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ABSTRACT

Dissolution testing is used to evaluate the performance of pharmaceutical products. This study compared the
dissolution profiles of seven immediate-release metformin 500-mg formulations, including two products with the trade
name Glucophage, in simulated intestinal fluid (SIF) at pH 6.8 buffer without enzymes. Other characteristics investigated
were absolute weight and drug content. These formulations were marketed in Trinidad and Tobago and are categorized as
Class 3 drugs by the Biopharmaceutics Classification System (BCS). The paddle apparatus was used at 75 rpm in 900 mL of
SIF at 37 ± 0.5 °C. Samples of 1.25 mL were removed at 10, 15, 20, 30, 45, and 60 min without replacement, of which 100 µL
was diluted with fresh medium and then analyzed spectrophotometrically at 233 nm. Data were analyzed statistically using
one-way analysis of variance and DDSolver Add-In to Excel. The weights were significantly different (p ≤ 0.05), and each of
the formulations demonstrated drug content between 99% and 103%. Only one of the formulations showed <85% drug
release in 15 min and a calculated f2 value less than 50, which deviates from the acceptance criteria recommended by the
World Health Organization (WHO).
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INTRODUCTION

T

he U.S. FDA has enacted laws to protect patients
from substandard pharmaceutical medications (1);
these include labeling (1906), safety (1938), effectiveness (1962), and price (1984). The Drug Price Competition
and Patent Term Restoration Act (Hatch–Waxman Act) of
1984 and the amendments passed in June 2003 have promoted the entry of generic drugs into the pharmaceutical
market (1). Since then, the use of generic medicines has increased. Additionally, other countries have enforced rules
to provide safe, effective, and good quality medications
for their population (1). Trinidad and Tobago, a member of
the World Trade Organization, complies with International
Patent laws and embraces the benefits of generic drugs,
especially that of accessibility and cost, by including them
on the national drug formulary (2). Regardless of these advantages, there are concerns about the safety, efficacy, and
quality of generic preparations used in this twin-island republic (3).
Quality control (QC) is described as the most basic step
in quality as opposed to quality assurance (QA) and quality
management (QM). QC pertains to the finished product
and signals defects or deviations from set standards in
pharmacopoeias and other bona fide documents (4, 5).
For pharmaceutical products, there are different aspects of
the formulation that must be examined to ensure quality.
Various analyses are employed to inspect characteristics

such as hardness, friability, and drug content. Performance
is tested via disintegration and dissolution (5). The
dissolution method has been highlighted as one of the
most important techniques because drugs need to be
in solution before they are absorbed into the systemic
circulation, and the dissolution process measures the rate
and extent of drug dissolution (6). Furthermore, medicines
with the same active ingredient, strength, and dosage form
(pharmaceutically equivalent products) can be compared
in vitro to ensure similarity (7, 8). Drug regulatory
authorities (DRAs) have included these tests among others
as prerequisites for the registration and market access of
medicines in their countries (7).
Dissolution or “mass transfer” is a procedure that
involves the movement of particles from a solid into a
solvent (medium) where the particles then go into solution.
Dissolution therefore depicts a kinetic process, and its
rate signifies the amount of drug that is released over a
specified time, which is indicative of its performance (9).
The applicability of the dissolution process has expanded
since its debut to areas where it replaces in vivo clinical
trials for some active ingredients (8). Nevertheless, its initial
function as a QC method is frequently used by regulators
to confirm the quality and performance for a variety
of drugs. In vitro dissolution testing is described in the
pharmacopoeias as the release of drug at one or more time
points in buffers (5, 9).
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The World Health Organization (WHO) formulates two
lists of pharmaceutical drugs, known as the WHO Model
Lists of Essential Medicines (10). These comprise medicines
that are used for chronic medical conditions, such as
diabetes and hypertension. The purpose of these lists is to
provide affordable and accessible medicines for patients
worldwide. Metformin and glibenclamide are the only two
oral antihyperglycemic drugs on the WHO Model Lists of
Essential Medicines. Metformin is indicated for non-insulin
dependent diabetes mellitus (NIDDM) or Type 2 diabetes
and is the first-line treatment for obese diabetic patients.
It is the sole medication in the biguanide class, and unlike
the sulfonylureas such as glibenclamide, it is less likely to
cause hypoglycemia (11). The absorption of metformin
takes place in the intestines, which is approximately pH
6.8 analogous to simulated intestinal fluid (SIF) media
described in the USP (5). The objective of this research was
to compare the dissolution profiles in SIF as well as the
weights and drug content of seven immediate-release (IR)
metformin 500-mg formulations commercially distributed
in Trinidad and Tobago, of which five were generic
formulations and the other two products had the same
trade name as the innovator, Glucophage, but came from
different manufacturers.

MATERIALS AND METHODS

Reagents
Potassium phosphate monobasic and sodium
hydroxide were purchased from Caledon Laboratories
Limited. Hydrochloric acid NF/FCC grade was obtained
from Fisher Scientific.
Tablet Characteristics
The seven IR metformin 500-mg tablets, two of
which were Glucophage-branded products of different
manufacturers, were bought from drug distributors in
Trinidad, and the metformin standard was purchased
from Sigma–Aldrich. Twenty tablets of each formulation
were weighed individually, and the weight variation was
calculated using Microsoft Excel 2007. The drug content
was determined by the USP method (5) using a Milton Roy
Spectronic 3000 Array Spectrophotometer with RapidScan
software and Hellma quartz glass SUPRASIL 200–2500 nm
cuvettes. Six samples were taken from twenty crushed
tablets of each formulation, and the mean absorbance and
concentration were obtained and used to calculate the
percentage of metformin in each product. A calibration
curve with an R2 value of 0.999 was applied to compute the
concentration calculations.
Dissolution
SIF medium without enzyme was prepared according
to the USP: Dissolve 6.8 g of monobasic potassium
phosphate in 250 mL of water, mix, and add 77 mL of 0.2 N
sodium hydroxide and 500 mL of water, adjust the resulting
solution with either 0.2 N sodium hydroxide or 0.2 N
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hydrochloric acid to a pH of 6.8 ± 0.1. Dilute with water to
1000 mL.
Deaeration of the SIF medium was done by applying
vacuum and filtering through a 0.45-µm membrane filter
while sonicating with a Branson Model 8200 Bransonic
Ultrasonic Cleaner water bath. The phosphate medium
was then preheated, weighed, and placed in a water bath
of a six-vessel Model VK 7020 VanKel Dissolution Tester,
Apparatus 2 (paddle), at 75 rpm, with a Model VK 8000
Varian System Monitor Sampling Station. Each tablet was
weighed and subsequently placed in one of the six vessels
that contained 900 mL of deaerated SIF medium. Samples
of 1.25 mL were withdrawn through 70-µm Varian filters at
10, 15, 20, 30, 45, and 60 min without medium replacement;
subsequently 100 µL of this sample was placed in a culture
tube containing 4.9 mL of fresh medium. These samples
were covered with foil paper until analysis with a UV
spectrophotometer at 233 nm, and fresh medium was
used as the blank. A calibration curve was used for the
quantification of the drug.
Statistical Analyses
Minitab version 16; Statistical Package for the Social
Sciences (SPSS) for Windows versions 12; Microsoft Office
Excel 2007; and DDSolver software, an Add-In to Excel
2007, were used for the statistical analysis (12). The latter
was used to calculate the similarity (f2) and difference (f1)
factors, dissolution efficiency (DE), mean dissolution time
(MDT), and area under the release curve (AUC). The similarity
factor f2 was calculated only if either the reference or test
product released less than 85% of the active ingredient in
15 min with n = 12; all other dissolution tests were n = 6.
Dunnett’s method compared the control formulation
(Innovator 1) with the other formulations and gave p
values. The Ryan–Einot–Gabriel–Welsch (REGW) F-test is
a multiple step-down range post-hoc test that produced
homogeneous subsets for the dissolution means of the
seven formulations. This was performed to determine
whether the different products were statistically similar.

RESULTS

Innovator 1 and 2 had similar average weights of
0.531 ± 0.006 g, and the same was true for Formulations
4 and 5 with values of 0.588 ± 0.010 g and 0.584 ± 0.008
g, respectively. However, Formulation 2, with an average
weight of 0.649 ± 0.007 g, had the highest weight of
the seven formulations followed by Formulation 3 with
0.618 ± 0.010 g (Table 1). All of the products except
Formulation 2 released ≥85% of metformin drug in 15 min
in pH 6.8 SIF buffer, and the dissolution profiles demonstrate
that Innovator 1 released the highest amount of metformin
followed closely by Formulation 1 (Figure 1). The ANOVA
table for the dissolution profiles of the seven formulations
gave a p value of 0.002. Dunnett’s method gave a p value
greater than 0.05 for Formulation 1 (0.091) as opposed to
the p values for the other products, which were less than

Table 1. Characteristics of Metformin 500-mg Formulations

Innovator 1
Innovator 2
Formulation 1
Formulation 2
Formulation 3
Formulation 4
Formulation 5

Average weight (g)
0.531
0.531
0.575
0.649
0.618
0.588
0.584

(SD ±)
0.006
0.006
0.009
0.007
0.010
0.010
0.007

Assay (%)
102.5
103.3
98.8
103.1
101.6
102.5
101.9

Country
France
Spain
India
Germany
India
Canada
India

Manufacturer
Lipha Sante
Merck Serono
Aurochem
Denk Pharma
Intas
Apotex
Cipla

Lot Number
250478
11678
MF52
8B7
VL1195
(L)JR0691
DG0597

Average weights showed a p ≤ 0.05.
SD=Standard Deviation; n = 20

0.05. The REGW F-test gave four homogeneous subsets for
the seven formulations of which Innovator 1

The f2 values of 18.9 and 29.5 and f1 values of 26.3
and 17.6 were obtained for Innovator 1 and 2, respectively,
when compared with Formulation 2 (Table 3).
Table 3. Summary of Similarity, f2, and Difference Factors, f1, for
Formulation 2 Compared with Innovators 1 and 2
pH 6.8

Formulation 2 (f2)

Formulation 2 (f1)

Innovator 1

18.9

26.3

Innovator 2

29.5

17.6

≥50 and <15 represent similarity via f2 and f1 calculations, respectively.
Figure 1. Dissolution profiles of metformin formulations in SIF.

and Formulation 2 were the only formulations in subsets 1
and 4, respectively.
All the formulations contained approximately 100%
metformin active ingredient in purified water, but Innovator
2 and Formulation 2 produced higher values of 103.3% and
103.1%, respectively, as opposed to Formulation 1, which
had the lowest percentage of metformin (98.8%). However,
formulation behavior in SIF depicted Innovator 1 with the
largest value for the AUC (5855.9 min%) over the 60-min
period followed by Formulation 1 (5595.3 min%), while
Formulation 2 exhibited the lowest AUC (4582.7 min%).
Formulation 4 (5.2 min) and Innovator 1 (5.8 min) had the
lowest MDT, and Formulation 2 displayed the highest MDT
(15.3 min) out of the seven products. Innovator 1 (0.98%),
Formulation 1 (0.9%), and Formulation 4 (0.9%), in that
order, showed the highest DE, whereas Formulation 2
(0.7%) showed the lowest value (Table 2).
Table 2. Parameters for Characterizing Drug Release Curve for
Metformin 500-mg Formulations in pH 6.8 Phosphate Buffer
Parameters
Innovator 1
Innovator 2
Formulation 1
Formulation 2
Formulation 3
Formulation 4
Formulation 5

AUC (min%)
5855.9
5242.2
5595.2
4582.7
5358.1
5390.1
5236.3

MDT (min)
5.8
7.5
6.8
15.3
6.5
5.2
6.3

DE (%)
0.976
0.874
0.933
0.764
0.893
0.898
0.873

AUC= Area under the release curve; MDT= Mean Dissolution Time; DE=
Dissolution Efficiency

DISCUSSION

The use of f2 to determine similarity between
and among the dissolution profiles of drug products
is recommended by the FDA, the European Medicines
Agency, and WHO; hence, it was applied to the release
profiles in this study (13). Furthermore, a multiple-point
dissolution investigation was used rather than single-point
comparisons for the seven metformin preparations.
Metformin is soluble in water, slightly soluble in
alcohol, and insoluble in substances such as acetone,
ether, and chloroform (14). This study analyzed metformin
dissolution properties in pH 6.8 buffer by measuring
its release, which was ≥85% in 15 min for most of the
formulations investigated. However, Formulation 2
released ≥85% of metformin in 15 min and had an f2 value
that was less than 50 when compared with the Innovator
products, thus indicating a performance difference from
the comparator products in phosphate buffer. Furthermore,
Formulation 2 had the longest dissolution time and the
lowest area under the dissolution curve. Sheorey et al. (15)
and Zakeri-Milani et al. (16) have shown similar findings
to our study, as they reported that one of the metformin
formulations examined in their studies did not satisfy the
requirements of the pharmacopeia, that is, 75% or 80%
drug release in 45 or 30 min, respectively, depending on
whether the basket (100 rpm) or the paddle (100 rpm) was
used in that order.
The WHO requirement for drugs in Class 3 of the BCS,
such as metformin, is very rapid dissolution; specifically,
they must release 85% or more of the drug in 15 min at
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75 rpm using multiple time points (7). This differs from the
USP (5), which specifies an 80% release in 30 min (single
time point) using the paddle at 50 rpm. This study used
75 rpm because coning can occur at a speed of 50 rpm
and can affect the dissolution results (17). It is evident
therefore that the standard set by WHO is more rigid than
that of the USP; the former can be used to establish in
vitro equivalence between an innovator and generic drug
product but requires three distinct media of different pH
values (7, 9). Although our investigation looked at the in
vitro dissolution of metformin in a single buffer, which is
the mainstay in pharmacopoeias, the WHO standard (i.e.,
≥85% in 15 min) should be considered (7).
The observed dissolution profile of Formulation 2 can
be attributed to the excipients, the manufacturing process,
or both, used for this particular product (18).
Nonetheless, the formulations investigated were all
within the weight range of ±5% deviation for tablets with
an average weight greater than 250 mg, and their drug
contents were similar.
L.C. Block et al. (18) performed a study in which
different excipients were tested in metformin tablets
manufactured via wet granulation and determined that
the amount and type of excipients used in the metformin
products modified their dissolution behavior.
In our study, there were two products with the same
trade name. These two products both released ≥85%
metformin drug in 15 min; however, the profile for Innovator
1 is closer to that of Formulation 1 than that of Innovator 2.
The Dunnett method also verified this finding statistically
as Formulation 1 with a p value greater than 0.05 was the
only product similar to Innovator 1. To select a reference
product as the comparator for generic preparations, the
innovator is commonly chosen as the reference. However,
in this case, there were two products called Glucophage
that were both from Europe (France and Spain), where
they were first introduced. Subsequently, Bristol Myers
Squibb was the manufacturer for this drug in the United
States (19). However, two products that carry the same
name can be assumed to be identical. This is similar to
results reported by Löbenberg et al. (20) for metronidazole
products with an identical name. It is also imperative for
generic preparations to show similarity to the innovator
with respect to safety, efficacy, and quality. The generic
drug is only as good as its comparator; hence, selecting
a reference drug for comparison to generic products is
crucial (7). The WHO guideline for selecting a comparator
or reference product is ranked as follows:
1. Choose the innovator for the product under
investigation at a national level.
2. Use the WHO reference list for a comparator.
3. Use the International Conference on Harmonisation
(ICH) list for an innovator.
4. If none of the above is available, a suitable comparator
(including a generic) that has proved to be similar in
safety, quality, and efficacy to the innovator can be
used.
Dissolution Technologies | FEBRUARY 2015

CONCLUSION

This study examined the quality parameters of seven
immediate-release metformin 500mg tablets including
dissolution in SIF, weight variation, and drug content and
found six metformin formulations that fulfilled the WHO
requirements in regard to in vitro dissolution behavior. The
two innovator products with the same trade name were
statistically different but had similar biopharmaceutical
qualities. This demonstrates that the same trade
name does not necessarily indicate that products are
identical, especially if they have different manufacturers.
Government organizations and patients have benefited
from generic drugs because of their cost-effectiveness;
however, their quality, incorporating dissolution behavior,
must be investigated relative to a suitable comparator.
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