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bstract

The catalytic effect of Cu(II) ion toward the oxidation of metformine (MET) have been observed in NH3·H2O–NH4Cl buffer (pH 8.9; 0.1 M).
he oxidation peak current of imino-group in guanidino-group of MET at 0.95 V at carbon paste electrode (C/PE) in the presence of 2.0 × 10−4 M
u(II) ion was increased by about 20 times and the peak potential was unchanged compared with that in the absence of Cu(II) ion. Moreover, the

xidation peak current of MET at multiwalled carbon nanotube paste electrode (MWCNT/PE) was further increased by about three times compared
ith that at C/PE in the same medium. Based on the catalytic oxidation peak of MET by Cu(II) ion at MWCNT/PE, a voltammetric method for

he determination of MET is developed. The peak current of the catalytic oxidation peak was proportional to MET concentration in the range of
.0 × 10−7 to 1.0 × 10−5 M. The detection limit was 6.7 × 10−8 M.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Metformin (MET) is one of most commonly prescribed med-
cations for type II diabetes. It is the drug of choice in obese
iabetic patients [1]. Multiple pharmacological mechanisms of
ET have been studied. On the one hand, through activation of

yrosine kinases and AMP-activated protein kinase, MET leads
nto an increase in cellular glucose transport and a decrease in
epatic glucose production, cholesterol and triglyceride synthe-
is [2–6]. On the other hand, MET can combine with many
ransition metal ions and these coordination compounds can
mprove or change its pharmacological function and biochem-
cal process [7–12]. For instance, the complexes of MET with
ndogenous metals, Zn2+, Cu2+, Fe3+ and others, can inhibit
ysteine proteases, and oxovanadium (IV)-MET coordination
ompounds is used as insulin-enhancing agents from a syner-

istic action.

In this work, the catalytic action of Cu(II) ion toward the oxi-
ation of MET at carbon paste electrode (C/PE) was studied,

∗ Corresponding author. Tel.: +86 29 8830 3448; fax: +86 29 8830 3448.
E-mail address: songjunf@nwu.edu.cn (J.-F. Song).
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nd a voltammetric method for the determination of MET using
ultiwalled carbon nanotube paste electrode (MWCNT/PE) is

roposed, and is applied to MET determination in pharmaceu-
ical formulations.

. Experimental

.1. Reagents and apparatus

A 1.0 × 10−2 M stock standard aqueous solution of met-
ormin hydrochloride (purity >98.9%, Shandong Keyuan
harmaceutical, China) was prepared and stored under refriger-
tion at 4 ◦C. Working standard solutions of MET were prepared
y diluting the stock solution with water before use. Multiwalled
arbon nanotubes (MWCNT, purity ≥95%, 10–20 nm diameter,
–15 �m length, Shenzhen Nanotech Port, China) were fur-
her purified by stirring in 2 M nitric acid for 20 h in order to
emove metal ions which maybe present [13]. Graphite powder
as of chemical pure grade (Beijing Chemical Reagent Fac-
ory, China). Silicon oil was of chromatographic pure grade
Chengdu Chemical Reagent Factory, China). All chemicals
sed were of analytical reagent grade. Twice-distilled water was
sed throughout.

mailto:songjunf@nwu.edu.cn
dx.doi.org/10.1016/j.jpba.2007.04.014
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A CHI 660 electrochemical workstation (CH Instrument Inc.,
SA) and a JP-303 polarographic analyzer (Chendu Instrument
actory, China) were used for voltammetric study and measure-
ents. A three-electrode set-up was equipped with homemade
/PE or MWCNT/PE working electrode, a saturated calomel

eference electrode (SCE) and a platinum-wire counter elec-
rode. All the potentials quoted in this work were relative to the
CE. UV-2550 UV–vis spectrophotometry (Shimadzu Corpo-
ation Assembled, China) were used for the spectrophotometric
etermination of MET content in the samples. All the measure-
ents were performed at room temperature.

.2. Preparation and activation of the working electrodes

Preparation of C/PE and MWCNT/PE: the C/PE was pre-
ared by thorough mixing graphite powder and silicon oil in a
atio of 5:2 (w/w) in a mortar. A portion of the resulting paste
as packed firmly into a plastic tube (� 3 mm), in which a

opper wire was inserted to produce the electrical connection.
he MWCNT/PE was prepared in similar manner by mixing
WCNT powder and silicon oil in a ratio of 3:2 (w/w).
Activation of the C/PE and MWCNT/PE: to obtain a more

ensitive and stable voltammetric responds, the working elec-
rodes were activated by cyclically scanning in the potential
ange of −0.2 to 1.2 V at 0.1 V s−1 for 16 times until a stable
ackground current was obtained.

.3. Procedure

NH3·H2O–NH4Cl (pH 8.9; 0.1 M; 10 mL) buffer containing
.0 × 10−4 M Cu(II) ion and appropriate amount of MET was
ransferred into a voltammetric cell, and the second-order deriva-
ive linear sweep voltammogram was recorded by applying an

node-going potential scan from 0.6 to 1.2 V at 0.1 V s−1 and the
econd-order derivative peak current of the catalytic oxidation
eak of MET at 0.95 V was measured. The calibration curve was
btained by plotting the second-order derivative peak current
ersus MET concentration. Cyclic voltammetry was conducted
n the same medium.

After each measurement, the C/PE and MWCNT/PE were
leaned in NH3·H2O–NH4Cl (pH 8.9; 0.1 M) buffer by potential
inearly scanning from 0.6 to 1.2 V until a stable background

urrent was obtained to remove the residuary MET and Cu(II)
on, the electrodes were then used to the next measurement after
ashing with water. If necessary, the electrode surfaces were

enewed by cutting a part of the graphite or multiwalled carbon
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anotubes paste (a thickness of 2–3 mm), then polishing and
ashing with water.

.4. Analysis of drug samples

Ten tablets of metformin hydrochloride tablets (Shenzhen
honglian Pharmaceutical Co. Ltd., China) were weighed and
owdered in a mortar. A portion of the powder was accurately
eighed and dissolved into 100 mL volumetric flask using water.
he sample solution was stored under refrigerator at 4 ◦C until

t became clear. The supernatant liquid of the sample solution
as properly diluted with water to obtain suitable final con-

entrations of MET. The determination of MET in the obtained
amples were performed according to the experimental proce-
ure described above. The MET content of the samples was
alculated according to the calibration curve.

. Results and discussion

.1. Voltammetric behavior of MET in the presence of
u(II) ion at C/PE

Cyclic voltammograms of MET in NH3·H2O–NH4Cl buffer
pH 8.9; 0.1 M) at C/PE was shown in Fig. 1 by curve a. Over
he potential range of −0.2–1.2 V, MET exhibited two pairs of
edox peaks P1 and P2, respectively. The oxidation peak Pa1
ppeared at 0.95 V, the corresponding reduction peak Pc1 did
t 0.81 V. And the oxidation peak Pa2 appeared at 0.18 V, the
orresponding reduction peak Pc2 did at 0.17 V. From this, the
oltammetric behavior of MET at C/PE in this work was similar
o that at the paste electrode prepared from molecular wires
ontaining copper(II) and multiwalled carbon nanotubes in pH
.2 Britton–Robinson buffer reported in our previous work [14].
he electrode process for MET can be described as:

The electrochemical oxidation of an imino-group in
uanidino-group to a N-hydroxy imino-group produced the oxi-
ation peak Pa1. Then most of the N-hydroxy imino-group fast
ydrolyzed to a carbonyl imino-group, the reduction of the resid-
ary N-hydroxy imino-group after hydrolyzing produced the
eduction peak Pc1. Reversible redox reaction of the carbonyl
mino-group produced the pair of the peak P2.

The experiments showed that the peak current of the oxida-
ion peak Pa1 at 0.95 V was obviously increased and the peak
otential was unchanged when Cu(II) ion was present. Cyclic

oltammograms of MET in NH3·H2O–NH4Cl buffer (pH 8.9;
.1 M) containing 2.0 × 10−4 M Cu(II) ion at C/PE was shown in
ig. 1 by curve b. A pair of reversible redox peaks of Cu(II)/Cu(0)
ouple appeared at about 0 V and overlaped the peaks Pa2 and
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ig. 1. Cyclic voltammograms of 9.0 × 10 M MET at C/PE in NH3–NH4Cl
uffer (pH 8.9; 0.1 M) in the absence (curve a) and the presence (curve b) of
.0 × 10−4 M Cu (II). Scan rate v, 0.1 V s−1.

c2 of MET. On anodic scan, the peak potential of the oxidation
eak Pa1 was unchanged at 0.95 V, but the peak current of the
xidation peak Pa1 at 0.95 V was about 20 times higher than
hat in the absence of Cu(II) ion. Moreover, the peak current
ncreased gradually with Cu(II) ion concentration increasing
rom 6.0 × 10−6 to 4.0 × 10−4 M. The ratio iPa1,1/iPa1 of the
eak current iPa1,1 of the enhanced oxidation peak Pa1,l to the
eak current iPa1 of the corresponding oxidation peak Pa1 had
linear relationship with the square root of Cu(II) ion concen-

ration in the range mentioned above, iPa1,1/iPa1 = 0.4473 +
.9012(CCu(II)/�M)1/2(r = 0.9901, n = 6). The peak current
f the enhanced oxidation peak Pa1,l increased with potential
can rate v increasing. According to Randles–Sevcik equa-
ion, iPa = 2.69 × 105n3/2ACRD

1/2
o v1/2, the current function

Pv−1/2 was defined [15]. As shown in Fig. 3, the current func-
ion iPa1,1v

−1/2 of the enhanced oxidation peak Pa1,l decreased
harply with the potential scan rate v increasing from 0.05 to
.20 V s−1, then leveled off in the range of 0.20–0.50 V s−1

curve b). Differing from the case in the presence of Cu(II)
on, the current function iPv−1/2 of the corresponding oxidation
eak remained nearly unchanged in the range of 0.05–0.50 V s−1

curve a). The features indicated that the enhanced oxidation
eak was a parallel catalytic one (Fig. 2).

According to catalytic current theory in electrochemistry, the
ncrease of the oxidation peak current of MET arouse from the
eduction of the oxidation product N-hydroxyl imino-group of
n imino-group in guanidino-group to reproduce the original
mino-group by some substance as reducing agent. Evidently,
u(II) ion cannot act as reducing agent because the low redox

eaction potential of Cu (II)/Cu(0) couple. When ascorbic acid
nd H2O2 were added, respectively, the peak current of the cat-
lytic oxidation peak Pa1,l was nearly unchanged. When the
helating agent EDTA was added, the peak current obviously

ecreased with the concentration of EDTA increasing. Addi-
ionally, when organic solvent DMF was added to decrease H2O
ontent, the peak current also decreased with increasing the con-
ent of DMF. From these results, it was deduced that the catalytic

b
w
m
1

ig. 2. Current function iPv−1/2 of 1.0 × 10−4 M MET in NH3–NH4Cl buffer
pH 8.9; 0.1 M) in the absence (curve a) and the presence (curve b) of
.0 × 10−4 M Cu (II).

xidation current of MET in MET–Cu(II) system was caused by
n unknown Cu(II)-containing species that may be a Cu(II)-oxo
oordination compound of Cu(II) ion with active oxygen species
uch as superoxide anion and hydroxyl radical from H2O oxida-
ion [16–21]. Although the unknown Cu(II)-containing species
ould not be described clearly, it acted as reducing agent to
educe the oxidization product N-hydroxyl imino-group to the
riginal imino-group, forming the catalyzed cycle, which led to
significant increase of the oxidation peak current of MET.

.2. Voltammetric determination of MET

Carbon nanotubes (CNT) had an advantageous over graphite
r carbon power in analytical sensitivity and selectivity when
NT used as an electrode material for a wide range of
iologically significant species. Voltammetric behaviors of
ET in NH3·H2O–NH4Cl buffer (pH 8.9; 0.1 M) containing

.0 × 10−4 M Cu(II) ion at C/PE and MWCNT/PE with the
ame surface area were the same, but the peak current of the
atalytic oxidation peak Pa1,l at MWCNT/PE was about three
imes higher than that at C/PE (Fig. 3), which was due to the large
fficient surface area of MWCNT/PE from the surface effect of
he used MWCNTs. With the more sensitive catalytic oxida-
ion peak Pa1,l at MWCNT/PE, a voltammetric method for the
etermination of MET is proposed.

Linear sweep voltammetry allowed more quickly analyt-
cal speed than different pulse and square-wave one. And
ecause the catalytic oxidation peak Pa1,l was very close to
he background current from the oxidation of H2O, second-
rder derivative linear sweep voltammogramm was recorded to
mprove resolving power. The medium conditions were opti-

ized. The result showed that the peak current of the catalytic
xidation peak Pa1,l in NH3·H2O–NH4Cl buffer was more sen-
itive than that in HAc–NaAc, Britton–Robinson, phosphate,

uffers. When pH was between 8.6 and 9.1, the peak current
as maximum and almost constant. The peak potential EPa1,1

oved to negative direction with pH increasing from 8.0 to
0.1, and the regression equation obtained was EPa1,1 (V) =
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Table 1
Mean recovery (R%), precision (R.S.D.%) and accuracy (R.E.%) for assaying
three concentration levels of MET by the proposed method, n = 5

CMET/10−6 mol L−1 0.8 2.0 7.0

Intra-day
R% 98.8 103 103.1
R.E.% −1.3 2.8 3.1
R.S.D.% 4.1 4.2 3.9

Inter-day
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ig. 3. Cyclic voltammograms of 9.0 × 10−4 M MET at C/PE (curve a) and
WCNT/PE (curve b) in NH3–NH4Cl buffer (pH 8.9; 0.1 M) containing

.0 × 10−4 M Cu (II). Scan rate v, 0.1 V s−1.

.50 − 0.068 pH(r = 0.994). As mentioned above, the peak cur-
ent increased with Cu(II) ion concentration increasing from
.0 × 10−6 to 4.0 × 10−4 M. But the excessive Cu(II) ion con-
entration made it difficult to renewal the electrode surface.
herefore, NH3·H2O–NH4Cl (pH 8.9; 0.1 M) buffer contain-

ng 2.0 × 10−4 M Cu(II) ion was used as supporting electrolyte
n this work.

. Evaluation of the proposed method

.1. Calibration plot for MET

Under the optimum conditions mentioned above, second-
rder derivative linear sweep voltammogramm was recorded
y use of linear sweep voltammetry. The second-order deriva-
ive peak current i′′Pa1,l

of the catalytic oxidation peak Pa1,l
as measured. The peak current increased linearly with MET

oncentrations in the range of 2.0 × 10−7 to 1.0 × 10−5 M.
our calibration curves were obtained independently, the lin-
ar regression equation was i′′Pa1,1

(�A s−2) = 0.01 ± 0.036 +
.016 ± 0.032C(�M)(r = 0.998). The detection limit was
.7 × 10−8 M and the quantitation limit was 2.1 × 10−7 M,
hich was calculated from the calibration curves as 3s1/m and
0s1/m, respectively, where s1 was the standard deviation of the
ntercept and m was the slope. The detection limit was improved
ne order in magnitude in comparison with that reported in our
revious work [14].

.2. Precision, accuracy and repeatability

In order to evaluate the precision, accuracy and repeatabil-
ty of the proposed method, three concentration levels of MET
ere measured by five independent measurements over 1 day
Intra-day assay) and for 3 days over a period of 1 week (Inter-
ay assay), respectively. The results and statistical parameters
ere summarized in Table 1. At the same time, 5.0 × 10−6 M
ET was determined eight times in succession by use of the

i
f
1
a

R% 102.5 96 97.9
R.E.% 2.5 −3.8 −2.1
R.S.D.% 3.4 4.5 4.3

ame MWCNT/PE and the relative standard deviation was 4.1%.
hen the same determination was performed by using six
WCNT/PEs with the same surface area, the relative standard

eviation was 3.7%. These results revealed that the precision,
ccuracy and repeatability of the proposed method were good.

.3. Robustness

The experimental conditions of the proposed method were
oose, and allowed small variations. When the pH was in the
ange of 8.6–9.1 and the concentration of Cu(II) ion was in the
ange of 1.8 × 10−6 to 2.2 × 10−6 M, the obtained mean recov-
ries by assaying 2.0 × 10−6 M MET were not significantly
ffected. Thus, the proposed method was considered robust.

.4. Interference study

For possible analytical application of the method, the
ffects of some common interferences on the determination
f 8.0 × 10−6 M MET was examined. The tolerable limit was
efined as the interferences concentration, and the peak current
ave an error less than ±5.0%. The result showed that when a
00-fold sucrose and glucose, a 100-fold l-serine, ascorbic acid,
opamine and a 80-fold urea were present in the synthetic mix-
ure, the average recovery in the determination of MET was
01.3%. From the results, the selectivity of the method was
cceptable.

.5. Analytical application

The proposed method was applied to the determination
f MET in metformin hydrochloride tablets. The obtained
esult by the proposed method and official UV spectrophoto-
etric method (233 nm) [22] was 98.8 ± 3.5 and 99.3 ± 2.9

R% ± R.S.D.), respectively. At the same time, F-test and t-test
ere conducted and the calculated values were 3.78 and 1.71,
hich were less than the theoretical ones (obtained at 95% con-
dence limit, n1 = 5, n2 = 5) of 5.05 and 2.07, respectively. These

ndicated that there were no significant differences between the
roposed and UV spectrophotometric methods. Recovery exper-

ments were carried out by use of standard addition method
or metformin hydrochloride tablets, the average recovery was
01.8%. These results indicated that the proposed method were
vailable.
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. Conclusion

The catalytic oxidation peak of MET in the presence of
u(II) ion was studied, which was attributed to that an unknown
u(II)-containing species as reducing agent reduced the oxidiza-

ion product N-hydroxyl imino-group of MET to the original
mino-group, forming the catalyzed cycle. In addition, a more
ensitive voltammetric method for the determination of MET
sing MWCNT/PE was proposed and could be applied to anal-
sis MET in pharmaceutical formulations.
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