Journal of Pharmaceutical and Biomedical Analysis 53 (2010) 1254-1257

Contents lists available at ScienceDirect

Journal of Pharmaceutical and Biomedical Analysis

journal homepage: www.elsevier.com/locate/jpba

Development and validation of a stability indicating capillary electrophoresis
method for the determination of metformin hydrochloride in tablets

LI. Hamdan®*, A.K. Bani Jaber®?, A.M. Abushoffa¢

a Department of Pharmaceutical Sciences, Faculty of Pharmacy, University of Jordan, Amman, Jordan
b Department of Pharmaceutics, Faculty of Pharmacy, University of Jordan, Amman, Jordan
¢ Department of Pharmaceutical Chemistry, Faculty of Pharmacy, University of Al Fateh, Tripoli, Libya

ARTICLE INFO

Article history:

Received 6 January 2010

Received in revised form 10 March 2010
Accepted 13 March 2010

Available online 19 March 2010

Keywords:

Metfromin HCI
Optimization

Validation

Stability indicating
Capillary electrophoresis

ABSTRACT

A simple and a stability indicating capillary electrophoresis method was developed and validated for the
analysis of metformin hydrochloride in tablet formulation. The method employed 40 mM citrate buffer
at pH 6.7 as a background electrolyte with an applied voltage of 15KkV (positive polarity). The capillary
used was of 68.5 cm length (60 cm to detector) and the detection wavelength was 230 nm. The method
was validated in accordance with the ICH requirements, which involved accuracy, precision, linearity,
selectivity and both limit of detection and limit of quantitation. The current method was linear over the
concentration range of 0.2-2.0 mg/ml of metformin hydrochloride. The method was precise as reflected
by inter-day and intra-day relative standard deviation (RSD) of less than 2%. The limit of detection and
limit of quantitation were 2.0 pg/ml and 8.0 pg/ml, respectively. The stability indicating capability of the
method was established by enforced degradation studies combined with peak purity assessment using
photodiode array detection.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Metformin hydrochloride (MF), 1,1-dimethylbiguanide hydro-
chloride (Fig. 1) [1] is a biguanide hypoglycaemic agent commonly
used for the treatment of type II diabetes [2]. Although MF was
developed decades a go it remains wildly used for the treatment
of diabetes either alone or in combination with other drugs. From
the analytical point of view several methods for its determination
in dosage form and biological fluids have been reported [3-11]. A
method for determination of MFHCI in dried blood spots has also
been reported using HPLC with UV detection [12]. HPLC methods
have been reported for the determination of the drug in its tablet
dosage form [13,14]. Near infrared spectroscopic technique has also
been employed for the determination of MFHCl in dosage form [15].

However, none of the reported methods for the determina-
tion of MFHCI was shown to be a stability indicating. Therefore,
it was necessary to develop a stability indicating method, for this
important compound, that can be employed in stability studies and
routine quality control of its preparations. Due to the high polar-
ity of the drug, it has no sufficient retention on RP-HPLC columns
and consequently efficient separation from potential degradation
products might not be anticipated [16]. Many of the reported meth-
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ods for the analysis of MFHCI employed a normal phase mode or a
cyano column to enhance retention of the compound [4,5,9,11,17].
Recently, a normal phase silica column was employed to sepa-
rate MFHCI from one of its degradation products [18]. Some of
the other reported methods have employed the more common
reversed phase columns (C18), but these were successful, only
because nearly all of them employed MS detectors, where retention
and separation are not a must [3,6,10].

In efforts to enhance retention and subsequent separation effi-
ciency of MFHCI, ion pairing agents such as camphor sulfonic acid
have been employed, but only minor improvement in retention
was obtained [8,14]. Other approaches that have been reported
in attempts to improve retention included derivatization with p-
nitrobenzoyl chloride [19].

A capillary electrophoresis method was reported for the analy-
sis of MFHCl in tablets. The method focused on the detection limit
(sensitivity) of the method but it was not systematically developed
to have a proven stability indicating power [20]. In this study we
report a capillary electrophoresis method systematically optimized
and validated in light of the current ICH guidelines [21] with a
proven stability indicating capabilities.

2. Experimental

MF was obtained from ACDIMA Bio-centre (Amman, Jordan)
and was certified to have a purity of 99.8%. Citric acid, boric
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Fig. 1. Structure of metformine HCIL.

acid and sodium borate were purchased from Sigma (Sigma, St.
Louis, USA). HPLC grade acetonitrile and methanol were purchased
from Merck (Darmstadt, Germany). Commercial metformin tablets:
Glucophage® (Merck sante, France) with the batch number 104326,
was obtained from pharmacy shops in the Jordanian market.

Agilent 1000 CE system (Agilent Technologies, Waldbronn, Ger-
many) equipped with a diode array detector was employed. CE
chemstation® software was used for instrument control, data
acquisition and data analysis. Fused silica capillaries (50 pum 1.D.)
were obtained from Composite Metal (UK) and cut to an effective
length of 60 cm (total length 68.5cm). The pH values of the run-
ning buffer solutions were adjusted using Mettler Toledo pH meter
to within +0.02. The electrolyte solution was prepared and filtered
daily.

Samples were injected hydro-dynamically for 10 s at 10 mbar for
all experiments. The finally recommended conditions employed a
voltage of 15KkV (positive polarity) with a background electrolyte
(BGE) consisted of a citrate buffer (40 mM) with the pH value
adjusted to 6.7.

2.1. Method

New capillaries were flushed for 1 h with 1M sodium hydrox-
ide. Between injections, the capillary was conditioned with 0.1 M
sodium hydroxide (1 min) followed by the background electrolyte
(BGE) for 2 min. The BGE were prepared by dissolving the correct
amount of boric acid or citric acid in 800 ml of double distilled
water, titrating with 1M NaOH, to the required value of pH and
completing the volume to 1 1. BGE so prepared were filtered through
0.45 pm membrane filters.

2.2. Preparation of standard solutions and samples

Stock solutions of MFHCI (10 mg/ml) were prepared by dissolv-
ing 200 mg of MFHCI with distilled water in 20 ml volumetric flask
and completing the volume properly. Separate aliquots (0.5, 1, 2,
2.5, 4 and 5ml) of stock solution were transformed to a 25ml
volumetric flask and diluted with distilled water to make concen-
trations: 0.2, 0.4, 0.8, 1, 1.6 and 2 mg/ml, respectively.

Tablets containing 500 mg of MFHCI were accurately weighed
and crushed to fine powder. An appropriate amount of the crushed
powder equivalent to 100 mg was transferred into 100 ml volumet-
ric flask, diluted to volume with water and sonicated for 10 min,
obtaining a final concentration of 1.0 mg/ml of MFHCI. The solution
was filtered through 0.45 pm membrane filters and an appropriate
portion was placed in a CE vial.

2.2.1. Linear range, accuracy, precision and sensitivity

The peak area for MFHCI was plotted against concentration to
construct calibration curves (6 concentration points). The method
of least square was employed to examine linearity of the curve.
Five curves were constructed and the average values for intercepts,
slopes and correlation coefficients were reported. Both intra-day
and inter-day precisions were determined employing solutions
prepared from Glucophage® tablets as described in Section 2.3.

The final filtrate was properly diluted to contain lowest, interme-
diate and highest concentrations (0.2, 1.0 and 2.0 mg/ml) on the
calibration curve. Six separate solutions were prepared at each
concentration level and electropherograms obtained within the
same day to assess the intra-day, and over a period of 3 days
(1-2injections/day) to assess the inter-day precision. Detection
limit and quantification limit were taken as the concentrations at
which the peak responses were 3 and 15 times the average noise
level, respectively.

2.2.2. Selectivity and forced degradation studies

Selectivity and forced degradation studies were assessed
according to guidance of ICH by subjecting a sample of stan-
dard MFHCI solution to forced degradation using neutral (distilled
water), acidic (0.1 M HCl), basic (0.1 M NaOH), oxidative (10% H,0;)
and photolytic media (exposure for UV light at 254 nm for 24 h).
Neutral, acidic, basic and oxidative solutions were refluxed at 80°C
for 6h. The peak purity of MFHCI in the obtained electrophero-
grams was assessed with the aid of the photodiode array detector.
Potential interference from tablet additives was assessed by sub-
jecting commercially available tablets to analysis and subsequent
proof of peak purity. In addition some of the commonly used tablet
additives such as starch, lactose, magnesium stearate, sucrose and
carboxymethyl cellulose were examined for potential interference
with MFHCI peak. 200 mg of each additive were subjected to extrac-
tion, as described in Section 2.3, and injected onto capillary under
the same conditions.

2.3. Application of the optimized method to commercial samples
(Glucophage®)

Commercially available tablets containing 500 mg MFHCl/tablet
(Glucophage®) were subjected to analysis using the proposed CE
method. Briefly, a quantity of the powdered tablets containing 0.1 g
of MFHCI was shaken for15 min with 70 ml of water then diluted
to 100 ml with water. The solution was filtered using normal fil-
ter paper disregarding the first 20ml. 10 ml of the filtrate was
diluted to 50 ml using the running electrophoresis buffer (citrate).
The solution was then filtered through 0.45 wm membrane filter
and injected into the CE system.

3. Results and discussion

From preliminary degradation studies of MFHCI, the com-
pound appeared very stable but degraded mostly in NaOH. Because
degradation in NaOH produced largest number of new peaks, the
sample degraded in NaOH was employed for further optimization
of the method. Through method development, the most critical
separation was observed between MFHCI and one of the degra-
dation products in the NaOH-degraded sample (relative retention
time=0.91). Therefore, the degree of resolution between MFHCI
and this degradation product was considered through method
development. The first step in method development was to choose
asuitable type and pH of the background electrolyte. The two buffer
systems, citrate and borate, were examined in order to cover a pH
range 4.5-10. All attempts with pH values 8.2-9.7 using borate
buffer at different concentrations (15-60 mM) failed to produce
acceptable peak shape. The peak of MFHCl was distorted with
severe tailing. The use of citrate buffer, on the other hand, at a
concentration of 40 mM and pH value of 4.5-6.7 (at a temper-
ature of 25°C, 9kV) resulted in improvement of peak shape of
MFHCI. The migration time for MFHCI was shown to increase as
the pH decreased (within the range 4.5-6.7) with accompanying
peak broadening. The optimum pH value was taken as pH 6.7 as
it provided the highest efficiency. A potential explanation for the
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obtained efficiency at pH 6.7 could be that, at pH 6.7 the inter-
nal wall of the capillary is sufficiently ionized (unlike at pH 4.5,
pka for silanol groups is ~7.7 [22]) to allow reasonable EOF which
minimizes diffusion and associated peak broadening. On the other
hand at the pH value of 6.7, the internal surface of the capillary is
not sufficiently charged (as is the case at pH 8-10) thus decreasing
potential binding of MFHCI to the internal wall.

The effect of the concentration of citrate was examined in the
range 10-60 mM using a temperature of 25 °C, a voltage of 9 kV and
a pH value of 6.7. The migration time was found to increase slightly
for MFHCI but significantly for other degradants, with increas-
ing buffer concentrations. A compromise between efficiency and
migration time (overall) was chosen at 40 mM.

The effect of temperature was studied in the range 15-30°C. As
would be expected, higher temperature values resulted in sharper
peaks and lower migration times. Therefore, 30°C was chosen as
the optimum temperature value that produced reasonable effi-
ciency and resolution. The effect of voltage was studied in the
range 10-25KkV and the value of 15 kV was chosen as the optimum
because it keeps reasonable separation between the critical pair of
peaks in the degradation solution within a reasonable time. Thus
the finally recommended conditions of the proposed CE method
were 40 mM citrate buffer at pH 6.7, temperature of 30°C at 15kV
(Fig. 2).

3.1. Method validation

3.1.1. Linearity

The linearity was evaluated and established by triplicate anal-
ysis of the standard solutions of MFHCI. The obtained peak areas
were plotted against the corresponding concentration to generate
calibration curves. Good linearity was evident (R%=0.9997) over
the examined concentration range 0.2-2.0 mg/ml. A typical cali-
bration equation was y =485.5x + 6.31 where y is peak area and x is
the concentration of the standard solution expressed in mg/ml.

3.1.2. Precision

The precision of the method, evaluated as the repeatability was
studied by calculating the relative standard deviation (RSD%) of
the peak area for six determinations of solutions prepared from
Glucophage® tablets at lower (0.2), intermediate (1.0), and high
(2.0) concentrations. All determinations were made on the same
day and under the same experimental conditions. The obtained
RSD values were 1.12%, 0.88% and 0.84% for the lowest, interme-
diate and highest concentrations, respectively, which indicate the
acceptable repeatability of the method.

Inter-day precision was assessed by performing six determina-
tions of Glucophage® solutions, prepared as above, over a period
of three days. The obtained RSD values were 1.72, 1.48 and 1.43,
respectively. Generally the obtained RSD values indicate acceptable
level of inter-day and intra-day precision.

3.1.3. Accuracy

According to the ICH guidance and in cases where the tablet
additives (placebo) were not available [21] accuracy could be con-
cluded once precision, linearity and specificity were established.
Thus the proposed method can be concluded accurate based on
that argument. However, additional proof of accuracy was obtained
as follows: (1) for analysis of raw material, accuracy was assessed
by three replicate determinations of three different solutions of
MFHCI containing 0.8, 1.0 and 1.2 mg/ml, corresponding to 80%,
100% or 120% of the analytical concentrations, respectively. The
obtained concentration values when compared to the nominal
values produced accuracies of 100.51, 99.98, and 100.97 for the
concentrations 80%, 100% and 120%, respectively, with an average
RSD value of 0.91%. (2) For the assay of dosage forms, standard

Fig. 2. Representative electropherograms at the finally recommended conditions
(40 mM) citrate, pH value of 6.7 at 30 °C and a voltage of 15 kV for (A) NaOH-degraded
samples of MFHCI, (B) Standard MFHCl solution, (C) HCl-degraded samples of MFHCI,
and (D) H,0,-degraded samples of MFHCI. The main peak in all electropherograms
corresponds to MFHCI and other peaks correspond to unknown degradation prod-
ucts.

addition approach was employed. Tablets of MFHCI were assayed
directly and then after adding fixed amounts of the standard drug to
their powder. The difference between the results obtained for the
directly analyzed samples and the spiked tablet’s powder should
correspond to the amount of the drug added in each case. Recov-
ery values expressed as percentage recovery of the added drug
were 100.1%, 100.5% and 99.9% for added amounts of 20, 40, and
80 mg/100 mg of the expected amount of MFHCI, respectively (n=5,
RSD was less than 1.6%).

Limit of detection was taken as the concentration that produced
aresponse to noise ratio of three which was found to be 1.4 pwg/ml.
LOQ was decided as the concentration that produced a response
to noise ratio of 10 or more and that was found to be 6.0 wg/ml.
At 6.0 pg/ml an RSD value of 1.96 was obtained which ensures the
suitability of this value as LOQ.

3.1.4. Selectivity

Selectivity of the method was established by subjecting samples
of MFHCI standard to degradation in NaOH, HCl, H, O, and UV light.
The degradation solutions were subjected to electrophoresis using
the proposed method. Only the sample subjected to NaOH showed
significant new peaks in their electropherograms (Fig. 2). In all cases



LI Hamdan et al. / Journal of Pharmaceutical and Biomedical Analysis 53 (2010) 1254-1257 1257

Table 1

Results for ruggedness studies.
pH value 6.5 6.7 6.9 6.7 6.7 6.7
Citrate concentration (mM) 40 40 40 38 40 42
Resolution 3.65 3.75 3.81 3.55 3.75 3.64
Precession 1.35 1.31 1.42 1.37 1.31 1.39

the purity of MFHCI was assessed with the aid of PDA detector.
Peak slicing technique with the aid of PDA detector was employed
to check for peak purity. Absorption spectra were obtained at the
upslope, apex and down slope of the MFHCI peaks. In all cases the
three overlaid UV spectra were identical, indicating peak purity,
and consequently the selectivity of the method.

The proposed method was employed for the analysis of the
commercially available MFHCI tablets (Glucophage®). The obtained
overlaid UV spectra for the peaks of MFHCI in the analyzed tablets
were identical indicating the purity of the peak and lack of interfer-
ence from the relevant formulation additives. Moreover, samples
of starch, lactose sucrose, magnesium stearate and carboxymethyl
cellulose when subjected to the proposed method did not show any
peaks that might interfere with that of MFHCI.

3.1.5. Ruggedness

The mostimportant parameters that are likely to be changed and
consequently influence the analytical performance of the method
were the concentration and the pH value of the background buffer.
Other parameters such as the applied voltage and temperature
were actually very well controlled by the machine. Therefore, the
effect of slight changes of buffer concentrations and pH on the per-
formance of the method was studied. The criteria assessed were the
resolution of the critical pair in the NaOH-degraded MFHCI sam-
ples as well as the precision for the peak area for MFHCI. Results
are summarized in Table 1. In general the obtained data suggest a
reasonable robustness of the method.

3.1.6. System suitability test

The most critical separation was observed between MFHCI
and one of the degradants in the NaOH-degraded sample (rel-
ative retention time=0.91). Therefore, resolution between this
degradation and MFHCI was taken as system suitability crite-
ria. The minimum obtained value for resolution of this critical
pair was 3.5 therefore a resolution value of 3.5 could be taken
as the system suitability criteria. In addition, based on preci-
sion studies, the precision of the peak area of MFHCI should be
less than 1.5 for triplicate injections of the standard solution
(1 mg/ml).

4. Conclusion

A stability indicating assay method was successfully developed
for the determination of MFHCI in tablets. The method was shown
to have sufficient linearity, accuracy, precision, sensitivity, selec-
tivity and robustness. MFHCI was shown to be highly stable with
maximum degradation in alkaline solution. The proposed method
was shown to effectively separate MFHCI from its major degra-
dation products obtained under alkaline condition. The method
has the additional advantages of employing aqueous system rather
than the potentially toxic organic solvents, and minimum sample
preparation steps.

Acknowledgment

The authors thank the Deanship of the Academic Research at the
University of Jordan for their support.

References

[1] British Pharmacopeia, Her Majesty’s stationery office, London, UK; 2007.
[2] CJ. Bailey, R.C. Turner, Drug therapy—metformin, N. Engl. J. Med. 334 (1996)
574-579.

[3] H.N. Mistri, A.G. Jangid, P.S. Shrivastav, Liquid chromatography tandem mass

spectrometry method for simultaneous determination of antidiabetic drugs

metformin and glyburide in human plasma, ]. Pharm. Biomed. Anal. 45 (2007)

97-106.

C. Georgita, F. Albu, V. David, AJ. Medvedovici, Simultaneous assay of met-

formin and glibenclamide in human plasma based on extraction-less sample

preparation procedure and LC/(APCI)MS, J. Chromatogr. B: Analyt. Technol.

Biomed. Life Sci. 854 (2007) 211-218.

L. Zhang, Y. Tian, Z. Zhang, Y. Chen, Simultaneous determination of metformin

and rosiglitazone in human plasma by liquid chromatography/tandem mass

spectrometry with electrospray ionization: application to a pharmacokinetic

study, J. Chromatogr. B: Analyt. Technol. Biomed. Life Sci. 854 (2007) 91-98.

M.A. Marques, S. Soares Ade, O.W. Pinto, P.T. Barroso, D.P. Pinto, M. Ferreira-

Filho, E. Werneck-Barroso, Simple and rapid method determination for

metformin in human plasma using high performance liquid chromatography

tandem mass spectrometry: application to pharmacokinetic studies, J. Chro-

matogr. B 852 (2007) 308-316.

[7] C.G. Ding, Z. Zhou, XJ. Ge, Q.H. Zhi, L.L. Ma, Simultaneous determination of

metformin and glipizide in human plasma by liquid chromatography-tandem

mass spectrometry, Biomed. Chromatogr. 21 (2007) 132-138.

S. AbuRuz, J. Millership, ]. MaElnay, The development and validation of liquid

chromatography method for the simultaneous determination of metformin and

glipizide, gliclazide, glibenclamide or glimperide in plasma, J. Chromatogr. B:

Analyt. Technol. Biomed. Life Sci. 817 (2005) 277-286.

N. Koseki, H. Kawashita, M. Niina, Y. Nagae, N. Masuda, Development and val-

idation for high selective quantitative determination of metformin in human

plasma by cation exchanging with normal-phase LC/MS/MS, J. Pharm. Biomed.

Anal. 36 (2005) 1063-1072.

[10] Y. Wang, Y. Tang, J. Gu, J.P. Fawcett, X. Bai, Rapid and sensitive liquid
chromatography-tandem mass spectrometric method for the quantitation of
metformin in human plasma, J. Chromatogr. B 808 (2004) 215-219.

[11] K. Heinig, F. Bucheli, Fast liquid chromatographic-tandem mass spectrometric
(LC-MS-MS) determination of metformin in plasma samples, ]. Pharm. Biomed.
Anal. 34 (2004) 1005-1011.

[12] S. AbuRuz, ]. Millership, J. McElnay, Dried blood spot liquid chromatography
assay for therapeutic drug monitoring of metformin, J. Chromatogr. B: Analyt.
Technol. Biomed. Life Sci. 832 (2006) 202-207.

[13] M.S. Arayne, N. Sultana, M.H. Zuberi, Spectrophotometric quantitation of
metformin in bulk drug and pharmaceutical formulations using multivariate
technique, Pak. J. Pharm. Sci. 19 (2006) 231-235.

[14] M. Vasudevan, ]. Ravi, S. Ravisankar, B. Suresh, ION-pair liquid chromatography
technique for the estimation of metformin in its multicomponent dosage forms,
J. Pharm. Biomed. Anal. 25 (2001) 77-84.

[15] LH. Habib, M.S. Kamel, Near infra-red reflectance spectroscopic determination
of metformin in tablets, Talanta 60 (2003) 185-190.

[16] K.H.Yuen, K.K. Peh, Simple high-performance liquid chromatographic method
for the determination of metformin in human plasma, J. Chromatogr. B 710
(1998) 243-246.

[17] C.L. Cheng, C.H. Chou, Determination of metformin in human plasma by high-
performance liquid chromatography with spectrophotometric detection, J.
Chromatogr. B 762 (2001) 51-58.

[18] F. Al-Rimawi, Development and validation of an analytical method for met-
formin hydrochloride and its related compound (1-cyanoguanidine) in tablet
formulations by HPLC-UV, Talanta 79 (2009) 1368-1371.

[19] F. Tache, V. David, A. Farca, A. Medvedovici, HPLC-DAD determination of met-
formin in human plasma using derivatization with p-nitrobenzoyl chloride in
a biphasic system, Microchem. J. 68 (2001) 13-19.

[20] L Ali, H.Y. Aboul-Enein, V.K. Gupta, Analysis of metformin dosage formula-
tions by capillary electrophoresis at nano scale detection, Comb. Chem. High
Throughput Screen. 10 (2007) 611-617.

[21] International Conference on Harmonization of Technical Requirements for Reg-
istration of Pharmaceuticals for Human Use, Validation of Analytical Procedures
Q2(R1), (1994) incorporated (2007).

[22] P.Jandik, G. Bonn, Capillary Electrophoresis of Small Molecules and Ions, VCH
Publishers Inc., New York, 1993.

[4

(5

(6

[8

[9



	Development and validation of a stability indicating capillary electrophoresis method for the determination of metformin h...
	Introduction
	Experimental
	Method
	Preparation of standard solutions and samples
	Linear range, accuracy, precision and sensitivity
	Selectivity and forced degradation studies

	Application of the optimized method to commercial samples (Glucophage®)

	Results and discussion
	Method validation
	Linearity
	Precision
	Accuracy
	Selectivity
	Ruggedness
	System suitability test


	Conclusion
	Acknowledgment
	References


