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Introduction 

Oral drug delivery is the most preferred route for the drug 
administration because of ease of administration, 
convenience, and non-invasiveness method. Still the oral 
drug delivery system is the largest and oldest segment of 
the total drug delivery market [1]. Metformin 
hydrochloride is biguanide, which is widely used in the 
management of type-II diabetes in the form of oral 
formulation [2]. One of the major advantages of using 
metformin HCl is that unlike other anti-diabetic drugs, it 
does not induce hypoglycaemia at any reasonable dose, 
and hence it is called as an anti-hyperglycaemic rather 
than a hypoglycaemic drug [3]. 

Metformin is highly hydrophilic drug having oral 
bioavailability of 50 to 60% [4] and it is having a plasma 
elimination half-life of 6.2 hours [5-7] with a peak plasma 
concentration of 4.8 hours. Metformin is on the world 
health organization's list of essential medicines [8]. Generic 
drugs are produced only when the patents get expired and 
it is simply the copies of innovator drug products. In 
developing countries like India the generic versions are 
promoted for use in practice because they are usually less 
expensive than the innovator products and it improves the 
access to life-saving drugs. Generic drug products can only 
be interchangeable with innovator products when they 
are pharmaceutically and therapeutically equivalent [9]. 

In vivo bioequivalence (BE) studies are commonly used to 
assess therapeutic equivalence, but these studies are often 
costly and involve invasive procedures [10]. A less costly 

and ease method like in vitro dissolution tests based on 
BCS are nowadays acceptable surrogates for establishing 
the bioequivalence of generics with the innovator 
products.  

According to FDA [11] and WHO [9], a bio-waiver for in vivo 
studies can be obtained for BCS Class I drugs that are very 
rapidly dissolving (≥85% dissolved within 15 min) or are 
rapidly dissolving (≥85% dissolved within 30 min) with f2 
≥ 50 in three dissolution media ranging in pH from 1.2 to 
6.8. [11]. WHO also recommends bio-waiver for Class 2 and 
3 drugs that are very rapidly dissolving [9]. Metformin 
hydrochloride is BCS Class III drug which is highly soluble 
with low permeability; it is therefore and is eligible for a 
bio-waiver based on the WHO criteria [12] according to the 
WHO bio-waiver testing procedure for Class 3 drugs [9], a 
bio-waiver can be considered only if both the generic and 
the innovator products dissolve very rapidly (i.e., 85% or 
more dissolved within 15 min in standard dissolution 
media at pH 1.2, 4.5, and 6.8). 

The objective of the present study was to develop and 
prepare different formulations of Metformin HCl 500 mg 
uncoated tablet by varying different excipients, which is 
best comparable with the innovator product. This study is 
also sought to apply the BCS bio-waiver requirements. 

Materials and Methods 

Materials 

Metformin hydrochloride (Active pharmaceutical 
ingredient), Starch (Diluent), Starch Fluid Paste 
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The purpose of this research work is to prepare metformin hydrochloride immediate release 

tablets by wet granulation technique and study the possibility of bio-waiver by in-vitro 

dissolution studies by comparing the marketed formulation. In order to obtain the best, 

optimized product eight different formulations were developed by varying the concentration of 

binder and disintegrants. Weight variation, thickness, hardness, friability, and in-vitro release, 

were studied as response variables. The formulations F2 and F3 were selected as optimized 

formulation for comparing with the reference product. The in-vitro release profile in different 

media like 0.01 N hydrochloric acid (pH 2), phosphate buffer (pH 4.5), and phosphate buffer 

(pH 6.8) were studies, the results shows that both the formulation had shown the similarity 

factor (f2) more than 50% but it does not satisfy the WHO criteria for bio-waiver because none 
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(Thickening agent), Gelatin (Thickening agent), Methyl 
paraben (Preservative), Propyl paraben (Preservative), 
Talc (Lubricant) and sodium starch glycolate (Super 
disintegrant) were used in the preparation of the tablet. 
Metformin HCl was obtained from Pharmafabrikon, 
Madurai. All reagents and solvents used were of analytical 
grade satisfying pharmacopoeial standards. 

Preparation of Metformin HCl Tablets [13, 14, 15] 

The formulation design is given in table 1. Wet granulation 
technique will ensure uniform distribution of drug as well 
as improve flow property. Therefore, this approach was 
applied in the formulation development of metformin 
Tablets. 

Table 1: Formulation of Metformin Tablet 

Ingredients  F1  F2 F3 F4 F5 F6 F7 F8 

Metformin  500 500 500 500 500 500 500 500 

Starch 10 20 30 40 50 60 70 80 

Sodium starch 

glycolate 

20 20 20 20 30 30 30 30 

Gelatin 5 5 5 5 5 5 5 5 

Methyl 
paraben 

3 3 3 3 3 3 3 3 

Propyl 
paraben 

2 2 2 2 2 2 2 2 

Talc 1% 1% 1% 1% 1% 1% 1% 1% 

Magnesium 
Stereate 

2% 2% 2% 2% 2% 2% 2% 2% 

SFP(10%w/v) Qs Qs Qs Qs Qs Qs Qs Qs 

Total 650 650 650 650 650 650 650 650 

Wet Granulation 

The active pharmaceutical ingredients and the excipients 
are weighed and it is sieved through the 22#mesh and it is 
dry mixed with pre-gelatinized starch which is passed 
through 40#mesh, then it is load in to rapid mixture 
granulator for about 15min at low speed. The binder 
solution was added to this powder mixture and the mixing 
was continued at slow speed for 5-15 min. Then it is 
rotated at fast speed for 5-15 min till required end point 
was achieved. Then the material is dried using the 
Fluidized bed dryer for 30 minutes until the loss on drying 
was not more than 0.5%. The dried granules were passed 
through the #14/150 mesh and the uniform sized granules 
were collected.  

Final mixing and Tablet compression 

The Screened granules were finally blended with 
lubricants using a suitable mixer with a revolution of 10 
rpm for about 15 min. The granules are finally compressed 
into tablets using a suitable rotary tablet press using 14 
mm flat faced circular punches with the target weight is 
650 mg containing metformin HCl (500 mg). 

Evaluation of Tablets 

The prepared tablets were evaluated for weight variation, 
hardness, thickness, friability, and disintegration [16]. 

Hardness of the tablets was tested using a Monsanto 
hardness tester (Tab-machine, Mumbai, India). Friability 
of the tablets was determined in a Roche friabilator 
(Campbell Electronics, Mumbai, India). The thickness of 
the tablets was measured by verniercaliper. Weight 
variation test was performed according to the official 
method [17]. Drug content was analyzed by measuring the 
absorbance of standard and samples at λ=233 nm using 
UV/Vis spectrophotometer (Shimadzu 1601, Kyoto, 
Japan). 

In vitro drug release studies [18] 

Drug release studies were conducted using USP- type 2 
dissolution apparatus, paddle type (Electrolab, Mumbai, 
India) at a rotational speed of 50 rpm at 37±0.5°C using 
the 900 ml of dissolution media of 0.01 N HCl for 2hrs. 
Sink condition was maintained for the whole experiment. 
Samples (10 ml) were withdrawn at regular intervals and 
the same volume of pre-warmed (37±0.5°C) fresh 
dissolution medium was replaced to maintain the volume 
constant. The samples withdrawn were filtered through a 
0.45 μ membrane filter (Nunc, New Delhi, India) and the 
drug content in each sample was analyzed after suitable 
dilution with a UV spectrophotometer (Shimadzu UV-
1700) at 233 nm [19]. The dissolution test was performed 
in triplicate. Drug dissolved at specified time periods was 
plotted as cumulative percent release versus time (min) 
curve. 

In vitro Bioequivalence study  

The in vitro dissolution profile of the prepared eight 
formulation F2 and F3 was compared with the marketed 
formulation of metformin HCl (GLYCIPHAGE 500 uncoated 
tablet). 

A volume of 900 mL of each of the following media was 
employed: 0.01 N hydrochloric acid (pH 2), phosphate 
buffer (pH 4.5), and phosphate buffer (pH 6.8). Dissolution 
testing was performed using USP Apparatus type 2 
(Electrolab, Mumbai, India) at 50 rpm for all the products 
[20]. The dissolution system met the USP performance 
verification test requirements. Nine dosage units of each 
product were evaluated in all the three media. Samples 
were withdrawn at specified time intervals (10, 20, 30, 40, 
50 and 60 min) of about 10 ml and the same volume of 
pre-warmed (37±0.5°C) fresh dissolution medium was 
replaced to maintain the volume constant. The samples 
withdrawn were filtered through a 0.45 μ membrane filter 
(Nunc, New Delhi, India) and the drug content in each 
sample was analyzed after suitable dilution with a UV 
spectrophotometer (Shimadzu UV-1700) at 233 nm.  

Comparison of Dissolution Profile 

The dissolution profiles were compared using the 
similarity factor (f2) derived from the dissolution profiles. 
The dissolution profiles can be compared using two model 
independent parameters: the difference factor (f1) and the 
similarity factor (f2) derived from the dissolution profiles. 
The f1 factor measures the percent of difference between 
two dissolution profiles and the f2 factor shows similarity 
between them over all time points. The f1 is zero and f2 is 
100 when the test and reference drug profiles are 
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identical. The dissimilarity proportionally increases if the 
f1 increases or f2 decreases. Two dissolution profiles are 
verified if f2 is between 50 and 100. f1and f2 can be 
calculated from following equations: 

f2 = 50 log {[1+ Σ (Rt - Tt) 2]-0.5 X 100} 

Where Rt and Tt are the cumulative percentage of 
dissolved drug for the reference and test formulation at 
time t, respectively, and n is the number of time points.  
The dissolution results have served as a means to evaluate 
different formulations and determine final dissolution 
qualifications for pharmaceutical dosage form. [21, 22, 23] 

Results and Discussion 

All the tablet formulations had shown acceptable 
pharmaceutical properties and complied with in the range 
specified by IP Pharmacopoeia like weight variation 
(250mg or more is ± 5%) , hardness (4 – 6 kg/cm2), 
thickness, and friability (not more than 1.0%) (Shown in 
Table 2) 

Table 2: Physical Properties of the Prepared Metformin 
Tablet 

Formulations Parameters 

Weight 
variation 
(mg)* 

Hardness 
(kg/cm2)# 

Thickness 
(mm)# 

Friability 
% 

F1 652 ± 18 4.15 ± 0.24 4.32 ± 0.08 0.90 

F2 656 ± 19 4.30 ± 0.42 4.44 ± 0.12 0.89 

F3 658 ± 16 4.35 ± 0.34 4.49 ± 0.14 0.90 

F4 652 ± 17 4.65 ± 0.34 4.60 ± 0.14 0.61 

F5 652 ± 17 5.05 ± 0.37 4.52 ± 0.19 0.60 

F6 649 ± 17 6.00 ± 0.41 4.48 ± 0.18 0.30 

F7 651 ± 19 6.10 ± 0.32 4.61 ± 0.23 0.30 

F8 648 ± 15 6.15 ± 0.24 4.59 ± 0.18 0.30 

* Mean ± SD (n = 20 Tablets) # Mean ± SD (n = 10 Tablets) 

In vitro drug release studies: 

Dissolution profiles of different formulation are 
summarized in Figure 1. The Formulation F1 to F8 had 
showed delayed in dissolution profile with increase in 
starch and decrease in Sodium starch glycolate 
concentration. Formulation F2 and F3 had better 
dissolution profile because it had shown a dissolution of 
78.6% and 69.3% within 30 minutes respectively and 
entire drug was release within 60 min. Both the F2 and F3 
Batch had been selected for bioequivalence study.  

In vitro Bioequivalence study  

The in vitro dissolution profile of Metformin 
hydrochloride (BCS Class III) of in house prepared F2 and 
F3 formulation and leading marketed formulation 
Glyciphage 500mg uncoated tablet on various pH 
solutions like 0.01 N hydrochloric acid (pH 2), phosphate 
buffer (pH 4.5), and phosphate buffer (pH 6.8) is shown in 
figure 2 – 4. 

 

 

Figure 1: in vitro drug release studies of in house 
Metformin Tablet 

 

Figure 2: Comparative in vitro dissolution profile in 
house prepared F2 and F3 formulation and Glyciphage 
500mg on 0.01 N hydrochloric acid (pH 2) 

 

Figure 3: Comparative in vitro dissolution profile in 
house prepared F2 and F3 formulation and Glyciphage 
500mg on phosphate buffer (pH 4.5) 
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Figure 4: Comparative in vitro dissolution profile in 
house prepared F2 and F3 formulation and Marketed 
Formulation on phosphate buffer (pH 6.8) 

 

The in house prepared F2 and F3 was compared with the 
leading brand of marketed sample of uncoated tablet, The 
results shows that marketed formulation Marketed 
Formulation and prepared formulation F2 and F3 were 
not very rapidly dissolving (≥85% of labelled amount not 
released within 15 min) and doesn’t qualify for a bio-
waiver according to WHO criteria (Figures 2–4 and Table 
3). 

Only generic drug products that are therapeutically 
equivalent to the innovator products will be approved by 
the appropriate regulatory bodies in respective countries 
may be marketed as appropriate for substitution [24].  
Metformin HCl is a BCS Class III drug [25] and characterized 
by high solubility and low permeability. For the 
immediate-release formulation of this class it is assumed 
that if their dissolution behaviour in various physiological 
pH conditions can be considered acceptable for bio-
waivers under WHO criteria (i.e., both the test and 
reference products are very rapidly dissolving). That is, 
dissolution of 85% or more of the labeled amount of API 
should be achieved within 15 min under all physiological 
conditions [9]. None of our formulation F2 and F3 of 
metformin tested met this requirement because the 
innovator product did not achieve 85% dissolution in 15 
min (Table 3). The f2 values of both the formulation F2 
and F3 were greater than 50 in all physiologic pH 
conditions, showing a similarity in dissolution (Table 3). 
The possible effect of excipients on the dissolution of 
metformin was not evaluated.  

 

 

 

 

 

Table 3 Results of f2 Calculations for Metformin 
Hydrochloride Tablets in Different pH Media 

Time (min) Marketed 
Formulation 

F2 F3 

% Dissolved % Dissolved % Dissolved 

pH 2 

10 37.4 29.4 28.6 

20 72.6 62.1 54.6 

30 88.9 78.6 69.3 

40 97.4 96.5 84.6 

50 99.6 99.2 96.2 

60 100.2 100.4 100.3 

f2 57.99 44.82 

pH 4.5 

10 40.6 36.4 35.4 

20 76.4 77.2 72.5 

30 92.6 86.4 84.3 

40 99.8 97.6 98.6 

50 100.6 99.2 99.8 

60 100.6 99.6 99.8 

f2 73.25 67.49 

pH 6.8 

10 58.4 69.4 65.4 

20 88.6 92.3 87.9 

30 98.3 99.6 98.5 

40 100.2 100.8 102.4 

50 100.2 100.8 102.4 

60 100.2 100.8 102.4 

f2 65.54 73.32 

Conclusion 

This study shows that the in house developed products F2 
and F3 formulation have shown better in vitro dissolution 
profile when compared to other formulations. Moreover 
both the formulation have better similarity factor f2 value 
more than 50% when in vitro dissolution profile compared 
with the marketed product. An effort was also made that 
the metformin can qualify for biowaiver as per WHO 
guidelines but the results indicate that even the marketed 
formulation also do not qualify that in vitro data can be 
used as an alternative to in vivo BE studies. 
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