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Abstract: A simple, rapid and precise method is developed for the quantitative simultaneous determination

of metformin hydrochloride and rosiglitazone maleate in a combined pharmaceutical-dosage form. The

method is based on High Performance Liquid Chromatography (HPLC) on a reversed-phase column, shim-

pack CLC, ODS (C18), 4.6 mm × 25 cm & 0.5 mm, using a mobile phase of phosphate buffer and

acetonitrile (60:40 v/v), adjusted the pH 4.5 ± 0.1 with 1M sodium hydroxide or diluted orthophosphoric

2 4acid. The buffer used in the mobile phase contains potassium dihydrogen phosphate (KH PO ) and hexane

-1 sulfonic acid sodium salt in double-distilled water. The instrumental settings are- flow rate of 1ml/min,

column temperature at 40 <C and detector wavelength of 268 nm. Both the drugs were well resolved on

the stationary phase and the retention times were around 2 minute for metformin hydrochloride and 4

minute for rosiglitazone maleate. The method was validated and shown to be linear for metformin and

rosiglitazone. The correlation coefficients for metformin and rosiglitazone are 0.99997 and 0.99946,

respectively. The relative standard deviations for six replicate measurements in two sets of each drug in

the tablets is always less than 2% and mean % error of active recovery not more than ± 1.5%. The

method was validated for precision and accuracy. The proposed method was successfully applied to the

pharmaceutical dosage forms containing the above-mentioned drug combination without any interference

by the excipients.
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INTRODUCTION

Metformin is used as a first line treatment of type

II diabetes, particularly in overweight people, when diet

and exercise have failed to control blood sugar levels.

It is also effective in individuals at increased risk of

developing type II diabetes, having been shown in the

Diabetes Prevention Program to reduce the development

of diabetes by 31% . In addition to its effect to[3]

improve insulin action, metformin may also have a

direct effect at the level of the ß-cell, where it may

counteract the effects of elevated glucose and free fatty

acids  to decrease ß-cell secretory function and

viability . Many patients with type II diabetes require[8]

treatment with more than one antihyperglycemic drug

to achieve optimal glycemic control. 

The thiazolidinediones are a novel class of oral

antihyperglycemic drugs that improve glycemic control

primarily by increasing peripheral insulin resistance and

sensitizing the skeletal muscle, liver and adipose tissue

to the actions of insulin, in addition to improving the

â-cell function in individuals with type II diabetes[10]

and individuals at increased risk for developing type II

diabetes . One of the many features of the[1]

thiazolidinedione class of drugs is their synergism with

other antihyperglycemic drugs that have a different

mechanism of action. 

The combination of metformin hydrochloride, a

biguanide that enhances glucose uptake in peripheral

tissues and reduces hepatic gluconeogenesis, with

rosiglitazone maleate, one of the newly available

members of the thiazolidinedione family, offers a

rational therapeutic approach to the treatment of type

II diabetes . In patients whose type II diabetes is[4]

inadequately controlled with metformin monotherapy,

the addition of rosiglitazone significantly improves

glycemic control, insulin sensitivity and â-cell function,

compared with either drug alone. In addition, this

combination therapy has beneficial effects on other

cardiovascular risk factors .[4]
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The biguanide metformin and the thiazolidinedione
rosiglitazone are effective antihyperglycaemic agents
with different modes of action; rosiglitazone primarily
increases insulin sensitivity, whereas metformin
p r im a r i ly  r e d u c e s  h e p a t ic  g lu c o s e  o u t p u t .
Antihyperglycaemic combination therapy is often
required to achieve effective glycaemic control. A
fixed-dose formulation of metformin / rosiglitazone was
recently approved in the European Union (EU) and the
United States (US) for the treatment of type II diabetes
mellitus in patients inadequately controlled on
metformin monotherapy. Metformin plus rosiglitazone
plus was significantly more effective than metformin
alone at reducing HbA1c and FPG levels in patients
with type II diabetes in three 26-week, randomised,
double-blind, placebo-controlled studies. Metformin
hydrochloride/ rosiglitazone maleate combination
therapy is well tolerated in patients with type II
diabetes and has a favorable safety profile.

Few methods for the determination of metformin
hydrochloride/rosiglitazone maleate have been reported
in literature. The focus of the present study was to
develop and validate a rapid reversed-phase high-
performance liquid chromatographic method for the
quality control of metformin hydrochloride/rosiglitazone
maleate in pharmaceutical preparations. To the best of
our knowledge, no report related to the determination
of metformin hydrochloride/rosiglitazone maleate in
pharmaceutical dosage forms using a reversed-phase
column, shim-pack CLC, ODS (C18), 4.6 mm × 25 cm
& 0.5 mm, using a mobile phase of phosphate buffer
and acetonitrile (60:40 v/v), has, so for, been
mentioned in literature or in pharmacopoeias. 

The proposed method is applicable as well as for
routine analysis and content uniformity test of
metformin hydrochloride/rosiglitazone maleate in tablets
and complies well with the validation requirements in
the pharmaceutical industry. 

Experimental:
Equipment and Chromatographic Conditions: A
high-performance liquid chromatographic system
consisted of a pump LC-10 AS, oven CTO-10A,
detector SPD-10A and recorder C-R6A (Shimadzu,
Japan). All pH measurements were performed on a pH
meter (Sentron, Netherlands). 

Chromatographic separation was carried out at
room temperature with shim-pack CLC, ODS (C18),
4.6 mm × 25 cm & 0.5 mm column from Shimadzu,
Japan. For the mobile phase, 3.4 gm of potassium

2 4dihydrogen phosphate (KH PO ) and 500 mg of hexane
-1 sulfonic acid sodium salt was dissolved in 900 ml
of double-distilled water. The buffer solution was
shaked manually to dissolve and finally make the
volume up to 1000 ml with the same. A mixture of
phosphate buffer and acetonitrile in the ratio of 60: 40
was prepared. The pH was adjusted to 4.5 ± 0.1 with

1M sodium hydroxide or diluted orthophosphoric acid.
Finally the mobile phase was filtered through a 0.45
ìm membrane filter and degassed for 10 minutes. The
injection volumes for samples and standards were 25 ìl
and eluted at a flow rate of 1.0 ml/min at 40 <C. The
eluents were monitored at 268 nm. 

Materials and Reagents: Acetonitrile was of HPLC
grade and were purchased from E. Merck, Darmstadt,
Germany. Potasium dihydrogen phosphate, sodium
hydroxide, orthophosphoric acid and other reagents
were of analytical-reagent grade and purchased from E.
Merck, Darmstadt, Germany. Water was deionised and
double-distilled. Sensimet tablets were kind gift from
Square Pharmaceuticals Ltd. Bangladesh. Each tablet
was labeled to contain 1 mg rosiglitazone and 500 mg
metformin hydrochloride. The excipients present in the
tablets are: microcrystalline cellulose, maize starch,
sodium starch glycolate, povidone, colloidal silicon
dioxide and magnesium stearate. 

Standard Solutions: A working standard solution
containing 2500 ìg/ml metformin hydrochloride and 5
ìg/ml rosiglitazone was prepared by dissolving
metformin hydrochloride and rosiglitazone maleate
reference standard in mobile phase. The mixture was
sonicated for 5 minutes or until the reference standard
dissolved completely. 

Concentration:

C Metformin hydrochloride 250.0 mg / 100 ml 
C Rosiglitazone 0.5 mg / 100 ml

Sample Preparation: Twenty tablets, each containing
500 mg metformin hydrochloride and 1 mg
rosiglitazone were accurately weighed and finely
powdered. A quantity of powder equivalent to 250 mg
of metformin hydrochloride and 0.5 mg of rosiglitazone
was weighted and transferred to a 100 ml volumetric
flask. About 70 ml of mobile phase was added and
shaked mechanically for 20 minutes. The mixture was
then sonicated in ultrasonic bath for 5 minutes and
makes the volume up to 100 ml by the mobile phase.
The  solution  was  filtered with a Whatman filter
paper no.1. 

Before injection, both standard and sample solution
was filtered through 0.45 µm syringe filter.
Then 25 ìl of standard and sample solutions were
injected into column and chromatogram was recorded
(Fig. 1).

M ethod Validation: The linearity of the analytical
method is its ability to elicit test results that are
directly, or  by a  well-defined mathematical
transformation, proportional to the concentration of
analyte in samples within a given range. The linearity
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Fig. 1: HPLC chromatogram of Sensimet Tablet; a) Metformin hydrochloride (b) Rosiglitazone

is important to demonstrate that the response of the

measurement of detector system is linear over the
range of interest of the method. This was determined

by  means of calibration graph using increasing
amounts of a standard solution (0, 50, 75, 100, 125

and 150%) of both metformin hydrochloride and
rosiglitazone maleate. 

These standards were tested six times in agreement
to the International Conference on Harmonization

(ICH). A calibration curve was constructed and the
proposed method was evaluated by its correlation

coefficient and intercept value, calculated in the
corresponding statistical study (ANOVA) (p < 0.05).

Characteristic  parameters  for  regression   equation
(y = a + bx) of the HPLC method obtained by least

squares treatment of the results was used to confirm
the good linearity of the method developed. The

correlation co-efficient between concentration and peak
area found must not be less than 0.995.

The accuracy of the assay was measured by
analyzing five spiked samples of metformin

hydrochloride and rosiglitazone maleate (50, 75, 100,
125, 150%). The accuracy of this method was the

closeness of the test results obtained by that method to
the true value and established across its range.

Accuracy was determined by means of recovery
experiments, by spiked addition of active drug to

placebo formulations. It was shown that the recoveries
were independent of the concentration of the active

over a reasonable concentration range normally 50 to

150 % of the nominal concentration. The amount

recovered was plotted against the theoretical amount
which was produced a straight line of slope one and

intercept zero. The accuracy was expressed by mean
percentage error which was also to be determined and

it was not more than   ± 1.5 %.
According to the ICH recommendations , precision[6]

must be considered at two levels, repeatability and
intermediate precision. Repeatability refers to the use

of the analytical procedure within a laboratory over a
short period of time using the same analyst with the

same equipment. On that account, a six-sample
replicates were consecutively tested in the same

equipment at a concentration of 100% of both
metformin hydrochloride and rosiglitazone maleate of

the regular analytical working value. The intermediate
precision expresses the within-laboratory variations, was

assessed by using different equipments, analysts and
days to analyze three samples six times. The relative

standard deviation (% RSD) was determined in order
to assess the precision of the assay and it was not be

more than 2.0 %.

RESULTS AND DISCUSSIONS

Methods Development and Optimization: This
isocratic-mode method with UV detection was

developed for the determination of the active
ingredients, metformin hydrochloride and rosiglitazone,

at  100%  level.  Firstly,  the reversed-phase column,
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Table 1: Sum mary of the results of amount added VS amount recovered.

M etformin hydrochloride Rosiglitazone 

Sample no. ----------------------------------------------------------------------------- ------------------------------------------------------------------------

Active added (in mg) *Active recovered (in mg) Active added (in mg) *Active recovered (in mg)

1 125.36 132.30 ±0.37 12.45 12.58 ±0.25

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 188.10 191.83 ±0.21 18.83 19.15 ±0.20

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 250.73 250.18 ±0.14 25.06 24.71 ±0.15

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 313.47 307.58 ±0.09 31.37 31.64 ±0.17

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 376.10 366.01 ±0.11 37.67 37.62 ±0.08

* Values are mean ± RSD of five determinations

Table 2: Percent of active recovered from different % of sample.

M etformin hydrochloride Rosiglitazone

Active Recovered from 50% Sample (in %) = 105.53% 100.99%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Active Recovered from 75% Sample (in %) = 101.98% 101.71%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Active Recovered from 100% Sample (in %) = 99.78% 98.575%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Active Recovered from 125% Sample (in %) = 98.12% 100.85%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Active Recovered from 150% Sample (in %) = 97.32% 99.86%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Average mean of Recovery = 100.55% 100.39%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

   M ean of error = 0.545% 0.398%

Table 3: Summary data of precision of the metrformin hydrochloride and rosiglitazone HPLC determination

Precisiona

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Test M g/tablet %RSD

---------------------------------------------------------------------------------------------

S1 S2 S3 S4 S5 S6

Repeatability M etformin hydrochloride 499.47 501.03 497.33 501.44 499.46 498.91 0.2985612

-----------------------------------------------------------------------------------------------------------------------------------------------------------------

Rosiglitazone 0.983 0995 1.003 0.999 0.999 0.996 0.6670203

aThe experiment was performed using C18 as the column of choice and phosphate buffer solution mixed with
acetonitrile (60:40) as mobile phase with pH 4.5.

(a) Metformin hydrochloride (b) Rosiglitazone
The experiment was performed using C18 as the column of choice and phosphate buffer solution mixed with
acetonitrile (60:40) as mobile phase with pH 4.5.

Fig. 2: Acuracy curvesa of Sensimet tablet; (a) Metformin hydrochloride (b) Rosiglitazone.
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Table 4: Sum mary of the results of amount added Vs peak area.

M etformin hydrochloride Rosiglitazone

Sample no. Different % of sample -------------------------------------------------------- ----------------------------------------------------------

Active added (in m g) Peak area Active added (in m g) Peak area

1 0% 0 0 0 0

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 50% 125.6 276197 16.7 20824

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 75% 187.8 401809 25.1 30902

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 100% 250.6 525402 33.3 40934

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 125% 312.9 645221 41.8 51698

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 150% 375.7 765818 50.1 61517

Correlation coefficient               0.999460813                                     0.9999724256

(a) Metformin hydrochloride (b) Rosiglitazone

The experiment was performed using C18 as the column of choice and phosphate buffer solution mixed withb

acetonitrile (60:40) as mobile phase with pH 4.5.

Fig. 3: Calibration curvesb of Sensimet tablet; (a) Metformin hydrochloride (b) Rosiglitazone.

shim-pack CLC, ODS (C18), 4.6 mm × 25 cm & 0.5

mm was tested. The system suitability studies were

carried out as specified in ICH. 

The mobile phase consisted of phosphate buffer

solution and acetonitrile at various ratios (50:50, 55:45,

60:40 (v/v)) was tested as starting solvent. The

variation at the mobile phase leads to considerable

changes in the chromatographic parameters. However,

the proportion buffer: acetonitrile at a ratio of 60/40

(v/v) yielded the best results. 

Our  data  showed that the variation of the pH

(3.5, 4.0, 4.5) of the mobile phase did have significant

effects on the HPLC-UV chromatographic resolution.

Although the retention times of rosiglitazone and

metformin hydrochloride showed a change in the pH

variation (3.0–4.5), it was necessary to maintain pH

value of the mobile phase at 4.5 for the optimum

separation of the compounds, as at this pH the analyte

peaks were well defined and resolved. 

In order to study the effect of excipients on

quantification of metformin hydrochloride and

rosiglitazone maleate, a placebo was prepared using

microcrystalline cellulose, maize starch, sodium starch

glycolate, povidone, colloidal silicon dioxide and

magnesium stearate. The results revealed no

interference of the excipients. 

In order to obtain a satisfactory and full detection

for this new method, 3D-UV–vis spectra of standard

metformin hydrochloride and rosiglitazone solution

were obtained (data not shown). Based on the UV

absorbance for metformin hydrochloride and

rosiglitazone, 268 nm was chosen for detection of this

new HPLC method at which the best detector

responses for all substances were obtained. 



Res. J. Medicine & Med. Sci., 2(2): 115-121, 2007

120

Table 5: Determination of metformin hydrochloride and rosiglitazone

in commercial formulations by proposed method. 

Sample no. M etformin hydrochloride Rosiglitazone

(m g/tablet) (m g/tablet)

Sample 1 498.56 0.995

Sample 2 501.36 0.976

Sample 3 497.98 0.985

Sample 4 496.87 1.054

Sample 5 501.23 1.015

Sample 6 500.33 0.978

Average (n=6) 499.39 ±1.853 1.0005 ±0.0289

Method Validation: The acuracy was evaluated by the

recovery of metformin hydrochloride and rosiglitazone

at five different levels (50, 75, 100, 125 and 150%).

An accuracy curve (Fig. 2) was constructed and the

summary of the results and average mean of recovery

data for each level of both active pharmaceutical

ingredients (API) was within accepted values was

shown in Table 1 and 2. 

The data of Table 3 showed that average results of

repeatability of metformin hydrochloride and

rosiglitazone and was within the limit and R.S.D. was

0.2985612 and 0.6670203, respectively, which indicated

a good precision. 

A calibration curve (Fig. 3) was constructed and

the proposed method was evaluated by its correlation

coefficient (0.999460813 and 0.9999724256) (Table 4).

Characteristic parameters for regression equation (y =

a + bx) of the HPLC method obtained by least squares

treatment of the results confirmed the good linearity of

the method developed (Fig. 3). 

Label Claim Recoveries from Sensimet Tablets: The

proposed method was evaluated in the assay of

commercially available tablets containing 500 mg of

metformin hydrochloride and 1 mg of rosiglitazone. Six

replicate determinations (n=6) were carried out on an

accurately weighted amount of the pulverized tablets

equivalent to 250.0 mg of metformin hydrochloride and

0.5 mg of rosiglitazone. The label claim found was to

be 499.39 mg of metformin hydrochloride and 1.0005

mg of rosiglitazone per tablet. 

The method proved to be suitable for the content

uniformity test, where a great number of assays on

individual tablets are required. Two different lots of

commercially available tablets containing metformin

hydrochloride and rosiglitazone were analyzed using the

proposed procedure and the results are summarized in

Table 5. Recoveries achieved were in accordance with

the actual content of metformin hydrochloride and

rosiglitazone in tablets. 

Conclusions: The proposed high-performance liquid

chromatographic method has been evaluated over the

accuracy, precision and linearity and proved to be more

convenient and effective for the quality control and

identity of metformin hydrochloride and rosiglitazone

in pharmaceutical dosage forms. The measured signals

were shown to be precise, accurate and linear over the

concentration range tested (0–150%) with a correlation

coefficient better than 0.9991. Moreover, the lower

solvent consumption along with the short analytical run

time of 7.0 minutes leads to an environmentally

friendly chromatographic procedure that allows the

analysis of a large number of samples in a short period

of time. Therefore, this HPLC method can be used as

a routine sample analysis.
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