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ABSTRACT
The electrochemical behavior of Rebaglinide (RPG) in phosphate buffers is described at a mercury electrode has been investigated using DPP, CV,
DC and SqW. Repaglinide (RPG) exhibits a well-defined irreversible oxidation peak over the entire pH 2-11. DPP was used to determine RPG in pure
form. The anodic peak was observed at 11 mV vs. Ag/AgCl. The peak current varied linearly in the following ranges of 0.362 –14.84 mg.L-1 , 0.453–
10.86 mg.L-1 and 0.435– 12.67 mg.L-1 at pH 7.0 using DME, HMDE and SMDE respectively. The relative standard deviation (RSD) did not exceed of

 3.4%,  3.8% and  3.5 % .Regression analysis showed a good correlation coefficient (R2=0.9998) between Ip and concentration over the
studied range with detection limit (LOD) of 0.042, 0.053 & 0.055 mg.L-1 and quantification limit (LOQ) of 0.127,0.161& 0.168 mg.L-1 using DME,
HMDE and SMDE, respectively. The proposed method was successfully applied to the analysis of RPG in pure and pharmaceutical dosage forms with
average recovery of 98.8 to 103.2%. The results obtained agree well with the contents stated on the labels.
Keywords: Repaglinide, Differential pulse Polarographic analysis, Pharmaceutical formulations.

INTRODUCTION
Repaglinide is a new carbomoxyl methyl benzoic acid derivative,
also known as 2-ethoxy-4-[2-[[3 methyl-1-[2-(1-piperidinyl)
phenyl]butyl]amino]-2-oxoethyl] see Scheme-1, and it is a novel
blood glucose lowering agent from the class of carbamoyl methyl
benzoic acids. It stimulates release of insulin from the pancreatic cell
by closure of KATP channels and is rapidly absorbed and eliminated
from the body[1]. Repaglinide is developed in attempts to overcome
the adverse effects associated with existing anti-diabetic
compounds. These include hypoglycemia, secondary failure and
cardiovascular side effects[2]. Although Repaglinide exhibits some
chemical resemblance to sulphonylurea-type anti-diabetic drug
glyburide, it differs from other sulphonylurease in both profile of
action and excretion mechanism. Repaglinide binds to different
receptor sites from other sulphonylurease[3].

From the literature survey, it is revealed that various analytical methods
have been reported for the determination of RPG in pure form, dosage
form and biological fluids; including HPLC method for the determination
of RPG in pharmaceutical dosage form, liquid chromatography-tandem
mass spectrometry (LC/MS/MS)[10-13], spectrofluorimetry[14],
reversed phase thin layer chromatography[15], UV[16-21] and Vis
spectrophotometry[20,21], liquid chromatography with dual-channel
coulometric detection[22], HPLC in human plasma and its application in
pharmacokinetic studies[23,24], capillary electrophoresis (CE) method
in non-aqueous milieu[25] and Electrochemical determination of RPG
using CPE and GCE[26].
The aim of the present work is to reconsider the electrochemical
behavior of the RPG in phosphate buffers at the DME, SMDE and
HMDE. The purpose of the present study is to develop fast and
sensitive electrochemical method for the detection and
quantification of RPG in pharmaceutical formulations using
differential pulse polarography technique. due to higher sensitivity,
accuracy, precision, simplicity and lower limit of detection.
MATERIALS AND METHODS
Instruments and apparatus

Scheme 1: Structural formula of Rebaglinide
Repaglinide (RPG) is a White to off-white solid powder compound
with a molecular formula of C27H36N2O4 and a molecular weight of
452.59 gr/mol, a melting point is 129-130.2ºC, a storage temp. is 2-8
ºC. The solubility of RPG in different buffered media at various time
points and 37°C was investigated in this study, based on methods
described elsewhere by Higuchi and Connors[5]. Scheme-2, shows
the chemical structure of RPG along with some possible hydrolysis
products predicted[6]. Results from the pH solubility study showed
much higher solubility of the drug at pH values greater than 7. RPG
exhibits 2 pKa values of 4.19 and 5.78[7] and being a weakly acidic
compound, the drug is owing to its higher aqueous solubility at
higher pH values, Rebaglinide exhibits tow pKa values of 4.19 and
5.78, and being a weakly acidic compound[8,9].

Scheme 2: Structure of Rebaglinide –related compound A and
Rebaglinide-related compound B

Electrochemical
Analyzer
(797VA
Computrace
AnalyzerMetrohm/Switzerland) was used. The electrode assembly of a
dropping mercury electrode (DME), static mercury drop electrode
(SMDE) and hanging mercury drop electrode as a working electrode
(area=0.04 cm2). Ag/AgCl was the reference electrode and a
platinum wire supplied as auxiliary electrode, was used. All
measurements were done at room temperature 25±2°C, Nitrogen
gas was used for deoxygenation. pH – meter from Radio meter
company model Ion Check was used for the studying the pH effects.
The measurements were semi-automated and controlled through
the programming capacity of the apparatus.
Chemicals and reagents
Repaglinide was obtained from Refarmed Chemical. India and was
used without further purification. Stock solutions were prepared by
dissolving 22.6mg of RPG and dissolution it in 50 ml volumetric flask
by acetonitrile to give a concentration of 0.45259 g.L−1 (1×10-3 M).
Working standards were prepared daily by diluting different
volumes of stock solution 0.02, 0.05, 0.1, 0.2, 0.3, 0. 4, 0.6, 0.8, 1.0 ,
1.2 ,1.5 and 2.0 ml were diluting to 25ml with 5 mM phosphate
buffer supporting electrolyte (pH 7.0) was prepared by dissolving
0.79g of NaH2PO4.2H2O or 1.7907g of Na2HPO4.12H2O in 1000mL
volumetric flask by double-distilled deionised water, Appropriate
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volume of H3PO4 or NaOH (1M) was added to give the desired pH .
All solutions and reagents were prepared with double-distilled
deionised water and analytical grade chemicals. Ultrapure mercury
from Metrohm Company was used throughout the experiments.
Procedure
25 mL of working standard of RPG was transferred to the cell. The
solution was well mixed by automatic mixer and deoxygenated with
nitrogen gas for 5 min. The polarograms of RPG were recorded by
scanning the potential toward the negative direction applying the
direct current polarography (DC), cyclic voltammetry (CV), square
wave polarography (SqW) and differential pulse polarography
(DPP), in the potential range from +200mV to -1500mV. All data
were obtained at room temperature. The number of experiments
(n=5) according to this value, the statistical calculations were done.
Sample preparation
Twenty tablets of Glinide© tablets, BALSAM Pharma Co., HOMS –
SYRIA, Each tablet contains 0.5, 1.0 and 2.0 mg of RPG were weighed
and ground to a fine powder. A quantity equivalent to 1× 10-3 M of
RPG was accurately weighed, dissolved in 40 mL of acetonitril,
transferred to a 50 mL volumetric flask and diluted to the mark with
acetonitril. The content of the flask was sonicated for about 15 min
then solution was filtered to separate the insoluble excipients.
Aliquots of the drug solution were introduced into the electrolytic
cell and the general procedure was carried out.
RESULTS AND DISCUSSION
Study of methods
The voltammetric behavior Repaglinide was investigated in aqueous
medium at various pH using classical polarography (DC), Cyclic
Voltammetry (CV), Square Wave (SqW), Differential Pulse
Polarography Positive Polarity (DPPPP) and Differential Pulse
Polarography Negative Polarity (DPPNP) at mercury dropping
(DME) and Hanging mercury drop electrode (HMDE) in presence of
5mM phosphate buffer as electrolyte. DPPPP was found to give the

greatest sensitivity. In all the electro-analytical techniques welldefined oxidation peaks were obtained in the potential of 11 ± 3mV
(vs.Ag/AgCl).
The DC-polarograms of RPG in presence of 5mM phosphate buffer at
pH 7 as electrolyte exhibited one irreversible oxidation wave (Fig.
1,a). The half-wave potentials of the oxidation wave shifted to more
negative values upon the increase of pH. This behaviour indicated
the involvement of protons in the electrode reaction and that the
proton-transfer reaction precedes the electrode process
proper[27,28].
The cyclic polarographic behaviour of RPG on surface of the HMDE
in 5mM phosphate buffer as electrolyte (pH 7) at different potential
sweep rates RPG exhibited one well defined oxidation peak at all
concentration levels. On the reverse sweep, no distinct reduction
wave was observed, indicating that the drug is irreversible at the
mercury electrode. An anodic peak was obtained at potential varying
between -250 to -300 mV. (Fig.1,b). A more developed peak current
was achieved of the drug onto the electrode surface, a decrease of
the oxidation current occurs with the number of successive scans is
due to the chemisorption of RPG oxidation products on the mercury
electrode surface.
The electrochemical oxidation of RPG was studied over a wide pH
range between 2 to 11 using differential pulse DPP. One main
oxidation peak appears and the potential depends on pH. The
oxidation of RPG peak, occurs at Epa = 11 ± 3 mV at DME and SMDE
but Epa= -165 ± 5mV at HMDE (Fig.1,c). Polarographic behavior at
mercury electrode no previous electrochemical data were available
concerning the electrochemical oxidation behavior of RPG.
Therefore, differential pulse polarography was performed at the
mercury electrodes, as a function of pH, in order to obtain this
information.
The peak response was characterized with respect to pH, supporting
electrolyte, frequency, pulse amplitude, electrode sort, deposition
potential and deposition time.

Fig. 1: The Polarographic Curves for the determination of RPG in presence of 5 mM phosphate buffer at pH 7.0, (a) DC (0– elec. 1- 5.43
mg.L-1 on HMDE), (b) CV (0– elec. 1- 3.62mg.L-1 2- 7.24 mg.L-1 on HMDE), (c) DPP, 9.05 mg.L-1 .
Effect of pH and electrolyte
During pH study and depending on RPG properties in alkaloid
medium[27], a new peak occurs at Epa = -250mV may refer to
dissociation of RPG and gave a new peak. It is obvious from the
figure that the peak current reaches its maximum value at pH 7, i.e.;
fiat medium is suitable for the determination of Rebaglinide By using
DPP technique.
The influence of pH on RPG at mercury electrode was studied. (Fig.2)
shows the plot of peak current Ip vs. pH. The polarographic
behaviour of the tested drug was found to be affected by the solution
pH and the type of the supporting electrolyte. This supporting
electrolyte was chosen for subsequent measurement experiments.
The effect of buffer constituents was also studied in the presence of
several supporting electrolytes at pH 7, e.g acetate, borate,
perchlorate, Britton–Robinson and phosphate. Best results were

obtained in the phosphate buffer solution, therefore, phosphate
buffer (pH 7) was employed throughout this study. The
concentration of phosphate buffer was studied also, and it was given
the best result at 5mM from height and shape of peak.
The effect of the above mentioned supporting electrolytes and the
pH of the solution on the peak current of the tested drug were
recorded. The different investigations were then carried out in the
best supporting electrolyte, i.e. the phosphate buffer over the pH
range 2–11. The relationship of peak potential and pH was roughly
linear with peak potential shifting towards negative values with
increase in pH. The shift of the Ep, values to more negative potentials
upon the increase of pH indicated the involvement of protons in the
electrode reaction and that the proton-transfer reaction precedes
the electrode process proper[28-33]. At pH ˂ 3 no well-defined peak
can be recorded but it was well developed at pH ≥3. The pH
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dependence of the peak potential is shown on (Fig. 3.) The potential
of the anodic peak of RPG was shifted linearly towards less positive
potential values with increasing the pH between 3 and 6 by 0.010
V/pH. The dependence is linear over the whole pH range and follows
the relationship Ep = 0.071- 0.010 pH , R² = 1.000. The slope of the
line, 10mV per pH unit, shows that the oxidation mechanism of RPG
involves the same number of electrons and protons(Fig. 3a). The
anodic peak potential is shifted to less positive values by increasing

the pH, with slope of 10 mV/pH unit until pH 7.0, and then it remains
practically pH-independent (Fig. 3b). The best results with respect to
signal enhancement accompanied by sharper response was obtained
with Phosphate buffer at pH 7.0. All tested drugs possess –NH-COionizable group depending on the solution pH, which was used for
analytical measurements. By the consideration of the electrostatic
attraction, one could expect that the cationic form exists at pH 6-7
for RPG.

Fig. 2 : The Polarographic Curves for the determination of RPG 9.05mg.L-1 in presence of 5 mM phosphate buffer, (0) elec. (1) at pH 7 , (2)
at pH 10.23.

Fig. 3: The effect of pH values of RPG 9.05 mg.L-1by DPP and using DME in presence of phosphate buffer: a- Ip = f(pH), b - Ep = f(pH) .
Influence of deposition time
The relationship between peak current of RPG and deposition time was
also investigated. It was found that the peak current had a high valuable
deposition time at 60sec. Also, the quality of the peak shape of RPG
deteriorated when the deposition time exceeded 75 sec. Therefore, a
deposition time of 60 s was selected for this work (Fig. 4,a).
Influence of deposition potential
The influence of deposition potential on the peak current of RPG was
also examined over the potential range 0 V to −1.4V and the
optimum peak current was achieved at −0.5 V. Hence, deposition
potential of − 0.5V was used throughout the present study (Fig. 4,b).
Influence of scan rate: An investigation of the influence of scan rate
on the peak current found that it was decreased with the increase in
the scan rate and the peak potential of RPG became less negative
with increasing scan rate from 100 to 230mVs−1. The quality of the
oxidation peak of RPG became poor when the scan rate exceeded
150 mVs−1, and thus, 100 mVs−1 was chosen as the scan rate for this
work, (Fig. 5).
Effect of pulse amplitude
In addition, the impact of varying the excitation peak pulse
amplitude on the polarographic current intensity was also evaluated.
The effect of this operating variable was studied over the range of 10
– 100 mV (Fig. 6), and the current was increased by increasing of

pulse amplitude. It was observed that the best shape of peak was
obtained at 50 mV pulse amplitude. After 60 mV, the shape of the
peak was not so good. So, 50 mV pulse amplitude was the ideal
choice for this operational parameter.
Effect of frequency
Moreover, varying the value of square wave frequency also plays an
important role for the measured signal of SqW polarography approach.
Varying this parameter over the range of 50 to 300 Hz, (using a scan
increment of 45mv, pulse amplitude of 50 mV , the concentration of RPG
9.05 and 18.1 mg/L) resulted in a substantial enhancement of the
polarographic peak current particularly at range of 150–250 Hz as can
be seen from (Fig.7), then the peak of current was gradually decreased.
The relationship was obtained between the peak current and the
frequency of the signal up to 200 Hz, which is the frequency chosen to
improve the sensitivity without any distortion of the peak or the
baseline. A frequency of 200 Hz, of 50 mV amplitude and a sweep rate of
180mV/s were used throughout the study.
Effect of electrodes sorts DME, SMDE and HMDE
DPP polarograms was studied for standard solutions of RPG in the
potential range from 200 mV to -1500 mV in phosphate buffer pH 7 by
using DME, SMDE, HMDE electrodes. Well-defined electrochemical
oxidation peak for Repaglinide was noticed at Ep range between +11
mV to +31 mV. It was found that, the diffusion factor using DME was
greater than their values using HMDE and using SMDE:
504
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KDME = 9.917 KHMDE =2.67 KSMDE
The electrochemical behavior of RPG
RPG possesses one weakly basic and one weakly acidic group resulting
in ampholitic nature of the molecule in the aqueous solutions. The
existence of two protonation sites gives rise to the four possible
species in equilibrium with each other. The differential pulse
polarographic behavior was investigated for RPG compound in
Phosphate buffer at pH 7 as shown in (Fig.1,c), a polarographic peak at
Ep = +11mV was observed. Based on the polarographic studies which
were carried out on RPG, this obtained polarographic wave is probably
due to the electrochemical oxidation of -CO-NH- group. A proposed
mechanism for the electrochemical oxidation of this electro-active
group. This mechanism suggests that the electrochemical reaction is

an irreversible process, an assumption which was confirmed by cyclic
Voltammetric measurement at HMDE and +100 mV s-1 scan rate of
RPG. The electrochemical current intensity for the anodic oxidation of
RPG recorded by the square wave voltammetric technique was many
times higher than that generated by the differential pulse excitation
mode. Due to its intense sensitivity, Faraday’s law related the
measured charge Q (Coulombs) transferred to the amount of material
electrolyzed as: N = Q/nF, where N is the number of moles of
substance being electrolyzed, n the number of electrons transferred
per reactant molecule, and F the Faraday’s constant. The charge Q
(Coulombs) was read directly from the digital coulometer. The total
number of electrons (n) consumed for the overall oxidation reaction of
the drug were found to equal 2 electron/drug molecule over the pH 7
range 2–11.

Fig. 4: The effect of deposition time and deposition potential values of RPG 9.05 mg.L-1 in the presence of phosphate buffer: a- Ip =
f(deposition time), b - Ep = f(deposition potential) .

Fig. 5: The effect of scan rate values of RPG 9.05 mg.L-1by DPP and using DME in presence of phosphate buffer: a- Ip = f (log ν), b- Ep = f (log
ν).

Fig. 6: The effect of pulse amplitude by DPP using DME of RPG 7.24 mg.L-1 : (a) DPPNP and (b) DPPPP..

Fig. 7: The effect of frequency on SqW analysis using HMDE of RPG in phosphate buffer : a- Ip. b- Ep.
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RPG was 0.362 mg.L-1, with the relative standard deviation (RSD)

Calibration curves

of  3.8 % using DME. The lower limit of detection (LOD) and
lower limits of quantization (LOQ) were calculated according to
the following equations [25]: LOQ=10 (SD/Slop), LOD=3.3
(SD/Slop): where SD is the standard deviation obtained from 5
different runs. The calculated values for each drug at DME, SMDE
and HMDE are presented in Tables 1&2.

Calibration curves for the determination of RPG by DPP using
DME, SMDE and HMDE electrodes were studied. The peaks
current I p were proportional to the concentration of RPG over
the ranges, 0.362 –14.84 mg.L -1, 0.453– 10.86 mg.L -1 and 0.435–
12.67 mg.L -1 at pH 7 using DME, HMDE and SMDE
respectively.(Fig.8) ,by DPPPP method. The limit of quantifying

Fig. 8: Calibration curves for determination of RPG using DPP: a- DME, b- HMDE and c- SMDE in phosphate buffer at pH 7.0.
Table 2: Evaluation of accuracy and precision of the proposed methods for determination of RPG on DME, HMDE and SMDE DPPPP
Electrode sort

CRPG. taken, mg.L-1

CRPG. found,

X
DME

HMDE

SMDE

SD, mg.L-1

, mg.L-1

SD
Analytical standard error,

0.372

0.370

0.013

0.006

0.905

0.915

0.024

0.011

1.81

1.80

0.041

0.019

3.62

3.62

0.072

0.032

5.43

5.41

0.092

0.041

7.24

7.22

0.116

0.052

9.05

9.11

0.128

0.057

10.86

10.71

0.139

0.062

12.67

12.66

0.152

0.068

14.84

14.79

0.163

0.073

0.453

0.442

0.017

0.008

0.905

0.900

0.026

0.012

1.81

1.80

0.045

0.020

3.62

3.65

0.073

0.033

5.43

5.44

0.087

0.039

7.24

7.26

0.094

0.042

9.05

9.08

0.100

0.0.45

10.86

10.80

0.108

0.048

0.453

0.461

0.016

0.007

0.905

0.910

0.027

0.012

1.81

1.80

0.047

0.021

3.62

3.58

0.086

0.039

5.43

5.52

0.121

0.054

7.24

7.19

0.144

0.064

9.05

9.07

0.145

0.065

10.86

10.85

0.152

0.068

12.67

12.70

0.152

0.068

n , mg.L-1

Confidence limits
SD
X



RSD %

n t mg.L-1

0.370  0.016
0.915  0.030

1.80  0.051
3.62  0.090
5.41  0.114
7.22  0.143
9.11  0.158
10.71  0.173
12.66  0.189
14.79  0.202
0.442  0.021
0.900  0.032
1.80  0.056
3.65  0.091
5.44  0.108
7.26  0.117
9.08  0.124
10.80  0.134
0.461  0.020
0.910  0.034
1.80  0.058
3.58  0.107
5.52  0.151
7.19  0.179
9.07  0.180
10.85  0.189
12.70  0.189

3.4
2.6
2.3
2.0
1.7
1.6
1.4
1.3
1.2
1.1
3.8
2.9
2.5
2.0
1.6
1.3
1.1
1.0
3.5
3.0
2.6
2.4
2.2
2.0
1.6
1.4
1.2

* n=5, t=2.776
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Table 1: The optimum parameters established for determination of RPG using differential pulse polarography with positive amplitude in
Phosphate buffer at pH 7.0
Parameters
Working electrode
Supporting electrolytes (buffer)
pH
Solvent for RPG
Value of pulse amplitude
Purge gas
Purge time
Initial potential
Final potential
Scan rate
Peak Potential, mV
LOD(3.3SD )
LOQ (10SD )
Linearity range of concentration

Operating modes
DME
Phosphate, 5mM
7.0
acetonetrile
60mV
Pure N2
200 s
200 mV
-400 mV
150 mV/s
+11 to -25 mV
0.042 mg.L-1
0.1265 mg.L-1
0.362 to 14.84 mg.L-1
or (0.80 to 32 µM)
3.4%
* y = -17.209x-1.4833
17.209
1.4833
0.9998

RSD
Regression equation:
Slope
Intercept
Correlation coefficient (R2)

SMDE

HMDE

0.053 mg.L-1
0.161 mg.L-1
0.453 to 12.67 mg.L-1
or (1.0 to 28 µM)
3.5%
y = -4.9046x + 0.2176
4.9046
0.2176
0.9998

0.055 mg.L-1
0.168 mg.L-1
0.453 to 10.86 mg.L-1
or (1.0 to 24 µM)
3.8%
y = -1.8641x - 0.6756
1.8641
0.6756
0.9999

* y= nA, x= concentration of Rebaglinide mg.L-1).
Application to pharmaceutical preparations
The proposed method has been successfully applied for the analysis
of Repaglinide in its commercial tablets. Pharmaceutical preparation
Glinide© determined using Differential Pulse Polarography with
positive amplitude at DME, SMDE and HMDE in phosphate buffer at
PH 7.0. The results of quantitative analysis for RPG were calculated
by calibration curves and the standard addition methods, see Table3.
The results obtained by the proposed and the comparison methods
shows no significant difference between the two methods as regards
to accuracy (t- test) and precision (F-test) by HPLC[12].
CONCLUSION
In the proposed method, differential pulse polarographic analysis of

RPG in pure and pharmaceutical dosage forms in phosphate buffer
media has been investigated using DME, SMDE and HMDE. One
oxidation peak was observed in the range +11 to -25 mV (Ep). The
peak current Ip is linear over the ranges , 0.362 –14.84 mg.L-1 ,
0.453– 10.86 mg.L-1 and 0.435 – 12.67 mg.L-1 at pH 7.0 using DME,
HMDE and SMDE respectively , Applying DME,SMDE and HMDE over
mentioned methods in this context were successfully carried out for
the first time. The relative standard deviation (RSD) did not exceed

of  3.4%,  3.8% and  3.5 % using DME, HMDE and SMDE,
respectively. The proposed method was successfully applied to the
analysis of RPG in pure and pharmaceutical dosage forms with
average recovery of 98.8 to 103.2%. The results obtained agree well
with the contents stated on the labels.

Table 3: Determination of Repaginate in some pharmaceutical formulations using DPPPP methods at pH 7.0 using calibration curves method.
Commercial
name
Glinide©, Tablet
BALSAM
(HOMS – Syria)

Electrode

DME

SMDE

HMDE

a

Labeled RPG
In tablet, mg

X

0.50

, mg
in tablet
0.494

1.00

1.016

2.00

2.064

0.50

0.510

1.00

0.994

2.00

2.042

0.50

0.500

1.00

1.022

2.00

2.046

X  SD, mg

Recovery %

F-valueb

t-valueb

0.494  0.028

98.8  5.60

1.96

1.828

1.46

1.397

3.14

2.020

1.44

1.376

2.40

1.758

1.78

1.880

2.04

2.064

2.25

1.307

1.67

1.568

1.016  0.052
2.064  0.085

0.510  0.018
0.994  0.062
2.042  0.072
0.500  0.020
1.022  0.048
2.036  0.080

101.6  5.20
103.2  4.25

102.0  3.60
99.4  6.20
102.1  3.60
100.0  4.00
102.2  4.80
101.8  4.00

Average of five replicates; b Tabulated t-value at 95% confidence level is 2.776. Tabulated F-value at 95% confidence level is 6.39.
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