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ABSTRACT 
 

Aims: Metformin is a high-solubility and low-permeability drug that is widely used as an oral anti-
diabetic medication. In many countries, metformin is available as multiple generic formulations, with 
over 10 registered products, which are approved to be dispensed interchangeable. The aims of this 
study were to assess the in vitro dissolution profiles of a range of commercial brands of metformin 
hydrochloride tablets under a range of in vitro conditions and to determine whether differences in in 
vitro dissolution can be detected under a range of conditions.  
Methodology: Single and multiple (2 or 4) tablets from all brands were tested in both pH 6.8 and 
0.1M HCl (gastric pH) dissolution medium and collected samples were analysed by high-
performance liquid chromatography.  
Results: At least three distinct dissolution profiles were seen, designated slow, medium and fast 
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released profiles. The innovator product, Glucophage® exhibited a medium released profile while 
Glucohexal

®
 (G1) and Diaformin

®
 (G3) displayed a fast released and a slow released profile 

respectively. The differences in the dissolution profiles were more apparent in the 0.1M HCl 
medium and a higher degree of disparity between the dissolution profiles was observed when the 
number of tablets in each dissolution flask increased.  
Conclusion: The results indicated that multiple registered versions of metformin have different 
dissolution profiles that can be detected even under standard in vitro conditions. However, all 
formulations were extensively dissolved within 45 minutes, suggesting that the in vivo performance 
of the different brands are not likely to differ to a clinically significant extent.  
 

 
Keywords: Metformin; bioequivalence; dissolution testing; HPLC. 
 

1. INTRODUCTION 
 
In recent years, the number of generic versions 
of important prescription medicines has 
increased significantly. The registration of 
generic brands is generally supported by 
comparison against the market leader, but rarely 
are the generic brands tested against each other. 
The first formulation of a new drug to come on 
the market is known as an innovator, which is 
generally the same or very similar to the 
formulation with which the pivotal phase III 
studies were performed. Generic products 
contain the same active ingredient as the 
innovator in the same pharmaceutical form 
although the excipients may vary. A generic 
product may be considered to be bioequivalent to 
the innovator when they show an equal rate or 
extent of absorption into the systemic circulation 
[1]. Statistically the 90% confidence interval for 
the maximum plasma concentration (Cmax) and 
the area under the concentration-time curve 
(AUC) of the generic must be entirely within the 
80% - 125% range for the Cmax and AUC of the 
innovator. Practically, the generics must 
generally have mean Cmax and AUC values 
within 10% of the innovator product to achieve 
the regulation standard [2]. In oral preparations, 
the rate and extent of drug dissolution under 
standard condition can be used as a guide to the 
bioequivalence of the different formulations, for 
example greater than 70% dissolved in 45 
minutes [3,4].  
 
Metformin is a biguanide with antihyperglycemic 
actions, which is widely used in the treatment of 
type II diabetes. In Australia, there are currently 
13 registered formulations of metformin 500mg 
tablets, which can be dispensed interchangeable. 
Metformin is a Biopharmaceutics Classification 
System BSC Class 3 drug (high solubility/poor 
permeability), and is recommended as first-line 
therapy for all newly diagnosed diabetic patients 
regardless of age [5]. It is available as its 

hydrochloride salt in both immediate and 
modified release dosage forms. Its physical 
properties include a hydrophilic base with pKa of 
12.4, a low molecular weight (MW of 129.17 Da), 
aqueous solubility > 100mg/ml at      
physiological pH range (pH 1.2-9.5), and a logD 
of -3.37 at pH 4. Thus, it is expected to have 
limited, passive diffusion through cell 
membranes. Based on Caco-2 studies, the 
proposed mechanism of absorption of metformin 
was 91-95% passive paracellular and 5-9% 
transcellular [6,7].  
 
While the registration of any new generic oral 
medicine is generally based on bioequivalence 
testing against a single innovator product, the 
relative performance of the various generic 
formulations is not routinely tested. The 
importance of assessing bioequivalence between 
different formulations of the same drug has been 
long recognised as a major medical issue. For 
example, it has been reported that some patients 
experienced a relapse in psychotic symptoms 
after switching from brand-name clozapine to a 
generic formulation [8]. Given that generic 
products are approved via comparison against 
the innovator only, one could argue that 
switching from one generic version to another 
might give rise to even more complications. More 
complications would be due to the potentially 
greater disparity between two generic products 
than between any single generic product and the 
innovator. Drugs that have been reported to 
show a variation in effects and toxicity in patients 
in relation to the use of generics are those with a 
narrow therapeutic index including 
carbamazepine, phenytoin and antiarrhythmic 
medications [9,10].  
 
A biowaiver approach allows the approval of 
changes to a drug product that are predicted not 
to affect bioequivalence, minimising review 
burden on regulators and avoiding unnecessary 
clinical studies, expense, and delay for the 
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sponsor. According to the BSC, biowaiver is 
recognised as applicable for BSC class I drugs 
(high solubility/high permeability) based on 
comparative in vitro drug release [1]. In the case 
of metformin and BSC class 3 drugs, in vitro-in 
vivo correlation depends on all key PK 
parameters that define their absorption profile, 
including drug release, permeability and 
gastrointestinal transit time. Thus, drug release 
times must be within the boundaries of the 
intestinal absorption window for two formulations 
to be bioequivalent. Part of the reason is that the 
controlling factors in the absorption process from 
the drug product are not just the drug substance 
solubility.  
 
In vitro-in vivo correlations can be used to  
predict the rate of absorption of a drug in vivo by 
performing a simple in vitro dissolution test. 
Whether a correlation exists between the two 
depends on the solubility and permeability of the 
drug tested. For drugs with high solubility and 
permeability such as metformin, dissolution 
testing can be used to determine that the  
dosage form is effectively delivering the drug into  
solution and the correlation between this and     
in vivo performance will depend on the rate-
limiting step of the dissolution and absorption 
process.  
 
In the present study, commercially available 
different brands of metformin 500mg tablets were 
subjected to dissolution testing to assess their 
relative in vitro performance. The aims of this 
study were to assess the in vitro dissolution 
profiles for multiple generic metformin tablets and 
to determine whether differences in in vitro 
dissolution can be detected under in vitro 
pharmacopeial conditions and under conditions 
of high tablet load. 
 
2. MATERIALS AND METHODS 
 

2.1 Materials 
 

Various brands of metformin 500mg tablets 
(Glucophage, Glucohexal, Diaformin, 
Biochemie, Healthsense, Terry White, 
GenRx) were purchased from a local 
wholesaler and Metformin HCl powder were 
purchased from Sigma Chemical Company, 
Castle Hill, Australia. Otho-phosphoric acid was 
obtained from Laboratory Supplies, Poole, 
England and acetonitrile was obtained form 
Waters Associates, Lane Cove, NSW, Australia. 
Milli-Q water was made in house using the Milli-
Q water purifier system (Millipore/Waters USA). 

All other chemicals were purchased 
commercially and were of analytical grade.  
 

2.2 Dissolution Testing 
 
The dissolution testing was conducted using the 
basket apparatus as per the British 
Pharmacopeia (BP 2002) guidelines for the 
dissolution of metformin tablets: at rotation speed 
100rpm, dissolution volume 900ml at 36.5ºC. For 
each formulation, the dissolution test was 
performed with 1, 2 and 4 tablets. Tests were 
conducted at least five times for 1 tablet per flask 
and twice for all others. For each brand, at each 
tablet load, dissolution profiles were determined 
at pH 6.8 (physiological pH of intestine) and HCl 
0.1M (gastric acidic pH). Samples (5 ml) of 
dissolution media were collected at 0, 5, 10, 15, 
20, 25, 30, 45 and 60 min and analysed by 
HPLC.  
 
In addition, tests for physical characteristics of 
the tablets (including hardness, weight variation, 
friability) were also performed in accordance with 
the British Pharmacopeia BP specifications. 
 

2.3 HPLC analysis 
 

A validated HPLC method involving UV detection 
was used to measure the concentration of 
metformin in the dissolution medium, utilising the 
HPLC SIL10A Shimadzu system, with LC10 AT 
Pump and Auto sampler, and Model SPD 6A UV 
Spectrophotometric detector, on a Alltech C18 5
UHP, stainless steel 250 mm × 4.6 mm column (
supplied by Box Hill, Australia). The HPLC 
conditions include detector wavelength of 225nm 
using a mobile phase containing acetonitrile, 
milliQ water and 0.1M orthophosphoric acid : 
acetonitrile at a ratio of 50 : 50 : 1 adjusted to pH 
5.75 with triethylamine and 5l injection volume. 
The retention time of metformin under these 
conditions was found to be approximately 6-8 
min. A calibration curve for metformin was 
constructed over the range of 0.1 to 0.6 mg/ml.  
 
For each formulation, the dissolution test was 
performed with 1, 2 and 4 tablets at both pH 6.8 
and HCl 0.1M (gastric pH, approximately pH 1), 
the later two mimic stressed conditions (non-
ideal conditions). The dissolution test was 
conducted at least five times for 1 tablet per flask 
and twice for each of the other dissolution 
profiles. For drug release (%) versus time, testing 
1, 2, and 4 tablets at different conditions, 
Microsoft Excel software was used to calculate 
the values of the means and standard deviations. 
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2.4 Statistical Analysis 
 

Statistical analysis was performed using 
Microsoft Excel software. Drug releases (%) 
were compared between innovator Glucophage 
and formulations G1, G2, G3, and G4 over the 
60 min dissolution. Drug releases (%) for testing 
1 tablet per flask, in pH 6.8 and gastric acidic pH, 
expressed as mean ± SD of at least five 
measurements were analysed by Student's t test. 
A P value < .05 was considered to be significant. 
Drug releases (%) for testing 2, and 4 tablets per 
flask were expressed as mean ± SD of at least 2 
measurements. 
 

3. RESULTS AND DISCUSSION 
 

Dissolution profiles for each formulation of 
metformin tablets, including Biochemie (G4), 
Diaformin (G3), Glucohexal (G1), Innovator 
Glucophage and Healthsense, Terry White 
and GenRx (G2) in different conditions are 
given in Figs. 1-6. Healthsense, Terry White 
and GenRx are all considered to be formulation 
G2 since they are from the same formulation. 
The results for testing 1 tablet are expressed as 
mean ± standard deviation (SD) of at least five 
measurements.  
 

Figs. 1 and 2 showed that under standard 
conditions, testing 1 tablet at pH 6.8 
(physiological pH of intestine) or HCl 0.1M 

(gastric acidic pH), at least three distinct 
dissolution profiles were obtained for the five 
formulations tested. While formulation G1 
exhibited a very fast profile with nearly 100% of 
the tablet content dissolved within the first 10 
min, formulations G4, G3 and G2 showed a   
slow profile with less than 60% of the tablet 
content dissolved within this time. The dissolution 
profile for the innovator Glucophage was 
located between the fast and the slow 
formulations. Overall, for the innovator 
Glucophage and formulation G1, 100% drug 
release is obtained within 15 min and 10 min 
respectively, whereas it is over 30 min for 100% 
of the drug released from formulations G2, G3, 
and G4. 
 

In this study, the drug release of metformin 
tablets were tested in two different in vitro pH 
environments in order to correlate in vitro drug 
release with in vivo metformin absorption from 
the small intestine and the upper GI tract, as pH 
6.8 medium mimics the intestinal biological 
environment. The small intestine is the major site 
of drug absorption for orally administered drugs, 
and HCl 0.1M medium would mimic the acidic 
biological environment of the stomach, another 
GI site from which drug is absorbed. How quickly 
a drug dissolved into solution at these sites prior 
to being absorbed will affect overall drug 
absorption, plasma concentration, and oral 
bioavailability. 

 

 
 

Fig. 1. Dissolution profiles for one tablet per flask at pH 6.8 (physiological pH of intestine) for 
individual metformin tablet formulations, expressed as mean ± SD of at least five 

measurements. Mean drug release (%) of G4 and G3 significantly lower than Innovator 
Glucophage at P < .05 by Student's t test 

G4: Biochemie; G3: Diaformin; G1: Glucohexal; Innovator: Glucophage; G2: Healthsense, Terry 
White and GenRx, these three formulations are all considered to be G2 since they are from the same 

formulation 
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As shown in Fig. 2, in HCl 0.1M medium (gastric 
acidic pH), for most formulations tested, the 
dissolution was slower as compared to that at pH 
6.8 (physiological pH of intestine). Metformin is a 
basic compound with pKa of 12.4; practically 
drug release is increased at acidic pH due to 
increased solubility. Metformin has a low 
molecular weight (MW of 129.17 Da), aqueous 
solubility > 100mg/ml at physiological pH range 
(pH 1.2-9.5), and a logD of -3.37 at pH 4. Thus, it 
is expected to have limited, passive diffusion 
through cell membranes. Based on Caco-2 
studies, the proposed mechanism of absorption 
of metformin was 91-95% passive paracellular 
and 5-9% transcellular [6,7]. The unexpected 
results of slower metformin release observed at 
gastric acidic medium might be possibly due to 
some inherent property of the excipients in 
different formulations that interfere with 
metformin peak height or area owing to their 
inherent properties at acidic pH. In addition, 
metformin’s peak height and peak area can also 
be interfered by medium’s pH. This in turn can 
cause disparity in in vitro drug release profile of 
the test formulations in pH 6.8 medium compared 
to HCl 0.1M (gastric acidic pH) medium. 
However, no significant variations were detected 
in metformin retention time or peak height/area 
from the calibration curves constructed using pH 
6.8 versus HCl 0.1M medium in the current 
study. Thus variability in absorption spectrum is 
unlikely to cause these unexpected results. It has 
been reported that drug release studies on 
metformin tablets sourced from different 
territories often showed inconsistent drug release 
characteristics [11]. Thus, different 
manufacturing processes may possibly be 
another factor, which contributes to inconsistent 
drug release.  
 
At HCl 0.1M medium (gastric acidic pH), it was 
noted that while the release rates for G4 and G3 
are very dissimilar and differ to innovator 
Glucophage®, release rate for G1 also differs 
greatly to the innovator Glucophage

®
 (Fig. 2). No 

significant differences in hardness, weight 
variation, and friability were detected. All 
formulations met the BP specifications for these 
tests. 
 
It was important to note that testing more than 
one tablet in the same flask may affect the 
overall surface area and the positions of the 
tablets, which may in turn affect the accuracy of 
the dissolution results. This is unlikely to be the 
case here for metformin given its high solubility in 
pH 6.8 medium, as demonstrated previously in 

the results of the dissolution test performed at pH 
6.8 (Fig. 1) and also in Fig. 3. In addition, 
metformin has been reported to be highly soluble 
with > 100mg/ml in the pH range of 1.2-9.5 as 
described earlier [6,7]. In the present study, two 
500mg tablets (1000mg) of reasonably small size 
were tested at rotation speed of 100rpm, in 
dissolution volume 900ml at pH 6.8 and gastric 
acidic pH, with considerable care regarding the 
position of the tablet in the   baskets. In 
comparison to testing 1 tablet, this condition 
should not alter the tablet surface or position 
character. We aim to test the in vitro dissolution 
behaviour under conditions of 2 and 4 tablet load 
because this is similar to a situation when 
metformin tablets are taken with a relatively small 
volume of water. As shown in Figs. 3, 4, 5 and 6, 
the dissolution of most products tested was 
slower with the curves shifted to the right in 
comparison to testing 1 tablet. A higher inter-
tablet variation was also observed.  
 
A recently proposed in Silico approach for 
bioequivalence study has reported that for BSC 
class 3 drugs, there is no impact of in vitro drug 
release rate on in vivo performance over a broad 
defined range of metformin release rates [11]. In 
this study, metformin (500 mg) generic and 
reference formulations were investigated, the 
model predicted bioequivalence based on in vitro 
drug release, permeability and GI transit time, 
and results compared with data from 
bioavailability clinical studies. This approach 
suggested that metformin formulations that 
release 100% in ≤ 2 hours in vitro are indicated 
to be bioequivalent. Moreover, metformin tablet 
generic formulations, which exhibited dissimilar 
drug release profiles to the reference formulation 
during formulation development have been 
demonstrated as bioequivalent and displayed 
comparable plasma AUC and Cmax in 
subsequent bioavailability clinical studies [12,13]. 
Metformin is also a well established and widely 
studied drug with a wide therapeutic index, 
marked changes in therapeutic efficacy due to 
changes in systemic absorption are unlikely to 
occur if drug release times are within the GI 
absorption boundaries. 
 
Overall, the results suggested that under 
stressed condition such as high tablets/fluid 
ratios, the disparity in the in vivo dissolution 
might be more significant. However, as all 
formulations were extensively dissolved within 45 
minutes, in both standard in vitro conditions, 1 
table per flask in pH 6.8 medium      
(physiological pH of intestine) or
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Fig. 2. Dissolution profiles for one tablet per flask at gastric acidic pH (HCl 0.1M) for individual 
metformin tablet formulations, expressed as mean ± SD of at least five measurements. Mean 
drug release (%) of G4, G3, G2 and G1 significantly different to Innovator Glucophage at P < 

.05 by Student's t test 
G4: Biochemie; G3: Diaformin; G1: Glucohexal; Innovator: Glucophage; G2: Healthsense, Terry 
White and GenRx, these three formulations are all considered to be G2 since they are from the same 

formulation. 
 

 
 

Fig. 3. Dissolution profiles for two tablets per flask at pH 6.8 (physiological pH of intestine) for 
individual metformin tablet formulations, expressed as mean ± SD of at least two 

measurements. Mean drug release (%) of G4 and G3 significantly lower than Innovator 
Glucophage at P < .05 by Student's t test 

G4: Biochemie; G3: Diaformin; G1: Glucohexal; Innovator: Glucophage; G2: Healthsense, 
Terry White and GenRx, these three formulations are all considered to be G2 since they are 

from the same formulation. 
 

HCl 0.1M medium (gastric acidic pH), and in 
stress conditions of high tablet load, the    
findings suggested that there are unlikely to be 

clinically significant differences in terms of           
in vivo performance. 
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Fig. 4. Dissolution profiles for two tablets per flask at gastric acidic pH (HCl 0.1M) for 
individual metformin tablet formulations, expressed as mean ± SD of at least two 

measurements. Mean drug release (%) of G3 and G1 significantly different to Innovator 
Glucophage at P < .05 by Student's t test 

G4: Biochemie; G3: Diaformin; G1: Glucohexal; Innovator: Glucophage; G2: Healthsense, Terry 
White and GenRx, these three formulations are all considered to be G2 since they are from the same 

formulation. 
 

 
 

Fig. 5. Dissolution profiles for four tablets per flask at pH 6.8 (physiological pH of intestine) for 
individual metformin tablet formulations, expressed as mean ± SD of at least two 

measurements. Mean drug release (%) of G4 and G3 significantly lower than Innovator 
Glucophage at P < .05 by Student's t test. G2 drug release also markedly different to 

Innovator Glucophage 
G4: Biochemie; G3: Diaformin; G1: Glucohexal; Innovator: Glucophage; G2: Healthsense, 

Terry White and GenRx, these three formulations are all considered to be G2 since they are 
from the same formulation. 
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Fig. 6. Dissolution profiles for four tablets per flask at gastric acidic pH (HCl 0.1M) for 
individual metformin tablet formulations, expressed as mean ± SD of at least two 

measurements. Mean drug release (%) of G1 significantly different to Innovator Glucophage 
at P < .05 by Student's t test 

G4: Biochemie; G3: Diaformin; G1: Glucohexal; Innovator: Glucophage; G2: Healthsense, 
Terry White and GenRx, these three formulations are all considered to be G2 since they are 

from the same formulation
 

Collectively, there is significant variation between 
the dissolution profiles of multiple registered 
versions of metformin that can be detected even 
under standard in vitro conditions. Different 
metformin formulations also exhibited a higher 
degree of disparity in 0.1M HCl medium and 
under high tablet load condition testing multiple 
(2 or 4) tablets per flask, with drug release 
profiles of the formulation G1, in particular being 
markedly different from that of the innovator 
Glucophage

®
. 

 

4. CONCLUSION 
 
In conclusion, multiple registered versions of 
metformin displayed different dissolution profiles 
that can be detected even under standard in vitro 
conditions, at pH 6.8 (physiological pH of 
intestine) and gastric acidic pH (HCl 0.1M). 
However, all formulations were extensively 
dissolved within 45 minutes, suggesting that the 
in vivo performance of the different brands are 
not likely to differ to a clinically significant extent. 
Although considerable variability is detected in 
the 60 min drug release of theses formulations, 
bioequivalence between metformin generic 
formulations with commonly used excipients is 
high.  
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