
INTRODUCTION

Glibenclamide(GLB),5-chloro-N-[2-
4[[[(cyclohexylamino) carbonyl]-amino] sulphonyl]-
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ABSTRACT

The aim of the present Study was to develop a simple and rapid method for determination
of metformin (MET) and glibenclamide (GLB) ) in Pharmaceutical dosage form. A high-performance
liquid chromatographic, fist and second derivative spectrophotometric methods used for the
simultaneous determination of MET and GLB.  The first derivative amplitudes at 236 nm and 275.7
nm were selected for the assay of MET and GLB, respectively. Calibration curves were established
at 5–120 µg/ml-1 for and 1–20 µg/ml-1, with limits of detection of 0.21µg/ml-1 and 0.29 µg/ml-1 and
limits of quantification of 0.64µg/ml-1 and 0.89 µg/mL-1 for MET and GLB, respectively. The second
derivative amplitudes at 244.6 nm and 229 nm were selected for the assay of MET and GLB,
respectively. Calibration curves were established at 5–120 µg/ml-1 for and 1–20 µg/ml-1, with limits
of detection of 0.46 µg/ml-1 and 0.30 µg/ml-1 and limits of quantification of 0.1.41µg/ml-1 and 0.91 µg/
ml-1 for MET and GLB, respectively.  In the HPLC method separation was performed by using C18
reversed phase column and a mobile phase of acetonitrile: 0.05 M KH2PO4 (60:40v/v) adjusted by
phosphoric acid to pH 3, at flow rate of 1 ml/min and the detection wavelength were 210 nm and
238 nm ,the retention time was found to be 3.145 and 7.792 min, linearity over the concentration
ranges of 5–75 µm/ml-1 and 2-45 µg/ml-1, with limits of detection of 0.64 µm/l-1 and 0.02 µg/ml-1 and
limits of quantification of 1.95 µg/l-1 and 0.07 µg/ml-1 for MET and GLB, respectively. The methods
were also applied for the determination of MET and GLB in the presence of their degradation
products formed under variety of stress conditions. Proposed methods were validated for precision,
accuracy, linearity range, robustness and ruggedness.

Key words: Simultaneous, Determination, Metformin, Glibenclamide,
Derivative spectrophotometric, HPLC.

phenyl]ethyl]-2-methoxy benzamide is a potent,
second generation oral sulfonylurea antidiabetic
agent widely used to lower blood glucose levels in
patients with type 2 diabetes mellitus (Fig.1). It acts
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mainly by inhibiting ATP-sensitive potassium
channels in pancreatic beta cells. This inhibition
causes cell membrane depolarization, which cause
voltage dependent calcium channels to open, which
causes an increase in intracellular calcium in the
beta cell, which stimulates insulin release. The
literature survey reveals that few methods are
reported for estimation of GLB 1-6.

Metformin hydrochloride (MET)
chemically, N,N-dimethyl-imidodicarbonimidi
cdiamide hydrochloride is an antidiabetic agent from
the biguanide class used in the management of
type 2 diabetes (Fig.1). It does not cause insulin
release from the pancreas and does not cause
hypoglycemia, even in large dose. It decrease
hepatic glucose production, decrease intestinal
absorption of glucose and improves insulin
sensitivity by increasing peripheral glucose uptake
and utilization. Its predominant effect is to decrease
fasting plasma glucose. Some methods have been
reported in the literature for the estimation of MET
in the presence of other drugs in formulations 7-14.
This combination can be achieved by taking each
of the drugs separately or alternatively fixed
formulations have been developed. Combinations
of MET and GLB are available commercially as
single tablets.  Only few methods are available for
the simultaneous estimation of MET and GLB 15-22.

The objective of this study was to
investigate the utility of derivative spectrophotometry,
multivariate methods in addition to a fast and sensitive
HPLC technique in the assay of GLB and MET in
pharmaceutical preparation without the necessity of
sample pre-treatment. The proposed methods were
optimized and validated for this purpose. According
to the ICH description, the developed methods were
accurate and precise23.

EXPERIMENTAL

 Drug Substances and Dosage Form
1,1-Dimethylbiguanid Hydrochlorid 97%

(Metformin, MET) and Glybenclamide 99% pure
substances, were kindly supplied by SPIMACO, Al-
Qassim, Saudi Arabia. Diamet Tablets labeled to
contain 500 mg MET and 5 mg GLB (obtained from
the Saudi Pharmaceutical Industries Medical
Appliance (SPIMACO), Al-Qassim, Saudi.

Chemicals
Acetonitrile (Fisher Scientific, UK).

Potassium dihydrogen phosphate (KH2PO4)(Sigma-
Aldrich Chemie, Germany). Orthophosphoric acid
(H3PO4) (Sigma-Aldrich Chemie, Germany).
Methanol (Sigma-Aldrich Chemie, Germany).
Acetonitrile is HPLC grade and all other chemicals
are analytical reagent grade.

Instrumentation
UV–Vis spectrophotometric

A  GENESYS 10S UV-Vis double beam
spectrophotometer (Thermo Spectronic, USA) with
a fixed slit width (1.8nm) connected to an IBM
computer loaded with Thermo Spectronic VISION
Lite version 4 software and 1cm quartz cell were
used for the registration and treatment of absorption
spectra. For all solutions, zero-order spectra were
recorded over the range from 200.0 to 350.0 nm
against a blank at intelliscan mode to enhance the
signal to-noise ratio of absorbance peaks without
extended scan duration with a  = 5 nm .

High performance liquid chromatogram (HPLC)
Agilent 1200 series isocratic quaternary

pump HPLC instrument connected to 1200 multiple
wavelength UV detector. Separation was performed
by using C18 reversed phase column.
Chromatographic peaks were electronically
integrated and recorded using Chemstation
software (Germany).

Preparation of Standard Solutions and Calibration
Derivative spectrophotometry method

Accurately weighed 10 mg of MET was
taken and transferred to a 10 ml volumetric flask,
dissolved in methanol and diluted up to mark to
obtain stock solution of 1000 µg/ml. From this
solution, 0.5 ml was diluted to 10 ml to get 50 µg/ml
standard MET solutions. Accurately about 1mg of
GLB was weighed and transferred to a 10 ml amber
colored volumetric flask and dissolved in methanol
and volume was made up to mark to get stock
solution of 100 µg/ml. From this solution, 0.2 ml was
further diluted to 10 ml to get 20 µg/ml standard
GBL solutions.  Aliquots of 0.1 to 2.4 ml MET and
0.05 to 1 ml GLB were transferred into 10 ml
volumetric flasks to reach the concentration ranges
of 5-120 µg/ml for MET and 1-20 µg/ml for GLB.
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HPLC method
MET and GLB stock solutions in methanol

were prepared by dissolving 10 mg of both drugs
in 10 ml volumetric flasks (100µg/ml). Series of
working solutions of MET and GLB were prepared
by the appropriate dilution of the stock solutions
with same solvent to reach the concentration ranges
of 5-75 µg/ml for MET and 2-45 µg/ml for GLB.
Triplicate 20 µl injections were made for each
concentration using the following chromatographic
conditions: Mobile phase consisting of
acetonitrile:0.05M KH2PO4 (60:40 v/v) adjusted by
phosphoric acid to pH 3. Detector wavelength: 210
nm for MET and 238 nm for GLB, flow rate: 1 ml/min
at ambient temperature. Peak area of each
concentration was plotted against the
corresponding concentration for the construction
of calibration graph.

Sample Preparation
Twenty tablets were weighed and finely

powdered. An amount of the tablet powder
equivalent to 500 mg of MET and 5 mg of GLB were
weighed and finely powdered, a quantity of 10 mg
of MET and 0.1 mg of GLB was weighed and
transferred to 100 ml volumetric flask containing
about  50 ml  methanol. The solution was then
solicited for 10 minutes and finally volume was
made up to the 100 ml mark with diluent. Solution
was filtered through Whatman grade No.42 filter
paper. The final concentration of MET 100µg/ml and
GLB 1µg/ml and this solution was used for the
estimation.
Procedure for forced degradation study:

Degradation studies were performed in
solutions containing drug at a concentration of 40µg/
ml for MET and 20µg/ml for GLB. Samples were
withdrawn and subjected to HPLC analysis, after
suitable dilution. The stress conditions were as
follows:
Stress degradation by hydrolysis under acidic
conditions

For acid degradation study 1ml of 0.1M
HCl was added to final drug solution. And it was
refluxed for 2hr at 80° C. After 2hr this solution was
injected in stabilized chromatographic condition.

Stress degradation by hydrolysis under alkaline
conditions

For alkali degradation study 1ml of 0.1M

NaOH was added to final drugsolution. And it was
refluxed for 2hr at 80° C. After 2hr this solution was
injected in stabilized chromatographic condition.

Oxidative degradation
For oxidation study 1ml of 3% v/v H

2O2

was added to final drug solution. And it was refluxed
for 2hr at 80°C. After 2hr this solution was injected
in stabilized chromatographic condition.

Temperature stress studies
For temperature stress studies final drug

solution was refluxed for 2hr at 80°C. And then after
2hr this solution was injected in stabilized
chromatographic condition.

RESULTS AND DISCUSSION

Absorption spectra
       The absorption spectra of  MET and GLB  and
for their mixture were recorded. Fig. 2 shows the
absorption spectrum of MET solution (20 µg/ml) with
two  maxima at  wavelength 226 nm and 274 nm,
curve (b) show the absorption spectrum of GLB
solution (10 µg/ml) with maximum wavelength of
absorption at 212 nm. The total spectrum of mixture
of  is shown in curve (c) with max (214 nm) between
the absorption maxima of the two components.

First and second derivative spectrophotometric
methods

The first and second orders derivative
spectra of  MET and GLB and for their mixture are
shown in Fig. 3 and Fig. 4 respectively.  It is obvious
that there is a large overlap of the spectra of MET
and GLB therefore, their determination, using the
zero order absorption measurements, when present
in the same solution is very difficult when using
traditional two wavelengths of maximal absorption
or the tangential base-line approximation
techniques. On the other hand, derivative
spectrophotometric technique is of a particular utility
in determining the concentration of single
component in such mixtures, with a large spectral
overlapping. For this reason, derivative
spectrophotometric methods have been applied.
Both first and second order modes were tested, the
results obtained show that these techniques could
successfully applied when the measurements are
carried out under optimum selection of slit width,
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Table 1: Analytical parameters for the determination of MET and GLB by the proposed methods

Parameter MET GBL

Derivative HPLC Derivative HPLC
spectrophotometric method spectrophotometric method

methods methods

¹D ²D ¹D ²D

Wavelength (nm) 236 244.6 207 275.7 229 238
Linearity range (¼g/ml) 5-120 5-120 5-75 1-20 1-20 2-45
Correlation coefficient (r2) 0.9974 0.9986 0.9996 0.9984 0.9990 0.9995
Intercept  (a) 0.0645 0.0024 0.150 0.0036 0.0013 0.031
Slope (b) 0.00048 0.00004 0.179 0.00045 0.00006 0.346
Standard deviation of the
intercept (Sa) 0.000236 2.28x10-5 0.035 2.69x10-5 9.07x10-6 0.0025
Standard deviation of the
slope (Sb) 0.000293 0.00122 0.022 0.000383 0.000108 0.0065
Standard deviation (SD) 0.0037 0.0002 1.081 0.0003 0.0001 1.4914
Limit of detection  LOD(µg/ml) 0.21 0.46 0.64 0.29 0.30 0.02
Limit of quantification
LQD (µg/ml) 0.64 1.41 1.95 0.89 0.91 0.07

Table 2: Recovery studies

Compound Method of analysis Taken (µg/ml) Mean ±SD (µg/ml) %RSD %Recovery(n=3)

MET 1D 20 20.07± 0.102 0.05 100.35
40 39.36 ± 0.356 0.90 98.40
60 60.46 ± 0.197 0.32 100.8

2D 20 20.13 ±.0.167 0.83 100.65
40 40.53 ± 0.501 1.23 101.32
60 60.34 ± 0.098 1.62 100.57

HPLC 20 20.06 ± 0.173 0.87 100.30
40 40.04 ± 0.112 0.28 100.11
60 59.76 ± 0.531 0.89 99.60

GLB 1D 10 9.82 ± 0.105 1.07 98.20
20 20.21 ± 0.292 1.44 101.05
30 30.02 ± 0.117 0.39 100.07

2D 10 10.23 ± 0.182 1.77 102.3
20 20.08 ± 0.120 0.59 100.4
30 30.14 ± 0.092 0.31 100.47

HPLC 10 9.97 ± 0.066 0.67 99.7
20 20.06 ± 0.038 0.19 100.3
30 30.02 ± 0.047 0.16 100.07

response time, and scan speed for the
monochromator. These were done by measuring
the magnitude of derivative at several slit widths

and scan speed with different response times. A slit
width of 2 nm, a response time of 4 seconds and
fast scan speed were found to be optimum.
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Table 3: Assay of MET and GLB in tablets using the proposed methods

Pharmaceutical Method of (nm) Labeled Amout %Recovery %RSD %Er T- F-
preparation analysis amount found* ±SD* test** test**

mg/tablet ( in mg)

Metformine 1D 236 500 500.65 100.13 ± 1.01 1.01 0.13 1.02 2.07
2D 244.6 500 503.95 100.79 ± 1.39 1.38 0.79 1.18 1.29

HPLC 207 500 500.85 100.17 ± 0.16 0.16 0.17 1.04 1.20
Glibenclamide 1D 275.7 5 2.49 99.59±1.43 1.44 -0.42 1.43 3.10

2D 229 5 2.51 100.48 ± 0.78 0.78 0.48 0.92 1.61
HPLC 238 5 2.50 100.02± 0.26 0.26 0.02 0.51 1.97

*  Mean % recovery ± SD for five determinations.

p=0.05; t=2.78; f=6.25

Table 4: Results of forced degradation studies

Stress Time % Assay of active Mass balance (% assay + %
condition (hours) substance degradation products

MET GLB MET GLB

Acid hydrolysis (0.1 M HCl) 24 82.6 98.56 101.8 98.56
Base hydrolysis (0.1 NaOH) 24 85.72 99.31 99.16 99.31
Oxidation (3% H2O2) 24 86.81 84.52 99.38 98.83
Thermal degradation (800C) 24 84.2 87.66 98.74 99.61

In the present work, graphically peak-to-
base line technique was used to deal with
derivatives spectra to carry out the
measurements.In fact that all these techniques in
the first and second derivative modes show good
proportionality to MET and GLB concentrations in
their mixtures.

Fig. 5 and Fig. 6 show sets of first order
spectra of mixtures containing different amounts of
each of MET and GLB in the presence of (20 µg/ml)
of the other compound respectively.

The results in Fig. 5 indicate that when the
concentration of  GBL is kept constant and the
concentration of  MET varied, the peak areas at the
intervals (202 – 224 nm) and    (224–262 nm) were
proportional to the concentration of MET. Moreover,
the peak-to-base line (i.e. amplitude measured in
millimeter) at (236nm) was found in proportion to
the MET concentration. The same features were
found when inspecting Fig. 6 for the determination

of  GLB, i.e. peak areas in the wavelengths intervals
of (225–254nm), (254–294 nm) and the peak
amplitude measured at peak-to-baseline
(275.5nm)  and at zero cross of MET (223.9 nm)
were in proportion to the concentration of GLB
(Table1).

Fig. 7 and Fig. 8 show further sets of second
derivative of the same above mixtures. Applying
the same mentioned techniques in measuring peak
amplitudes (in millimeter) at peak-to-base line and
at zero crossing point of the other compound, and
peak areas at selected wavelengths intervals enable
the measurement of  MET and GLB respectively
(Table 1).

HPLC method
To perform the simultaneous elution of

MET and GLB peaks, different chromatographic
conditions were optimized. The composition of the
mobile phase was studied by trying acetonitrile and
0.05M of KH

2PO4 in different ratios using gradient
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elution, The best peak shape and adequate
separation of the two drugs was obtained by a final
composition of acetonitrile-KH2PO4 (60:40 v/v)
adjusted by phosphoric acid to pH 3. Different flow
rates (0.5-1.2 ml/min) were tested; good resolution
was obtained using 1 ml/min. Four wavelengths
were tried (210, 230, 238 and 280 nm); much
sensitive detector response was obtained at 210
nm for MET and 283 nm for GLB. System suitability
parameters were calculated and the retention times
were found to be 3.415 min for MET and 7.792 min

Fig.1: Chemical structure of Glibenclamide (A) and Metformin (B)

Fig. 2: Absorpstion spectra of (a) 20 µg/ml of
MET, (b)  10 µg/ml-1 of  GLB, (c) MET plus GLB

Fig. 3: First derivative spectra of : (a) 20 µg.ml-1

of  MET, (b) 20 µg.ml-1 of GBL, (c) MET plus GLB

for GLB, Fig. 9. Resolution and selectivity factors for
this system were found to be 2.22 and 2.51 for MET
and GLB, respectively. Tailing and capacity factors
were obtained as 1.21 and 0.91 for MET and 1.51
and 1.55 for GLB. Results obtained from system
suitability tests are in agreement with the USP
requirements.

Method Validation
The optimized first, second derivative

spectrophotometric methods and HPLC were
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Fig.5: First derivative spectra of mixtures containing
(10 – 120 µg.ml-1) MET and 20 µg.ml of GBL

Fig.4: Second derivative spectra of : (a) 20 µg.ml-
1 of  MET, (b)  20 µg.ml-1 of  GLB, (c) MET plus GLB

Fig. 6: First derivative spectra of mixtures
containing (2 – 20 µg.ml-1) GLB and

20 µg.ml-1 of MET

Fig.7: Second derivative spectra of mixtures
containing (10 – 120 µg.ml-1) MET and

20 µg.ml-1 of GLB
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Fig.9: Chromatogram of 40 µg/mL MET (tR = 3.415) and
20 µg/mL-1 GLB (tR = 7.792) in pharmaceutical formulations

Fig.8: Second derivative spectra of
mixtures containing (2 – 20 µg.ml-1)

GLB and 20 µg.ml-1 of MET

completely validated according to the procedure
described in ICH guidelines and United State
Pharmacopoeia for validation of analytical methods.

The performance parameters evaluated for the
method were linearity, precision, accuracy, limits of
detection and quantitation, and ruggedness.

Linearity
The calibration curve was tested with five

concentrations of the standard solutions of MET and
GLB, as 5-120 µg/ml and 1-20 µg/ml for  First,
Second derivative spectrophotometric methods and
5-75 µg/ml and 2-45 µg/ml for HPLC method,
respectively. The solutions were prepared in
triplicate. The regression analysis data are
represented in Table 1. The regression coefficients
(r2) obtained was higher than 0.99 for MET and GLB,
which attest the linearity of the method.

Precision
The precision of the assay was determined

by repeatability (intra-day) and intermediate
precision (inter-day). Repeatability was evaluated
by assaying samples, at same concentration and
during the same day. The intermediate precision
was studied by comparing the assays on different
days (3 d). Five sample solutions were prepared
and assayed. The %R.S.D. value was lower than
2%, assure the precision of the method and the
results are shown in Table 2.

Accuracy
To check the degree of accuracy of the

method, recovery studies were performed in
triplicate by standard addition method at 50%, 100%
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and 150% of nominal analytical concentration (40
µg/mL MET and 20 µg/mL GLB) were prepared and
analyzed.. Known amounts of standard MET and
BLG were added to pre-analyzed samples and were
subjected to the proposed HPLC method. Results
of recovery studies are shown in Table 2.

Robustness
Robustness for HPLC method was

determined by analysis of samples under
deliberately changed chromatographic conditions.
The flow rate of the mobile phase was changed
from 1ml/min to 0.9ml/min and 1.1ml/min while the
ratio of the mobile phase was changed by ± 2%.
The effect on retention time and peak parameter
were studied.

Detection and quantitation limits
In accordance with the recommendations

of ICH23, the limit of detection, LOD =3.3 “/S, where
“ is the standard of y-intercept and S is the sensitivity,
namely the slope of the calibration graph. The limit
of quantitation, LOQ, is defined as 10”/S. In the first
derivative spectrophotometric method the LOD and
LOQ were found to be 0.21 µg/ml and 0.64µg/ml for
MET and 0.29 µg/ml and 0.85 µg/ml for GLB, the
scand derivative spectrophotometric method were
found to be 0.46 µg/ml and 1.41µg/ml for MET and
0.30 µg/ml and 0.91 µg/ml for GLB, respectively. In
the HPLC method the LOD and LOQ were found to
be 0.64 µg/ml  and 1.91 µg/ml for MET and 0.02 µg/
ml and 0.07 µg/ml for GLB, respectively, Table 1.
Obviously, the LOD and LOQ values are lower for
the spectrophotometric methods due to the higher
sensitivity of this technique.

Assay of pharmaceutical preparations
Due to the unavailability of the commercial

tablets in the Saudi Arabia  market, laboratory-made
tablets were prepared and analyzed by the
proposed first and second derivative
spectrophotometric methods. No interference from
commonly encountered tablet excipients such as
talc, starch, lactose and magnesium stearate was
observed in the analyses. The results, shown in
Table 3, agree with nominal content showing
reasonable precision and accuracy. This is evident
from the low RSD (%) and Er (%) values. For each
component, the results obtained by the proposed

methods were statistically compared using the
single factor analysis of variance (One-way ANOVA)
test. The calculated t- test f- test didn’t exceed the
critical value for any of the two drugs, indicating
that there is no significant difference between the
proposed methods 24.

Degradation behavior
The results of the stress studies indicated

the specificity of the method that has been
developed. GLB was degraded only in 3% H2O2

and in temperature stress conditions whereas MET
was degraded in all conditions. The degraded
products appeared at retention time (RTs) 2.18 and
2.48 in 0.1 M HCl, 2.16 and 2.48 in 0.1 M NaOH,
2.57 and 5.17 in 3% H2O2 and 2.15, 2.45 and 5.08
in temperature degradation studies. The result of
forced degradation studies are given in Table.4.

CONCLUSION

The 1D, 2D and HPLC methods enable the
simultaneous determination of amlodipine and
atorvastatin in their binary mixture with good
accuracy and precision, either in laboratory
prepared samples or in combined dosage form.
HPLC method has the advantage of being more
sensitive but the spectrophotometric ones are
simpler and less expensive but all of the proposed
methods are rapid and selective. The good
recoveries obtained in all cases as well as the
reliable agreement with the reported method
proved that, the proposed methods could be
applied efficiently for simultaneous determination
of MET and GLB with quite satisfactory precision
and could be easily used in quality control
laboratory for their analysis. The proposed HPLC
method is very comparable to the reported HPLC
one regarding retention times and limit of
quantitation of both drugs. In addition to that, the
C18 column used in the proposed HPLC method is
more preferred than that used in the reported HPLC
method due its availability and lower cost.
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