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Abstract

The aim of this experimental work was to perform a screening of some formulation and technological factors on a laboratory scale fluid bed granulation process on the characteristics of granules and tablets with metoprolol. In order to perform the study, a fractioned factorial experimental design (5 factors, 2 levels) was used. The following factors were studied: the atomization pressure, the spraying rate, the amount of intra- and extra-granular disintegrant used, the amount of intra-granular lactose used. 

We found that the most significant influences of the studied factors on the properties of the granules and the tablets were: increase of atomization pressure causes the decrease of mean diameter of granules and decrease in granules density (both untapped and tapped); increase of the spray rate leads to the increase of the mean diameter, to an increase of granule density and to a better flowability and compressibility properties of the granules; increase of the ratio of extra-granular disintegrant and the ratio of intra-granular lactose leads to a shorter disintegration time. 

Rezumat

Scopul acestei lucrări experimentale a fost realizarea unui screening al factorilor de formulare şi tehnologici ai unui proces tehnologic de granulare în pat fluidizat cu metoprololul, la scară de laborator, asupra caracteristicilor granulelor şi tabletelor. Pentru realizarea studiului s-a utilizat un plan experimental redus (cu 5 factori şi două niveluri) cu ajutorul căruia s-au studiat următorii factori: presiunea de atomizare, viteza de pulverizare, procentul de dezagregant intra şi extra-granular, cantitatea de lactoză încorporate intra-granular. 

Privind influenţa factorilor studiaţi asupra proprietăţilor granulelor şi comprimatelor s-au făcut următoarele observaţii: creşterea presiunii de atomizare determină scăderea diametrului mediu al granulelor şi scăderea densităţii granulelor; creşterea vitezei de pulverizare duce la creşterea diametrului mediu, creşterea densităţii granulelor şi la îmbunătăţirea proprietăţilor de curgere ale granulelor; creşterea procentului de dezagregant extra-granular şi a cantităţii de lactoză intra-granulara duce la reducerea timpului de dezagregare. 

● fluid bed granulation

● experimental design

● screening



● metoprolol

INTRODUCTION

In order to establish a manufacturing formula for an oral solid dosage form, several experiments can be performed. In the initial phase of the formulation it is possible to use several different diluents, disintegrants or lubricants in order to find the most stable formulation from the technological point of view. In our case, we already established a qualitative formula after several experiments and we intend to study the influence of several parameters on the intermediate and finished form properties.

In order to perform the study, a fractionated experimental design was used, by means of which there has been studied the influence of 3 formulation factors (ratio of intragranular disintegrant, ratio of extragranular disintegrant and intragranular lactose) and of 2 technological parameters (atomization pressure and the spraying rate) on the technological and pharmaceutical properties of the tablets obtained after compressing these granules. 

MATERIALS AND METHODS

Apparatus. Fluid bed granulator Strea 1 (Aeromatic A.G., Switzerland); rotary tabletting machine E-150-21 (Kilian, Germany); mass volumetric test apparatus SVM (Erweka, Germany);  DIN sieve set (VEB MLW, Germany); tablet hardness test apparatus Monsanto (Monsanto, Italy); tablet disintegration test apparatus ZT 2 (Erweka, Germany).
Materials. Metoprolol tartrate (Microsin, Romania); polyvinylpyrolidone – PVP K 30 (BASF Germany); Lactose monohydrate 200 mesh - (Meggle, Germany); Sodium starch glycolate - Vivastar (JRS, Germany); Microcrystalline cellulose  PH102 – (JRS, Germany); magnesium stearate – (Merck, Germany); silicon dioxide – Aerosil 200 (Degussa).
Software. Construction of the experimental design, computation of coefficients, statistical parameters calculation and fitting of the experimental data with the chosen model, have been performed using Modde 6.0 optimization program, Umetrics, Sweeden [1, 2]. 

Experimental Design. To achieve the study, a fractioned factorial design with five factors and two levels was chosen [3, 4]. The formulation and process variables are shown in Table I. The dependent characteristics of granules and tablets) are shown in Table II. The experimental design matrix is shown in Table III.

	Table I

Formulation and process variables               

	Formulation / process factors
	Symbol
	Levels

	
	
	-1
	+1

	Atomizing pressure, barr
	X1
	0.5
	1.0

	Spray rate, ml/min 
	X2
	10
	20

	Ratio of intra-granular Disintegrant, (%)
	X3
	3
	5

	Ratio of extra-ragranular Disintegrant, (%)
	X4
	3
	7

	Ratio of intra-granular Lactose, (%)
	X5
	15
	30

	Table II

Characteristics of granules and tablets

	Technological properties of granules
	Technological and pharmaceutical properties of tablets 

	Granules mean diameter, (μm)
	Y1
	Sticking behavior
	Y7

	Granules mean polydispersion index, (%)
	Y2
	Cleavage behavior
	Y8

	Untapped density
	Y3
	Disintegration time (minutes)
	Y9

	Tapped density
	Y4
	Mechanical strength (kN)
	Y10

	Carr Index
	Y5
	
	

	Haussner Ratio
	Y6
	
	


	Table III

The experimental design matrix

	 No

Exp
	Run Order
	X1
	X2
	X3
	X4
	X5

	N1
	7
	0.5
	20
	4
	2
	15

	N2
	1
	0.5
	20
	4
	6
	15

	N3
	10
	1
	10
	3
	3
	0

	N4
	6
	1
	10
	3
	7
	0

	N5
	9
	1
	10
	3
	3
	30

	N6
	8
	1
	10
	3
	7
	30

	N7
	11
	0.5
	20
	5
	5
	15

	N8
	3
	0.5
	20
	5
	5
	30

	N9
	2
	0.5
	20
	3
	7
	30

	N10
	5
	1
	15
	3
	7
	30

	N11
	4
	1
	15
	3
	7
	30

	X1 – Atomizing pressure, X2 – Spray rate, X3 –  Ratio of intragranular disintegrant,  X4 –  Ratio of extragranular disintegrant, X5 – Ratio of intragranular lactose


Methods. Preparation of the granules. Granulation process was performed in a fluid bed granulator (Aeromatic AG, Switzerland). The working conditions are presented in Table IV. After finishing the atomization of the binder solution, the granules were dried for a variable period of time in the same apparatus at 600C temperature. 
	Table  IV 

Working conditions

	Duration of dry mixing, (min.)
	1

	Nozzle diameter, (mm)
	0,8

	Spraying rate (g/min) *
	5 - 15

	Atomizing pressure*
	0,5-1

	Spraying time, (min)
	5-21

	Inlet temperature, (0C)
	50-60

	Outlet temperature, (0C)
	30-33

	Drying temperature (0C)
	60

	Bag filter shaking time, (sec)
	7

	*variable, depending on the experimental design matrix


Compression of the obtained granules. Compression of the granules was achieved by a rotary tablet compressing machine, (Kilian Germany). The tablet machine was equipped with a 10 mm diameter lenticular set punch. The compressing force was adjusted at 20-25 kN. The average mass of the compressed tablets was fixed at 360 mg.
Determination of the tablets and granules characteristics. Determination of untapped and tapped density, Carr Index and Haussner Ratio were performed according to the methods described in literature [5]. Determination of average mass and mass uniformity, mechanical strength, disintegration time and dissolution test of the compressed tablets was performed according to the official methods from the European Pharmacopoeia [12]. 

RESULTS AND DISCUSSION
The matrix of the results (characteristics of the granules and tablets) is presented in Table V.

Fitting of the data. Fitting of experimental data with the chosen model has been performed using Modde 6.0 optimization software using the Partial Least Squares (PLS) method within a 95% confidence. The obtained results are presented in Figure 1. The statistic method used for validation of the model was the goodness of the fit, parameters R2 and Q2. 

R2 - overestimates the goodness of fit and it is calculated using the following formula:

R2 = SSREG/ SS, where

(Eq. 1)
where:
SSREG = the sum of squares of Y corrected for the mean, explained by the model.

SS = the total sum of squares of Y corrected for the mean.

Q2 - underestimates the goodness of fit and it is calculated using the following formula:
Q2 = 1 - PRESS/ SS, 


(Eq. 2)

where:
PRESS = the prediction residual sum of squares. SS = the total sum of squares of Y corrected for the mean [2].

The results fit well for Y1-Y6; Y9, Y10 responses and don’t fit the Y3-Y5 responses.

	Table V 

Matrix of the results (characteristics of the granules and tablets)

	Exp Name
	Y1
	Y2
	Y3
	Y4
	Y5
	Y6
	Y7
	Y8
	Y9
	Y10

	N1
	372.96
	44.412
	0.3996
	0.3692
	7.608
	1.082
	1
	1
	16
	10

	N2
	382.96
	42.213
	0.3996
	0.3692
	6.356
	1.082
	1
	1
	16
	9

	N3
	231.79
	38.147
	0.3213
	0.2776
	13.601
	1.157
	3
	1
	14
	9

	N4
	251.79
	35.443
	0.3213
	0.2776
	16.993
	1.157
	3
	1
	14
	9.5

	N5
	263.23
	47.524
	0.3348
	0.2986
	10.812
	1.121
	2
	1
	11
	9

	N6
	291.18
	45.152
	0.3348
	0.2986
	14.994
	1.121
	2
	1
	7
	9

	N7
	369.60
	46.5289
	0.3910
	0.3629
	7.212
	1.078
	1
	3
	16
	12

	N8
	385.01
	40.7635
	0.3604
	0.3344
	7.214
	1.078
	2
	1
	6
	7

	N9
	450.81
	28.7913
	0.4047
	0.3821
	5.584
	1.059
	1
	2
	11
	6

	N10
	378.78
	37.9917
	0.3422
	0.3148
	8.007
	1.087
	1
	2
	7
	6

	N11
	338.02
	35.120
	0.3464
	0.3284
	5.196
	1.055
	1
	2
	8
	10

	Y1 – granules mean diameter(μm), Y2 – granules mean diameter variation coefficient (%),Y3 – untapped density (g/cm3), Y4 – tapped density (g/cm3), Y5 – Carr Index, Y6 – Hausner Ratio, Y7 –sticking behavior, Y8 – cleavage behavior, Y9 – disintegration time(min), Y10 – mechanical strength (kN)
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	Figure 1
Results obtained after data fitting

Y1 – granules mean diameter, Y2 – granules mean diameter variation coefficient (MD-CV), Y3 – untapped density, Y4 – tapped density, Y5 –Carr Index, Y6 –Hausner Ratio, Y7 – sticking behavior, Y8 – cleavage behavior, Y9 – disintegration time, Y10 – mechanical strength


Analysis of the influence of formulation factors on the properties of granules  

Analysis of the influence of formulation factors on the granules mean diameter and mean diameter variation coefficient   

Granules may be characterized physically by the mean diameter and granulometric distribution. Evaluation of granule size distribution is performed by determining the variation coefficient versus granules mean diameter [7, 8, 9]. Very good quality granules have a granule size distribution within a limited range, which is proved by a minimum average variation coefficient (CV) [11].                  
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	Figure 2
The influence of formulation factors on the granules mean diameter Y1 (a) and on granules mean diameter variation coefficient (MD-CV) Y2 (b)

X1 – Atomizing pressure, X2 – Spray rate, X3 – Ratio of intragranular disintegrant,  X4 – Ratio of extragranular disintegrant X5 – Ratio of intragranular lactose


Atomizing pressure (X1) and spray rate (X2) have an important influence on mean diameter. The increase of atomization pressure (X1) causes the decrease of mean diameter (Y1) and the increase of the spray rate (X2) leads to the increase of the mean diameter (Y1) (Figure 2.a). Increasing both the atomizing pressure (X1) and the spray rate (X2) leads to an increase in the granules mean diameter (Y1) (Figure 2.a). Increasing both the atomizing pressure (X1) and the spray rate (X2) leads to a decrease of the granules mean diameter variation coefficient(Y1) (Figure 2.b). Increasing both the spray rate (X2) and the ratio of intra-granular disintegrant (X3) leads to increase of the granules mean diameter poly-dispersion index (Y2) (Figure 2.b). The interactions between the factors are important and have technological relevance. Increasing both the atomizing pressure (X1) and the spray rate (X2) produced a greater mean diameter and narrowly degree of dispersion of granules.

Analysis of the influence of formulation factors on the untapped and tapped granules density   

Granules may be characterized physically by the untapped density and tapped density. Evaluation of these parameters is important in order to assess the flowability and compressibility properties of the granules [11, 13].
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	Figure 3
The influence of formulation factors on the untapped density, Y3 (a) and tapped density, Y4 (b) of the granules

X1 – Atomizing pressure, X2 – Spray rate, X3 – Ratio of intragranular disintegrant,  X4 – Ratio of extragranular disintegrant X5 – Ratio of intragranular lactose


We observed that the increase of atomizing pressure (X1) leads to a decrease in granules density (both untapped and tapped) while the increase of the spray rate (X2) leads to an increase of density (Figure 3 a and b).  Also we observed important interactions between the studied factors: spray rate and ratio of intragranular disintegrant. The main explanation is that increasing both of them, leads to a smaller granules density due to the spatial configuration of the obtained granules, more precisely a less favorable alignment of the granules in bulk.

Analysis of the influence of formulation factors on the flow properties of granules (Carr index and Haussner ratio)

Granulation is ment to improve the flow properties [5]. In order to characterize flow properties of granules the following parameters have been evaluated: Carr index and Haussner ratio. We observed that the increase of spray rate (X2) , but more important the increase of both spray rates (X2) and atomizing pressure (X1) leads to a better flowability and compressibility of the granules (Figure 4 a and b). 
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	Figure 4
The influence of the formulation factors on Carr index (a), Haussner ratio (b)
X1 – Atomizing pressure, X2 – Spray rate, X3 – Ratio of intragranular disintegrant, 

X4 – Ratio of extragranular disintegrant X5 – Ratio of intragranular lactose


Analysis of the influence of formulation factors on the pharmaceutical and technological properties of the tablets 

The quality of the granules may also be evaluated directly by analyzing pharmaceutical and technological characteristics performed on them or by determining the properties of the tablets that were obtained from these granules [8, 9]. 

Analysis of the influence of formulation factors on the sticking and cleavage behavior of the tablets

We observed several influences; the increase of both spray rate (X2) and atomizing pressure(X1) leads to a tablet that will not have a tendency to stick to the metallic parts of the machine, while the increase of both ratio of intragranular lactose and ratio of intragranular disintegrant will lead to a tablet more likely to stick to the machine parts (Figure 5 a). There was not found a correlation between the studied factors (formulation and technological) and cleavage behavior of the tablets (Figure 5 a). The same conclusion results from fig. 1, the experimental data don’t fit the chosen model for the response Y8, cleavage behavior.
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	Figure 5 

The influence of the formulation factors on the sticking Y7 (a) and cleavage behavior, Y8 (b)

X1 – Atomizing pressure, X2 – Spray rate, X3 – Ratio of intragranular disintegrant, 

X4 – Ratio of extragranular disintegrant X5 – Ratio of intragranular lactose


Analysis of the formulation factors on the disintegration time and mechanical strength of tablets

The most important factors that have an influence on the disintegration time (Y9) are the ratio of extragranular disintegrant (X4) and the ratio of intragranular lactose (X5).
The increase of the ratio of extragranular disintegrant (X4) and the ratio of intragranular lactose (X5) leads to a shorter disintegration time. Also the increase in atomizing pressure (X1) and in spray rate (X2) leads to tablets with shorter disintegration time (Figure 6 a).

The mechanical strength of the tablets is influenced especially by the interactions between the spray rate (X2) and ratio of intragranular disintegrant (X3) – the increase of them leads to harder tablets. 
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	Figure 6
The influence of the formulation factors on the disintegration time, Y9 (a) and on mechanical strength  Y10 (b)

X1 – Atomizing pressure, X2 – Spray rate, X3 – Ratio of intragranular disintegrant,  X4 – Ratio of extragranular disintegrant X5 – Ratio of intragranular lactose


CONCLUSIONS 

We have studied the influence of the formulation factors and process parameters on the characteristics of the granules obtained through fluid bed method, and tablets subsequently prepared. 

We found several factors to have significant influences on the properties of the granules and tablets obtained respectively:

· the atomizing pressure (X1) has significant impact on the mean diameter of the granule, as well as on the tapped and untapped density - increase of atomization pressure causes the decrease of mean diameter and decrease in granules density (both untapped and tapped);
· the spray rate (X2) has an influence on the mean diameter and the flow properties of granules - increase of the spray rate leads to the increase of the mean diameter, to an increase of granule density and to a better flowability and compressibility properties of the granules;

· the ratio of extragranular disintegrant (X4) and the ratio of intragranular lactose (X5) has the most important influence on the disintegration time - increase of the ratio of extragranular disintegrant and the ratio of intragranular lactose (X5) leads to a shorter disintegration time;

· the interaction between atomizing pressure and spray rate (X1X2) have the most important influence on several responses -  the increase of both these factors leads to a bigger mean diameter of the granule, a narrowly dispersed granule, a better flowing and compressing granule and also leads to a more rapidly disintegrating tablet that does not stick to the metallic part of the machine;

· another important interaction is between the spray rate (X2) and the intragranular disintergant (X3) - the increase of both these factors leads to harder tablets and to a widely degree of granules dispersion.
The analysis of the experimental design allows performing a detailed study of the formulation factors which influence the technological and pharmaceutical properties of the granules and the resulted tablets respectively, and to establish the optimal working conditions.
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