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Abstract
The objective of the study was to evaluate the relative influence of setting parameters in dry granulation (compaction) and tableting phases on physical characteristics of clarithromycin tablets: disintegration time, hardness, weight variability and friability. Full factorial experimental design was applied. For compaction phase the following variables have been considered: compaction force, gap, role speed and sieve, while for tableting phase, compression force and tableting speed were evaluated.

As a result, we have evaluated the design space in what concerns the parameters evaluated and the relative influence of each variable on the desired characteristics of the granulate and tablets. We were able to establish optimal parameters setting to assure the highest productivity and compliance of the product with the standard specifications.
Rezumat

Obiectivul studiului a fost evaluarea influenţei relative a setării parametrilor în etapele de granulare uscată (prin compactare) şi comprimare, asupra caracteristicilor fizice ale comprimatelor cu claritromicină: timpul de dezagregrare, rezistenţa mecanică, variabilitatea masei şi friabilitatea. S-a aplicat un plan de experienţe factorial complet. Pentru etapa de compactare au fost studiaţi următorii parametri de proces: forţa de compactare, distanţa între role, viteza rolelor şi sita, iar pentru etapa de comprimare s-a evaluat forţa de comprimare şi viteza comprimării.

Ca urmare a planului experimental aplicat, s-a evaluat zona optimă de operare (design space) a variabilelor de proces pentru realizarea caracteristicilor dorite ale granulatului sau comprimatelor. S-a stabilit setarea optimă a parametrilor, care să asigure productivitate maximă şi conformitatea produsului rezultat în urma procesului cu specificaţiile de calitate.

· optimisation

· experimental design

· compaction

· tableting

INTRODUCTION

Design space is defined by ICH Q8 [1] as the multidimensional combination and interaction of input variables and process parameters that have been demonstrated to provide quality assurance. It is the recommendation of recently issued FDA and ICH guidances to enhance process understanding, promote continuous improvement based on knowledge management and scientific approach of processes. The aim is to design products and its manufacturing processes to consistently deliver the intended performance and meet the established quality criteria [1, 2, 3].


The objective of the study was to evaluate relative influence of setting parameters in dry granulation (compaction) and tableting phases on physical characteristics of clarithromycin tablets: disintegration time, hardness, weight variability and friability using a full factorial experimental design [4- 7].
MATERIALS AND METHODS

Materials: Clarithromycin batch number B6343005, manufacturer Sandoz Spain, Microcristalline cellulose (Avicel PH102) batch number X00232503G, manufacturer FMC Byopolimer, Sodium croscarmelose (Ac-di-sol) batch number T617C, manufacturer FMC Byopolimer, Cellulose powder batch number K91473397, manufacturer Merck , Syloid 244FP batch number 1000099677, manufacturer Grace Davison , Magnesium stearate batch number J00118, manufacturer Malinkrodt Chemical .

Equipments: roller compactor Gerteis 250/25/3; tablet press Sejong MRC-30N; oscilating sieve Frewitt MF-6; Tumbler Zanchetta Canguro 900.

Full factorial experimental design study has been made using <DOE> platform of JMP version 6 software, considering the following process parameters and ranges: compression force for compacting phase (7-13 kN/cm), gap for compacting phase (1.4-4 mm), role speed in compacting phase (4-10 rpm), sieve used for compacting phase (1 and 1.5 mm), compression force in tabletting phase (5-35 kN) and tabletting speed (11-38 rpm). 

Granules and tablets preparation. The weighed powders of clarithromycin, microcristalline cellulose, sodium croscarmelose and Syloid 244FP have been sieved with a Frewitt MF-6 equipment, using the 1.0 mm sieve, followed by mixing 5 minutes in a Zanchetta Pharmabin container at 15 rpm. The mixture was compacted using a Gerteis Mini-pactor 250/25/3 dry compactor. The granules were then mixed 10 minutes in a Zanchetta Pharmabin container at 15 rpm with additional quantities of microcristalline cellulose, sodium croscarmelose, Syloid 244FP, powder Cellulose and magnesium stearate. The mixture was compressed using a tablet machine Sejong MRC30N tablet press with 15.2 x 6,4 mm punches, concave, with break line on both sides. 

Physical characteristics of tablets: disintegration time, hardness, friability and weight variation(8,9,10). Disintegration time was measured using Disintegration tester Erveka ZT 301 as average on 6 tablets. Friability was tested on 20 tablets using friability tester Pharmatest, calculating weight variation after 100 rotations. Hardness and tablets weight variation were tested using Dr.Schleuniger Pharmatron Autotest 4 automatic tablet testing system, on 30 tablets for each sample. 

Data processing (experimental design and statistical evaluation) was performed using software JMP version 6, using the method of least squares on the “fit model” platform, correlated with “contour profiler” platform to establish the relative influence of each parameter and the design space [6, 11].

RESULTS AND DISCUSSION
In table I are shown the 70 experimental tablet formulations and their characteristics. With “+” we have noted a process parameter at the upper limit of the range applied, while with “-“ the process parameter at the lower limit of the range applied. Sieve used in compaction phase is noted with 1 (1mm) and respectively 2 (1.5mm). Process parameters were in the following sequence and ranges, specified in table I, Experimental model column, in the next order and limits: compression force for compacting phase (7-13 kN/cm), gap for compacting phase (1.4-4 mm), role speed in compacting phase (4-10 rpm), sieve used for compacting phase (1 and 1.5 mm), compression force in tabletting phase (5-35 kN) and tabletting speed (11-38 rpm). 

Table I

Experimental tablet formulations and their characteristics

	 
	Experimental model
	Disintegration time, minutes
	Friability %
	Weight variation

SD
	Hardness, N

	1
	−−−2−+
	0.63
	0.135
	6.45
	67.5

	2
	+++1+−
	8.22
	0.117
	2.75
	143.8

	3
	−−+2++
	4.92
	0.101
	7.07
	111.73

	4
	+−−2+−
	5.42
	0.106
	4.23
	119.07

	5
	−++1−−
	1.17
	0.1
	3.53
	92.23

	6
	+++1−+
	1
	0.233
	2.44
	47.1

	7
	−+−1−−
	0.57
	0.107
	2.78
	76.13

	8
	−+−1+−
	8.08
	0.135
	3.33
	142.5

	9
	−+−2++
	8
	0.107
	7.02
	142.5

	10
	−+−2−−
	0.58
	0.101
	5.51
	76.43

	11
	++−1+−
	8
	0.127
	3
	139.1

	12
	−++1−+
	0.63
	0.194
	9.33
	62.87

	13
	+++2−−
	0.75
	0.118
	4.93
	78.97

	14
	++−2++
	6.92
	0.112
	6.75
	122.37

	15
	+−−1+−
	6.83
	0.092
	3.07
	136.53

	16
	+++2−+
	0.75
	0.118
	4.72
	73.23

	17
	+−+1−+
	0.42
	0.31
	4.75
	41.37

	18
	−+−1++
	7.1
	0.129
	2.91
	133.4

	19
	+−+1++
	5
	0.095
	6.7
	123.33

	20
	+−−1++
	6
	0.118
	3.98
	131.07

	21
	−−+2−−
	0.83
	0.121
	12.9
	82.93

	22
	−−+2+−
	4.83
	0.131
	5.32
	132.63

	23
	+−+1−−
	0.33
	0.232
	6.75
	50.93

	24
	−++2++
	6.67
	0.133
	8.85
	125.63

	25
	0000200
	3.42
	0.109
	4.23
	111.3

	26
	+++2+−
	8.42
	0.101
	4.62
	136.77

	27
	++−1++
	8.58
	0.123
	2.53
	140.03

	28
	+−+2++
	5.25
	0.113
	4.23
	106.9

	29
	++−2−−
	7.33
	0.092
	9.61
	135.77

	30
	+−+2−−
	0.47
	0.152
	4.44
	58.27

	31
	−+−2−+
	0.4
	0.166
	7.23
	52.57

	32
	++−1−+
	0.48
	0.182
	2.97
	51.23

	33
	++−2−+
	0.67
	0.181
	6.47
	62

	34
	−−−2−−
	1.13
	0.112
	3.74
	84.93

	35
	+−−2++
	3.92
	0.093
	8.6
	106.77

	36
	++−2+−
	0.83
	0.101
	4.65
	82.23

	37
	−++1+−
	9.16
	0.115
	3.04
	146.6

	38
	−−−1−+
	0.5
	0.155
	5.56
	52.97

	39
	−+−1−+
	0.38
	0.137
	3.68
	56.73

	40
	−−−1++
	5.67
	0.106
	5.28
	123.7

	41
	−++1++
	7.33
	0.123
	7.78
	130.13

	42
	+−+1+−
	6.13
	0.111
	3.5
	132.13

	43
	0000200
	3.25
	0.095
	3.98
	113.3

	44
	+−−2−+
	0.67
	0.18
	5.23
	53.47

	45
	−++2+−
	8.33
	0.105
	4.85
	138.9

	46
	0000100
	2.42
	0.117
	3.77
	115.2

	47
	−−+1++
	4.58
	0.138
	8.42
	124.2

	48
	−−+1−−
	0.5
	0.103
	3.3
	70.27

	49
	−−+1+−
	5.83
	0.1
	3.71
	144.43

	50
	−−+2−+
	0.33
	2.929
	5.42
	25.87

	51
	−−−1+−
	5.42
	0.104
	2.63
	137.77

	52
	+++1−−
	0.33
	0.209
	3.68
	60.27

	53
	−+−2+−
	8.25
	0.1
	3.71
	144

	54
	−−−2++
	5.5
	0.113
	9.1
	114.8

	55
	+++1++
	7.42
	0.108
	3.79
	133.47

	56
	+−+2−+
	0.58
	0.28
	5.67
	45.5

	57
	−++2−−
	0.83
	0.18
	5.9
	78.93

	58
	+−+2+−
	5.92
	0.095
	7.22
	123.53

	59
	−−−2+−
	6
	0.101
	5.91
	134.87


	60
	+−−2++
	4.75
	0.121
	6.13
	110.53

	61
	++−1−−
	0.42
	0.244
	2.58
	58.5

	62
	+−−1−−
	0.33
	0.165
	4.33
	65.23

	63
	0000200
	3.67
	0.124
	5.74
	117.97

	64
	0000100
	3.33
	0.107
	2.84
	133.9

	65
	+−−1−+
	0.5
	0.157
	3.71
	55.97

	66
	−−+2−+
	0.67
	0.171
	7.47
	58.57

	67
	+−−2−−
	0.83
	0.128
	5.79
	73

	68
	+++2++
	7.83
	0.106
	3.96
	133.5

	69
	0000100
	4.5
	0.134
	3.3
	140.43

	70
	−−−1−−
	0.43
	0.151
	3.16
	70.4


Table II shows the statistical evaluations of the influence of the process parameters used in dry granulation and tableting on the characteristics of tablets. Rsquare is the determination coefficient and is a measure of the variation explained by the model established, relative to random variation. “Estimate” are the coefficients of the linear model found by least squares. “Std Error” is the standard deviation of the distribution of the parameter estimate, used to construct the t test. “t Ratio” is the ratio of parameter estimate to its standard error. ” Prob>|t|” is the probability of getting an even greater t statistic given the hypothesis that the estimate is zero. The statistical significant effects are considered those with “Prob>|t|” lower than 0.05.

Table II

 Statistical evaluation of the effect of process

parameters upon tablets characteristics

	Term
	Estimate
	Std Error
	t Ratio
	Prob>|t|

	Disintegration time, Rsquare 0.928484

	Intercept
	-1.07577
	0.755734
	-1.42
	0.1595

	Compaction force, kN/cm
	-0.043168
	0.035595
	-1.21
	0.2298

	Gap (compaction), mm
	0.4752173
	0.085368
	5.57
	<.0001

	Role speed (compaction), rmp
	-0.009915
	0.035576
	-0.28
	0.7814

	Sieve (compaction), mm
	-0.319264
	0.408424
	-0.78
	0.4373

	Compression force (tableting)kN
	0.2346936
	0.008406
	27.92
	<.0001

	Tabletting speed rpm
	0.0012509
	0.007902
	0.16
	0.8747

	Tablet hardness, Rsquare 0.848687

	Intercept
	77.361682
	12.74391
	6.07
	<.0001

	Compaction force, kN/cm
	-1.407795
	0.600241
	-2.35
	0.0222

	Gap (compaction), mm
	3.5159976
	1.43955
	2.44
	0.0174

	Role speed (compaction), rpm
	-0.466983
	0.599922
	-0.78
	0.4392

	Sieve (compaction), mm
	-6.437622
	6.887232
	-0.93
	0.3535

	Compression force (tableting)kN
	2.5733393
	0.141751
	18.15
	<.0001

	Tabletting speed rpm
	-0.362263
	0.133252
	-2.72
	0.0085

	Tablet weight variation, Rsquare 0.353381

	Intercept
	1.0296149
	1.564261
	0.66
	0.5128

	Compaction force, kN/cm
	-0.157122
	0.073677
	-2.13
	0.0369

	Gap (compaction), mm
	-0.27381
	0.176699
	-1.55
	0.1262

	Role speed (compaction), rpm
	0.1179731
	0.073638
	1.60
	0.1141

	Sieve (compaction), mm
	3.7101731
	0.845378
	4.39
	<.0001

	Compression force (tableting)kN
	-0.004079
	0.017399
	-0.23
	0.8154

	Tabletting speed rpm
	0.0412901
	0.016356
	2.52
	0.0141

	Tablets friability, Rsquare 0.126142

	Intercept
	0.0924949
	0.292268
	0.32
	0.7527

	Compaction force, kN/cm
	-0.0116
	0.013766
	-0.84
	0.4026

	Gap (compaction), mm
	-0.031495
	0.033015
	-0.95
	0.3437

	Role speed (compaction), rpm
	0.0186001
	0.013759
	1.35
	0.1812

	Sieve (compaction), mm
	0.1374259
	0.157951
	0.87
	0.3876

	Compression force (tableting)kN
	-0.005918
	0.003251
	-1.82
	0.0735

	Tabletting speed rpm
	0.0037975
	0.003056
	1.24
	0.2186


As it is shown in table II, the compression force in tableting has a strong influence in what concerns disintegration time and tablet hardness (positive correlation) and no significant influence on tablet weight variation and friability. Tableting speed has influence upon weight variation (positive correlation, but low coefficient) and relatively low on tablets hardness. Compaction force has influence upon hardness and weight variation (negative correlation), gap influences disintegration time and hardness (positive correlation), while sieve used in compaction phase influences the weight variation (positive correlation).

Design space represents the multidimensional combination of factors that have been demonstrated to provide the required quality. It represents the linkage between process inputs and critical quality attributes, established in order to optimize the technological process. It represents an optimum domain in which the process variables used give the desired characteristics of the granules and tablets.  Design-space has been evaluated considering combined and relative influences of all variables, by setting the following restrictions, which have been considered the optimum values of tablets characteristics: disintegration time, not more that 5 minutes, tablets hardness within 70-135N, tablets weight variation (standard deviation) not more than 5%, tablets friability not more than 0.2 %.

In fig. 1 it is presented the design space of compression force and tableting speed when gap is 4 mm, role speed 7.5 rpm, sieve 1.25mm. Each coloured zone represents the area where one or more tablet characteristics exceeded the established restrictive limits. Active zone, where all quality attributes are within the specification is represented in white. Increasing compaction force allows applying higher tableting speed, without affecting tablets weight variability, as it can be seen in fig.1B, where it is presented the design space of compression force and tableting speed at higher compaction force 13.58 kN/cm and the rest of conditions similar with fig 1A. 
	Fig.1A
	Fig.1B
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Figure 1

Design space of compression force (horizontal) and tableting speed (vertical) when gap 4 mm, role speed 7.5 rpm, sieve 1.25 mm
A-compaction force 10.6 kN/cm; B-compaction force 13.58 kn/cm

When applying low tableting speed and a medium compression force, there is a wide range of setting parameters in compaction phase, which can conduct to the desired properties of the tablets, as it can be seen in fig.2, where it is represented the design spaces when compression force (tableting) is 9.8 kN and tableting speed is 11.7 rpm. It should be noted how wide it is the active (white) area, which generates compliant product.
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	Fig.2B
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Figure 2
Design spaces when compr. force (tableting) is 9.8 kN and tableting speed 11.7 rpm

A-compression force (horizontal) and gap (vertical), role speed 3.6 rpm, sieve 1.25 mm

B-role speed (horizontal) and sieve (vertical), compaction force 8.4 kN/cm, gap 3.7 mm

In regular production it is desired to achieve high productivity in tabletting phase, so it necessary to have more restricted limits for compaction phase parameters. At high tabletting speed, the risk concerns tablet weight variability and friability. In fig.3A it can be seen the design space of compaction force and gap at high tableting speed (30.9 rpm), high compression force (15.98 kN), role speed 3.67 rpm, sieve 1.25 mm. Anyhow, the limit of 5% standard deviation considered in this model is more restrictive than pharmacopoeias limits, so the product is in the risk region, but still compliant.
	Fig.3A
	Fig.3B
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	Fig.3C
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	Figure 3
Design space of compaction force (horizontal) and gap (vertical) in the following conditions (active zone is in white):

A-role speed 3.67rpm, sieve 1-25, compression force (tableting) 15.98 kN, tableting speed 30.9 rpm.

B- role speed 3.2rpm, sieve 1,5, compression force (tableting) 11.32 kN, tableting speed 28.3 rpm.

C- role speed 6.2rpm, sieve 1,0, compression force (tableting) 11.32 kN, tableting speed 28.3 rpm.




Higher sieve diameter used determines the product presence in the risk zone concerning weight variability and friability, as it can be seen in fig. 3B. Reduction of the sieve size during compaction eliminates the risk of tablets weight variability (see fig. 3C), but can determine sticking problems during tableting, due to higher percentage of fines. 

CONCLUSIONS

As a result of the study, optimal setting of process parameters was established in order to achieve high productivity and compliance of the final product. For compaction phase, compaction force should be within 9-12 kN/cm, gap 2-4 mm, role speed 4-8 rpm and the recommended sieve is 1.25 mm. For tableting phase, compression force should be within 9-16 kN and the tableting speed 20-39 rpm.
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