30 2170 -19.36

35 1950 -19.41

40 1370 -18.80

Fig. 10 shows the influence of accumulation 
time (Tacc) on the anodic peak current of 1.0 x 
10-3M MID solution along with accumulation 
time between 0 and 30 sec at open circuit 
condition at GNCPE in presence of 4.0 x 10-5 

M of β-CD. The peak current increases as the 
adsorption time increases up to 10 sec, then 
the peak current reaches a plateau with the 
increase of Tacc, this is because the active sites 
of electrode surface were fully saturated by the 
analyte, so 10 sec is chosen as the optimum 
Tacc. 

Analytical application 
In order to develop an analytical method 

for the determination of MID, quantitative 
measurements were performed using DPV at 
GNCPE in the presence of β-CD solution (4.0 
x 10-5M). Calibration curve was constructed 
through consecutive additions of MID solution 
(1.0 x 10-3M) to the electrolytic cell containing 
5 mL BR buffer of pH 3.0 by plotting the peak 
currents against MID concentrations. The 
anodic peak current increases linearly with 
increasing concentration of MID from 3.0 x 
10-6 to 3.2 x 10-4 M with correlation coefficient 
of 0.9997 (Fig. 11). 

The limits of quantification(LOQ) and 
detection (LOD) [44, 45] were found to be 
1.71 x 10-6 M and 5.14 x 10-7 M, respectively 
as listed in Tab. 2. To check the validity [46] 
of the method, the relative standard deviations 
and the percentage recoveries were calculated 
for different concentrations in the linear range 
from 3.0 x 10-6 to 3.2 x 10-4 The relative 
standard deviation (RSD) and the percentage 
recovery values were found in the following 
ranges: 0.255-1.515% and 99.18-101.43%, 
respectively.
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Fig. 9.Plot of anodic peak current as a function of scan rate, (A) log I versus log ν and (B) logI versus ν1/2.

Fig. 10. (A) Cyclic voltammograms of 1.0 x 10-3 M MID at GNCPE in BR buffer of pH 3.0 as a function of 
accumulation time from 0.0 to 30 sec at in presence of 4.0 x 10-5 M β-CD, scan rate of 100 mV s-1. The 
inset (B): plot of the anodic peak current values versus accumulation time.
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Fig. 11. (A) Calibration voltammograms curve of MID, using DPV mode at GNCPE in BR buffer pH 3.0 and scan 
rate of 10 mV s-1 in presence of 4.0 x 10-5M β-CD. The inset (B): The calibration plot of the oxidation 
peak current versus the concentration range of MID.

Analysis of real samples 
Initially, the standard addition method was used 

for the analysis of Midodrine 2.5 mg tablets, and 
aliquots of MID standard solution (1.0 x 10-3M) 
were added in order to evaluate the accuracy of 
the proposed method. The calculated recoveries, 
ranging from 99.14% to 101.35% with RSD 
values within the range of 0.493 - 1.338% in six 
replicate experiments, are in good agreement with 
the labelled content (Table 3). As can be seen, 
other ingredients present in tablets did not cause 
the appearance of any additional signals in the 
examined potential window, so it can be concluded 
that there are no interferences from the matrix.

The proposed DPV method is more sensitive 
than potentiometric methods: 1.0 x 10-4 - 1.0 
x 10-1M and 5.0 x 10-5 - 1.0 x 10-1M [10] and 
spectrophotometric methods: 10.32 x 10-3 - 68.8 
x 10-3M [11] and 17.20 x 10-3 - 120.40 x 10-3 mM 
[12] for the determination of MID in bulk and 
pharmaceutical formulations.

The results obtained were compared statistically 
with those from the reference method47 by using 
Student’s t-test and the variance ratio F-test. The 
results in Table 4 show that the t and F values were 
smaller than the critical values, indicating that there 
is no significant difference between the proposed 
voltammetric method and the published method 

TABLE 2. Analytical parameters of MID at GNCPE 
in the presence of β-CD by using DPV 
technique.

Parameters

pH 3.0

Concentration (M) 3.0 x 10-6 - 3.2 x 10-4

SD 0.898

RSD % 2.3

Slope of regression line (a) 0.25

Sy/x (μA cm−2 nM) 0.019

Intercept of regression line (b) 3.62

Sb (μA cm−2 nM) 0.298

Correlation coefficient ( r2 ) 0.9997

LOD (nmol L-1) (5.14 ± 0.075) 10-7

LOQ (nmol L-1) (1.71 ± 0.004)10-6

a = intercept; b = slope; sa = standard deviation of 
intercept; sb = standard deviation of slope; sy/x = error 
standard deviation; LOD = limit of detection; LOQ = 
limit of quantification.
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TABLE 3. Determination of MID in tablets.

Midodrine 
tablets

MID
(µM)
Taken

MID

 (µ M) added
%RSD* %Recovery 

2.5 mg MID/ tab 7.0

13.00 1.061 100.25
35.00 0.493 99.140
50.00 0.745 101.23
83.00 0.691 101.28
123.0 0.725 101.35
173.0 1.338 99.730
233.0 0.526 99.280
293.0 0.960 100.13

 *Number of replicates (n) = 6.

with respect to accuracy and precision.
Applications to human urine 

To check the applicability of the proposed 
method to determine MID in biological fluids, 
spiked human urine samples were analyzed. Urine 
samples were collected from healthy volunteer 
and the samples were prepared as described in ex-
perimental section. The calibration curve shows a 
straight line in the range of 1.0 x 10-5 - 3.0 x 10-4 
mol L-1 with correlation coefficient of 0.9995, the 
LOQ and LOD were found to be 2.57 x 10-6 mol L-1 
and 7.70 x 10-7 mol L-1, respectively. The relative 
standard deviations and the percentage recoveries 
were found in the following ranges: 0.621 - 1.420% 
and 99.30-101.65%, respectively. Therefore, the 
proposed procedure can be successfully and easily 
used to determine MID in human urine..

Specificity and Interference Study
DPV technique was studied for MID in 

electrolyte of research laboratory preparedmixes 
having different concentrations (1–50%) oftheir 
hydrolytic drug degradants. Peak is ourmain group 
of interest due to its complete specificity for MID 
in presence of oxidative hydrolytic -degradants at 

TABLE 4.Determination of MID in tablets compared with the reference method47.

Claimed (mg/tab)
reference method [47]
Recovery (%) ± SDa

DPV method
Recovery (%) ± SDa

2.5 99.15 ± 1.82 99.88 ± 0.857
                                             F-testb

                                             t-testb 2.38
0.78

aAveraged from five determinations. b Tabulated F and t values at 95% confidence level = 6.39 and 2.776, respectively [31].

GNCPE. The RSD% and mean recovery verified 
the high specificity of the established method.
The achieved high specificity of the established 
methodof MID at GNCPE was concerning to 
the mechanismof oxidation of drug in relation 
to the pathways of the hydrolytic and oxidative 
degradation as presented in (schemes 1). The 
effect of interfering complexes regularly existing 
in pharmaceutical tablets such as excipients was 
moreover examined. The interfering study was 
appreciated by adding of every constituent with 
changing concentration to the electrolyte solution 
containing definite amount of 30.0 mM of each 
drug separately at pH 3.0. It was found that 
glucose monohydrate, uric acid, ascorbic acid; 
sodium carbonate and sodium bicarbonate did 
not significantly different interfere with oxidation 
of MID at GNCPE. The obtained RSD% and 
mean percentage recoveries values constructed 
on an average of three reproduces, 99.75 
±0.62, displayed no considerable interference 
from excipients. These results proposed that 
quantitative determination of MID in their 
pharmaceutical form was not influenced with the 
most communal interfering mixes; therefore, the 
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suggested method is satisfactorily selective.
Reproducibility and stability

The reproducibility of the fabricated sensor 
was examined at in 0.04 M BR buffer (pH 3) 
for electrode constructed independently under 
similar conditions and for a set of five different 
DPV measurements for the same electrode. The 
average values from five experiments showed 
a RSD was found to be 3.22 %, signifying the 
good reproducibility of GNCPE. Stability study 
was an essential requirement in the fabrication of 
modified GNCPE, The stability of the sensor was 
explored by storing the GNCPE at refrigerator 
condition for two weeks and the test was done 
using DPV at optimum conditions of experimental 
and was periodically checked every 5th day. The 
electrode retained 98% of the current activity 
towards drug on the 5th day, 96% on 10th day 
and could retain 93% of its initial value after 15 
days, demonstrating the long-term stability of the 
GNCPE

Conclusion                                                                                                   

In the present work, a new, cheap, simple and 
precise differential pulse voltammetric method 
was optimized for the quantitative determination 
of MID concentrations in bulk, pharmaceutical 
formulations and urine at gold nanoparticles 
modified carbon paste electrode in the presence 
of β-CD solution based the enhancement effect 
of gold nanoparticles and formation of inclusion 
complex with β-cyclodextrin. The experimental 
conditions such as pH, β-CD concentration, and 
scan rate and accumulation time were optimized 

Scheme 1. General suggested pathways of hydrolytic (I) and oxidative (II)-degradation forMID.

for the determination of MID with good precision, 
accuracy and low detection limit. The developed 
method can be used in routine analysis of MID in 
quality control laboratories in the pharmaceutical 
industry.
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