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ABSTRACT 

The floating microspheres have been utilized to obtain prolonged and uniform release   in the stomach 
for development of a once daily formulation. The major advantage of the preparation technique includes 
short processing time, the lack of exposure of the ingredients to high temperature, and high 
encapsulation efficiencies. In the present study, preparation of metformin hydrochloride floating 
microspheres, evaluation of Floating Drug Delivery System (FDDS) in vitro, prediction of the release, 
and optimization of floatation and drug release pattern to match target release profile was investigated. 
Floating microspheres were prepared by non-aqueous emulsification solvent evaporation technique 
using Ethylcellulose as the rate controlling polymer and 250 mg of metformin hydrochloride per batch 
and its in vitro performance was evaluated by the usual pharmacopoeial and other tests such as drug-
polymer compatibility (FTIR scan), yield (%), particle size analysis, drug entrapment efficiency, surface 
topography, and in vitro floatation and release studies. Results showed that the mixing ratio of 
components in the organic phase affected the size, size distribution (250-1000 µm), drug content 
(61 – 134% of theoretical load), yield (58 – 87%) and drug release of microspheres (47 – 87% after 8 h), 
floating time (> 8 hr) and the best results were obtained at the ratio of drug: polymer: solvent 
(250:750:12 and 250:146.45:9 [mg: mg: ml]), when both the batches were mixed in equal proportions. 
In most cases good in vitro floating behavior was observed and a broad variety of drug release pattern 
could be achieved by variation of the polymer and solvent ratio, which was optimized to match target 
release profile. The developed floating microspheres of metformin hydrochloride may be used in clinic 
for prolonged drug release in stomach for at least 8 hrs, thereby improving the bioavailability and patient 
compliance. 
 

INTRODUCTION 
Diabetes is one of the major causes of death and 
disability in the world. The latest WHO estimate 
for the number of people with diabetes 
worldwide, in 2000, is 171 million, which is 
likely to be at least 366 million by 2030. The 
focus of medical community is on the prevention 
and treatment of the disease, as is evident from 
the rising number of research papers every year 
on the subject.  
A plethora of antidiabetic drugs are used in 
clinic, of which metformin hydrochloride is a 
very widely accepted drug. Unlike other 
antidiabetics, metformin hydrochloride does not 
induce hypoglycemia at any reasonable dose, and 
hence?it is usually called an Antihyperglycemic 
(or Euglycemic) rather than a hypoglycemic drug 

(1). In spite of its favorable clinical response and 
lack of significant drawbacks, chronic therapy 
with metformin hydrochloride suffers from 
certain specific problems of which, the most 
prominent being the high dose (1.5-2.0 g/day), 
low bioavailability (60%) and high incidence of 
GI side effects (30% cases). Therefore, there are 

continued efforts to improve the pharmaceutical 
formulation of metformin hydrochloride in order 
to achieve an optimal therapy. These efforts 
mainly focus on controlled/slow release of the 
drug including the sophisticated gastroretentive 
systems. Formulation development has also 
accelerated with this drug after its patent expiry 
in 2001 (2-7). The situation is complicated 
further with decrease in absorption of the drug 
with food that delays tmax by up to 35 mins (8). 
The rationality, therefore, exists for formulation 
of metformin hydrochloride as a CR/SR 
formulation of it has been reported (2). 
However, bioavailability of the drug has been 
found to be reduced further with CR dosage 
forms, probably due to the fact that passage of 
the CR single unit dosage forms from absorption 
region of the drug is faster than its release and 
most of the drug released at the colon where 
metformin hydrochloride is poorly absorbed (9-
10). CR formulation suitable for metformin 
hydrochloride, therefore, should be a gastro-
retentive dosage form (2), which releases the 
drug slowly in the stomach for gradual 
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absorption in the intestines. The slow but 
complete drug release in the stomach is expected 
to increase bioavailability of the drug as well its 
complete utilization which may results to, lower 
dose and GI side effects. Multi unit dosage forms 
are considered to release the drug at a controlled 
rate and remain in the stomach for a prolonged 
period with much less chance of dose dumping. 
Furthermore they are supposed to cause less 
gastric adverse reactions and are insensitive to 
concomitant food intake, thereby reducing inter- 
and intra-patient variability and increasing the 
predictability of the dosage form (11-18).  
A vast number of studies, reviews and books 
have been written on microspheres of which the 
interested readers are referred to compilations by 
Deasy (19) and Benita (20) for a broad overview 
of the dosage form for further information. In the 
recent literature, the Ethylcellulose micro-
capsules have been reported by several authors 
for encapsulation of a variety of drugs such as 
zidovudine (21), cimetidine (22), potassium 
chloride (23), isosorbide dinitrate (24), 
theophylline (25), Isoniazid (26), etc for a variety 
of reasons. The floating microspheres are 
relatively new compared to non-floating multiple 
unit systems.  There are reports for such as 
repaglinide (27), atenolol (28), diclofenac (13), 
terfenadine (17), riboflavine (18) etc., which 
have been incorporated in floating multiple unit 
systems. Various novel excipients such as 
chitosan (12, 29), calcium silicate (27), low 
density foam powder (15,16) besides the 
conventional polymers such as acrylic resins (30) 
and polycarbonate (14) have been used to 
achieve floatation . There are several excellent 
reviews on the gastro-retentive systems including 
floating dosage forms to which the interested 
readers are referred (31, 32, 33).  However, no 
floating microsphere of metformin has been 
reported. A non-floating multi-particulate 
metformin containing system has been reported 
in literature (34), though the intention of the 
work was to optimize the pellets for extrusion-
spheronization purpose rather than to extend the 
drug release. 
There have been contradictory reports on the 
utilization of metformin in gastro-retentive 
dosage forms (2, 35). However the investigated 
systems were single-unit type. Therefore, it 
seemed reasonable to improve the earlier studies 
by formulating metformin in a multiparticulate 
floating (gastro-retentive) system in order to 
optimize the pharmacokinetics and pharmaco-
dynamics of the drug. Hence, to achieve the 
ultimate goal of formulating a clinically effective 
FDDS of metformin hydrochloride for effective 
control of Non Insulin Dependent Diabetes 

Mellitus (NIDDM), the present work was 
designed to address the following objectives-
preparation of micro-particles, evaluation of 
FDDS in vitro, predicting the release, and 
optimization of floatation and drug release 
pattern to match target release profile.  
 

MATERIALS AND METHODS 
Metformin hydrochloride was a gift sample from 
Lupin Laboratories Ltd., Aurangabad, India. 
Ethyl cellulose (18-22 cps) and Acetone LR were 
commercially obtained from S.D. Fine Chem. 
Ltd., Mumbai, India. Liquid paraffin LR used 
was commercially grade available from 
Qualigens Fine Chemicals, Mumbai, India. 
Petroleum ether (40o-60oC) was obtained from 
Nice Chem. Pvt. Ltd., Cochin, India. All other 
chemicals were of analytical grade and were 
used as procured. 
 

Preparation of Microspheres  
Microspheres containing anti-diabetic drug as a 
core material were prepared by a Non-aqueous 
Solvent Evaporation method (19). Briefly, drug 
and ethyl cellulose were mixed in acetone at 
various ratios. The slurry was slowly introduced 
into 30ml of liquid paraffin while being stirred at 
1200 rpm by a mechanical stirrer equipped with 
a three bladed propeller at room temperature. 
The solution was stirred for 2 h to allow the 
solvent to evaporate completely and the 
microspheres were collected by filtration. The 
microspheres were washed repeatedly with 
petroleum ether (40o-60oC) until free from oil. 
The collected microspheres were dried for 1 h at 
room temperature and subsequently stored in a 
desiccator over fused Calcium chloride. 
 

IR Spectra 
FTIR spectra of pure drug, polymer (EC), 1:1 
and 2:1 microspheres were obtained in KBr 
pellets at moderate scanning speed between 
4000-200cm-1in a Perkin- Elmer FTIR 
Spectroscope. 
 

Yield of Microspheres 
The prepared microspheres with a size range of 
251-µm were collected and weighed. The 
measured weight was divided by the total 
amount of all non-volatile components which 
were used for the preparation of the 
microspheres. 
 

% Yield = (Actual weight of product / Total 
weight of excipient and drug) × 100 
 

Particle size analysis 
Size distribution was determined by sieving the 
microparticles using a nest of standard BSS 
sieves (36) as well as by optical microscopy 
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using stage micrometer slide and calibrated 
eyepiece by counting at least 100 microspheres.  
 
DEE (Drug Entrapment Efficiency)  
Microspheres equivalent to 50 mg of the drug 
were taken for evaluation. The amount of drug 
entrapped was estimated by crushing the 
microspheres and extracting with aliquots of 
0.1N HCl repeatedly. The extract was transferred 
to a 100 ml volumetric flask and the volume was 
made up using 0.1N HCl. The solution was 
filtered and the absorbance was measured after 
suitable dilution spectrophotometrically (UV 
1700, Shimadzu, Japan) at 233 nm against 
appropriate blank. The amount of drug entrapped 
in the microspheres was calculated by the 
following formula: 
 

DEE = (Amount of drug actually present /                                      
Theoretical drug load expected) × 100 

 
Surface Topography (SEM)  
The surface morphology of the microspheres was 
examined by scanning electron microscopy in a 
Cambridge Instruments, Stereo Scan 360. 
 
In vitro Evaluation of Floating Ability (12,37) 
An in vitro floating study was carried out using 
simulated gastric fluid USP containing 1% 
Tween 80 as a dispersing medium. Microspheres 
were spread over the surface of 500ml of 
dispersing medium at 37 ± 0.5oC. A paddle 
rotating at 100 rpm agitated the medium. Each 
fraction of microspheres floating on the surface 
and those settled down were collected at a pre-
determined time point. The collected samples 
were weighed after drying.  
 

%Floating microspheres=(weight of floating 
microspheres/ initial weight of floating 
microspheres) × 100 

 
In vitro Drug Release Study (30) 
In vitro drug release studies were carried out for 
all products and for the pure drug in USP type II 

(38) [DISSO 2000, Labindia, Chennai, India] 
dissolution test apparatus. One hundreds mg of 
pure drug was used for the dissolution studies 
and microspheres equivalent to 100mg of the 
pure drug were used. Two ml of the aliquot was 
withdrawn at predetermined intervals and 
filtered. The required dilutions were made with 
0.1N HCl and the solution was analyzed for the 
drug content spectrophotometrically (UV 1700, 
Shimadzu, Japan) at 233nm against suitable 
blank. Equal volume of the dissolution medium 
was replaced in the vessel after each withdrawal 
to maintain sink condition. Three trials were 
carried out for all formulations. From this 
percentage drug release was calculated and 

plotted against function of time to study the 
pattern of drug release.  
The similarity of dissolution profile of the 
prepared formulations was compared with that of 
the marketed formulations to arrive at the 
optimum profile.  There are several methods 
which are recommended for comparison of 
dissolution in literature (39-42), though there 
seems to be no general agreement regarding the 
best method in a particular situation. However, in 
view of the wide regulatory acceptance of the 
“similarity factor” (f2) method (mentioned in 
SUPAC-MR document of FDA (43)) in 
comparison to others, the former was used as a 
model-independent statistical tool for 
comparison of dissolution profile in this study. 
The closeness of drug release profile to that of 
target profile (market product) was calculated 
using FDA recommended similarity factor (f2 
value), that must be within 50-100 for similarity 
was calculated as follows:  
 

f2 = 50 log {[1+1/nΣ (Rt – Tt)2]-0.5 × 100} 
 
Where, Rt and Tt are percent of drug which was 
dissolved at each time point for the test and 
reference products respectively, n is the number 
of time points considered. 
 
Statistical Optimization of the formulations (44) 

Modern formulator needs to conserve time and 
resources to deliver the best formulation and 
hence optimization following statistical 
experimental design. In the present study, a two 
step design was followed.  In the first step, a 
central composite design (CCD; Table 1) (44) 
was followed to study the effect of formulation 
variables on product characteristics.  In the 
second step, a simplex lattice mixture design (45) 
was followed to optimize the desired release 
profile using minimum number of experiments. 
For optimization of the formulation the desired 
target release profile (equivalent to marketed 
products) was achieved by initially building 
empirical polynomial models for the set response 
parameters of the study.  In the present study the 
following response parameters were selected for 
optimization – similarity factor (f2) and 
cumulative % of the drug released at different 
hours (CR1, CR2, CR3, CR5, CR8) (Table 2). 
The polynomial models (Table 3) which were 
developed were simultaneously solved with the 
target values for the response parameters as 
objective functions to arrive at the predicted 
optimum formulations. The predicted 
formulation was then prepared and evaluated 
through all physicochemical tests and the 
percentage of error in prediction was calculated 
to validate the quality of prediction. 
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RESULTS AND DISCUSSION 
Several preformulation trials were undertaken for 
various proportions of drug and polymer by 
variation of the liquid paraffin and acetone 
volumes for qualitative and quantitative deter-
mination of microsphere characteristics. It was 
found that Ethylcellulose microspheres show 
desirable high drug content, yield, floatation and 
adequate release characteristics and hence were 
suitable for development of a CR system. The 
25# BSS sieve has highest yield.  No drug 
polymer incompatibility was noted in their FTIR 
spectra (Data are not shown). 
The surface morphology and internal texture of 
microspheres were determined by scanning 

electron microscopy (SEM) as shown in Figure 
1. Presence of pores were detected on the 
microsphere surface which increased in size and 
number after dissolution indicating leaching of 
the drug through these channels. The 
microspheres, however, did not change in shape 
or size after dissolution as is expected for a 
hydrophobic water insoluble polymer 
ethylcellulose. 
To precisely understand and quantify the effect 
of drug-polymer ratio and the effect of process 
variables such as volume of solvent and 
manufacturing vehicles a Central Composite 
Design (CCD) was devised in which the polymer 
and solvent were used as the variables 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. SEM of metformin floating microspheres a; Original microspheres, b; Transverse section of 
microspheres, c; Transverse section of microspheres after dissolution, d; Surface of microsphere before 
dissolution. 
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Figure 3. Comparison of optimized formulations with 
target. 
Target = Target release profile; OPT1 = Optimum 
formulation # 1; OPT2 = Optimum formulation # 2 

Figure 2. Release profile of microsphere blends. 
EC = Ethylcellulose microspheres of different batches 
(refer to Table 2) 
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Table 1. Characteristics of the microspheres obtained following CCD.  
Product 

Code 
Drug: polymer: acetone 

 
Percentage 
Yield (%)* 

Drug Entrapment 
Efficiency (%)* 

Release after 8 
h (%)* 

EC-1 250:250:6 58.6 78.32 73.13 
EC-2 250:250:12 98.4 89.06 78.48 
EC-3 250:750:6 44.93 93.72 47.64 
EC-4 250:750:12 84.83 134.76 47.64 
EC-5 250:500:9 77.11 124.51 55.76 
EC-6 250:500:9 75.05 96.54 64.02 
EC-7 250:500:6 73.59 96.66 63.62 
EC-8 250:146.45:9 81.97 61.17 87.59 
EC-9 250:853.55:9 87.06 113.81 86.46 
EC-10 250:500:4.76 83.6 95.19 70.18 
EC-11 250:500:43.24 84.04 90.53 77.38 

  * All values are the average of the three determinations 
  
 
Table 2. Blended formulations of mixture design. (EC = Ethylcellulose formulation; CR= cumulative release) 

Cumulative % drug release at different hours Code* EC 4 EC 8 F2 
CR1 CR2 CR3 CR5 CR8 

EC 12 1 0 21.78 16.87 18.24 22.68 29.09 33.22 
EC 13 0.5 0.5 91.59 32.06 45.59 63.68 71.09 80.21 
EC 14 0 1 62.8 36.59 47.58 68.06 77.83 87.59 
EC 15 0.75 0.25 53.15 29.33 43.62 50.65 61.54 70.87 
EC 16 0.25 0.75 72.09 33.45 48.05 65.55 74.58 86.33 
EC 17 0 1 63.41 35.74 48.43 67.47 77.34 88.23 
EC 18 1 0 33.9 17.4 18.48 23.21 29.76 33.46 
EC 19 0.5 0.5 88.94 33.17 45.62 64.35 71.75 80.93 

 *Total – 1 or 100% 
 
 
 
Table 3. Polynomial models and ANOVA table for the response parameters  

Parameter Model F P<0.05 P 
(LOF) 

R2  
adj. 

R2  
pred. 

F2 

 

f2 =+26.3908×F4 +61.6752× F8 
+154.04078 × F4 × F8 
 

22.63 0.0031 6.60 0.8607 0.7796 

CR1 
(CR1 - 16.00)3  = +188.24862 ×F4 
+8139.45533 ×F8 
 

197.22 0.0001 1.25 0.9659 0.9508 

CR2 
(CR2-18.00)3  = +576.38308  ×F4 
+26895.81704 ×F8 +34508.21259 
 ×F4 × F8 
 

130.82 0.0001 8.26 0.9737 0.9592 

CR3 

Sqrt(CR3 + 22.00)= +6.70110 ×F4 
+9.47145 ×F8 +4.68109 ×F4 × F8 
+2.94324 ×F4 × F8 × (F4-F8) 
 

3650.81 0.0001 2.83 0.9994 0.9981 

CR5 

(CR5)3  = +24634.99428 ×F4 
+4.66180 ×105×F8 +4.55218x105 
×F4 × F8 +2.08041x105 ×F4 × F8  
× (F4-F8) 
 

1290.96 0.0001 4.85 0.9982 0.9942 

CR8 
(CR8 - 10.00)3  = +14777.45294  
×F4 +4.72570x105×F8 +4.51560 
×105 ×F4 ×F8 

1966.11 0.0001 2.38 0.9982 0.9971 

(F= Fisher statistics, P = probability of error; LOF = lack of fit; R2 = coefficient of determination; adj. = adjusted;  
pred. = predicted) 
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Table 4. Deviation of optimum formulation from target drug release (%).  

Time (h) P (Target value)* OPT1 R1 
(EC 13) 

OPT 2 R2 
(EC 19) %Error 1** %Error 2** 

1 32.05 32.06 33.17 0.0312 3.494 
2 47.7 45.59 45.62 4.421 4.36 
3 64.17 63.68 64.35 0.763 0.28. 
5 70.07 71.09 71.75 1.455 2.397 
8 80.33 80.21 80.93 0.149 0.746 

f2 91.59 88.94 - - 
(Target = Target release profile; OPT1 = Optimum formulation # 1; OPT2 = Optimum formulation # 2) 
*Target value is market products value;  ** (P –Ri) x100/P (i = 1,2) 

 
while drug and liquid paraffin (vehicle) were 
kept constant. Therefore, drug-polymer ratio and 
also the acetone-liquid paraffin phase-volume 
ratio were varied. 
All formulations floated for more than 8 hr on 
the simulated gastric fluid USP (Data are not 
shown). The microsphere, having lower densities 
(having a hollow core; Figure 1b,c), exhibited 
buoyancy and are expected to be retained in 
gastric environment for more than 8 h. The 
results were in agreement with earlier reports 
(30) which help to improve the bioavailability of 
the basic drugs like metformin hydrochloride. In 
vitro release studies of the floating microspheres 
were carried out in 0.1N hydrochloric acid (pH 
1.2) for a maximum period of 8 h. As expected, 
EC level was found to influence the drug release, 
particle size and drug entrapment characteristics 
of the microsphere. Higher level of the EC 
yielded microsphere with high drug content 
probably due to polymer loss at high viscosity 
level. The release did not show any burst effect 
or lag time, which is indicative of a 
homogeneous drug distribution.  It was found 
that most of the formulations followed Higuchi 
square root kinetics indicating a diffusion 
dependent release as expected from a matrix 
system like the microspheres which have been 
developed. This indicated that the smooth walled 
microspheres had adequate pores and channels to 
allow smooth, controlled drug release and that 
there was no polymer dissolution or chain 
relaxation due to non-swelling insoluble nature 
of the polymer which was used. This in turn, 
ensures high reproducibility of the developed 
systems. The release data was further supported 
by surface morphology obtained by SEM study 
(Figure 1a–d).  Similar observations have been 
(25-26) reported on ethylcellulose based 
multiparticulate systems prepared essentially by 
the same technique with relatively water soluble 
drugs. Hence the results obtained w.r.t size 
distribution, yield, drug entrapment and release 
were in conformity with earlier published 
reports. 
The formulations in CCD had wide range of 
release both over and below the target profile 

(Table 1). Therefore, two formulations from the 
investigated range of formulae, namely, EC 4 
and EC 8, were selected on the basis of their 
favorable values for drug content, particle size, 
yield and release characteristics (Table 1). A 
simplex lattice mixture design was selected to 
optimize the release (Table 2). The response 
parameters used for optimization were the 
%CDR at 1st, 2nd, 3rd, 5th and 8th hr of dissolution 
and the target values were obtained from the 
dissolution study of the marketed products. 
Regression analysis to build polynomial models 
(Table 3) followed by numerical optimization of 
the release data showed that a 1:1 blend 
formulations of EC 4 and EC 8 provide the 
desired release. This translates into either 
formulation blend EC 13 or EC 19 as the 
optimized formulations. It was found that the 
observed values of each parameter optimized 
was very close to the target and predicted values 
with less than 5% error (Table 4). Hence, the 
release was finally optimized. A further 
indication of the success of the optimization 
procedure could be obtained by a look at the f2 
values. Hence, through the 50:50 (by weight) 
blend of formulations EC 4 and EC 8, the same 
release profile was achieved as that of the target 
marketed products (GluforminXL 500, 
Gluconorm SR, Metlong 500 – Brands marketed 
in India). We are not aware of any public 
literature report utilizing this simple and 
straightforward methodology to optimize 
differential release profiles of microsphere 
blends. Patents on multiparticulates, especially 
on Spansules™, do refer to optimum blends, but 
the method of arriving at such blends is rather 
crude and empirical. In contrast, the method 
which was followed in this study relies on sound 
mathematical foundations and sure-shot pathway 
of achieving any desired release profile within 
the experimental domain. 

 
CONCLUSION 

The experimental design supported product 
development and optimization procedure yielded 
the desired microspheres with drug release 
equivalent to those of the marketed single unit 
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dosage forms with the added advantage of 
floatability in gastric juice for prolonged slow 
release. The optimized multi-unit floating 
metformin HCl delivery system is expected to 
provide clinicians with a new choice of an 
economical, safe and more bioavailable 
formulation in the management of type II 
diabetes mellitus. Therefore, it may be concluded 
that drug loaded floating microspheres are a 
suitable delivery system for metformin 

hydrochloride, and may be used for effective 
management of NIDDM. 
 

ACKNOLEDGEMENT 
We thank Lupin Laboratories Ltd. for the 
generous gift of metformin hydrochloride and 
Indian Institute of Science, Bangalore, India, for 
extending scanning electron microscopy facility. 
We also thank Chairman and Principal, 
Krupanidhi College of Pharmacy for providing 
infrastructure facilities for the work.  

 
REFERENCES 

1. Williams DA, Lemke TL, Williams L. Insulin and Oral Hypoglyecemic drugs. In: Foye’s 
Principles of Medicinal Chemistry. 5th ed. New York: Lippincott Williams and Wilkins; 2002. p. 
641-648. 

2. Stepensky D, Friedman M, Srour W, Raz I, Hoffman A. Preclinical evaluation of pharmacokinetic- 
pharmacodynamic rationale for oral CR metformin formulation. J Control Rel 2001; 71:107-115,. 

3. Noel M. Kinetic study of normal and sustained release dosage forms of metformin in normal 
subjects. J Int Biomed Data 1980; 1:9-20,  

4. Pentikainen P. Bioavailability of metformin. Comparison of solution, rapidly dissolving tablet, and 
three sustained release products. Int J Clin Pharmacol Ther Toxicol 1986; 24 (4): 213-220.  

5. Yuen KH, Peh KK, Tan BL. Relating in vitro/ in vivo data of two controlled release metformin 
formulations. Drug Dev Ind Pharm 1999; 25 (5): 613-618. 

6. Fujioka K, Ledger G, Stevens J, Goyvaerts H, Jamoul C, Stein P. Once daily dosing of metformin 
extended release (Met-XR) formulation: effects on glycemic control in patients with type 2 
diabetes currently treated with metformin, In: American Diabetes Association, 60th Scientific 
Sessions, San Antonio, Texas, 2000. 

7. Gusler G, Berner B. Metformin (GR) gastric retentive tablets: GI transit and pharmacokinetics in 
healthy volunteers, In: Millennial World Congress of Pharmaceutical Science, San Francisco, 
California, 2000. 

8. Metformin info (www.Rxlist.com ; accessed 5/10/2005). 
9. Vidon N, Chaussade S, Noel M, Franchisseur C, Huchet B, Bernier JJ. Metformin in the digestive 

tract. Diabetes Res Clin Pract 1998; 4:223-229. 
10. Marathe PH, Wen Y, Norton J, Greene DS, Barbhaiya RH, Wilding IR. Effect of altered gastric 

emptying and gastrointestinal motility on bioavailability of metformin, in: AAPS Annual Meeting, 
New Orleans, LA, 1999. 

11. El-Kamel AH, Sokar MS, Al Gamal SS, Naggar VF. Preparation and evaluation of ketoprofen 
floating oral delivery system. Int J Pharm 2001; 220:13-21. 

12. Iannuccelli V, Coppi G, Bernabei MT, Cameroni R. Air compartment multiple-unit system for 
prolonged gastric residence. Part I. Formulation study. Int J Pharm 1998; 174:47-54. 

13. Acikgoz M, Kas HS, Hascelik Z, Milli U, Hincal AA. Chitosan microspheres of diclofenac 
sodium, II: In vitro and in vivo evaluation. Pharmazie 1995; 50:275-77. 

14. Thanoo BC, Sunny MC, Jayakrishna A. Oral sustained –release drug delivery system using 
polycarbonate microspheres capable of floating on the gastric fluid. J Pharm Pharmacol 1993; 
45:21-24. 

15. Streubel A, Siepmann J, Bodmeier R. Floating microparticles based on low density foam powder. 
Int J Pharm 2002; 241:279-292. 

16. Streubel A, Siepmann J, Bodmeier R. Multiple unit gastroretentive drug delivery systems: a new 
preparation method for low-density microparticles. J Microencapsulation 2003; 20 (3):329-347. 

17. Jayanthi G, Jayaswal SB, Srivastava AK. Formulation and evaluation of terfenadine microballoons 
for oral controlled release. Pharmazie 1995; 50:769-770. 

18. Sato Y, Kawashima Y, Takeuchi H, Yamamoto H. In vivo evaluation of riboflavin-containing 
microballoons for floating controlled drug delivery system in healthy human volunteers. J Control 
Rel 93:39-47, 2003. 

19. Deasy PB. Microencapsulation and related drug processes. Marcel Dekker Inc; 1984. 
20. Benita S. Microencapsulation: methods and industrial applications. Vol. 73, Mercel Dekker, Inc.; 

1996. 



Patel et al 64

21. Rao KR, Senapati P, Das MK. Formulation and in vitro evaluation of ethyl cellulose microspheres 
containing zidovudine. J Microencapsul 2005; 22(8): 863-876. 

22. Srivastava AK, Ridhurkar DN, Wadha S. floating microspheres of cimetidine: formulation, 
characterization and in vitro evaluation. Acta Pharm 2005; 55(3): 277-285. 

23. Wu PC, Huang YB, Chang JI, Tsai MJ, Tsai YH. Preparation and evaluation of sustained release 
microspheres of potassium chloride preapred with ethylcellulose. Int J Pharm 2003; 260(1):115-
121. 

24. Dinarvand R, Mirfattahi s, Atyabi F. Preparation, characterization and in vitro drug release of 
isosorbide dinitrate microspheres. J Microencapsul 2002; 19(1): 73-81. 

25. Ray S, Ghosh PK, Das B, Ghosh LK, Gupta BK. Statistical optimization supported product 
development of anti-asthamatic multiparticulate drug delivery system. Indian J Pharm Sci 2000; 
62(3): 175-80,. 

26. Barik BB, Ray S, Goswami N, Gupta BK, Ghosh LK. Preparation and in vitro dissolution of 
Isoniazid from ethylcellulose microcapsules. Acta Poloniae Pharm 2001; 28(1): 65-68. 

27. Jain SK, Awasthi AM, Jain NK, Agrawal GP. Calcium silicate based microspheres of repaglinide 
for gastroretentive floating drug delivery: Preparation and in vitro characterization. 2005; J Control 
Release 8:8. 

28. Rouge N, Allemann E, Gex-Fabry M, Balant L, Cole ET, Buri P, et al. Comparatie 
pharmacokinetics study of a floating multiple-unit capsule, a high-density multiple-unit capsule 
and an immediate-release tablet containing 25 ng atenolol. Pharm Acta Helv 1998; 73(2): 81-87. 

29. El-Gibaly I. Development and in vitro evaluation of novel floating chitosan microcapsules for oral 
use: comparison with non-floating chitosan microspheres. Int J Pharm 2002; 249(1-2): 7-21. 

30. (a) Kawashima Y, Niwa T, Takeuchi H, Hino T, Itoh Y. Preparation of multiple unit hollow 
microspheres (microballoons) with acrylic resin containing tranilast and their drug rleease 
characteristics (in vitro) and floating behaviour (in vitro). J Control Rel 1991; 16:279-290. (b) Ibid. 
Hollow microspheres for use as a floating controlled drug delivery system in the stomach. J Pharm 
Sci 1992; 81: 135-40. 

31. Reddy LHV, Murthy RSR. Floating dosage systems in drug delivery. Crit Rev Ther Drug Carrer 
Syst 2002; 19(6): 553-585,. 

32. Talukdar R, Fassihi R. Gastroretentive delivery systems: a mini review. Drug Dev Ind Pharm 
2004; 30(10): 1019-1028. 

33. Soppimath KS, Kulkarni AR, Rudzinski WE, Aminabhavi TM. Microspheres as floating drug-
delivery systems to increase gastric retention of drugs. Drug Metab Rev, 2001; 33(2): 149-160. 

34. Gouldson MP, Deasy PB. Use of cellulose ether containing excipients with microcrystalline 
cellulose for the production of pellets containing metformin hydrochloride by the process of 
extrusion-spheronizatioin. J Microencapsul 1997; 14(2): 137-153. 

35. Hoffman A, Stepensky D, Lavy E, Eyal S, Klausner E, Friedman M. Pharmacokinetic and 
pharmacodynamic aspects of gastroretentive dosage forms. Int J Pharm 2004; 277(1-2): 141-153. 

36. Martin A. Bustamate P, Chun AHC. Micromeritics. In: Physical pharmacy. 4th ed. BI Waverly Pvt. 
Ltd; 1999. 

37. Lee JH, Park TG, Choi HK. Development of oral drug delivery system using floating 
microspheres. J Microencapsul 1999; 16(6): 715-729. 

38. USP 26, NF 21. Asian Edition. United states Pharmacopoeial Convention Inc; 2003. 
39. James. E. Polli, G. Singh Rekhi, Vinod P. Shah. Methods to compare dissolution profiles. Drug 

Information Journal 1996; 30:1113-1120. 
40. O'Hara T, Dunne A, Butler J, Devane J. A review of methods used to compare dissolution profile 

data. Pharm Sci Technol Today 1998; 1(6): 214-223. 
41. Freitag G. Guidelines on Dissolution Profile comparison. Drug Information Journal 2001; 35: 865-

874. 
42. Costa P, Sousa Lobo JM. Modeling and comparison of dissolution profiles. Euro J Pharm Sci 

2001; 13: 123 – 133. 
43. FDA Guidance for Industry. SUPAC-MR—Modified Release Solid Oral Dosage Forms: Scale-Up 

and Post Approval Changes, Center for Drug Evaluation and Research (CDER), Sept 1997. 
44. Montgomery DC. Design & Analysis of Experiments, 4th ed. John Wiley & Sons; 1996. 
45. Bolton S. Optimization Techniques. In: Pharmaceutical Statistics: Practical and Clinical 

Applications.  3rd ed. New York: Marcel Dekker Inc; 1997. p. 610-619. 


