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ABSTRACT: The objective of the study was to formulate and 

evaluate controlled release glipizide matrix tablets for the release rate, 

release patterns, and the mechanism involved in the release process of 

the drug. Formulations with hydrophobic and hydrophilic polymer in 

several drug-to-polymer ratios and using water-soluble and water-

insoluble diluents were compressed into tablets using the direct 

compression method. By using an eight-station dissolution rate test 

apparatus, the drug release study was analyzed in phosphate buffer of 

pH 7.4. For the determination of the release mechanism and drug 

release kinetics, various mathematical/kinetic models were employed. 

Release was relatively faster with water-soluble diluent lactose when 

compared to water-insoluble diluent dicalcium phosphate (DCP) at all 

concentrations of Starch Acetate (SA) and Ethylene Vinyl Acetate 

copolymer (EVA). The difference factor f1 and similarity factor f2 

between prepared formulation TSAF2 and the marketed formulation 

was found to be similar. Therefore matrix tablets prepared to employ 

starch acetate (TSAF2) are considered suitable for controlled release 

of Glipizide over 24 h (i.e. once-a-day administration). 

INTRODUCTION: Oral hypoglycemic agents 

represent the most commonly practiced 

pharmacological approach to the treatment of 

NIDDM. Most of the physicians initially use 

sulphonylurea medications in the management of 

NIDDM because they have a long history of proven 

efficacy and safety 
1-4

.  
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Differences in the pharmacokinetic and pharmaco-

dynamic characters of the various sulfonylurea 

compounds produce different therapeutic side 

effect profiles 
5
. 

Short-acting sulfonylurea such as Glipizide is 

thought to be more efficacious in enhancing post-

prandial insulin secretion and generally has a lower 

risk of hypoglycaemia 
6-11

. But Glipizide has a 

short biological half-life of 3.4 ± 0.7 h, needs to be 

administered more than once a day, which 

increases the possibility of non-compliance and 

produces greater fluctuations in plasma drug levels 

both above and below the therapeutic range 
12-13

. 

The drug profile makes a glipizide a suitable 

Keywords: 

Glipizide, Release pattern and 

kinetics, Influence of diluents, 

Ethylene-vinyl acetate copolymer, 

Starch acetate, Controlled release 

matrix tablets 

Correspondence to Author: 

Palanichamy Seenivasan    

Professor,  

Department of Pharmaceutics, Sri 

Ramachandra Faculty of Pharmacy,  

Sri Ramachandra Institute of Higher 

Education & Research, Porur, 

Chennai - 600116, Tamil Nadu, India. 

E-mail:  seenivasan2727@gmail.com 



Seenivasan et al., IJPSR, 2021; Vol. 12(11): 5867-5873.                              E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              5868 

candidate for formulating a controlled release 

dosage form. This will reduce the frequent dosage 

administration necessary to control hyperglycemia. 

It also maintains the optimum therapeutic drug 

concentrations with reduced adverse effects and 

finally will improve patient compliance. 

Controlled release formulations of Glipizide will 

provide more stable therapeutic plasma drug 

concentrations over longer periods of time. This not 

only assists better glycemic control but also 

produces less fasting insulinemia. The incidence of 

hypoglycemia with controlled release formulations 

of Glipizide is low (less than 3%) 
14

. Drug delivery 

systems are classified according to the mechanism 

controlling the release of the drug. The number of 

polymers and the range of formulation variables 

available to control the rates of drug release from 

controlled release systems are broad. Selection 

among these variables is based upon the desired 

release rate and duration, the physical and chemical 

properties of the drug, and the intended site of 

application 
15

. 

In controlled delivery systems, polymers are used 

to control the release rate of the drug into the 

systemic circulation from the site of absorption and 

are used mainly in oral preparations such as 

capsules and tablets. These polymers in particle 

form combine with the drug particles, and thus the 

release rate of the drug from its moiety or matrix 

tablets is controlled in a constant manner for a 

specific period of time, either preferably up to 24 h. 

The controlled release drug delivery system is 

concerned with the maintenance of drug plasma 

levels in an optimum range so as to reduce toxicity 
16

. In controlled release dosage forms, the drug 

release rate from the tablet is influenced by 

different factors, which are directly related to both 

the physical and chemical properties of the drug 

and also to its dosage form. Mostly these factors 

are associated with the polymers used in the 

formulations and show a tremendous influence on 

the release of drugs from the polymeric tablets. In 

the present investigation, studies are carried out on 

the preparation of matrix tablets employing starch 

acetate (SA) and EVA with water-soluble diluent 

lactose when compared to water-insoluble diluent 

DCP with an objective of making a comparative 

evaluation of their permeability and drug release 

characteristics for controlled release application.   

MATERIALS AND METHODS: 

Materials: Glipizide was a gift sample from M/s 

Micro Labs Limited, Pondicherry. Ethylene-vinyl 

acetate copolymer (Grade 1408) was procured from 

M/s. Polyolefins Industries Ltd., Mumbai. Potato 

starch (SD Fine chemicals), acetic anhydride 

(Qualigens), sodium hydroxide (Qualigens), and 

chloroform (Qualigens) were purchased from 

commercial sources, Talc I.P. (LobaChemie), 

Magnesium stearate I.P. (LobaChemie). All other 

materials used were of pharmacopoeial grade. 

Preparation of Matrix Tablets: Matrix tablets of 

Glipizide were prepared by using Starch acetate 

and EVA as polymer. The required quantities of 

medicament, diluent (lactose/DCP), and matrix 

materials were mixed thoroughly in a mortar by 

geometric dilution technique. The granulating fluid 

(a solvent blend of water and alcohol in 1:1 ratio) 

was added and mixed thoroughly to form dough 

mass.  

The mass was passed through mesh No. 12 to 

obtain wet granules. The wet granules were dried at 

60 ºC for 4 h. The dried granules were passed 

through mesh No. 16 to break aggregates. The 

lubricants talc and magnesium stearate were passed 

through mesh No. 100 on to dry granules and 

blended in a closed polyethylene bag. The tablet 

granules were compressed into tablets on a rotary 

tablet punching machine (M/s Cadmach Machinery 

Co. Pvt. Ltd., Mumbai) to a hardness of 8 

kg/sq.cm. using 9 mm round and flat punches. 

Physical Characterization of Manufactured 

Tablets: The hardness of the matrix tablets 

prepared was tested using a Monsanto hardness 

tester. The Friability of the matrix tablets prepared 

was determined in a Roche friabilator. 

Disintegration time was determined in the tablet 

disintegration test machine using water, 0.1 N HCl, 

and phosphate buffer of pH 7.4 as test fluids. Five 

tablets were accurately weighed and powdered.  

Tablets powder equivalent to 20 mg of the drug 

was taken for assay into 25 ml volumetric flask, 

and 20 ml of methanol were added. The mixture 

was shaken thoroughly for about 30 min. to extract 

Glipizide. The methanolic solution was 

subsequently diluted suitably with a phosphate 

buffer of pH 7.4 and assayed for Glipizide at 223 
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nm. Glipizide content of the tablets was calculated 

using the calibration curve. 

Drug Release Study: Drug release of Glipizide 

from the matrix tablets prepared was studied in 

phosphate buffer of pH 7.4 (900 ml) using an eight-

station dissolution rate test apparatus with a paddle 

stirrer at 50 rpm and 37 + 0.5 ºC. A sample matrix 

tablet equivalent to 10 mg of Glipizide were used 

in each test. Samples of dissolution fluid were 

analyzed at 223 nm for Glipizide using Perkin 

Elmer (Lambda 35) UV Spectrophotometer. The 

drug release experiments were conducted in 

triplicate.  

Analysis of Release Data: The release rate and 

mechanism of release of drug from the prepared 

matrix tablets were analyzed by fitting the release 

data into 
17, 18

. 

(i) Zero-order equation,  

Q = Q0 – K0t................ (1) 

Where Q is the amount of drug release at time t, K0 

is the release rate 

(ii) First order equation 

Ln Q = Ln Q0 – K1t ..............................................(2) 

Where K1 is the release rate constant  

(iii) Higuchi’s equation 

Q = K2t1/2...............(3) 

Where Q is the amount of drug release at time t, K2 

is the diffusion rate constant.  

(iv) Peppa’s equation 

Mt/M∞ = Ktn....................(4) 

Where Mt/M∞ is the fractional release of the drug, t 

is the release time, K is a constant incorporating 

structural and geometric characteristic of the 

release device, ‘n’ is the release exponent 

indicative of mechanism of release.  

For non-Fickian (anomalous/zero order) release, ‘n’ 

value is between 0.5 to 1.0; for Fickian diffusion, n 

<0.5; for zero order release, n = 1; ‘n’ is estimated 

from linear regression of  

log (Mt/M∞) Vs log t............ (5) 

Applying the Similarity Factor f2 and 

Dissimilarity Factor f1 to the Formulations 

Prepared: The f2 similarity factor is approved by 

FDA to compare the release profiles of drugs from 

the test with the standard reference formulation.  

It has a value ranging between 50 and 100. The f2 

values less than 50 indicate the dissimilarity 

between the release profiles of the drug. 

Similarity factor (f2) = 50 × log {[1+ (1/n) ∑_(j=1)^n Rj  |Rj - 

Tj |2] -0.5 × 100}..........(6) 

Similarly, the f1 dissimilarity factor is also used to 

compare the release profiles of drugs from the test 

with a standard reference formulation. Its value 

ranges from 1 to 15; the values smaller than 15 

show the similarity between the release profiles, 

and the values greater than 15 show the 

dissimilarity. 

Dissimilarity factor (f1) = (∑_(j=1)^n 〖|Rj-Tj|〗)/(∑_(j=1)^n 

Rj)X 100...........................(7) 

Rj & Tj = Percent Dissolved of Reference and Test 

In this study, f1 and f2 factors were applied to the 

test formulations and were compared with standard 

Glipizide matrix tablets. In comparing the release 

profiles of drug from the test formulation with a 

reference standard, the values of f1 were larger 

than 15 (Range 0-15) and the values of f2 were 

smaller than 50 (range 50-100), which clearly 

indicates the difference between the release profiles 

of drug from the test and the reference standard 

formulation. 

RESULTS AND DISCUSSION: 

Preparation of Matrix Tablets: Matrix tablets of 

Glipizide could be prepared employing different 

proportions of Starch acetate, a new modified 

starch, and EVA by conventional wet granulation 

method. Two diluents, namely lactose (water-

soluble) and DCP (water-insoluble), were included 

in the formulations to assess their influence on drug 

release characteristics of starch acetate and EVA 

matrix tablets. Starch acetate and EVA were added 

at 2, 5, 10 % strength in the matrix. 

Physical Characterization of Manufactured 

Tablets: Physical properties of these matrix tablets 

are given in Table 1. The hardness of the tablets 

was in the range of 5-6 kg/cm
2
. 
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Weight loss in the friability test was less than 0.32 

% in all the cases. All the matrix tablets formulated 

contained 100 ± 5.0% of the labeled claim.  

All the matrix tablets were found to be non- 

disintegrating in water, acidic (pH 1.2), and 

alkaline (pH 7.4) fluids.  

TABLE 1: WEIGHT VARIATION, HARDNESS, FRIABILITY, DISINTEGRATION TIME AND DRUG CONTENT 

OF GLIPIZIDE MATRIX TABLETS FORMULATED 

Formulation 

code 

Weight variation 

(%) 

Friability 

(%) 

Hardness 

(Kg/cm
2
) 

Disintegration  

Time (min) 

Glipizide content 

(%) 

TSAF1 219.0 ± 1.42 0.32  ± 0.02 5.50 ± 0.14 - 97.85 ± 0.09 

TSAF2 216.0 ± 1.68 0.45 ± 0.01 6.00 ± 0.30 - 96.53  ± 0.07 

TSAF3 221.2 ±  1.35 0.37 ± 0.04 5.00 ± 0.19 - 96.12  ± 0.15 

TSAF4 218.6 ± 1.89 0.54 ± 0.06 6.00 ± 0.33 - 97.02 ± 0.06 

TSAF5 217.9 ± 1.74 0.62 ± 0.05 5.50 ± 0.21 - 97.53  ± 0.12 

TSAF6 216.8 ± 2.62 0.51 ± 0.07 6.00 ± 0.15 - 96.98  ± 0.11 

TEVAF7 214.8 ± 0.86 0.46 ± 0.05 5.00 ± 0.34 - 99.34 ± 0.45 

TEVAF8 217.0 ± 0.35 0.52 ± 0.09 5.00 ± 0.27 - 97.45 ± 0.57 

TEVAF9 215.4 ± 1.23 0.54 ± 0.03 5.50 ± 0.18 - 98.78 ± 0.28 

TEVAF10 218.0 ± 0.75 0.65 ± 0.04 6.00 ± 0.43 - 95.36 ± 0.27 

TEVAF11 219.2 ± 0.82 0.47 ± 0.07 5.50 ± 0.47 - 96.28 ± 0.16 

TEVAF12 218.4 ± 1.21 0.36 ± 0.03 5.50 ± 0.34 - 96.57 ± 0.19 

Note: (-) Non-disintegrating 

Drug Release Study: Glipizide release profiles of 

various matrix tablets formulated are given in Fig. 

1, 2, 3 & 4. Glipizide release from the matrix 

tablets formulated was slow and spread over 24 h 

and depended on the concentration (%) of starch 

acetate and EVA in the matrix tablets and 

nature/type of diluent. As the concentration of 

starch acetate and EVA in the matrix tablets was 

increased, drug release was decreased. Release was 

relatively faster with water-soluble diluent lactose 

when compared to water-insoluble diluent DCP at 

all concentrations of starch acetate and EVA. 

  

 
 

 

  

  

FIG. 1: RELEASE PROFILES OF GLIPIZIDE MATRIX 

TABLETS PREPARED EMPLOYING STARCH 

ACETATE USING LACTOSE AS DILUENT 

 

FIG. 2: RELEASE PROFILES OF GLIPIZIDE MATRIX 

TABLETS PREPARED EMPLOYING STARCH 

ACETATE USING DCP AS DILUENT 

FIG. 3: RELEASE PROFILES OF GLIPIZIDE MATRIX 

TABLETS PREPARED EMPLOYING EVA USING 

LACTOSE AS DILUENT 

FIG. 4: RELEASE PROFILES OF GLIPIZIDE MATRIX 

TABLETS PREPARED EMPLOYING EVA USING DCP 

AS DILUENT 
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Analysis of Release Data: Analysis of release data 

as per zero-order and first-order kinetic models 

indicated that the drug release from the tablets 

followed first-order kinetics. The correlation 

coefficient (R
2
) values were higher in the first-

order model than in the zero-order model Table 2. 

When the release data were analyzed as per 

Peppa’s equation, the release exponent ‘n’ was in 

the range 0.5311 – 0.7111 with all the matrix 

tablets indicating non - Fickian (anomalous) 

diffusion as the release mechanism from all the 

matrix tablets formulated with starch acetate and 

EVA.  Plots of percent released versus square root 

of time were found to be linear with   (R
2
> 0.9225) 

with all the matrix tablets formulated, indicating 

that the drug release from these tablets was 

diffusion controlled. 

TABLE 2: VARIOUS KINETIC MODELS CORRELATION COEFFICIENT (R2) VALUES IN THE ANALYSIS OF 

RELEASE DATA OF GLIPIZIDE MATRIX TABLETS PREPARED EMPLOYING STARCH ACETATE AND EVA 

USING LACTOSE AND DCP AS DILUENT   

Polymer Diluent Formulation Correlation Coefficient (R
2
) Values 

Zero-order First-order Higuchi’s Peppa’s 

 

Starch Acetate 

(SA) 

 

Lactose 

 

TSAF1 0.8893 0.9892 0.9733 0.9637 

TSAF2 0.9850 0.9043 0.9557 0.9834 

TSAF3 0.9737 0.9347 0.9332 0.9290 

 

DCP 

TSAF4 0.9770 0.9585 0.9464 0.9570 

TSAF5 0.8984 0.9629 0.9850 0.9686 

TSAF6 0.9000 0.9556 0.9897 0.9921 

 

Ethylene Vinyl 

Acetate 

copolymer (EVA) 

 

Lactose 

TEVAF7 0.9796 0.9408 0.9451 0.9679 

TEVAF8 0.9660 0.9429 0.9638 0.9738 

TEVAF9 0.9656 0.9023 0.9666 0.9860 

 

DCP 

TEVAF10 0.9779 0.8822 0.9225 0.9333 

TEVAF11 0.9599 0.9390 0.9792 0.9796 

TEVAF12 0.9640 0.9427 0.9802 0.9929 
 

Starch acetate and EVA proportion (%) in the 

matrix tablets was increased, release rate was 

decreased in both the series formulated using 

lactose or DCP as diluent. Good linear relationships 

were observed between percent polymer and 

release rate in each case.  

Thus, drug release from the matrix tablets could be 

controlled by varying the proportion of drug: 

polymer in the matrix. The results of the study thus 

indicated starch acetate and EVA could be used as 

rate controlling matrix in the design of controlled-

release tablets.  

Both water-soluble and water-insoluble diluents 

can be included in the starch acetate and EVA 

matrix tablets without affecting its rate-controlling 

efficiency.   For comparison, glipizide release from 

one commercial brand (Glynase XL) tablets to the 

release profiles of formulated matrix tablets was 

also studied Fig. 5. Glipizide release from matrix 

tablets (TSAF2) formulated employing 5% starch 

acetate polymer was spread over 24 h and was 

similar to that from Glynase XL tablets, a 

commercial product of Glipizide. 

 
FIG. 5: COMPARISON OF DRUG RELEASE PROFILES 

OF FORMULATION TSAF2 AND COMMERCIAL 

PRODUCT (GLYNASE XL TABLET) 

Drug release profiles of all prepared formulation 

and Glynase XL tablets were compared by 

calculating difference factor f1 and similarity factor 

f2 Table 3.  

The values of f1 and f2 were found to be 5.05 and 

77.63, respectively, for the comparison of release 

profiles of formulation TSAF2 and Glynase XL 

tablets indicating that the release profiles of these 

two products are similar. Hence, matrix tablets 

formulated employing starch acetate (TSAF2) are 

considered suitable for controlled release of 
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Glipizide over 24 h (i.e., once-a-day 

administration). 

TABLE 3:  EVALUATION OF F1 AND F2 FOR THE 

COMPARISON OF DRUG RELEASE PROFILES OF 

PREPARED FORMULATION 

Formulation Dissimilarity 

factor (f1) 

Similarity 

factor (f2 ) 

TSAF1 29 39.95 

TSAF2 5.05 77.63 

TSAF3 10.46 63 

TSAF4 11.39 58.5 

TSAF5 14.43 50.5 

TSAF6 14.51 46.35 

TEVAF7 8.77 64 

TEVAF8 7.35 69 

TEVAF9 9.57 57.85 

TEVAF10 8.48 67.8 

TEVAF11 9.44 64.15 

TEVAF12 10.95 56.05 

CONCLUSION: Preparation of drug embedded 

matrix tablets is the least complicated technique for 

controlled release and is widely used in industry. 

This technique was selected for the design of 

controlled release drug delivery systems employing 

Starch Acetate and EVA with Glipizide.  

Matrix tablets of Glipizide prepared were found to 

be non-disintegrating in water, acidic (pH 1.2), and 

alkaline (pH 7.4) fluids. As the tablets formulated 

employing starch acetate and EVA in both cases 

were non-disintegrating in acidic and alkaline 

fluids, they are considered suitable for oral 

controlled release. Glipizide release from the 

matrix tablets formulated was slow and spread over 

24 h and depended on the concentration (%) of 

polymer (i.e., starch acetate and EVA) in the matrix 

tablets and nature/type of diluent used.  

As the concentration of polymer (i.e., starch acetate 

and EVA) in the matrix tablets was increased, drug 

release was decreased. The release was relatively 

faster with water-soluble diluent lactose when 

compared to water-insoluble diluent DCP at all 

concentrations of starch acetate and EVA. 

Glipizide release from the matrix tablets prepared 

was diffusion-controlled and followed first-order 

kinetic. Good linear relationships were observed 

between percent polymer and release rate with both 

SA and EVA. Drug release from the matrix tablets 

could be controlled by varying the proportion of 

drug: polymer in the matrix. Glipizide release from 

matrix tablets (TSAF2) formulated employing 5% 

starch acetate was similar to that Glynase XL tablet 

(A commercial SR tablet formulation of Glipizide). 

Evaluated the difference factor f1 and similarity 

factor f2 of prepared formulation (TSAF2) with 

marketed formulation confirm that the release 

profiles of these two products are similar. Hence 

these starch acetate matrix tablets are considered as 

the best-controlled release matrix tablet 

formulations developed suitable for controlled 

release of Glipizide over 24 h. 
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