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INTRODUCTION

Quality by design (QbD) is a concept of designing and building

quality into products during the manufacturing stage. In order to

build quality, determination of the significant factors influencing

product quality is fundamental. Over the last years, the concept

of Design of Experiments (DoE) has been widely used to

understand the effects of multidimensional interactions of input

factors on the output responses of pharmaceutical products.

In order to optimize a process and improve product quality, it is

critical to detect and understand the effects of the formulation

and process variables on the tablet properties.

The aim of this study is to present the approach of using DoE

method to determine the factors that could potentially influence

the tablet hardness, uniformity of mass, and friability. It is

anticipated that this information will be valuable for future

selection of the grade of active substance or tableting process

variables during the product lifecycle.

MATERIALS AND METHODS

Materials

The current study was conducted using a fixed-dose

combination (FDC) drug containing Paracetamol. For the

purpose of analysis of qualitative factor (Paracetamol grade),

two different grades of Paracetamol were selected; grade A

containing up to 40% fines and grade B containing 15% fines.

Therefore, two blends containing different Paracetamol grades

were produced.

Methods

Four parameters, three quantitative and one qualitative, were

selected as the main variables for the tableting process

presented in Table 1.

Table 1. Main variables for the tableting process selected as input

parameters

Using the Design-Expert software (Version-7, State-ease Inc.) a

24 full factorial design with four center points was created in

order to estimate the significance of the input parameters and

their interactions on output responses, the properties of the

tablets (uniformity of mass, hardness, and friability).

RESULTS AND DISCUSSION

The results of the regression analysis of the proposed models

are displayed in Table 2. Models of all responses showed a p-

value < 0.05, which means that the model predictions are

significant. The fitness and adequacy of the proposed models

are further demonstrated by the R2 and adjusted R2 values for

tablet hardness, uniformity of mass and friability.

Table 2. Model summary statistics of dependent responses

7TH CONGRESS OF PHARMACY. 5-9  October . 2022 in Ohrid, North Macedonia

Factors Type

Levels

Low (-1) High (+1) Center 

point (0)

A: Speed (rpm) Numeric 20 40 30

B: Main compression (kN) Numeric 10 18 14

C: Pre compression (kN) Numeric 0.5 2 1.25

D: Paracetamol Categoric 15% fines 40% fines /

Response p-Value F-value PRESS R2 Adj. R2

Uniformity of mass <0.0001 24.71 18.91 0.9277 0.8908

Hardness < 0.0001 39.83 79.08 0.9415 0.9204

Friability < 0.0001 24.71 3.30 0.9565 0.9178

Uniformity of mass

The grade of Paracetamol has been shown to have the most

significant effect on uniformity of mass of the produced tablets.

Using the grade A of Paracetamol, where the fraction of fines is

larger, results in decreased uniformity of mass of the produced

tablets.

"Turret speed" plays the next most critical role. At higher

tableting speeds, the die filling time is shorter, resulting in

increased weight variability.

The interaction effect between turret speed and Paracetamol

grade significantly impacted the uniformity of mass of the

produced tablets in a negative direction.

Fig.1 Variables with significant effect on the uniformity of mass of

the produced tablets

Hardness

Main compression force (factor B) had a most significant impact

on the hardness of tablets. The grade of Paracetamol (factor D)

is an additional significant factor influencing hardness. No

significant interaction among the variables was observed.

Fig.2 Variables with significant effect on hardness of the produced

tablets

Friability

The grade of Paracetamol (factor D) is by far the most important

factor influencing the friability of the tablets. Decreasing of the

presence of fines brought about a corresponding decrease in the

friability of the tablets. The friability is also dependent on the

turret speed (factor A) and the interaction between the turret

speed, pre-compression, and main compression force.

Fig.3 Variables with significant effect on the friability of the

produced tablets

CONCLUSION

In this study, the influence of process variables such as the main

compression and pre-compression force, the turret speed, and

the grade of Paracetamol was investigated using a two-level full

factorial design (24). The grade of Paracetamol was detected as

the most significant factor affecting all process responses (tablet

hardness, uniformity of mass, and friability).

The formulation will be further optimized based on the

conclusion of the present study, using the coarser Paracetamol

grade with 15% fines.
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