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Abstract 

The current research was aimed to formulate, optimize and evaluate the gastroretentive 

formulation of antidiabetic drugs. The drugs chosen for the study were metformin, glipizide 

and mitiglinide (MTG), which are benefited by preparing stomach specific drug delivery 

systems in the form of floating matrix tablet and floating microsponges.  

The floating matrix tablets for all the three drugs were prepared using HPMC K15M, as 

release retarding polymer along with other ionic and anionic polymeric substances. Final 

formulations were prepared using HPMC K15M and kappa carrageenan as the release 

retarding polymers. The optimization of metformin floating matrix tablet was done by 

simplex centroid design using HPMC K4 M (X1), kappa-Carrageenan (X2), gas-generating 

agent, sodium bicarbonate (X3), as independent variable. The floating lag time (Flag), drug 

released after 1 hour and time required for 90% drug release, were taken as dependent 

variables. Formulations were also evaluated for swelling, floating period and drug release. 

All the tablets showed acceptable physicochemical properties. Formulation prepared with 

150mg of X1, 75mg of X2 and 150mg of X3 was found to be the optimum having good 

floating lag time and also matching the desirability criteria for drug release.  

Floating matrix tablet of glipizide was optimization by applying Simplex lattice design 

(SLD) using kappa carrageenan, HPMC K15M and sodium bicarbonate as independent 

variable. The similarity factor (ƒ2), time to release 50% of drug and time to release 90% of 

drug were taken as dependent factors. The optimum values of selected variables was found 

to be 50.134mg of X1, 39.8654mg of X2 and 10mg of X3, and this formulation showed 

highest desirability.  

Floating matrix tablet of MTG was prepared using the combination of release controlling 

polymer HPMC K15M and sodium alginate. The final optimization of floating MTG 

formulation was done by applying 32 full factorial design using sodium alginate and HPMC 

K15M as independent variable. The floating lag time (Flag), time to release 50% of drug (t50) 

and time to release 90% of drug (t90) were taken as dependent factors. All the formulations 

were evaluated for their physical properties, in vitro buoyancy studies, swelling studies and 

drug release study. Results showed that M-3 formulation containing maximum amount of 

both variables gave promising results, hence was considered as optimized batch. 

 

Floating microsponges of MTG and glipizide were prepared by quasi emulsion technique. 

Glipizide microsponges were screened by Plackett–Burman design to find the potential risk 

factors and finally microsponges were optimized using Box–Behnken design. Optimization 



2 
 

of MTG microsponges was done by applying by applying 32 full factorial design. All the 

formulations were evaluated for micrometric properties, product yield, entrapment 

efficiency, buoyancy, and in vitro release. Further, characterization of formulations was done 

by FTIR, DSC and XRD and surface morphology of the optimized formulation was studied 

by SEM. Compatibility between the drug and excipient was proved by FTIR and DSC 

studies, XRD studies showed the molecular level distribution of the drug in polymeric 

matrix. SEM revealed the spherical and porous nature of microsponges.  

Accelerated stability studies of optimized floating tablets and microsponges were performed 

as per the ICH guidelines and the results indicated no significant change in the release pattern 

of the drugs and other properties of the formulation on storage.  

Radiological study was performed on healthy albino rabbits for checking the gastroretention 

for optimized floating tablets and microsponges of MTG and glipizide. The in vivo X-ray 

imaging study clearly indicated that the optimized formulations remained afloat in gastric 

fluid up to 12 h in the stomach of rabbit. 

Pharmacodynamics studies of optimized microsponges of glipizide and MTG was performed 

on diabetic Albino wistar rats. Optimized microsponges of both drugs showed reduction in 

blood glucose level slowly but for extended period of time as compared to pure plain drug. 

Pharmacokinetic studies were performed on healthy Albino wistar rats. The study revealed 

the presence of both the drugs in the blood for more than 12 hrs which supports the 

pharmacodynamics effect of the drugs where the reduction of the blood glucose was 

observed for the period of 12hrs on comparison with pure drug. 

The optimization of gastroretentive tablet and microsponges was successfully done by 

applying statistical design. It can be concluded that oral antidiabetic treatment may be 

achieved efficiently by preparing floating microspheres and floating tablets, which could 

results in increase in bioavailability along with extended duration of action resulting in 

possible reduction in dose and side effects of drug. 
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Brief description on the state of the art of the research topic  

Despite remarkable innovations in the drug delivery system, oral route remains the chosen 

route for the administration of therapeutic agents. After oral administration, the drugs which 

are better absorbed from stomach suffer from mainly two adversities: the short gastric 

retention time and unpredictable short gastric emptying time, which can result in incomplete 

drug release from the dosage form in the absorption leading to diminished efficacy of 

administered dose1. This demerit has led to the evolution of oral gastro-retentive dosage 

forms (GRDDS). Various gastroretentive drug delivery systems (GRDDS) have being 

designed and developed, including: high density sinking systems that is retained in the 

bottom of the stomach2, low density floating systems that causes buoyancy in gastric fluid3-

5, floating osmotic pump6,7, floating pulsatile delivery system8, mucoadhesive systems that 

causes bioadhesion to stomach mucosa9, superporous hydrogel systems10, floating system 

by hot melt extrusion11 etc. Multiparticulate gastroretentive formulations have also been 

explored, which avoids dose dumping, all or none effect and irritation at the site of 

release12,13. 

Drug absorption in the gastrointestinal tract is a highly variable process and prolonging 

gastric retention of the dosage form extends the time for drug absorption. GRDDS improves 

bioavailability of drugs those are locally active in the stomach, increases the duration of drug 

release, reduces drug waste, and improves the drug solubility that are less soluble in 

intestinal pH or colonic environment. Controlled release gastroretentive dosage forms enable 

prolonged and continuous input of the drug to the upper parts of the gastrointestinal tract and 

improve the bioavailability of medications that are characterized by a narrow absorption 

window14,15. Due to all these reasons gastroretentive dosage forms (GRDF) are chosen for 

this research work.  

Antidiabetic agents have been selected as a drug of choice for preparing GRDDS because 

Diabetes is the fourth leading cause of death by disease & a person dies from diabetes related 

causes in every 10seconds. GRDF provide us with new and important therapeutic options 

for delivery of anti-diabetic drug as they not only prolong dosing intervals, but also increase 

patient compliance16-20. This research project was undertaken to prepare some of the GRDF 

for increasing the retention of anti-diabetic drugs in upper GIT.  Modified formulations 

would stay in the stomach for longer period of time, releasing the drug slowly, thereby 

decreases the dosage frequency of drug and hence increase patient compliance. 
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Definition of the Problem  

Type II diabetes mellitus is a chronic metabolic disorder and its occurrence has been 

increasing steadily all over the globe, particularly in poorly developed countries. The 

requirement of the antidiabetic drugs is to maintain the blood glucose level over the extended 

period of time to give better therapeutic efficacy and better patient compliance. Antidiabetic 

agents like biguanide derivatives, sulfonylurea and meglitinide analogs are having a strong 

rationale for preparing as gastroretentive dosage forms. Biguanide derivative, Metformin 

HCl has biological half-life is 1.5-1.6 h, and the main site of its absorption is proximal small 

intestine of the GIT.  It has absolute bioavailability of 50-60 %, when administered orally 

due to its incomplete absorption21. 

Glipizide is a second generation sulfonylurea and is one of the most widely used agents 

against Type II diabetes. It is a weak acid with 5.9 pKa value, and has a short biological half-

life (3.4 ± 0.7 h) and requires 2–3 doses of 2.5–10 mg per day for treatment22,23. Its site of 

the absorption is stomach which necessitates development of controlled-release dosage 

forms that are retained in the stomach, which would increase the absorption, improve drug 

efficiency, and decrease dose requirements. 

Meglitinide analog, Mitiglinide is a mildly acidic drug with the pKa 4.45. It remains 

unionized in acidic environment, hence better absorbed from stomach.  Recently, it was 

found that mitiglinide is better absorbed via the stomach and the gastric absorption was 

delayed when the gastric pH was higher than 5 pH24. 

Hence, these drugs were chosen for preparing the gastroretentive microsponges and tablet 

formulations for the better therapeutic efficacy, better patient compliance and efficient 

treatment of type II diabetes mellitus. 

 

Objectives  

This research project was undertaken to prepare GRDF of antidiabetic drugs for increasing 

their retention in upper GIT. Following are the objectives of the present research work: 

1. To perform the preformulation studies of all the drugs used in the study. 

2. To carry out the preliminary studies for selection of excipients and for preparing the 

floating matrix tablet of metformin, glipizide and mitiglinide. 

3. To carry out the drug excipient compatibility studies. 

4. To identify the key variable affecting the formulation of floating matrix tablet. 

5. To apply an appropriate statistical design for the optimization of the floating matrix 

tablets. 
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6. To prepare and perform characterization and in vitro evaluation of the prepared 

floating matrix tablets. 

7. To perform preliminary studies for preparing the microsponges of the selected drugs. 

8. To carry out the drug excipient compatibility studies. 

9. To find the key variables that affect the design of formulation and use of these 

variable in the optimization of floating microsponges. 

10. To prepare, characterize and evaluate the prepared microsponges. 

11. To perform the stability study of the optimized floating tablets and microsponges of 

the selected antidiabetic drugs as per ICH guidelines. 

12. To perform radiological study of the formulations to determine gastric residence time 

of the optimized formulations, in-vivo. 

13. To perform the in vivo pharmacodynamics and pharmacokinetic studies of the 

optimized microsponges of antidiabetic drugs on Albino wistar rats. 

  

Scope of work 

The antidiabetic drugs which are better absorbed from the upper part of GIT and have 

repeated frequency of administration, are the best candidates for preparing stomach specific 

formulations. Gastroretentive formulation of antidiabetic drugs would increase the residence 

time of the drugs in the stomach with sustained release pattern. This is particularly beneficial 

in enhancing the therapeutic effect with reduced side effects of drug. The sustained release 

of the drug is beneficial for decreasing the dosing frequency of the drug, which would lead 

to the increased patient compliance. Such formulations can be developed at the industrial 

level to get the maximum benefit and efficient treatment of type II diabetes mellitus.  

    

Original contribution by the thesis 

An important factor for the development of gastro retentive dosage form is the selection of 

suitable hydrophilic polymer, which provides acceptable flotation characteristics and release 

of the drug substance. The release mechanism of the drug from the polymeric matrix has 

been explained by many researchers, but in most of the studies, hydroxy propyl methyl 

cellulose (HPMC) is used as polymeric floating matrix system25. But the combination of 

HPMC with other ionic and anionic polymeric substances and their effect on the release of 

the drug has not been explored much. In the present work, the floating matrix tablet of the 

selected antidiabetic drugs were prepared using the mixture of HPMC K15M and kappa 

carrageenan, which has not been prepared earlier. Carrageenans are reported to have 
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swelling property and thereby modifying the properties of polymeric matrices, to obtain 

tailor-made materials for drug delivery systems26.  

The drug MTG is a novel drug and has not been explored for the preparation of 

gastroretentive formulation despite of being better absorbed from the stomach. Moreover, it 

has short half-life and requires repetitive administration to maintain the therapeutic effect. It 

is a novel research to prepare the gastroretentive formulation of MTG. 

Another type of dosage form prepared was microsponges. Microsponges offer an efficient 

drug delivery system for stomach specific delivery with high drug loading capacity i.e. upto 

50 to 60%. The microsponges are expected to remain buoyant in the stomach due to lower 

density than that of the gastric fluids. Consequently dissolved drug will be released 

continuously in effective controlled manner from the floating system. Microsponges have 

stability over a pH range of 1 – 11. Stable up to temperature 130°C, free flowing and cost 

effective27-29. Microsponges were not explored for low density gastro retentive system until 

Priyanka Arya et. al., developed targeted floating curcumin microsponges for improved site 

specific absorption for gastric cancer30. This study proved that microsponges have floating 

ability and can be used for the gastroretention of the drugs. Hence, floating microsponges 

are the novel way of preparing the gastroretentive formulations for antidiabetic drugs, which 

are required to be present in upper part of GIT for its better therapeutic action. 

 

Methodology of Research and Results 

a) Preformulation studies 

The preformulation studies of metformin, glipizide and MTG was performed. Identification 

of the drugs was done by performing their physical evaluation and also by conducting the 

Fourier transform infrared spectroscopy (FTIR) study. The UV spectroscopy method was 

used for the analysis of the drugs in their dosage form. The wavelength at which the drugs 

showed the maximum absorbance was taken as λmax and was further used for the 

preparation of calibration curve of drug in 0.1N HCl and methanol. UV analysis of MTG 

revealed that the absorptivity of the drug is very low. Only above the concentration of 

200mcg/ml, the measureable amount of the radiations were being absorbed by the drug. As 

the dose of drug is very less, the method of analysis was not suitable for the analysis. Hence, 

high performance liquid chromatography (HPLC) method was developed for the analysis of 

drug. The mobile phase used for HPLC analysis of MTG was acetonitrile:HPLC 

water(55:45) and the pH was adjusted to 2.15 with phosphoric acid. The retention time of 

the drug was found to be 4.869 minutes and the R2 value for the calibration curve was found 
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to be equal to 0.9982. This methods were used for in-vitro analysis of the formulations 

containing drug. 

 

b) Floating matrix tablets 

The floating matrix tablets of metformin were prepared by direct compression technique. 

The preliminary batches of metformin floating matrix tablets were prepared using HPMC 

K15M, as release retarding polymer along with other ionic and anionic polymeric 

substances. Formulations were prepared using sodium alginate, pullulan, kappa carrageenan, 

xanthan gum, poloxamer 68 in combination with HPMC K15M. Prepared formulations were 

evaluated for swelling, floating adhesive period and drug release. All the tablets showed 

acceptable physicochemical properties. Statistical analyses of data revealed that tablets 

prepared using HPMC K15M and kappa carrageenan, formulation F2, is best in terms of 

showing excellent floating properties, extended adhesion periods and sustained drug release 

characteristics with similarity factor as 92 on comparison with the theoretical release of the 

drug. Hence, this combination of polymers was further evaluated by applying statistical 

design, to obtain the optimized gastro retentive formulation of metformin.  

It was decided to develop floating matrix tablets containing metformin using simplex 

Centroid design as an optimization technique by changing the conc. of three factors 

simultaneously and keeping their total concentration constant. The amounts of matrixing 

agent, HPMC K4 M (X1), release retarding polymer, kappa-Carrageenan (X2), gas-

generating agent, sodium bicarbonate (X3), were selected as independent variable. The 

floating lag time (Flag), drug released after 1 hour and time required for 90% drug release, 

were taken as dependent variables. The design was employed and evaluated using the 

Design-Expert® Software (version- 9.0.6, Stat-Ease) by running 14 experiments. The result 

of multiple regression analysis indicated that medium to high levels of X1, medium level of 

X2 and low level of X3 should be used to manufacture the tablet formulation with desired in 

vitro floating time and release profile. Formulation M-SCD 7 with the quantities as X1 

175mg, X2 75mg, X3 150mg, was found to be the optimum having good floating lag time 

and also matching the desirability criteria for drug release. The formulation also gave 

reasonably high adhesion retention period and swelling index desirable for ensuring the 

retention of formulation in the stomach. Hence, it was concluded that the mixture of kappa 

carrageenan and HPMC K 15 M increases the flexibility in the release pattern of the drug. 

However, increase amount of kappa carrageenan is not desirable as it hinders the controlled 
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release of the drug by increasing the hydration of the formulation and hence fastens the 

release of drug from the formulation. 

Floating matrix tablet of glipizide was also prepared using the combination of hydrophilic 

polymer HPMC K15M with anionic and non-ionic polymers. The final optimization of 

floating glipizide formulation was done by applying Simplex lattice design (SLD) using 

kappa carrageenan, HPMC K15M and sodium bicarbonate as independent variable. The 

simplex lattice design for three-component system is represented by an equilateral triangle 

in two-dimensional space. The levels of the variables was decided from preliminary studies 

and the tablets were prepared by wet granulation technique using PVP K30. The similarity 

factor (ƒ2), time to release 50% (t50) of drug and time to release 90% (t90) of drug were taken 

as dependent factors. The design was employed and evaluated using the Design-Expert® 

Software (version- 9.0.6, Stat-Ease) by running 14 experiments. It was evident from the 

overlay plot that minimum amount of gas generating agent is sufficient to give the desired 

effect.  Minimum concentration of HPMC K15M is required, whereas the amount of kappa 

carrageenan should be maximum. The optimum values of selected variables was found to be 

50.134mg of X1, 39.8654mg of X2 and 10mg of X3, and this formulation showed highest 

desirability.  

 

Floating matrix tablet of MTG was also prepared using the combination release controlling 

polymer HPMC K15M and sodium alginate. The final optimization of floating MTG 

formulation was done by applying 32 full factorial design using sodium alginate and HPMC 

K15M as independent variable. The levels of the independent variables and the quantities of 

other excipients of the tablet was fixed from preliminary studies and the tablets were 

prepared by direct compression. The floating lag time (Flag), time to release 50% of drug (t50) 

and time to release 90% of drug (t90) were taken as dependent factors.  The design was 

employed and evaluated using the Design-Expert® Software (version- 9.0.6, Stat-Ease) by 

running 9 experiments. All the formulations were evaluated for their physical properties, in 

vitro buoyancy studies, swelling studies and drug release study. Results showed that M-3 

formulation containing maximum amount of both variables gave promising results, hence 

was considered as optimized batch. 

 

The floating matrix formulations of all the three drugs were prepared and optimized by 

applying appropriate design. For validating the model and checking out the reliability of the 

mathematical models, check point batches covering entire range of experimental domain 
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were prepared. The experimental and the predicted values of the check point batches had 

close agreement with each other, hence the models were successfully validated. There was 

no drug excipient interaction as reflected by Fourier transform infrared spectroscopy (FTIR) 

study. Accelerated stability studies were performed at 40ºC ±2ºC and 75 ± 5% relative 

humidity (RH), according to the current International Conference on Harmonization (ICH) 

guidelines for six months. There was no significant change found in drug content and drug 

release profile on storage. 

 

c) Floating Microsponges of MTG 

Floating microsponges of MTG and glipizide were prepared and due to very high dose of 

metformin, its microsponges were not prepared as the formulation will become bulky. 

Floating microsponges of MTG were prepared by quasi emulsion method. The drug was 

dissolved in organic phase consisting of ethanol and dichloromethane, along with polymer 

(ethyl cellulose). Triethyl citrate was also added to this internal phase in order to facilitate 

the plasticity. The external aqueous phase was prepared of containing distilled water and 

polyvinyl alcohol (PVA). Then internal phase was added to external phase and the mixture 

was continuously stirred for 3-4 hrs. The mixture was immediately filtered to separate the 

microsponges product was washed and dried at room temperature for 24 h. 

 

Preliminary batches were prepared for the screening of levels of excipient and process 

variables for the formulation of MTG microsponges. Observations of the study suggested 

that the solubility of the drug should be less in the external phase to enhance its entrapment 

in the polymeric matrix. Increased stirring speed decreased the particle size of the 

microsponges but speed beyond the optimum level caused the sticking of polymer to the 

walls of beaker. High temperature causes fast solidification of the polymeric matrix but 

particle size increased. The amount of triethyl citrate and the volume of organic and aqueous 

phase was fixed by the preliminary screening. The stirring speed of stirrer and temperature 

of the aqueous phase during the formulation of microsponges was optimized and was fixed 

for further studies. During the preliminary study, supported by literature survey, it was found 

that concentration of PVA affects the buoyancy and particle size of formulation. Also, the 

polymer concentration was found to affect entrapment efficiency and release pattern of the 

drug. Finally, the concentration of PVA (X1) and ethyl cellulose (X2) was considered to be 

the most important factors affecting the formulation of microsponges. Hence, the 

optimization of dosage form was done by taking these factors as independent variables and 
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by applying 32 full factorial design. Product yield (Y1), % entrapment efficiency (Y2), % 

buoyancy (Y3) and % cumulative drug release (Y4) were taken as dependent variables. 

Prepared formulations were evaluated for their physical properties, micrometric properties 

and drug release study. Using design expert software, optimized batch of MTG 

microsponges were obtained from the overlay plot, with the level of X1 and X2 as 0.47362 

and -0.151682 respectively. The theoretical values of Y1, Y2, Y3 and Y4 were found to be 

83.72%, 92.88%, 95.31%, 93.40%, respectively were found to be in close agreement with 

the practical values. The characterization of the optimized formulation was done by 

Differential Scanning Colorimetry (DSC), Scanning Electron Microscopy (SEM), X-ray 

Diffraction (XRD) study and FTIR. Compatibility between the drug and excipient was 

proved by FTIR and DSC studies. XRD studies showed the transformation of the drug from 

crystalline to amorphous state which indicated molecular level distribution of the drug in 

polymeric matrix. SEM revealed the spherical and porous nature of microsponges. 

 

d) Floating Microsponges of Glipizide  

Microsponges of Glipizide were prepared by quasi-emulsion solvent diffusion method. 

During the formulation of microsponges of MTG, it was found that there were various 

factors that affected the formulation. Screening of these formulation and process related 

factors by trial and error technique is time consuming and can be inaccurate at times. Hence, 

Plackett–Burman design was employed as the screening technique to determine the most 

significant factors that affected the formulation of microsponges using Design-Expert® 

software. This statistical tools helps in selecting the most important variables that can affect 

the formulation. The factor screened by the design were temperature (X1), polymer 

concentration (X2), stirring speed (X3), amount of plasticizer (X4), amount of PVA (X5), 

volume of internal phase solvent (X6), stirring time (X7). The effect of these independent 

variables was checked on dependent variables (% yield and %entrapment efficiency). Pareto 

charts revealed that concentration of polymer i.e. ethyl cellulose, stirring speed and 

temperature significantly affected the formulation of microsponges. They were considered 

to be the most critical factors in the formulation of microsponges with positive sign 

indicating their positive influence on dependent variables.  

Final optimization of glipizide microsponges was done using Box-Behnken design. A total 

of 15 batches were prepared as given by design expert. The effect of independent variables, 

selected from the screening design, was determined on the entrapment efficiency, buoyancy 

and cumulative drug release. The prepared microsponges were evaluated for various 
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micromeritic properties like angle of repose, bulk density, Carr's index and Hausner's ratio. 

The results indicated that the optimized formulation had entrapment efficiency of 90.81 ± 

1.2%, buoyancy of 92.3 ± 2.25% and drug release of 92.3 ± 0.9% in 12 hrs.  

The optimized formulation was characterized by FTIR, DSC and XRD. The surface 

morphology of the optimized formulation was studied by SEM. FTIR and DSC studies 

showed no interaction between drug and polymer. Compatibility between the drug and 

excipient was proved by FTIR and DSC studies. XRD studies showed the molecular level 

distribution of the drug in polymeric matrix. SEM revealed the spherical and porous nature 

of microsponges. The optimized formulation of glipizide microsponges were subjected to 

stability same as that of MTG microsponges and there was no significant change observed 

in the glipizide microsponges on storage. 

The stability studies of the optimized microsponges of MTG and Glipizide were performed 

at 40ºC±2ºC and 75±5% relative humidity (RH), according to the current International 

Conference on Harmonization (ICH) guidelines for six months. The samples were analysed 

for physical changes, buoyancy, % drug content and % CDR. There was no significant 

change in observed in the microsponges on storage. 

 

e) In-vivo radiographic studies31 

The in-vivo radiographic studies were conducted on healthy albino rabbits weighing 2.0 kg 

to 2.2 kg.  The protocol (BIP/IAEC/2015/05) for in vivo study was approved by the 

Institutional Animal Ethical Committee (IAEC) in accordance with guidance of committee 

for the purpose of control and supervision of experiments on animals (CPCSEA). In order 

to evaluate the in vivo residence time of the floating tablets, Floating tablet was prepared by 

incorporating the X-ray opaque material in the optimized formulation by replacing the drug 

with barium sulphate. The amount of the X-ray opaque material in the optimized tablets was 

kept sufficient to ensure visibility by X-ray, but at the same time the amount of barium 

sulphate was low enough to enable tablets to float.  

For checking the gastroretention of optimized microsponges, the optimized microsponges 

incorporated with barium sulphate was put in capsule. These prepared tablets and capsules 

were given to albino rabbits for in vivo X-ray imaging study, to check the gastroretention of 

the formulations. The in vivo X-ray imaging study clearly indicated that the optimized 

formulation of floating tablet and microsponges remained afloat in gastric fluid up to 12 h 

in the stomach of rabbit. Hence, it could be concluded that the optimized formulations will 

show the good gastroretentive behaviour, in vivo when given to human beings. 
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f) In Vivo Studies 

For conducting the in vivo studies of the optimized microsponges of glipizide and MTG, a 

protocol was approved by the Institutional Animal Ethical Committee (IAEC). 

Pharmacodynamic effect of optimized microsponges of glipizide and MTG was performed 

on diabetic Albino wistar rats. For inducing the diabetes in the rats, they were feeding with 

high fat diet, for the initial period of 2 weeks. Then, the rats were injected intraperitoneally 

(i.p.) with low dose of STZ (35 mg kg−1)32. The rats with the non-fasting PGL of ≥130 mg 

dl−1 were considered diabetic and were selected for further pharmacological studies. The 

diabetic rats were divided into two groups with three rats each and the blood samples were 

taken on the regular intervals for up to 24hrs for checking the blood glucose levels, using 

Glucose Kit (Accu-Chek* Active Blood Glucose Monitor System). One group was given 

pure drug in suspension form and other group was given the optimized microsponges of 

glipizide in suspension form. The study demonstrated that pure glipizide showed the 

significant blood glucose reducing activity within one hour. Whereas, glipizide 

microsponges showed reduction in blood glucose level slowly but for extended period of 

time. Significant decrease in the blood glucose level was shown by the optimized glipizide 

microsponges for the period of 12hrs in diabetic rat. Similar effect was shown by the 

microsponges of MTG as compared with plain MTG drug, when given to the diabetic rats. 

The sustained hypoglycemic effect observed over a longer period of time in the case of 

microsponges is due to the slow release and absorption of glipizide and MTG over longer 

period of time.  

Pharmacokinetic evaluation of the optimized glipizide and MTG microsponges was done 

using albino wistar rats. Six rats (220 ± 10 g) were kept in fasting condition for 24 h (but 

with free access to water) before being randomly assigned into two groups with three rats in 

each group.  

Optimized gastroretentive microsponges of glipizide and plain drug was orally administered 

to the two groups of rats, respectively. Blood samples (0.5 ml) was collected from the fossa 

orbitalis vein at regular intervals of time till 24hrs. The blood samples were introduced into 

heparinized micro centrifuge tubes, and then separated by centrifugation. The samples were 

stored at -20ºC till further analysis. 200µl of plasma containing drug was taken in which an 

optimized quantity of internal standard was added. Then, 25µl of trichloroacetic acid was 

added and the mixture was mixed on vortex mixer for 60sec. To this mixture, 1.5 ml of 

Acetonitrile was added and again mixed on vortex mixer. This mixture was centrifuged for 

10min at 4,000 rpm at 4ºC. Supernatant through 0.45µm filter paper and then dried. The 
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residue was reconstituted with 100µl of mobile phase33. 20µl of this sample in injected in 

HPLC for the analysis. Stationary phase was Agilent C 18 column (150 mm ×4.6 mm) with 

guard column. Mobile phase used for glipizide was Acetonitrile:HPLC water (55:45), pH 

adjusted to 3.5 with o-phosphoric acid. Glibenclamide was used as internal standard with 

detected wavelength was 240 nm. 

For the pharmacokinetic study of MTG, same method as glipizide was used. But the 

bioanalytical method was slightly different. Mobile phase used for MTG was 

Acetonitrile:HPLC water (60:40), pH adjusted to 3.5 with o-phosphoric acid34. Glipizide 

was used as internal standard with detected wavelength was 210 nm. Pharmacokinetic 

studies revealed the presence of both the drugs in the blood for more than 12 hrs which 

supports the pharmacodynamics effect of the drugs where the reduction of the blood glucose 

was observed for the period of 12hrs on comparison with pure drug. 

 

Achievements with respect to objectives 

1. Floating matrix tablets of all the three chosen drugs were prepared after performing 

the preformulation study of drugs and carried out extensive preliminary studies. 

2. The key variable affecting the formulation of floating matrix tablet were identified 

and applied for the optimization of tablets using appropriate statistical design. 

3. Drug excipient compatibility study was carried out and the characterized, in vitro 

evaluation of tablets was performed.  

4. Floating microsponges were prepared for glipizide and MTG and after preliminary 

studies key variables were found for the optimization of microsponges using 

appropriate statistical design. 

5. The characterization and in vitro evaluation of prepared microsponges was carried 

out successfully. 

6. Stability study of the optimized floating tablets and microsponges was done as per 

ICH guidelines. 

7. Radiological study of the optimized tablets and microsponges was performed on 

albino rabbits which confirmed their gastric residence in-vivo. 

8. Pharmacodynamics and Pharmacokinetic studies of optimized microsponges of 

glipizide and MTG revealed the presence of both the drugs in the blood for extended 

time showing reduction of the blood glucose for the period of 12hrs. 

 



14 
 

Conclusion 

An attempt was made to develop a gastroretentive drug delivery system of metformin, 

glipizide and MTG by preparing a floating matrix tablet and floating microsponges.  The 

floating tablets prepared using HPMC K15M, and kappa carrageenan were found to be the 

best combination for preparing the gastroretentive formulation of metformin and glipizide. 

The formulations were optimized by applying appropriate statistical design. It was 

concluded that the mixture of kappa carrageenan and HPMC K 15M increases the flexibility 

in the release pattern of the drug. However, increase amount of kappa carrageenan is not 

desirable as it hinders the controlled release of the drug due to more hydration which results 

in increased release of drug from the formulation. Floating matrix tablet of MTG was 

prepared using HPMC K15M and sodium alginate, as this combination could sustain the 

release of the drug for the desired period as compared to other polymeric combinations. 

Floating microsponges were successfully formulated for glipizide and MTG with the 

sustained release pattern of the drug. The statistical designs proved to be the best tool for 

screening and optimization of microsponges. Radiological studies of optimized tablets and 

microsponges proved the ability of the formulations to retain in the stomach. 

Pharmacodynamic and pharmacokinetic studies proved the presence of the floating 

microsponges in the stomach for extended period. It was concluded that oral antidiabetic 

treatment can be achieved efficiently by preparing floating microspheres and floating tablets, 

which results in increase in bioavailability along with extended duration of action resulting 

in possible reduction in dose, less side effects, low overall cost of therapy and hence better 

patient compliance. 
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