298
FARMACIA, 2008, Vol.LVI, 3
299
FARMACIA, 2008, Vol.LVI, 3

THE OPTIMIZATION OF PROLONGED RELEASE OF MATRIX TABLETS WITH FELODIPINE

R.I. IOVANOV*, I. TOMUTA, S.E. LEUCUTA

Department of Pharmaceutical Technology and Biopharmaceutics,

Faculty of Pharmacy, “Iuliu Hatieganu” University,

400023, Cluj-Napoca, ROMANIA

*corresponding author: iovanovraresiuliu@yahoo.com

Abstract

The objective of this work was to prepare and optimize some prolonged release matrix type tablets with felodipine based on Kollidon SR, in order to obtain similar release profiles with the original product. In this regard a full experimental design with 2 factors and 3 variables was used in order to observe the influence of the formulation variables on the characteristics of the tablets. The studied variables where: percent of Kollidon SR in the tablet and diferent fillers. The tablets where characterized from the point of view of the pharmaceutical properties (mechanical strength, friability and in vitro dissolution behavior). The results showed that the percent of Kollidon SR in the tablets has the biggest effect on the release of felodipine. The optimum formula generated from the experimental data was similar with the original product.

Rezumat

Obiectivul acestei lucrări a fost obţinerea şi optimizarea unor preparate farmaceutice solide cu  cedare prelungită de tip matriţa pe bază de Kollidon SR cu felodipina pentru a obţine o formulare similară ca profil de dizolvare cu preparatul original. În acest scop a fost dezvoltat un plan experimental complet cu 2 factori şi trei variabile. Factorii studiaţi au fost procentul de Kollidon SR din comprimate şi excipienţii diluanţi folosiţi. Comprimatele au fost caracterizate din punct de vedere al rezistentei mecanice, friabilităţii şi a dizolvării in vitro. Rezultatele arată că procentul de Kollidon SR din formulare are cea mai mare influenţă asupra vitezei de cedare a felodipinei. Formularea optimizată preparată s-a dovedit a fi similară cu cea a produsului original.

· felodipine

· optimization

· prolonged release

INTRODUCTION

In the last decade the number of prolonged release pharmaceutical forms has greatly increased due to their advantages. The use of this type of medication can decrease the incidence of adverse effects due to higher plasma level concentrations or lack of effect in the case of low plasma levels; they can insure a constant concentration of the active substance between administrations and they can have a better impact in the case of chronic administration of medicines by decreasing the number of administrations [1].
In the current paper we have studied the influence of some formulation factors on the release profile of a model drug, felodipine. One of the objectives of this paper was the preparation of prolonged release over 12 hours’ matrix tablets with felodipine and the assessment of their pharmaceutical properties. The prolonged release matrix tablets are widely used because they are easily prepared by direct compression [2, 3, 4]. One of the recommended matrix forming polymers is Kollidon SR. Kollidon SR is a co-processed excipient obtained from the physical mixture of polyvinyl acetate with polyvinylpyrrolidone in 8/2 ratio. It is not soluble in water, presents good flowing properties and it can be used in direct compression [2, 5, 6, 7]. The model drug chosen is a calcium channel blocker used in the treatment of hypertension and angina [8]. It is slightly soluble in water and has a good permeability, factors that recommend this drug as an appropriate candidate for prolonged release preparations. 

A full experimental design with 2 factors and 3 variables was used in order to observe the influence of the formulation variables on the characteristics of the tablets [9, 10]. 

An optimal experimental formulation was compared with the original product, in order to compare the profile of the in vitro release of the drug.

MATERIALS AND METHODS

Materials

The felodipine (Everlight Chemical Industrial Corporation, Taiwan) used was a yellow crystalline powder with the particle size between 250-350 μm. 

Kollidon SR (polyvinyl acetate/polyvinylpyrrolidone), supplied by BASF, Germany, has been used as a retarding excipient in the tablets. Microcrystalline cellulose - Pharmacel 102 (DMV International, Holland), mannitol - Parteck M200 (Merck, Germany) and spray-dried lactose co-processed with polivinylpirrolidone - Ludipress (BASF, Germany) were used as fillers in the studied formulations. For the stability of the active substance, in time, citric acid (Chemopar, Romania) and vitamin C 97 (BASF, Germany) were used as anti-oxidants. As gliding and lubricant agents there were used magnesium stearate (Merck, Germany) and fumed silica - Aerosil (BASF, Germany).

All the employed materials were used as received.

Methods

Experimental design

In order to see the influence of the formulation factors on the release of felodipine, a full experimental design with two factors and tree variables was developed. The studied factors were the percentage of the retarding agent (Kollidon SR) in the formulations and the type of the filler (Table I). The matrix of the experimental design is presented in Table II. The responses (characteristics of the experimental tablet formulations) were the percent of drug release at different time intervals, the Carr index, Hausner ratio, mechanic strength (Table III). The experimental design, the experimental data analysis and the experimental plan validation were performed with Modde 6 (Umetrics, Umea, Sweden) statistical software.
	Table I
Studied formulation factors

	Formulation variables
	
	Levels

	
	Simbol
	-1
	0
	+1

	Percent of Kollidon SR
	X1
	20
	40
	60

	Filler
	X2
	Ludipress
	Parteck M200
	Pharmacel 102

	Table II

Matrix of experimental design

	 Exp Name
	X1
	X2

	N1
	20
	Ludipress

	N2
	40
	Ludipress

	N3
	60
	Ludipress

	N4
	20
	Pharmacel 102

	N5
	40
	Pharmacel 102

	N6
	60
	Pharmacel 102

	N7
	20
	Parteck M200

	N8
	40
	Parteck M200

	N9
	60
	Parteck M200

	N10
	30
	Ludipress

	N11
	30
	Ludipress

	N12
	30
	Ludipress

	X1 – Kollidon SR percent, X2 – filler


	Table III

Studied variables

	No.
	Responses
	Simbols

	1
	Carr Index
	Y1

	2
	Hausner ratio
	Y2

	3
	Mechanic strength
	Y3

	4
	Released % at 0.5 hours
	Y4

	5
	Released % at 1 hour
	Y5

	6
	Released % at 1.5 hours
	Y6

	7
	Released % at 2 hours
	Y7

	8
	Released % at 3 hours
	Y8

	9
	Released % at 4 hours
	Y9

	10
	Released % at 5 hours
	Y10

	11
	Released % at 6 hours
	Y11

	12
	Released % at 8 hours
	Y12

	13
	Released % at 10 hours
	Y13

	14
	Released % at 12 hours
	Y14


Tablet preparation
The active substance, retarding agent, fillers, anti-oxidants, gliding and lubricants agents were sieved through a 600 μm sieve, mixed together for 10 minutes using an Erweka planetary mixer type PRS. The obtained mixtures were characterized from the point of view of the compressibility using the Erweka type SVM device. After the determination of the compressibility, the powders were sieved again through the 600 μm sieve and mixed for another 5 minutes and direct compressed using a Korsch EK 0 eccentric press. Flat faced dies and punches with 8 mm diameter were used. The weight of the obtained tablets was around 210 mg with hardness over 8 kg force. Each tablet contains 10 mg felodipine as active substance. The tablet hardness was determined on 10 tablets of each type, using the Monsanto device, the determination of the friability was realized on 20 tablets of each type, using the Erweka friabilator type TA. 

In vitro release studies

The in vitro dissolution studies were performed according to an adapted method from the USP 27 “Felodipine Extended - Release Tablets” [11]. The PharmaTest PT-DT7 device was used. This was equipped with the no. 2 apparatus (basket) at 50 rpm rotation speed. The dissolution media employed was 500 ml of phosphate buffer pH=6.5 with 1% sodium laurylsulfate at 37±0.5º. Samples were collected at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10 and 12 hours. At each time interval samples of 2 ml were withdrawn from the dissolution media, immediately filtered through a 0.45 μm filter and replaced with fresh media to maintain a constant volume across the experiment. The samples solutions were analyzed at 240 μm using a HPLC Agillent 1100 series equipped with a Zorbax SB-C18, 5 µm x 4.6 x 250 chromatographic column, mobile phase: acetonitrile: phosphoric acid 0.1%  in water = 75:25 at a flow of 1.5 ml/minute and 3 minutes retention time. The in vitro studies were performed in triplicate.

RESULTS AND DISCUSSION
Experimental design analysis

The results are presented in table IV. The data fit was performed using the Partial Least Square method. In all cases, the data fit was good or very good. This indicates that the results are reproducible and fit well to the chosen model.

Influence of formulation factors on the tablet characteristics 

The influence of the formulation factors on the Carr index, Hausner ratio and mechanical strength are shown in fig. 1. 
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	Figure 1
The influence of formulation factors on the studied variables:

A – Carr index; B – Hausner ratio; C – Mechanical strength


The values for the Carr index for the prepared powder mixtures are between 5-12% and the Hausner ratio between 1.08 and 1.13, both of them indicating a good flowability [1, 12]. The data fit for the chosen model (Fig.1 - A, B) shows that both variables are positively influenced by the presence of microcrystalline cellulose (X2) as filler. We can also observe a positive influence of the increasing Kollidon SR percentage (X1). From these results, we can conclude that the use of microcrystalline cellulose and increasing percentages of Kollidon SR determine a better flowability of the powder mixtures and all the powder mixtures have good flowing properties which are good characteristics for preparing tablets via direct compression.

 A mechanical strength over 5 kg force is considered sufficient and corresponsive [11]. For all the studied tablets, the hardness is over 5 kg force which indicates that they have good hardness. The mechanical strength of the prepared tablets is influenced only by the percentage of Kollidon SR. The other variable (the fillers) doesn’t have any influence on the hardness of the tablets (Figure 1 - C). This means that by increasing the Kollidon SR content in the tablets we can achieve a higher mechanical strength.

The tablets correspond to the European Pharmacopoeia regulations because the friability is less then 1% [12]. 
The study of in vitro release of felodipine

The release profiles of felodipine from the formulated experimental release matrix tablets are shown in fig. 2.
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Figure 2
Release profiles from the studied prolonged release tablets

From these release profiles we can observe that felodipine is slowly released, less than 70% in 12 hours, in the case of formulas N2, N3, N6, N9 which where formulated with increased percent of Kollidon SR (40 or 60%) in the tablets but there are cases where the felodipine is released faster, in case of formula N4 which is prepared with less Kollidon SR but there were formulas with the in vitro release of about 12 hours’ period (N1, N5, N7, N8, N10, N11, N12). 

The determination of the optimum formula

The statistical software Modde 6 has generated an optimal formulation starting from the experimental data. The formula contained 31% Kollidon SR and Ludipress as filler. This formula was prepared and the in vitro release of felodipine was assessed together with the original drug product - Plendil® 10 mg, Pfizer (fig. 3). 

To determine if the release profiles of the optimum formulas are similar with the original product, the similarity factor (f2) was calculated. If the value for the similarity factor is in the range of 50 – 100, the global differences in the release profiles is less than 10% [13]. The similarity factor (f2) was 66.23. From this value we can conclude that this formula is similar to the original one.
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Figure 3
Release profiles of felodipine from the original formula

and the experimental optimized formula

CONCLUSIONS

We have prepared prolonged release matrix tablets containing felodipine via direct compression. The influence of the variables on the tablet characteristics was assessed using an experimental design.

We have found that the increase of the Kollidon SR percent has a significant influence on the prolongation of the release of felodipine from the tablet.

 An optimum formula was prepared and the in vitro release behavior was determined compared with the original prolonged release tablets, both indicating similar profile and f2 factor. 
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