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Introduction

Glipizide depicted in Figure 1, belonging to the sulfonylurea group, 
is one of the major active substances used for the treatment of non insu-
lin dependent diabetes mellitus (NIDDM). It is a white odourless powder 
which is water insoluble. On the other hand, it is sparingly soluble in 
acetone and soluble in methylene chloride and chloroform1-3. It is also 
bound to the plasma proteins with a ratio of 98% having a pKa value of 
5.94, 5. Glipizide was administered once or twice daily in doses of 5 to 20 
mg6.

Figure 1
Chemical structure of glipizide

Microparticulate dosage forms are the general group term used to 
define several small dosage units. Oral administration of microparticu-
late dosage forms is generally realized by application of dosage units con-
taining required active substance for treatment in hard gelatin capsule 
caches of a disintegrating tablet. The general method for obtaining the 
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controlled release of the active ingredient is encapsulation in a swellable 
matrix of the coating of the dosage unit by suitable polymer solutions7.

Pelletization is a term used to define agglomeration of drug substanc-
es in either powder or granule form resulting in the form of semi-spheri-
cal and spherical agglomerates having good flow properties. Generally, 
the particle sizes of the resulting pellets are between 0.5 and 1.5 mm 
depending on the preparation technique8.

Pellets provide a reduction in the dosage regimen and gastrointes-
tinal irritation moreover controlling the drug release and increasing the 
absorption of the active ingredient. Also one of the advantageous proper-
ties of the pellet formulations is being good candidates for the delivery 
of the drug substances due to minimizing the dose dumping effect. The 
reproducibility of the release characteristics from pellet formulations is 
also much better with respect to the single-unit dosage forms9-11. They are 
suitable systems for film coating with respect to the low surface area-vol-
ume ratios. Also, resistance to external factors such as moisture, air and 
light are the most advantageous properties of these dosage forms12-20.

Pan coating is a method for the preparation of the coated pellets. In 
pan coating method; a core material is coated with the drug substance 
following a secondary coating process in which the release controlling 
polymer material is introduced. In previous studies, different Eudragit 
types are used as the polymer coating materials providing the release 
of the drug substance with respect to various pH values either used as 
individually or in combination at different ratios21-23.

In this study, the pellet formulations are prepared by pan coating 
method described by Bodea et al.24. We prepared formulation in order to 
decrease the dosage regimen which is twice daily for conventional tablet 
formulation of Glipizide thus the pellet formulation are aimed to main-
tain the necessary blood Glipizide concentration for the treatment. The in 
vitro characterization of the pellet formulations are evaluated as well as 
microscopic investigations.  

Materials and Methods

Materials

The active substance glipizide is generously obtained from Carlo Erba 
(Turkey). The non-pareil seeds used in the preparation of pellet formula-
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tions as a core material were obtained from Deva Holding A.Ş. (Turkey). 
The polymers used in the coating were Eudragit RL 100 PM and Eudragit 
RS 100 PM (Rhöm Pharm-Germany) and PEG 4000 (Eczacıbaşı, Turkey). 
All other chemicals are used without further purification. Minidiab® 5 mg 
(Batch 6116567) tablets were kindly supplied from Carlo Erba Turkey.

  Preparation of Controlled Release Glipizide Pellets

As a manufacturing method, pan coating was used in order to pre-
pare spherical pellets. Glipizide was incorporated into non-pareil seeds 
by spraying glipizide in a solution in methylene chloride containing poly-
vinyl pyrolidone (PVP 30K) as a binder and talc as antisticking agent. The 
coating solution parameters are stated in Table I.

TABLE I
Formulation of pan coating solution

Inactive and Active Ingradients Amounts

Glipizide 0.7 g

Polyvinylpyrolidone (PVP) 30K 20 g

Talc 20 g

Methylene Chloride qs 300 mL

The stated amounts of glipizide and PVP 30 K were dissolved in meth-
ylene chloride solution separately. After mixing each solution for a certain 
period of time, these two solutions were mixed together and necessary 
amount of methylene chloride up to the desired volume was added. The 
coating solution was sprayed over the non-pareil seed by using Erweka 
AR 400 coating pan rotating with a speed of 20 rpm. The pressure of the 
spray gun was set to 4 atm and 1200 mL coating solution was sprayed 
over 70 g of non-pareil seeds. No heating was applied during the prepa-
ration for the drying of the pellets during preparation. The pellets were 
dried at room temperature up to a constant weight.

Upper layer coating was evaluated for proving the controlled release 
of glipizide from pellet formulations. For this purpose, Eudragit RS 100 
PM and Eudragit RL 100 PM polymers were used which provide the re-
lease of the active ingredients independent of pH of the environment25-26. 
Three different coating solutions with the formulation codes PI, PII and 
PIII were prepared for the upper layer coating. The formulation param-
eters for upper layer coating solutions are given in Table 2. PEG 4000 
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was added to the coating formulations as the plasticizer. As the solvent 
for these coating solutions ethanol was selected since the active ingredi-
ent glipizide has no solubility in this solvent. These formulations were 
sprayed over the 70 g of glipizide coated pellets in the coating pan set to 
20 rpm with a spray gun at 4 atm pressure. After coating, the coated pel-
lets were dried at room temperature until constant weight is reached. 

TABLE II

Upper Layer Coating Formulations

Ingradients
Amounts

PI PII PIII

Eudragit RS 100 PM 7,5 g 12,5 g 17,5 g

Eudragit RL 100 PM 5 g - -

PEG 4000 10 g 5 g 5 g

Talc 10 g 5 g 5 g

Etanol   qs 200 mL 100 mL 100 mL

 As an other formulation parameter the amount of these three up-
per layer coating polymer solutions were varied in order to provide dif-
ferent release rates of the glipizide. These parameters are summarized in 
Table 3.

TABLE III
Upper Layer Coating Solution Amounts

Coating Solution Sprayed Amount (mL)

PI 100 200 400 600

PII 150 300 450 -

PIII 100 200 - -

Particle Size Determination

In order to determine the particle size distributions of the prepared 
pellets containing glipizide, standard sieve method was used27.  Endecott 
standard sieves between apertures 355-2000 µm were used by using 
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all the amount of pellets prepared. The fraction collected on each of the 
sieves was calculated by the percentage value.

Microscopic Evaluations

The morphological properties of the pellet formulations were inves-
tigated by the Nikon polarizing microscope (Japan) directly. In addition, 
the cross sectional investigations of the formulations was also evaluated.

Friability of the Formulations

Friability of all pellets (eudragit coated pellet formulations, glipizide 
coated non-pareil seeds and uncoted non-pareil seeds) were determined 
by using USP friability test. Friability of the pellet formulations was 
evaluated over 10 g of samples in Roche Friabilator (Hoffman la Roche, 
Basel) at 25 rpm for 4 minutes27. Prior to and following the test, the 
weights of the formulations were accurately recorded and the friability 
ratios were calculated with Equation 1 where w1 is the initial weight and 
w2 is the final weight of the formulation. The results are expressed in 
terms of the percentage of weight lost during the process.

100*
1

21

W
WWF −

=  (Equation 1)

Drug Loading and Content Uniformity

The glipizide content of the pellet formulations were evaluated over 
accurately weighed 100 mg pellets. After completely powdering pellets 
in mortar, the complete residue was transferred into a volumetric flask 
and added up to 100 mL with pH 7.4 phosphate buffer solution. This 
solution was kept in the ultrasonic bath for 15 minutes and centrifuged 
for 30 minutes at 5000 rpm. The UV absorbance of the supernatant was 
measured at λ=276 nm. The content uniformity test was evaluated six 
times for each of the formulations and the results are expressed with the 
standard deviations and variation coefficients. 

In-vitro Release Studies

In-vitro release of Glipizide from pellet formulations and Minidiab® 
commercial dosage form was investigated by the USP apparatus I (Basket 
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method) and USP apparatus II (Pedal Method) respectively. The release 
medium was 900 mL pH 7.4 phosphate buffer solution at 37±0.5oC and 
the rotating speed of the apparatus was set to 100 rpm for all formu-
lations (pellets and Minidiab®). At certain time intervals, 5 mL of sam-
ples were withdrawn and immediately, same amount of fresh medium 
(37±0.5oC) was added. For the determination of glipizide amount, the 
UV absorbancies of the samples were measured at λ=276 nm and total 
amount of glipizide contents were calculated with the previously deter-
mined calibration curve (r2=0.9999).

Results and Discussion

Particle Size Determination

The particle size distribution results obtained by standard sieve 
method for each of the formulations are given in Figure 2. According to 
the experimental findings, average particle sizes of the pellets were nearly 
1200 µm and narrow distribution range was observed which is between 
1000-1400 µm.

Microscopic Evaluations

 The pellet formulations were examined by polarizing microscopy 
for the evaluation of the surface characteristics as previously described. 
For all formulations, the surfaces of the pellets were rough and spherical. 
The coating layer of the pellet formulations were observed with the cross-
sectional observation of the pellets under microscope starting with the 
core in the center and the outer coating layer levels towards the outside 
as shown in Figure 3.

Friability of the Formulations

 Friability results for all pellet formulations (Eudragit coated pellet 
formulations, glipizide coated non-pareil seeds and uncoated non-pareil 
seeds) as a characterization parameter were evaluated and the results 
were in a range between ratios of 0.02-1 %. Detailed results for all pellet 
formulations are expressed in Table 4. PII 300 mL formulation showed 
friability value equal 1% USP limit for tablets27, 28. All other pellet formula-
tions achieved friability values less than 0.4%. Thus all pellets passed the 
USP friability test.  
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Figure 2
Particle size distribution of formulations
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Figure 3
Morphological and cross sectional microscope photographs of glipizide pellet formulations 

(magnification X4)

Glipizide Coated (Morphology) Glipizide Coated (Cross sectional) P I 400 mL (Morphology)

P I 400 mL (Cross sectional) P I 600 mL (Morphology) P I 600 mL (Cross sectional)

P II 150 mL (Morphology) P II 150 mL (Cross sectional) P II 300 mL (Morphology)

P II 300 mL (Cross sectional)) P II 450 mL (Morphology) P II 450 mL (Cross sectional)

P III 200 mL (Morphology) P III 200 mL (Cross sectional)
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TABLE IV

Friability Results of Formulations

Sample Friability (%)

PI

100 mL Coated 0,03

200 mL Coated 0,04

400 mL Coated 0,06

600 mL Coated 0,07

PII

150 mL Coated 0,02

300 mL Coated 1,00

450 mL Coated 0,05

PIII
100 mL Coated 0,40

200 mL Coated 0,20

Glipizide Coated Non-Pareil Seeds 0,10

Uncoated Non-pareil Seeds 0,20

Drug Loading and Content Uniformity

The results for the drug loading of the pellet formulations were evalu-
ated statistically by calculating the standard deviations and variation coef-
ficients. For every single formulation, the drug content results were evalu-
ated six different times and variation coefficients were all in the range be-
low 5% except only one formulation coded PIII-100 mL with the coefficient 
6.7%. The overall results for all formulations are summarized in Table 5.   

In-vitro Release Studies

The in vitro release experiments were evaluated in order to investi-
gate the effect of the type of coating polymer and the amount of the poly-
mer regardless from the type. Eudragit RS and Eudragit RL were the two 
types of ammonioalkyl methacrylate copolymers that have the property of 
pH independent release, used for the aim of sustained drug delivery. Eu-
dragit RS and RL are two types of. Although they are insoluble in water, 
they have the capacity to permeate water through swellable porous struc-
ture that they form26, 29-33. This property results in the release the active 
ingredient as a consequence of diffusion through the coating layer.

Similar to this perspective, our results correlate with the previous data. 
For the formulations PI-100mL, PI-200 mL, PI-400 mL and PI-600 mL, as 



HACETTEPE UNIVERSITY JOURNAL OF THE FACULTY OF PHARMACY102

the amount of the coating layer is increased, the release time of glipizide 
is significantly increased due to the thickness of the diffusion layer. The 
released amount of glipizide was 90% in 1.5 hours for PI-100 mL, 85% in 
3 hours for PI-200 mL and 81% in 3 hours for PI-400 mL formulation. As 
the amount of coating layer is increased up to 600 mL, in 4 hours %78 of 
the glipizide content was released. On the other hand over 95% amount of 
glipizide was dissolved from Minidiab® tablets in 5 minutes. 

PII formulations were prepared only with Eudragit RS, which is less 
permeable than RL form, and again as the amount of the coating solu-
tion is increased, the release of glipizide was significantly prolonged. We 
found that the released amount of glipizide was 81% in 5 hours for PII-
150 mL, 86% in 12 hours for PII-300 mL and 85% in 14 hours for PII-450 
mL formulation.

For the PIII formulations, the highest concentration of coating solu-
tion, composed of 17.5 g Eudragit RS polymer in 100 mL, was used. Re-
leased glipizde amount was found 82% in 4 hours for PIII-100 mL. The 
release time of glipizide was 9 hours, but on the other hand the released 
glipizide amount from PIII 200 mL formulation was significantly lower 
than the previous formulations as a ratio of 70%. The release profiles for 
all formulations are given in Figure 4.

The lag time observed in coated pharmaceutical dosage forms gener-
ally depends on the coating material used in these formulations34. As the 
concentration of the plasticizer is increased, porosity and the permeability 

TABLE V
The amount of glipizide in 100 mg pellets in different formulations

Formulation Mean*
Standard 
Deviation

Variation 
Coefficient

PI

100 mL Coated 0,459 0,026 4,790

200 mL Coated 0,584 0,010 2,370

400 mL Coated 0,460 0,016 0,011

600 mL Coated 0,364 0,011 3,265

PII

150 mL Coated 0,880 0,020 2,880

300 mL Coated 0,580 0,010 2,330

450 mL Coated 0,500 0,020 4,210

PIII
100 mL Coated 0,790 0,050 6,700

200 mL Coated 0,730 0,020 2,350

*mg Glipizide /100mg pellet
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also increase, whereas the lag time is decreased in dissolution studies. 
This is due to the increase in plasticizer concentration resulting in the for-
mation of the porous structure in the coating layer35.  In this study, PII-300 
mL and PII 450 mL formulations showed a lag time as similar as in dis-
solution profiles. This lag time can be avoided by increasing the PEG 4000 
concentration in the PII-300 mL and PII 450 mL coating formulations.  

Conclusion

The aim in formulating glipizide pellet formulations, which was de-
termined as extending the release, was successfully achieved. As a result 
of this study, it was shown that the release time may be extended by 
changing the coating layer composition and coating layer. Further stud-
ies are needed for determining the in vivo performances of these formula-
tions for the aim of extending the release of glipizide.  

Summary
Formulation of Controlled Release Glipizide Pellets Using Pan 

Coating Method

Glipizide is a second generation sulfonylurea used for non insulin de-
pendent diabetes mellitus (NIDDM). The main characteristics of glipizide 
in the body is, its short half life (t1/2=2-4 h) after a rapid absorption from 
the gastrointestinal tract. The main formulation perspective in pellet for-
mulation is to prepare a controlled release dosage form compared with 
the commercially available Minidiab® tablets. Pellet formulations were 
prepared by using pan coating method. Spherical pellets as non-pareil 
seed were coated by the sprayed solution containing glipizide, polyvinyl 
pyrolidone, talc and methylene chloride in Erweka AR 400 coating pan. 
As the polymer coating, Eudragit RS 100 PM, Eudragit RL 100 PM, PEG 
4000 and talc with different ratios in alcohol solution was sprayed over 
the glipizide coated pellets in order to provide controlled release. The dis-
solution profiles of the manufactured pellets were evaluated in pH 7.4 
phosphate buffer solution in USP apparatus 1. The surface morphologies 
and the cross sectional investigations were evaluated in the polarizing 
light microscope. As a result, the coated pellet formulations were found 
to yield the release of glipizide between 3 to 13 hours.

Keywords:  Pellet, Glipizide, Controlled release, Pan coating, Eudragit 
RL, Eudragit RS
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Figure 4
Dissolution profiles of Glipizide from pellet formulations and Minidiab® tablets
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Özet

Kazanda Kaplama Yöntemi Kullanılarak Kontrollü Salım Sağlayan 
Glipizid Pelletlerinin Formülasyonu

Glipizid insülinden bağımsız diabet tedavisinde kullanılan ikinci jen-
erasyon bir sülfonilüre grubu ilaçtır. Glipizidin vücuttaki ana karakteristiği; 
mide barsak kanalından hızlı absorpsiyonundan sonra kısa yarılanma 
ömrüdür (t1/2=2-4 saat). Pellet formülasyonu hazırlamadaki ana amaç; 
Minidiab® adıyla bilinen ticari preparatıyla kıyaslandığında kontrollü 
salım yapan pellet formülasyonları geliştirmektir. Pellet formülasyonları 
kazanda kaplama yöntemi kullanılarak hazırlanmıştır. Küresel boş pel-
letler, glipizid, polivinilpirolidon, talk ve metilenklorid içeren çözelti ile 
Erweka AR 400 kaplama kazanında püskürtülerek kaplanmıştır. Kon-
trollü salımı sağlamak amacıyla glipizid kaplı pelletlerin üzerine, polimer 
kaplaması olarak, Eudragit RS 100 PM, Eudragit RL 100 PM, PEG 4000 ve 
talkın çeşitli oranlardaki karışımının alkoldeki çözeltisi püskürtülmüştür. 
Üretilen pelletlerin disolüsyon profilleri pH 7.4 fosfat tamponunda USP 
yöntem I ile değerlendirilmiştir. Yüzey morfolojisi ve çapraz kesit ince-
lemeleri polarizan ışık mikroskobu ile değerlendirilmiştir. Sonuç olarak, 
kaplı pellet formülasyonlarından glipizinidin salımı 3-13 saat arasında 
bulunmuştur. 

Anahtar Kelimeler: Glipizid, Kontrollü salım, Kazanda kaplama, Eu-
dragit RL, Eudragit RS

REFERENCES
1. Stamm, A.: Process and dosage form controls: Formulation factors. Drug Dev, Ind. Pharm., 

15, 965-974 (1989)
2. European Pharmacopoeia 4th edition, Strasbourg, (2001), 1248-1249.
3. British Phamacopoeia, London, (1993) vol 1, 306-307.
4. Clarke’s Isolation and Identification of Drugs. In: AC Moffat editor. 2nd ed. Great Britain: The 

Pharmaceutical Press, (1986)
5. Kivistö, K.T., Neuvobeb, P.J.: Enhencement of absorption and effect of glipizide by magne-

sium hydroxide, Clin. Pharmacol. Ther., 49, 39-43 (1991)
6. Lebovitz, H.E.: Glipizide: A second-generation sulfonylurea hypoglycemic agent, Pharmaco-

therapy., 5, 63-77 (1985)
7. Melia, C., Washington, N., Wilson, G.C. (Eds) Multiparticulate Controlled Release Oral Dos-

age Forms, Scottish Academic Press Ltd., Edinburgh, (1994)
8. Ghebre-Sellassie, I. “Pellets: A General Overview” Ghebre-Sellassie, I.(Eds)    Pharmaceutical 

Pelletization Technology, Marcel Dekker Inc., New York, (1989), 1-13.
9. Palsson B.O., Wheatley T.A., Dressman J.B.: Mechanism of release from pellets coated with 

an ethycellulose based film, J. Cont. Release., 14, 203-213 (1990)
10. Wu, X.Y., Eshun, G., zhou, Y.: Effect of interparticulate interaction on release kinetics of 

microsphere ensemles, J. Pharm. Sci., 87, 586-593 (1998)
11. zhon, Y., Wu, X.Y.: Modeling and analysis of dispersed drug release into a finite medium 

from sphere ensembles with a bondary layer, J. Control. Release., 90, 23-36 (2003)
12. Iyer, R.M., Augsburger, L.L., Parikh, D.M.: Evaluation of drug layering and coating: Effect of 

process mode and binder level, Drug. Dev. Ind. Pharm., 19, 981-998 (1993)



HACETTEPE UNIVERSITY JOURNAL OF THE FACULTY OF PHARMACY106

13. Heng, P.W.S., Wan, L.S.C., Tan, Y.T.F.: Relationship between aggregation of HPMC coated 
spheroids and tackiness/viscosity/additives of the coating formulations, Int. J. Pharm., 138, 
57-66 (1996)

14. Govender, T., Dangor, C., Chetty, D.J.: Drug release and surface morphology studies on 
salbutamol controlled release pellets, Drug. Dev. Ind. Pharm., 21, 1303-1322  (1995)

15. Govender, T., Dangor, C.M., Chetty, D.J.: Microencapsulated Eudragit Rs30D-coated con-
trolled-release pellets: The influence of dissolution variables and topographical evaluation, J. 
Microencap., 14, 1-13 (1997)

16. Boles, M.G., Deasy, P.B., Donnellan, M.F.: Microencapsulation studies on aminophylline 
involving spherical crystallization, spheronization and drug loading on to non-pareil seeds, J. 
Microencap., 11, 55-67 (1994)

17. Sellassie, I.G., Gordon, R.H., Fawzi, M.B., Nesbitt, R.U., Davis, W.L.P.: Evaluation of a high-
speed pelletization process and equipment, Drug Dev. Ind. Pharm., 11, 623-631 (1985)

18. Wang, D.P., Yang, M.C., Wong, C.Y.: Formulation development of oral controlled-release pel-
lets of diclofenac sodium, Drug. Dev. Ind. Pharm., 23, 1013-1017 (1997)

19. Lin, S.Y.: Release kinetics of drug from different combined ratios of micropellets, J. Microen-
cap., 10, 319-322 (1993)

20. Mehta, A.M., Valazza, M.J., Abele, S.E.: Evaluation of fluidized-bed processes for enteric 
coating systems, Pharm. Technol., April, 46-56 (1986)

21. Gupta, V.K., Beckert, T.E., Price, J.C.: A novel pH- and time-based multi-unit potential co-
lonic drug delivery  system. I. Development, Int. J. Pharm., 213, 83-91 (2001)

22. Gupta, V.K., Assmuss, M.W., Beckert, T.E., Price, J.C.: A novel pH- and time-based multi-
unit potential colonic drug delivery  system. II. Optimization of multiple response variables, 
Int. J. Pharm., 213, 93-102 (2001)

23. Abbaspour, M.R., Sadeghi, F., Garekani, H.A.: Preparation and characterization of ibuprofen 
pellets based on Eudragit RS PO and RL PO or their combination, Int. J. Pharm., 303, 88-94 
(2005)

24. Bodea, A., Leucuta, S.E.: Optimization of propranolol hydrochloride sustained-release pel-
lets using box-behnken design and desirability function, Drug Dev. Ind. Pharm. 24, 145-155 
(1998)

25. Kibbe A.H. (Eds) Handbook of Pharmaceutical Excipients, Pharmaceutical Press, London, 
(2000).

26. Oth, M.P., Moes, A.J.: Sustained release solid dispersions of indomethacin with Eudragit RS 
and RL, Int. J. Pharm., 55, 157-164 (1989)

27. The United States Pharmacopeia 2004 (USP 27), Webcom Limited: Toronto, 2003.
28. Türkoğlu, M.,Varol, H., Çelikok, M.:Tableting and stability of enteric-coated omeprazolepel-

lets, Eur. J. Pharm. Biopharma., 57, 279-286 (2004)
29. Cheety, D.J., Dangor, C.N.: The development of an oral controlled release pellets formulation 

of diethylpropion hydrochloride, Drug. Dev. Ind. Pharm., 20, 993-1005 (1994).
30. El-Sayed, A.A., Said, S.A., Geneidi, A.: Sustaining availability of drugs with Eudragit RS, 

Manuf. Chemist. Aer. N., August, 52-55 (1978)
31. Cameron, C.G., McGinity, J.W.: Controlled-release theophylline tablet formulation containing 

acrylic resins: III: Influence of filler excipient, Drug. Dev. Ind. Pharm., 13, 303-318 (1987)
32. Caraballo, I., Farnandez-Arevaloi, M., Holgado, M.A., Rabasco, A.M., Leuenberger, H.: Study 

of the release mechanism of carteolol inert matrix tablets on the absis of percolation theory,  
Int. J. Pharm., 109, 229-236 (1994)

33. Efentakis, M., Buckton, G.: Modelling drug release from hydrophobic matrices by use of 
thermodynamic activation parameters, Int. J. Pharm., 60, 229-234 (1990)

34. Schultz, P., Kleinebudde, P.: A new multiparticulate delayed release system. Part I: Dissolu-
tion properties and release mechanism, J. Cont. Release., 47, 181-189 (1997)

35. El-Mahrouk, G.M., Al-Meshal, M.A., Al-Angary, A.A., Mahrous, G.M.: Preparation and evalu-
ation of sustained release indomethacin non-pareil seeds, Drug. Dev. Ind. Pharm., 19, 1903-
1916 (1993)


