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Abstract
The electrooxidative behavior and determination of metformin hydrochloride, anti-hyperglycemic drug, on a pyrogallol

modified carbon paste electrode were investigated using cyclic voltammetry and differential pulse voltammetry. Metfor-

min hydrochloride shows an irreversible oxidation behavior over a wide interval of pH (Britton-Robinson buffers, pH

2–9). The peak current varied linearly in the range comprised between 8.0 × 10–7 and 6.0 × 10–6 mol/L with detection li-

mit of 6.63 × 10–8 mol/L and limit of quantification of 2.21 × 10–7 mol/L. The method was proposed for the determina-

tion of metformin hydrochloride in dosage forms and urine.
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1. Introduction

Metformin hydrochloride (MET) (Fig. 1) is an orally
administered antidiabetic that lowers glucose blood level
by reducing hepatic glucose production and gluconeogene-
sis and by enhancing peripheral insulin sensitivity.1–3 Pub-
lished methods for the determination of MET are based on
different techniques like capillary electrophoresis,4,5 NMR
spectrometry,6 potentiometry,7–9 spectrofluorimetry and
spectrophotometry,9–20 conductometry,21,22 voltamme-
try,23–29 IR spectrometry30 and chromatography.31–39

Although many of the reported methods are accurate
and sensitive, they require the use of sophisticated equip-
ment and expensive reagents. Some are cumbersome, re-
quiring prolonged sample pretreatment, strict control of p-
H and long reaction times. An easy, fast, cost-effective vol-
tammetric method for the determination of MET in bulk

a) b)

Figure 1: Chemical structures of PY (a) and MET (b).

drug and tablets is thus needed being applicable to routine
quality control of the drug in resource-limited countries.
This was the primary motivation for this research, in which
MET was determined voltammetrically.

Carbon paste electrode (CPE), which was made up
of carbon particles and organic liquid, has been widely ap-
plied in the electroanalytical community due to its low
cost, ease of fabrication, high sensitivity for detection and
renewable surface. Lately, to improve the sensitivity, se-
lectivity, detection limit and other features of CPE, modi-
fied carbon paste electrodes have been used.40–42

Pyrogallol (PY) (Fig. 1) is an electroactive com-
pound.43,44 Therefore; it can be used as modifier to prepa-
re pyrogallol modified carbon paste electrode (PYCPE)
for the electrochemical determination of MET in bulk,
tablets and urine. 

2. Experimental

2. 1. Materials and Reagents 
Graphite powder and paraffin oil were purchased

from Sigma-Aldrich. Metformin hydrochloride powder
was obtained from El Nasr Pharmaceutical Chemicals
Company, Egypt. Cidophage tablets (500 mg (MET)/tab)
were obtained from Chemical Industries Development
Company, Egypt. Pyrogallol was purchased from Alpha
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Chemika, Mumbai, India. All other chemicals were of
analytical grade and used without further purification.
Britton-Robinson (BR) buffer solution of pH from 2.0 to
9.0 was used as the supporting electrolyte. Buffer solu-
tions were adjusted by adding the necessary amount of
0.2 mol/L NaOH.

2. 2. Instrumentation 

All voltammetric measurements were performed us-
ing a personal computer controlled AEW2 electrochemi-
stry work station and data were analyzed with ECProg3
electrochemistry software, manufactured by SYCOPEL
SCIENTIFIC LIMITED (Tyne & Wear, UK). The one
compartment cell with the three electrodes was connected
to the electrochemical workstation through a C-3 stand
from BAS (USA). PYCPE was used as working electrode,
a platinum wire (BAS model MW-1032) was employed as
counter electrode. All the cell potentials were measured
with respect to Ag/AgCl/3 mol/L NaCl (BAS model MF-
2063) reference electrode.

2. 3. Preparation of the Working Electrode

PYCPE was prepared initially by mixing appropriate
amounts of graphite powder (particle size: < 20 µm), PY
and paraffin oil (flash point: 215 °C). Then the resulted
composite was dispersed in methanol to obtain better ho-
mogeneity. Best results were obtained at 66:30:4 (w/w %)
ratio of graphite powder, paraffin oil and PY, respectively.
The prepared modified composite material was then dried
at room temperature. The obtained paste was packed into
the hole of the electrode body and smoothed on a filter pa-
per until it had a shiny appearance.

The same procedure in the absence of PY was used
for constructing CPE 70:30 (w/w %) ratio of graphite and
paraffin oil. 

2. 4. Determination of MET in Bulk

The three electrodes were immersed in the voltam-
metric cell which contains 5 mL of BR buffer solution (p-
H 2.0). An appropriate volume of MET solution was ad-
ded to the electrolytic cell in the concentration range of
8.0 × 10–7–6.0 × 10–6 mol/L. The solution was stirred for
50 sec at open circuit conditions. The stirring was stopped
for a period of 5 sec (equilibration time) and then, the po-
tential was scanned from 0.8 to 1.1 V using differential
pulse voltammetry (DPV) at a scan rate of 20 mV/s. Vol-
tammetric analyses were carried out and the voltammo-
grams were recorded.

2. 5. Determination of MET in Tablets

Five tablets of cidophage were weighed and the ave-
rage mass per tablet was determined, then these tablets

were powdered. A portion of the finely powder needed to
obtain 1.0 × 10–3 mol/L MET solution was accurately
weighed and transferred into 100 mL volumetric flask
which contains 70 mL of distilled water. The flask was so-
nicated for about 20 min and made up the volume with the
same solvent. The solution was then filtered to separate
out the insoluble excipients, rejecting the first portion of
the filtrate. Aliquots of the drug solution were introduced
into the electrolytic cell and the general procedure was
carried out.

2. 6. Determination of MET in Urine

For the determination of MET in spiked urine
samples in the concentration range of 1.6 × 10–6–5.6 ×
10–6 mol/L, urine (1.0 ml) was mixed with 9.0 ml of BR
buffer of pH 2.0, without any pretreatment, and trans-
ferred to the voltammetric cell. The differential pulse
voltammetric procedure was carried out as for the pure
drug.

3. Results and Discussion

3. 1. Electrochemical Behavior of MET 
The electrochemical behavior of PYCPE was stu-

died by using cyclic voltammetry (CV) in BR buffer 
(pH 2.0), the cyclic voltammogram exhibits an anodic
peak at forward scan and a cathodic peak at the reverse
scan related to the oxidation and reduction of PY 
(Fig. 2). 

Fig. 3 shows the cyclic voltammograms of 1.0 ×
10–3 mol/L MET solution in BR buffer of pH 2.0 at
CPE and PYCPE. Each voltammogram showed an irre-
versible anodic peak due to the electrochemical oxida-
tion of an imino group in guanidine group to N-hy-
droxy imino group then fast hydrolysis of N-hydroxy
imino group to a carbonyl imino group (Fig. 4). The sa-

Figure 2: Cyclic voltammogram of PYCPE in BR buffer (pH 2.0).

Scan rate of 100 mV/s.
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me behavior has been reported for electrooxidation of
MET.23–26 From figure (3), it was noted that the value of
the anodic peak current in case of PYCPE (73.92 µA)
is much higher than that in case of CPE (13.12 µA) in-
dicating the enhancement effect of PY as an effective
mediator resulted in a considerable improvement in the
oxidation peak current of MET and thus the modified
electrode showed a catalytic behavior in electrooxida-
tion of MET.

3. 2. Effect of pH

It is important to investigate the effect of pH on
voltammetric behavior of MET at PYCPE over a wide
interval of pH (Britton-Robinson buffers, pH 2–9) (Fig.
5A). It is concluded from the figure that the maximum
peak current value was obtained at pH 2.0 and after this
value the anodic current decreased as the pH value in-
creased (Fig. 5B) suggesting the decrease in the elec-
trocatalytic activity of PYCPE. Therefore, pH 2.0 was
chosen as the optimum pH value for determination of

MET. Fig. 5C showed that the pH of the solution had a
significant influence on the anodic peak potentials of
the oxidation of MET, i.e. the anodic peak potentials
shifted negatively (decreased) with the increase of the
solution pH indicating that the electrocatalytic oxida-
tion of MET at PYCPE was pH dependent reaction and
that protons had taken part in their electrode reaction
processes. 

3. 3. Effect of PY Content

Fig. 6 showed the cyclic voltammograms of MET in
BR buffer of pH 2.0 by using PYCPE containing different
amounts of PY. From the figure it was noted that the ano-
dic peak current increased as the content of PY in the car-
bon paste increases up to 4% then the anodic current de-
creased, thus the best results were obtained at 66:30:4
(w/w %) ratio of graphite powder, paraffin oil and PY, res-
pectively.

Figure 3: Cyclic voltammograms of 1.0 × 10–3 mol/L MET solution

in BR buffer (pH 2.0) at CPE and PYCPE. Scan rate of 100 mV/s.

Figure 5: Cyclic voltammograms of 1.0 × 10–3 mol/L MET at PY-

CPE in BR buffers (2.0–9.0) (A). Relation between anodic peak cur-

rent of 1.0 × 10–3 mol/L MET and pH (B) and inset: Relation bet-

ween anodic peak potentials (C) of 1.0 × 10–3 mol/L MET and pH.

Figure 4: Suggested oxidation mechanism of MET.

a)

b)
c)
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3. 4. Effect of Scan Rate 

The effect of different scan rates (ranging from 10 to
250 mV/s) on the oxidation peak current response (I) of
MET (1.0 × 10–3 mol/L) at PYCPE in BR buffer (pH 2.0)
was studied and a plot of I versus the square root of the
scan rate (ν1/2) gave a straight line relationship, which ex-
pressed by the linear regression equation of I (µA) = 8.09
ν1/2 (mV/s) – 8.49, with a correlation coefficient of 0.999.
(Fig. 7). This revealed that the linearity of the relationship
was realized up to a scan rate of 150 mV/s followed by a
deviation from linearity with further increase of the scan
rate. This indicated that the charge transfer was under dif-
fusion control partially and that the adsorption of aggrega-
tes at the electrode surface was also possible. In Fig. 8 a
linear relationship was observed between log I and log ν

over the scan range from 10 to 250 mV/s and corres-
ponded to the following equation: log I = 0.632 + 0.615
log ν, with a correlation coefficient of 0.999, The slope of
0.615 suggesting that the oxidation reaction of the analyte
species took place at the electrode surface under the diffu-
sion of the molecules from solution to the electrode surfa-
ce with some adsorption character.45

3. 5. Effect of Accumulation Time

The effect of accumulation time (Tacc) on the anodic
peak current of 1.0 × 10–3 mol/L MET solution was stu-
died at PYCPE in BR buffer of pH 2.0 at open circuit
condition. The results were shown in Fig. 9. From the fi-
gure we note that the anodic peak current increased with
accumulation time up to 50 sec, after this value, the cur-
rent value gradually decreased as the time increased then

Figure 6: Cyclic voltammograms of 1.0 × 10–3 mol/L MET solu-

tion in BR buffer of pH 2.0 at PYCPE of different contents of PY.

Scan rate of 100 mV/s. The inset: plot of the anodic peak current

values versus PY content.

Figure 8: Anodic peak current response of 1.0 × 10–3 mol/L MET

solution at PYCPE as a function of scan rate (ν) in BR Buffer of p-

H 2.0.

Figure 7: Cyclic voltammograms of 1.0 × 10–3 mol/L MET at PY-

CPE in BR buffer of pH 2.0 at: 10, 25, 50, 75, 100, 150, 200 and

250 mV/s. The inset: plot of the anodic peak current values versus

square root of scan rate (ν1/2).

Figure 9: Anodic peak current of 1.0 × 10–3 mol/L MET solution at

PYCPE as a function of accumulation time in BR Buffer of pH 2.0.

The inset: plot of the anodic peak current values versus accumula-

tion time.
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the anodic current reached a steady state indicating that
the surface of the working electrode was saturated with
drug. Hence, 50 sec was chosen as the optimum accumu-
lation time.

3. 6. Determination of MET in Bulk

On the basis of the electrochemical oxidation of
MET at PYCPE, analytical method was developed using
DPV for the determination of MET in the bulk. A linear
response was obtained in the range from 8.0 × 10–7 to 6.0
× 10–6 mol/L. The calibration plot (Fig. 10) was described
by the following equation: I (µA) = 3.608 C (µM) +
0.361, r2 (Correlation coefficient) = 0.999. The limits of
detection (LOD) and quantification (LOQ) were calcula-
ted by using the following equations: LOD = 3 SD/m and
LOQ = 10 SD/m, where “SD” is the standard deviation of
the intercept of the calibration curve and “m” is the slope
of the calibration curve.46 The LOD and LOQ were 6.63 ×
10–8 mol/L and 2.21 × 10–7 mol/L, respectively. 

Accuracy and precision of the proposed method we-
re determined by replicate analyses of four different con-
centrations of MET (8.0 × 10–7, 2.4 × 10–6, 3.2 × 10–6 and
4.8 × 10–6 mol/L). The recovery was found in the range
from 99.38% to 101.15% and the relative standard devia-
tion (RSD) was in the range from 1.38% to 2.13%. 

The repeatability of the proposed voltammetric pro-
cedure was assessed on the basis of seven measurements
of 2.4 × 10–6 mol/L MET solution, the RSD was found to
be 1.93% indicating excellent reproducibility of the used
method. 

Robustness was carried out using 3.2 × 10–6 mol/L
MET by varying three parameters (deliberate change)
from the optimum conditions of the method like pH (2.0 ±
0.2), accumulation time (50 ± 3 sec) and PY content (4.0
± 0.1%, w/w). The RSD values were 0.788, 0.643 and
0.958, respectively. Thus, the developed method was ro-
bust and not affected by deliberate changes in the parame-
ters of the proposed method.

The proposed DPV method is more sensitive than
potentiometric method (1.0 × 10–6–1.0 × 10–2 mol/L),7

spectrophotometric methods: (6.038 × 10–6–7.25 × 10–5

mol/L),10 (12.08 × 10–6–7.25 × 10–5 mol/L),12 (2.41 ×
10–5–1.57 × 10–4 mol/L),14 (6.03 × 10–6–6.03 × 10–5

mol/L),16 (4.83 × 10–5–1.08 × 10–4 mol/L)17 and (9.99 ×
10–6–4.40 × 10–4 mol/L),19 conductometric method (1.7 ×
10–3–20.5 × 10–3 mol/L),22 voltammetric methods: (7.0 ×
10–4–6.0 × 10–3 mol/L),23 (4.0 × 10–6–6.3 × 10–5 mol/L)25

and (9.0 × 10–7–5.0 × 10–5 mol/L)28 and chromatographic
methods: (9.057 × 10–5–2.71 × 10–4 mol/L),31 (15.09 ×
10–5–48.29 × 10–4 mol/L)36 and (15.09 × 10–6–12.08 × 10–5

mol/L).38

3. 7. Determination of MET in Cidophage
Tablets 
The proposed voltammetric method was success-

fully applied to determine MET in its dosage form (Ci-
dophage tablets) in the same linear range of the pure
drug with mean recovery of 99.93% and mean relative
standard deviation of 1.61% indicating that there was no
interference from some common excipients used in
pharmaceutical preparations. The results obtained were
compared with those of the official potentiometric titra-
tion method with mean recovery of 99.78% and mean
relative standard deviation of 1.97%.47 Student’s t-test
(for accuracy) and the variance ratio F-test (for preci-
sion) in Table 1 showed that t and F values were smaller
than the critical values, thus there was no any signifi-
cant differences between the proposed voltammetric
method and the official method with respect to accuracy
and precision.

Figure 10: The effect of changing the concentration of MET, using

differential pulse mode at PYCPE in BR buffer (pH 2.0), Tacc = 50

sec and scan rate of 20 mV/s. The inset: the relation between MET

concentration and the current responses.

Table 1: Determination of MET in Cidophage tablets compared with the official method.47

Claimed Official method47 DPV method
(mg/tab) Recovery (%) ± RSD (%), (n=5) Recovery (%) ± RSD (%), (n=5)

99.15 ± 1.82 100.75 ± 1.45

500 F-test 1.95

t-test 0.88

Tabulated F and t values at 95% confidence level = 6.39 and 2.776, respectively.46
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The used DPV method is more sensitive than capil-
lary electrophoresis method (12.08 × 10–4–12.08 × 10–3

mol/L),4 potentiometric methods: (1.0 × 10–6–1.0 × 10–1

mol/L) 8 and (1.0 × 10–5–1.0 × 10–1 mol/L),9 spectrofluori-
metric method (12.08 × 10–5–6.03 × 10–3 mol/L),9 spectrop-
hotometric methods: (12.08 × 10–5–6.03 × 10–3 mol/L),9

(12.08 × 10–6–7.25 × 10–5 mol/L),11 (6.03 × 10–6–9.66 ×
10–5 mol/L)15 and (12.08 × 10–6–6.03 × 10–5 mol/L)18 and
chromatographic method (15.09 × 10–6–12.08 × 10–5

mol/L).32 

3. 8. Determination of MET in Spiked Urine

The applicability of the proposed DPV method
for the determination of MET in spiked human urine
was investigated. Figure 11 illustrated the differential
pulse voltammograms for different concentrations of
MET in urine samples. The linearity range was 1.6 ×
10–6–5.6 × 10–6 mol/L with mean recovery of 100.73%
and mean relative standard deviation of 1.84%. The
LOD and LOQ were 9.14 × 10–8 mol/L and 3.05 × 10–7

mol/L, respectively. 
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Povzetek
S ciklovoltametrijo in diferencialno pulzno voltametrijo smo raziskovali elektrooksidativno obna{anje in dolo~anje an-

tihiperglikemika metforminijevega hidroklorida, za kar smo uporabili s pirogalolom modificirano elektrodo iz ogljikove

paste. Ugotovili smo, da gre v {irokem intervalu pH (Britton Robinsonov pufer, pH 2–9) za ireverzibilno oksidacijo

analita. Zveza med merjenim maksimalnim tokom in koncentracijo analita je linearna v obmo~ju koncentracij med 8,0

× 10–7 in 6,0 × 10–6 mol/L, meja zaznave je 6,63 × 10–8 mol/L, meja dolo~itve pa 2,21 × 10–7 mol/L. Metoda je bila

uporabljena za dolo~itev metforminijevega hidroklorida v farmacevtskih oblikah in v urinu.


