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Abstract
A research study was made on the compressibility and flow characteristics of Metronidazole in binary mixtures with Lactose and Microcrystalline cellulose powders as diluents. The maximum volume reduction due to packing as it is expressed by the Kawakita constant, a, and the angle of internal flow, θ, were used as assessment parameters. 

The individual powders were characterized for their particle size distribution and shape using an optical microscope. Binary mixtures of various proportions of Metronidazole with Lactose powder and Microcrystalline cellulose were prepared. The bulk and tapped densities, angle of repose, angle of internal flow, and compressibility index of the individual and powder mixtures were determined using appropriate parameters. A 22 (=4) factorial experimental design was used in order to study the influence of the nature and concentration of the diluent on  a and θ of the powder and powder mixtures.

The results obtained showed that the packing and cohesive properties of the binary mixtures depended on the nature of the diluent, particle shape and size, particle size distribution, and the concentration of the diluent. The calculated values of volume reduction ability ‘a’ due to tapping for the Metronidazole-Lactose and Metronidazole- Microcrystalline cellulose binary mixtures obtained from the Kawakita plots were higher than the determined values from the tapping experiment. This suggests that the Kawakita plot is more reliable in determining the maximum volume reduction than the tapping procedure. The results from the factorial experimental design showed that changing the diluent from low to high concentration in both mixtures served to increase the maximum volume reduction parameter, while no significant (p >0.05) effect was observed when the diluent was changed from Lactose to Microcrystalline cellulose. However, changes in the nature and concentration of diluents caused an increase in the angle of internal flow.

The results obtained would be useful in the handling and industrial processing of these powders and in the production of powders, tablets, capsules and other drug delivery systems with desirable and predictable flow properties.
Rezumat
Articolul de faţă prezintă un studiu al compresibilităţii şi al caracteristicilor de curgere a metronidazolului în combinaţii binare cu lactoza şi celuloza microcristalină (CMC), substanţe folosite ca excipienţi diluanţi.

Rezultatele obţinute au o aplicabilitate deosebită în manipularea şi procesarea la scară industrială a acestor pulberi, precum şi în procesul de fabricaţie al pulberilor, tabletelor, capsulelor şi a altor sisteme de transport a medicamentelor, având proprietăţile de curgere dorite.
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· compression and flow properties
INTRODUCTION

The packing and cohesive properties of powders are very important in the production of solid dosage forms such as powders, tablets and capsules. This is of particular relevance during powder mixing, filling of capsules with powders or granules, and filling of dies during tabletting operation [1].

Particle size, particle size distribution and shape influence the flow and compressibility properties of particles.   Since most particles are not spherical or regularly shaped, particle shape is described by a scalar quantity known as shape factor or shape coefficient. This serves as a proportionality constant between mean particle diameter and particle surface area and volume. Shape coefficient also serves in relating results from experimental particle size measurements by different methods.

Different models have been proposed for characterizing the behaviour of binary powder mixtures. However, these models are limited because spherical shape is necessary for their validation [2], or they address just a narrow particle size fraction [3], or the predictive power is lost with additional powder component [4]. This also suggests that these models will also fail if powder components in a binary mixture comprise a wider size distribution or if the size distributions are skewed [1].

However, simple tapping experiments have also been used to quantify the packing and cohesive properties of powders. The Kawakita function can be used to relate the degree of volume reduction to applied pressure for single powders and powder mixtures. The function has been used in connection with compaction under high loads, but also in the following form to study the volume reduction of a powder or powder mixture due to tapping [5,6].

N/C
=
1/a . N
 + 1/ab
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C
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(Vo -  VN)  /  VO



(2)

and 

a
= 
(Vo - V∞) /  VO




(3)

where a and b are constants characterizing the material, N is the number of taps, C represents the degree of volume reduction achieved after N taps, VO is the maximum bulk volume of the powder, VN is the bulk volume of the powder after N taps, and V∞ is the minimum bulk volume. The constant a has practical application for powders since it describes the maximal possible relative decrease in the initial bulk volume due to tapping.

However, while the parameter a can be obtained from equation 3, V∞ may be more difficult to determine from tapping procedures [1]. Further, a can be determined with significant accuracy from the slope of the linear plot of N/C versus N in Equation 1. Hence, the determination of a does not depend on V∞.

A further parameter useful in determining the characteristics of powders and derivable from simple tapping experiments is the angle of internal flow (θ). This is a direct measure of the cohesiveness of powders.  This is obtained from plots using the decreasing porosity (E) of a powder with increasing number of taps, N. A linear relationship was observed by Varthalis and Pilpel [7] between E and N of the form:

E2N/1-E = GN  +  Ko





(4)

where G and Ko are constants for each powder or powder mixture. Ko describes the powder before any tappings and can be employed to determine the angle of internal flow of the powder after tapping. This is due to the fact that the cohesiveness of a powder is a measure of the resistance to flow when tapped or compressed.

Since there are no general rules regarding the influence of particles size and shape on packing and densification of powders and both parameters appear to interact [8], hence the objective of the present work is to determine specific packing and cohesive properties of Metronidazole in binary mixtures with Lactose and Microcrystalline cellulose which are diluents used in its formulation as a tablet. The work seeks to compare the parameter a obtained using tapping procedures and that derived from the Kawakita equation with a view to determining the correlation between the two methods. Also, a factorial experimental design is used to determine the individual and interaction effects of the type and amount of diluents on the compression and flow properties of Metronidazole.

MATERIALS AND METHODS

Materials

The powders used were Metronidazole (Bayer, Germany), Lactose B.P. (DVM, Veghel, Holland) and Microcrystalline cellulose ((MCC - Avicel PH 101; FMC Corp., Lehmannn and Voss, Hamburg, Germany)).

Characterization of the powders

The particle size distribution and shape of the powders were determined by optical microscopy on approximately 300 particles for each powder. The values of the mean projected particle diameter (d) were calculated from the values obtained. Also, particle densities of the individual powders were determined using the pycnometer method with xylene as the displacement fluid.

The shape factor (shape coefficient), α, of the particles of each powder was calculated using the expression:

α = Sw ρs de + R 





(5)

where Sw is the specific surface area of the particles (m2.g-1) which was determined  from the size distribution of the particles; de is the Heywood equivalent diameter (μm) and is expressed as:


de =  (4 x 0.77 x L x B)1/2 




(6)



       (π)

Where R, the elongation ratio is L/B; and L and B are the arithmetic mean values of the particle length and breadth, respectively; ρs is the particle density (g.cm-3) of each powder.

Determination of volume and density parameters

In determining the initial bulk volume, Vo, 20g from each of the powders was poured into a glass cylinder and the volume of the untapped bulk was determined. The powders were then subjected to various numbers of taps in the cylinder according to British Standard 1460 (38 taps per minute). Values of bulk volume (VN) for the powders were determined at intervals of 25 taps, and values of bulk density were calculated using the weight of the powders. The solid fraction (Sf) values of the starches were then obtained from the ratios of the bulk density to the particle density. Determinations were made in quadruplicate.

Binary mixtures of Metronidazole powder with Lactose and microcrystalline cellulose were prepared by first weighing the smaller proportion into a dry bottle and then turning the bottle from side to side to ensure mixing. The compositions of each of the mixtures are given in Table I.
Determination of Angle of Repose

The flow properties of the individual powders and the binary mixtures of Metronidazole with Lactose and microcrystalline cellulose were investigated by measuring their angle of repose. Ten grammes of the different powders and powder mixtures were poured into an open-ended glass cylinder with a diameter of 2.8cm. On raising the cylinder, the powder flowed out and formed a conical heap. The height of the cone was measured and the angle of repose Q is given by the equation:
θ
=
tan-1 (h/r)



(7)


where h is the height of conical powder heap and r is the radius of the circular base (cm).
Determination of the Maximum Volume Reduction and the Compressibility Index

Values of the reciprocal slope and the intercept of the plots of N/C against N were obtained for all samples and used for the calculation of constants ‘a’ (maximum volume reduction) and ‘b’ (compressibility index) which are properties characterizing the powders. 

Determination of Angle of Internal Flow

The angle of internal flow was determined from equation 4, where the values of the intercept ko . Subsequently, k - ko was plotted against N. The slopes of the plots gave tan θ, which is the angle of internal of the powders.

Experimental Design

In order to determine the individual and interaction effects of   type of diluent and concentration of diluent on the packing and cohesive properties of metronidazole phosphate, a factorial experimental design was used. This has been found in previous works to be useful in determining the effect of various formulation factors on the properties of drug formulations [9, 10].

Two independent process parameters (i.e. diluent type and diluent concentration) were used at two different levels. Table II summarizes the range of the two independent process parameters. A 22 full factorial design was used as a research methodology that required preparation of four batches (Table III). The use of the experimental design enables the identification of the individual influences of the process parameters and their interaction using a suitable statistical tool (Minitab© 14.2).

RESULTS AND DISCUSSION

The geometric properties of the individual powders are given in Table I. The ranking for particle size given by the projected mean diameter is given as Metronidazole > Lactose > Microcrystalline cellulose; while that of particle density is Lactose> Metronidazole> Microcrystalline cellulose. The results suggest that the mean diameter of the binary mixtures of Metronidazole and Lactose will have a greater value than the corresponding binary mixtures of Metronidazole and Microcrystalline cellulose. Also, as the quantity of the active ingredient, Metronidazole, is increased in each binary mixture, the mean projected diameter of the mixtures will increase. This is significant in that small differences in particle size have been observed to make a big difference in flowability of powder and powder mixtures [11]. Hence, binary mixtures containing microcrystalline cellulose, which has the lower particle size and hence lesser flowability, will be expected to have higher cohesiveness than the corresponding mixtures having Lactose as the diluent.
Table I

Particle and geometric properties  of individual powders

	Powder
	Projected mean diameter (δ) mm
	Particle density (g.cm-3)
	Heywood equivalent diameter, de
	Elongation ratio, N
	Specific Surface area, Sw, (m2/g)
	Shape coefficient ∞

	Metronidazole
	4.5
	1.520
	37.05
	2.92
	1.52 x 1010
	3.73

	Lactose
	3.5
	1.545
	45.05
	1.27
	6.66 x 1010
	1.73

	Microcrystalline cellulose
	2.3
	1.443
	20.81
	1.65
	7.28 x 109
	1.88


High particle density has been observed to favor free flow of powders [12], therefore an increase in Lactose in the binary mixtures will consequently improve the flow properties of the mixture due to its influence on gravity and surface forces.  However, previous workers have shown that when powders are mixed in different proportions, the properties of the mixtures may not be proportionally intermediated between those of the constituent powders [7, 12]. This anomalous behaviour has been ascribed to changes that occur in the packing arrangement of the powder particles.

Figure 1 compares the plots of the N/C values versus number of taps for the binary mixture of the two diluents with Metronidazole at 40:60 ratio drug:diluent. The values of maximum volume reduction ‘a’ were obtained from the slopes of the plots. The values of maximum volume reduction due to tapping ‘a’ and index of compressibility ‘b’ are presented in Table II. 

[image: image1.emf]0

100

200

300

400

500

0 25 50 75 100 125 150

N

N/C

MZ/MCC

MZ/LAC


Figure 1

Plots of N/C versus number of taps N for the binary mixtures of Metronidazole (MZ) with Lactose (LAC) and Microcrystalline Cellulose (MCC) at a ratio of 40:60

Table II

Percentage of maximum reduction in volume due to tapping ‘a’ determined and calculated, index of compressibility ‘b’ and the angle of internal flow θ; and the percentage difference for Metronidazole/Microcrystalline cellulose (MZ:MCC) and Metronidaole/Lactose (MZ:LAC) binary mixtures

	Mixture Code
	Binary Mixtures
	‘a’ determined (%)
	‘a’ calculated (%)
	Percentage difference
	‘b’
	θ

	
	MZ:MCC
	
	
	
	
	

	A1
	100:0
	28.17
	31.32
	3.15
	0.0052
	59.37

	A2
	80:20
	35.17
	37.49
	1.78
	0.0086
	52.45

	A3
	60:40
	33.33
	34.51
	1.18
	0.1120
	46.78

	A4
	50:50
	33.33
	34.57
	1.24
	0.120
	43.28

	A5
	40:60
	34.55
	34.58
	0.03
	0.2386
	38.41

	A6
	20:80
	36.08
	36.92
	1.84
	0.1487
	26.36

	A7
	0:100
	32.58
	32.87
	0.29
	0.2639
	23.81

	
	MZ:LAC
	
	
	
	
	

	B1
	100:0
	28.17
	31.32
	3.15
	0.0052
	59.37

	B2
	80:20
	34.83
	35.12
	0.29
	0.6026
	22.89

	B3
	60:40
	36.36
	36.65
	0.29
	0.2366
	21.42

	B4
	50:50
	37.36
	37.21
	0.15
	0.1749
	23.89

	B5
	40:60
	32.61
	32.93
	0.32
	0.3182
	29.30

	B6
	20:80
	39.22
	39.41
	0.19
	0.2295
	29.88

	B7
	0:100
	34.65
	35.77
	1.12
	0.1490
	34.22


The results show that Lactose had highest value of ‘a’ while Microcrystalline cellulose exhibited the lowest maximum volume reduction due to tapping. Also, for the binary mixture of Microcrystalline cellulose and metronidazole, the highest value of ‘a’ was observed for the mixture containing 80% of the metronidazole.  While for the mixtures containing Lactose with metronidazole, the highest volume reduction was obtained with 80% Lactose. Normally, finer particles are expected to give larger value of ‘a’, however microcrystalline cellulose gave lower values than metronidazole and Lactose. This may be due changes that occur in the packing arrangement of the powder during tapping.

The values of index of compressibility ‘b’ are also presented in Table II. For the individual powders, Microcrystalline cellulose gave the highest value and hence was the most compressible of the three materials. In the binary mixtures of Metronidazole and Microcrystalline cellulose, the values of ‘b’ increased progressively up to 40% Microcrystalline cellulose. While for the Lactose-Metronidazole mixture, there was no discernible pattern in compressibility with increasing portion of each of the component. The highest value of ‘b’ was obtained from the mixture containing 20% Lactose. This high value however, can be attributed to the high proportion of Metronidazole in the mixture. 

Figure 2 compares the porosity of the binary mixtures at 40% drug concentration. 
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Figure 2

Plots of porosity, E versus number of taps, N for the binary mixtures of Metronidazole (MZ) with Lactose (LAC) and Microcrystalline Cellulose (MCC) at a ratio of 40:60

The mixture containing Microcrystalline cellulose as diluent was observed to be more porous and hence less compressible than that containing Lactose. It has been established that powders with low values of ‘a’ and ‘b’ will be less compressible and consequently possess good flowability and low cohesiveness [13]. It is therefore expected that the inclusion of Microcrystalline cellulose will impart increase flowability to the mixtures in which it is included.
The values of angle of internal flow ‘θ’, for the individual  powders and their binary mixtures are presented in Table II. These values were obtained from the slopes of the plots of K-Ko against number of taps, N. The plots gave linearity with correlation coefficient r, within the range 0.998 to 0.999 (Figure 3). The angle of internal flow is a direct measure of the cohesiveness of a powder or powder mixture [9].
The values of maximum volume reduction ‘a’ obtained from the tapping procedure (‘a’ determined) and the values obtained from the Kawakita equation (‘a’ calculated) for the individual and binary mixtures of the powders are presented in Table II. Also, the percentage difference between the two ‘a’ values are included in the same table. The results obtained from calculating the percentage difference clearly shows that the values obtained through the use of Kawakita equation are more reliable. This is due to the difficulty in reaching V∞ from tapping procedures, as this is not required when using the Kawakita equation [1].

A factorial experimental design was used to study the influence of nature and concentration of diluent on a and θ of the powders and powder mixture. The experimental design of the independent process parameters and the levels used is presented in Table III.  The values of the quantitative effect of the variables, nature and concentration of diluent, are presented in Table IV, while the summary of the individual and interaction coefficients are given in Table V.

The effect of change in nature of diluent was observed to be negative indicating that changing from the ‘low’ level (Lactose) to the ‘high’ level (Microcrystalline cellulose) led to a reduction in the values of parameter measured, i.e. maximum volume reduction due to tapping ‘a’. However, this effect was found to be insignificant (P > 0.05). 
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Figure 3

Plots of (K –Ko) versus number of taps, N of Metronidazole (MZ) with Lactose (LAC) and Microcrystalline Cellulose (MCC) at a ratio of 40:60.

Table III

Independent process parameters and their levels

	Independent Process Parameters
	Associated Variable
	Lower Level

(Coded -1)
	Upper level

(Coded +1)

	Diluent type
	X1
	Lactose
	Microcrystalline cellulose

	Diluent concentration
	X2
	20%w/w
	80%w/w


Table IV

Values of a and θ for the powder binary mixtures

for the factorial experimental design

	Batch no.
	Diluent type
	Diluent concentration
	a
	θ

	1
	-1
	-1
	35.12
	22.89

	2
	+1
	-1
	36.92
	26.36

	3
	-1
	+1
	39.41
	29.89

	4
	+1
	+1
	37.49
	52.45


Key: -1: Low values; +1: High values

Table V

Summary of the individual and interaction coefficients of the variables on the Percentage maximum reduction in volume due to tapping ‘a’ and angle of internal flow ‘θ’

	Factor
	Coefficient
	a
	θ

	X1
	Effect

p-value
	-0.06

0.157
	13.02

0.005

	X2
	Effect

p-value
	2.43

0.092
	16.55

0.003

	X1X2
	Effect

p-value
	-1.86

0.516
	9.55

0.007


For the effect of changing the concentration from 20% to 80%w/w, the coefficient was positive. This implies that increasing the concentration of diluent increases the value of the parameter ‘a’.

For the effect of interaction between the diluent type (X1), and diluent concentration (X2), the interaction X1 X2  on the ‘a’ was negative indicating that the effects of the two variables were independent of each other. This implies that changing from one diluent to the other in a mixture with Metronidazole was independent of concentration used. 

However, the influence of the individual effects of the variables on the angle of internal flow ‘θ’ was found to be significant (p < 0.05). This suggests that increasing concentration of either diluent in the binary mixture significantly influences the flow properties of the binary mixtures. Also, a similar effect was observed with a change from Lactose to Microcrystalline cellulose on the flow properties of the binary mixtures. For the interaction effects, the coefficient obtained was positive indicating that the variables were interdependent. Hence, in changing from one diluent to the other, a review of the concentration of the new diluent would have to be done to ascertain its effect on the flow properties of the mixture.

CONCLUSIONS
The results obtained showed that the compressibility and flow properties of the metronidazole binary mixtures depended on the nature of diluent, particle shape and size, particle size distribution, and concentration of diluent. The Kawakita equation was also found to be more reliable in the determining the compression properties of the powders.

The results obtained would be useful in the handling and industrial processing of these powders and in production of powders, tablets, capsules and other drug delivery systems with desirable and predictable flow properties.
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