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ABSTRACT 

The aim of this investigation was to develop and optimize Pirfenidone matrix tablets for sustained release 

application by using response surface methodology based on 32 factorial design. Pirfenidone is a drug that is 

used to treat idiopathic pulmonary fibrosis (IPF). The effects of the amounts of Ethyl Cellulose (X1) and 

Kollidon SR (X2) were chosen as independent variables and the % drug release after 2 hours (Y1) and % drug 

release after 8 hours (Y2) were analyzed and optimized. The observed responses were coincided well with the 

predicted values by the experimental design. Initially, drug-excipients compatibility studies were carried out 

by using Differential Scanning Calorimetry (DSC) which indicated no interaction between drug and 

excipients. In vitro drug release study revealed that as the amount of polymers increased, % drug release 

decreased. These matrix tablets followed Korsemayer –Peppas model with anomalous (non-Fickian) diffusion 

mechanism. The optimized Pirfenidone matrix tablets demonstrated prolonged sustained release of 

Pirfenidone over 8 hours. 
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1. INTRODUCTION 

Sustained release dosage forms are projected to attain a prolonged therapeutic effect by constantly releasing 

medication over an extended period of time after administration of single dose. The main aim of preparing 

sustained release formulations was intended to modify and improve the drug performance by increasing the 

duration of drug action, decreasing the frequency of dosing, decreasing the required dose employed and 

providing uniform drug delivery. Because of more flexibility in dosage form design, the oral route of 

administration for sustained release systems has received greater attention. Ideally a sustained release oral 

dosage formulation is designed to release promptly some predetermined fraction of the total dose into GI tract. 

There are several physicochemical and pharmacokinetic factors to consider when choosing a medicine to 

construct in a sustained release dosage form, which mostly includes understanding of how the drug is absorbed 

from the GI tract. The change of the ADME can have a significant impact on many aspects of the clinical use 

of the drug from patient compliance and convenience to its very efficacy, tolerance and safety parameters. 

(1)(2)(3) 

Idiopathic Pulmonary fibrosis (IPF) is a chronic, catastrophic, and progressive lung disease, where the lung 

tissue becomes damaged and scarred, which makes breathing difficult.. Pirfenidone, chemically 5-Methyl-1-

phenylpyridin-2-one, is an anti-fibrotic and anti-inflammatory drug (Fig. 1) which helps to reduce scars and 

inflammation in the lungs, and helps in better breathing. Due to its high dose, Pirfenidone is accompanied by 

severe side effects. In order to diminish these effects, Pirfenidone release must be sustained over an extended 

period, so as to maintain its availability in blood for longer period of time after single dose administration. 

(4)(5)  Pirfenidone is rapidly and almost completely absorbed after oral, reaching its peak plasma level in about 

30 minutes. Its plasma half-life is about 2-2.4 Hrs. Pirfenidone is an ideal candidate for sustained release 

tablets due to its short biological half-life and frequent dosing. 

In the development of any pharmaceutical formulation like matrix tablet for sustained release ability, an 

important concern is to design a formulation with optimized quality in limited amount of time and trials. The 

response surface methodology, which has been commonly used for designing and optimization of different 

pharmaceutical formulations requires minimum experimentation.(6)(7) The objective of the current 

investigation was to develop Pirfenidone sustained release matrix tablet containing hydrophobic polymer-

blend of Ethyl Cellulose (EC)  and Kollidon SR (KSR) by direct compression method using 32 factorial design. 

 

Fig.1 Chemical structure of Pirfenidone 

 

2. MATERIALS AND METHODS 

Pirfenidone (PFD) was obtained as a gift sample from Cipla Ltd., Mumbai, India. Ethyl Cellulose (Colorcon 

Asia Pvt. Ltd.), Kollidon SR (BASF India Ltd.), Microcystalline Cellulose (Dupont, Mumbai), Talc (SDFCL, 

Mumbai, India), Magnesium stearate (Molychem, Mumbai) were used.  
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All chemicals and reagents used were of analytical grade. 

 

3. FORMULATION DEVELOPMENT 

3.1 Drug-excipient compatibility studies by DSC 

The possibility of drug–excipient interaction was investigated by DSC. Differential Scanning Colorimeter 

(DSC) detects the temperature and heat flows associated with transitions in materials as a function of time 

and temperature in a controlled atmosphere.(8) These measurements provide quantitative and qualitative 

information about physical and chemical changes that involves endothermic or exothermic processes, or 

change in heat capacity. The DSC thermograms of pure drug, a mixture of the drug with EC and KSR,  and 

formulation were recorded DSC instrument (DSC 25, TA Instruments). The thermal analysis was performed 

in a nitrogen atmosphere at a heating rate 10 oC/minute over a temperature of 50 oC to 500o C. 

3.2  Preparation of Pirfenidone matrix tablet 

Pirfenidone matrix tablets were prepared by using direct compression method. Drug, polymer, and diluent 

amounts were accurately weighed and mixed. This mixture was passed through No.60 sieve and thoroughly 

mixed in a polythene bag for 15 minutes. The powder blend was then lubricated with magnesium stearate and 

talc for 2 minutes and compressed into tablets on a 8-station rotary tableting punching machine using 13-mm 

round, flat-faced punches (Rimek MiniPress - I). The final weight of the tablet was adjusted to 750 mg. The 

hardness of the tablets was maintained between 5.0 to 6.0 kg/cm2. 

3.3  32 factorial design 

A 32 full factorial design was employed to systematically study the joint influence of the effect of independent 

variable concentration of EC (X1) and KSR (X2) on the dependent variables, i.e. . % CR after 2 Hrs (Y1)  and 

% CR after 8 Hrs (Y2) as shown in table 1 

Table 1 : Selection of levels for independent variables and coding of variable 

Levels Coded value    Independent variables  

  Concentration of EC (X1) Concentration of KSR (X2) 

Low - 60 (8%) 60 (8%) 

Intermediate 0 75 (10%) 75 (10%) 

High + 90 (12%) 90 (12%) 

 

In this design, 2 factors were evaluated, each at 3 levels, and experimental trials are performed in all 9 possible 

combinations.(9) A statistical model incorporating interactive and polynomial terms is used to estimatethe 

response. Polynomial equation generated by this design is as follows: 

Y =b0+b1X1+b2X2+b12X1X2+b11X1
2+b22X2

2 

Where Y is the dependent variable, b0 is the arithmetic mean response of the 9 runs, and b1 to b2 are the 

regression coefficients. The main effects (X1 and X2) represent the average result of changing 1 factor at a 

time from its low to high value. The interaction terms (X1X2) show how the response changes when two 

factors are simultaneously changed. The polynomial terms (X1
2 and X2

2) are included to investigate 

nonlinearity. 32 factorial design having independent variables at three different varying levels are given in 

table 2. 
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Table 2 : Factorial Design Layout 

Run Batch No. 

Actual values of variables (mg) 

Factor X1 (EC) Factor X2 (KSR) 

1 F1 60 (-) 60 (-) 

2 F2 75 (0) 60 (-) 

3 F3 90 (+) 60 (-) 

4 F4 60 (-) 75 (0) 

5 F5 75 (0) 75 (0) 

6 F6 90 (+) 75 (0) 

7 F7 60 (-) 90 (+) 

8 F8 75 (0) 90 (+) 

9 F9 90 (+) 90 (+) 

 

4 EVALUATION OF TABLETS 

4.1    Evaluation of powder blend (pre-compression parameters) 

4.1.1 Angle of Repose 

The maximum angle that the plane of powder makes with the horizontal surface on rotation is known as angle of repose. 

It is helpful in assessment of flow properties of particles which could be further related to packing densities and 

mechanical arrangements of particles. The angle of repose of powder blend was determined by the funnel-method. The 

accurately weighed powder was taken in a funnel. The height of the funnel was adjusted in such a manner that the tip 

of the funnel just touched the apex of the heap of the powder. The powder blend was allowed to flow through the funnel 

freely onto the surface. (11) The diameter of the powder cone measured and angle of repose was calculated using the 

following equation 

tan θ = h/r 

where  h = height of the powder heap  

             r = radius of the powder heap  

             θ = angle of repose 

4.1.2 Determination of Bulk Density and Tapped Density 

An accurately weighed quantity of the powder (W) was carefully poured into the graduated cylinder and volume (V0) 

was measured. Then the graduated cylinder was closed with lid and set into the tap density tester (USP). The density 

apparatus was set for 100 tabs and after that the volume (Vf) was measured and continued operation till the two 

consecutive readings were equal. (12) 
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The bulk density and the tapped density were calculated using the following formulae. 

Bulk density = W/ V0 

Tapped density = W/ Vf 

where, W= Weight of the powder  

             V0 = Initial volume  

             Vf = final volume 

4.1.3 Compressibility Index (Carr’s Index) 

Carr’s index (CI) is an important measure that can be obtained from the bulk and tapped densities. In theory, the less 

compressible a material the more flowable it is. (12)  

CI = (TD-BD)/TD×100 

where, TD = Tapped density  

             BD = bulk density 

4.1.4 Hausner’s Ratio 

It is the ratio of tapped density and bulk density. Hausner found that this ratio was related to interparticle friction and, 

as such, could be used to predict powder flow properties.(4) Generally a value less than 1.25 indicates good flow 

properties. 

Hausener’s Ratio = Tapped density/Bulk Density 

4.2   Post-compression evaluations 

4.2.1 Hardness 

The hardness of tablet was measured by Monsanto hardness tester. The hardness was measured in kg/cm2. Ten tablets 

were randomly picked from each formulation and the mean and standard deviation values were calculated.(18)   

4.2.2 Thickness 

The thickness of the tablet was measured by placing tablet between two arms of digital vernier calliper 

(Labtronics), which permits accurate measurements and provides information on the variation between 

tablets. Ten tablets were taken and their thickness was measured. (17)   

4.2.3 Weight variation  

Twenty tablets were selected randomly from each formulation and weighed individually using a Shimadzu 

digital balance (BL-220H). The individual weights are compared with the average weight for the weight 

variation. (16)   

4.2.4 Friability 
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The friability of the sample of ten tablets was determined using Roche friabilator (Pharma lab, Ahmedabad, 

India). Pre-weighed ten tablets were placed in the plastic chambered friabilator attached to motor revolving 

at a speed of 25±1 rpm. Rotate the drum 100 times. The tablets were then dedusted and reweighed and percent 

loss was calculated. (16)   

It was calculated using the following equation. 

% Friability = (W1 – W2)/W1×100 

Where, W1 = Initial weight of the 10 tablets  

              W2 = Final weight of the 10 tablets after testing. 

Percent friability of tablets less than 1% is considered acceptable. 

4.2.5 Drug content 

Ten tablets were weighed and pulverized to a fine powder. A quantity of powder equivalent to 10 mg of 

Pirfenidone was transferred to 100 mL volumetric flask and 50 mL of pH phosphate buffer 6.8 was added. 

The mixture was sonicated for 30 min, diluted to mark with pH phosphate buffer 6.8 and filtered through 

whattman filter paper. From this stock solution 1.0 mL was accurately transferred to 10 mL volumetric flask 

and diluted with pH phosphate buffer 6.8 to obtain an intermediate solution of 100μg/mL of Pirfenidone. 

Aliquot of 1.0 mL of this solution was accurately diluted to 10 mL with diluents to obtain the final sample 

solution containing 10μg/mL of Pirfenidone. Study was conducted in triplicates. The Pirfenidone content was 

determined by measuring the absorbance at 311 nm (using UV-vis Spectrophotometer, Shimadzu 1800). (15)   

4.2.6 In-vitro dissolution study 

The in vitro dissolution study of matrix tablets of Pirfenidone was performed using USP type II (paddle) 

dissolution apparatus at a rotational speed of 50 rpm. In order to simulate gastrointestinal transit conditions, 

the tablets were subjected to different dissolution media. The dissolution medium consists of 1000 ml of 0.1 

M HCL for the first two hours and pH 6.8 phosphate buffer for the next six hours. The dissolution medium 

was maintained at a temperature of 37±0.5 °C. At predetermined time intervals, 5 ml sample of the solution 

was withdrawn from the dissolution apparatus and the samples were replaced with fresh dissolution medium. 

The collected samples were filtered through a 0.45 μm membrane filter and diluted to a suitable concentration 

with pH 6.8 phosphate buffer. An absorbance of these solutions was measured at 310 nm (0.1 M HCL) and 

311 nm.(pH 6.8 phosphate buffer) Cumulative percentage of drug release was calculated using equation 

obtained from a calibration curve of drug in respective media.(14)   

4.2.7 Kinetic analysis of drug release data 

The drug release kinetic is directed by one or more mechanisms that depend on the composition of the matrix, 

geometry, preparation method and dissolution media of drug release. This can be explained by mathematical 

models in accordance with the desired or required predictive ability and accuracy of the model. There are 

number of kinetic models, which described the overall release of drug from the dosage forms. 
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Zero-order model: F = K0 t, where F represents the fraction of drug released in time t, and K0 is the apparent 

release rate constant or zero-order release constant. 

First-order model: ln (1−F) = −K1stt, where F represents the fraction of drug released in time t and K1 is the 

first-order release constant. 

Higuchi model: F = KH
t1/2, where F represents the fraction of drug released in time t, and KH is the Higuchi 

dissolution constant. 

Korsmeyer-Peppas Model: F = KPtn, where F represents the fraction of drug released in time t, K P is the rate 

constant n is the release exponent; this indicates the drug release mechanism. 

Again, the Korsmeyer-Peppas model -controlled release), non-Fickian release (anomalous transport), and 

case-II transport (has been employed in the in vitro drug release behaviour analysis of various pharmaceutical 

formulations to distinguish between various release mechanisms: Fickian release (diffusion relaxation-

controlled release). When n ≤ 0.5, it is Fickian release. The n value between 0.5 and 1.0 is defined as non-

Fickian release. When n ≥ 1.0, it is case-II transport and this involves polymer dissolution and polymeric 

chain enlargement or relaxation. (13)  

5.   OPTIMIZATION OF FORMULATION  

The computation for optimized formulation was carried using design expert 10.0.6.0 (STAT–EASE) software. 

The models were evaluated in terms of statistically significant coefficients and R2 values. Various feasibility 

and grid searches were conducted to find the optimum parameters. Various 3D response surface graphs were 

provided by the design expert software. The optimized formulation factors were evaluated for various 

response properties. A numerical optimization technique based on the desirability approaches was adopted to 

achieve new optimized formulation which will confirm the role of the derived polynomial equation and 

contour plots in predicting the responses. Statistical optimization was performed to evaluate the contribution 

of each factor with different levels to the response, analysis of variance (ANOVA) was performed using the 

design expert 10.0.6.0 (STAT–EASE) software. (10)                                                                         

6.   RESULTS AND DISCUSSIONS 

6.1 Drug excipients compatibility study by DSC 

The DSC thermogram (fig. 2) of pure Pirfenidone exhibited a sharp endothermic peak at 108.31 °C which 

corresponds to its melting and decomposition. Basically, Pirfenidone endothermic peak was evident in all the 

thermograms of its physical mixtures with the mentioned excipients and formulation (fig. 3-5) which indicate 

compatibility. In conclusion, the observed DSC results ruled out the incidence of any incompatibility between 

Pirfenidone and the investigated excipients. 
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       Fig.2 DSC spectrum of PFD                                Fig.3 DSC spectrum of PFD + EC                                                 

 

 

       Fig.4 DSC spectrum of PFD + KSR                    Fig.5 DSC spectrum of Formulation     

                         

6.2 Optimization of Pirfenidone Matrix Tablets using 32 factorial design. 

Traditionally, pharmaceutical formulators develop various formulations by changing one variable at a time, 

and the method is time-consuming. However, many experiments, not succeed in their purpose because they 

are not properly thought out and designed, and even the best data analysis cannot compensate lack of planning. 

Therefore, it is essential to understand the influence of formulation variables on the quality of formulations 

with a minimal number of experimental trials and subsequent selection of formulation variables to develop an 

optimized formulation using established statistical tools for optimization. A total of 9 trial formulations of 

Pirfenidone matrix tablets were proposed by the 32 factorial design for two independent variables 

concentration of EC  (X1, mg) and concentration  (X2, mg) which were varied at three different levels (high, 

intermediate and low). The effects of these independent variables on % CR after 2 Hrs (Y1) and % CR after 

8 Hrs (Y2) were investigated as optimization response parameters in the current investigation. According to 

the 32 factorial design, various trial formulations of Pirfenidone matrix tablets were prepared by direct 

compression method. Overview of the experimental trial and observed responses is presented in Table 3. 

Table 3: 32 factorial designs and their observed response values with in Pirfenidone matrix tablets 

Formulation 

codes 

Ethyl Cellulose (X1) 

 

Kollidon SR (X2) 

 

Responses 

 

  

% CR after 2 Hrs 

(Y1) 

% CR after 8 

Hrs (Y2) 
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F1 60 (-) 60 (-) 36.31±1.92 95.20±1.70 

 F2 75 (0) 60 (-) 30.97±3.72 84.24±2.34 

 F3 90 (+) 60 (-) 28.01±1.34 76.47±0.58 

 F4 60 (-) 75 (0) 34.94±4.03 78.94±2.50 

 F5 75 (0) 75 (0) 32.53±2.57 67.06±1.05 

 F6 90 (+) 75 (0) 25.10±0.55 64.23±1.39 

F7 60 (-) 90 (+) 27.16±0.37 74.03±1.67 

F8 75 (0) 90 (+) 21.35±1.94 62.98±1.35 

F9 90 (+) 90 (+) 18.78±1.85 57.45±1.17 

 

The Design Expert 10.0.6.0 (STAT–EASE) software provided suitable polynomial model equations involving 

individual main factors and interaction factors after fitting these data.  

The model equation relating % CR after 2 Hrs as response became: 

Y1 = 30.79-4.42X1-4.67X2 -0.0200X1X2 +0.1000X1
2-3.76X2

2 

(R2 = 0. 0.9731; F-value = 21.74; P < 0.05) 

The model equation relating % CR after 8 Hrs as response became: 

Y2 = 68.10-8.34X1-10.24X2 +0.5375X1X2 +2.96X1
2+4.98X2

2 

(R2 = 0. 0.9948; F-value = 115.46; P < 0.05) 

Higher values of correlation coefficients for % CR after 2 Hrs and % CR after 8 Hrs indicate a and good fit. 

The polynomial equations can be used to draw conclusions after considering the magnitude of the coefficient 

and the mathematical sign it carries, i.e. positive or negative. The coefficient b1 and b2 is negative in both 

polynomial equations. This indicates that on decreasing X1and X2, % CR after 2 Hrs (Y1) and % CR after 8 

Hrs (Y2) increases. The intermediate level (0, 0) of X1and of X2 was found to be favourable conditions for 

obtaining desired release. 

Table 4: Summary of ANOVA for response parameters 

Source Sum of 

Squares 

df Mean Square F value P-value 

For % CR after 2 Hrs  

 Model 276.18 5 55.24 21.74 0.0146 (S) 

 X
1
 117.22 1 117.22 46.13 0.0065 (S) 

 X
2
 130.67 1 130.67 51.42 0.0056 (S) 

 X
1
X

2
 0.0016 1 0.0016 0.0006 0.9816 (NS) 

 X
1
² 0.0200 1 0.0200 0.0079 0.9349 (NS) 

 X
2
² 28.28 1 28.28 11.13 0.0445 (S) 

 For % CR after 8 Hrs  
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Model 1114.73 5 222.95 115.46 0.0013 (S) 

 X
1
 417.00 1 417.00 215.96 0.0007 (S) 

 X
2
 629.35 1 629.35 325.94 0.0004 (S) 

 X
1
X

2
 1.16 1 1.16 0.5985 0.4955 (NS) 

 X
1
² 17.52 1 17.52 9.08 0.0571 (NS) 

 X
2
² 49.70 1 49.70 25.74 0.0148 (S) 

 

The results of the ANOVA indicated that these models were significant for X
1, 

X
2 
and X

2
² response parameters 

at P is less than 0.05 in both the model equations (Table 4). The influences of main effects (factors) on 

responses investigated (here, % CR after 2 Hrs and % CDR after 8 Hrs) were further elucidated by response 

surface methodology. Response surface methodology is a widely proficient approach in the development and 

optimization of drug delivery devices. (10)  

Three-dimensional response surface plots and their corresponding contour plots to estimate the effects of the 

independent variables (factors) on each response investigated were presented in Figures 6 and 7. The three-

dimensional response surface plot is very useful in learning about the main and interaction effects of the 

independent variables (factors), whereas two-dimensional contour plot gives a visual representation of values 

of the response. The three-dimensional response surface plots and corresponding contour plots relating % CR 

after 2 Hrs and % CR after 8 Hrs indicate the decreased values of % CR with the increment of independent 

variables i.e. concentration of EC and concentration of KSR. 

 

 

                                 

(a)                                                                         

(b) 

Figure 6: 

Effect of 

amounts 

of 
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concentration of EC and concentration of KSR on relating % CR after 2 Hrs presented by response 

surface plot (a), and contour plot (b). 

 

                                 (c)                                                                      (d) 

Figure 7: Effect of amounts of concentration of EC and concentration of KSR on relating % CR after 

8 Hrs presented by response surface plot (c), and contour plot (d). 

6.3 Evaluation of tablets 

6.3.1 Pre-compression parameters 

All the precompression parameters were evaluated i.e. bulk density, tapped density, carr’s index, hausner’s 

ratio, the angle of repose.  Bulk density ranged from 0.313±0.11 to 0.381±0.36 g/cm3, tapped density ranged 

from 0.346±0.25 to 0.410±0.48 g/cm3, Compressibility index ranged from 9.51±0.18% to 15.34±0.74%, 

Hausner’s ratio ranged from 1.07±0.17 to 1.12±0.85 whereas angle of repose ranged from 19.22±0.64 to 

28.44±0.49. All these results as shown in above table indicated that, the powder blend possesses good 

flowability and compressibility properties. 

Table 5: Pre-compression evaluations of batches F1 to F9 

Batch 

Code 

Bulk density 

(g/cm
3
) 

Tapped density 

(g/cm
3
) 

Compressibility 

index (%) 

Hausner’s ratio Angle of repose 

(Ө) 

 F1 0.381±0.36 0.410±0.48 7.31±0.05 1.07±0.74 28.17±0.19 
 F2 0.313±0.11 0.346±0.25 9.53±0.64 1.10±0.69 19.22±0.64 
 F3 0.348±0.48 0.387±0.98 10.07±0.49 1.11±0.44 26.32±0.81 
 F4 0.352±0.90 0.389±0.15 9.51±0.18 1.10±0.002 28.44±0.49 
 F5 0.376±0.55 0.403±0.43 6.69±0.17 1.07±0.17 21.54±0.33 
 F6 0.347±0.24 0.392±.0.79 11.47±0.47 1.12±0.85 24.77±0.54 
 F7 0.339±0.87 0.378±0.30 15.34±0.74 1.11±0.96 23.21±0.85 
 F8 0.321±0.14 0.355±0.78 10.59±0.65 1.10±0.01 24.86±0.63 
 F9 0.339±0.39 0.374±0.64 10.08±0.74 1.10±0.17 29.44±0.50 

 

6.3.2   Post-compression evaluations 

The tablets from all the batches were evaluated for various physical parameters before proceeding further and 

results are listed in table 6. 

Table 6: Post-compression evaluations of batches F1 to F9 

Batch 

Code 

Weight 

variation 

Thickness 

(mm) 

Hardness 

(kg/cm
2
 ) 

% Friability  
% Drug 

content  

F1  0.748 ± 0.22 6.40 ± 0.11 5.61 ± 0.2 0.50 108% 

F2  0.752 ± 0.01 6.33 ± 0.08 5.31 ± 0.18 0.53 101% 

F3  0.750 ± 0.11 6.42 ± 0.07 5.44 ± 0.22 0.61 98% 

F4  0.749± 0.77 6.33 ± 0.02 4.96 ± 0.14 0.42 96% 
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F5  0.752 ± 1.80 6.60 ± 0.07 5.10 ± 0.07 0.57 101% 

F6  0.741 ± 0.07 6.55 ± 0.11 5.27± 0.01 0.43 108% 

F7  0.768 ± 1.10 6.46 ± 0.09 5.49 ± 0.07 0.78 107% 

F8  0.749 ± 0.34 6.58 ± 0.12 5.33 ± 1.4 0.63 98% 

F9  0.754 ±1.21 6.44 ± 0.06 5.29± 0.33 0.61 99% 

 

6.3.2.1   Hardness 

The hardness of tablets was in the range between 5.10±0.07 to 5.61±0.02 kg/cm2. 

6.3.2.2   Thickness 

The thickness of all tablets was in the range between 6.33±0.02 mm to 6.60±0.07 mm. 

6.3.2.3   Weight variation 

All the formulated batches passed the weight variation test as the % weight variation was within the 

pharmacopoeia limits of ±5% of the weight. 

6.3.2.4   Friability 

Friability was in the range between 0.42 to 0.78%. Friability values were less than 1 % in all cases which 

shows good mechanical strength at the time of handling and transports. 

6.3.2.5 Drug content 

Drug content of all tablets was found in the range between 96 to 108%.  

6.3.2.6 In-vitro dissolution study 

All the formulated sustained release tablets of Pirfenidone were developed using different concentrations of 

EC and KSR (60, 75 and 90 mg). In vitro drug release from all Pirfenidone matrix tablets was conducted in 

the 0.1 M HCl for the first 2 hours and then in phosphate buffer (pH, 6.8) for the next 6 hours. All these matrix 

tablets containing Pirfenidone showed prolonged sustained drug release over 8 hours (Figure 8). The 

cumulative drug release from these matrix tablets after 2 hours of dissolution (% CR after 2 Hrs) was within 

the range, 18.78±1.85 to 36.31±1.92%. The cumulative drug release from these matrix tablets after 8 hours of 

dissolution (% CR after 8 Hrs) was within the range, 57.45±1.17 to 95.20±1.70%. From the response surface 

analysis, it was observed that the as the concentration of both the polymers i.e. EC and KSR increases, the 

amount of drug release decreases. 
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Figure 8: % Cumulative drug release study of batches F1 to F9 

Among all the formulations F5 showed better drug release (67.06%), which was in close agreement with the 

theoretical values. Therefore, it was considered as optimized formulation. This could be due to the immediate 

formation of channels in ethyl cellulose. Whereas the Kollidon SR consist of a blend of Polyvinyl acetate 

(PVAs) which is very plastic and it forms a coherent mass which maintains the geometric shape of tablet until 

the end of dissolution. Kollidon SR also consist of a water soluble part i.e. Povidone which is responsible for 

pore formation causing diffusion controlled release. This in turn retard the drug release rate from these 

Pirfenidone matrix tablets.(21) 

6.3.2.7 Kinetic analysis of drug release data 

The in vitro drug release data from various Pirfenidone matrix tablets were evaluated kinetically using various 

mathematical models such as zero-order, first-order, Higuchi, and Korsmeyer-Peppas models. The results of 

the curve fitting into these above-mentioned mathematical models are given in Table 7. When respective 

correlation coefficients of drug release from prepared matrix tablets were compared, it was found to follow 

the zero- order model (R2 = 0.9423 to 0.9931) over a period of 8 hours. According to Korsemeyer-peppas 

equation, the release exponent “n” value is between 0.45<n<0.89, indicating anomalous (non-Fickian) 

diffusion mechanism of drug release. The anomalous diffusion mechanism of drug release demonstrates both 

diffusion-controlled and swelling-controlled drug release from prepared matrix tablets. 

6.4   Optimization of formulation  

A numerical optimization technique based on the desirability approaches was adopted to achieve new 

optimized formulation with desired responses. The desirable range of these  

Table 7: Release kinetics of of batches F1 to F9 

Formulation 

code 

Correlation coefficient (R
2
) 

  
Release 

exponent 

(n) Zero order First order Higuchi 
Hixon-

Crowell 

Korsemayer 

-Peppas 

F1 0.9812 0.8754 0.9655 0.9493 0.9966 0.74 

 F2 0.9835 0.9297 0.9498 0.9644 0.9943 0.80 
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 F3 0.9825 0.9539 0.9516 0.9743  0.9941 0.79 

 F4 0.9623 0.9537 0.9637  0.9700 0.9910 0.69 

 F5 0.9423 0.9573 0.9625 0.9594  0.9861 0.64 

 F6  0.9799  0.9773 0.9545  0.9837  0.9911 0.72 

F7 0.9830 0.9705  0.9648 0.9841  0.9967 0.75 

F8 0.9908 0.9801 0.9499  0.9886  0.9972 0.83 

F9 0.9931 0.9866 0.9414  0.9923 0.9976 0.89 

 

responses was restricted to 13 ≤ % CR after 2 Hrs ≤ 23 % and  63≤  % CR after 8 Hrs ≤ 73 %,  whereas the 

ranges of factors were restricted to 60 ≤ X1 ≤ 90mg and 60 ≤ X2≤ 90 mg. In order to evaluate the optimization 

capability of these models generated according to the results of 32 factorial design, optimized Pirfenidone 

matrix tablets were prepared by direct compression method using one of the selected optimal process variable 

settings proposed by the experimental design. The selected optimal process variable settings used for the 

formulation of optimized Pirfenidone matrix tablets were X1 = 73.71 mg and X2= 89.74 mg. 

Table 8 depicts the results of predicted values obtained from the mathematical model and practically observed 

(actual value). The optimized pirfenidone matrix tablets (01) showed 23.15± 0.61 % % CR after 2 Hrs of and 

63.84± 0.29 % CR after 8 Hrs within small error values (less than 5), indicating that mathematical models 

achieved from the 32 factorial design were well fitted. 

Table 8: Results of experiments to assure optimization capability. 

Time 

% CR 

Observed Predicted 

2 23.15± 0.61 22.953 

8 63.84± 0.29 63.541 

 

7.   CONCLUSION 

Pirfenidone matrix tablets for sustained release application were successfully developed by response surface 

methodology based on 32 factorial design. A 32 full factorial design was used to study the joint influence of 

independent variables concentration of Ethyl Cellulose and concentration of Kollidon SR at three levels i.e. 

low, medium and high. The DSC studies concluded that the drug was compatible with the selected excipients. 

All the formulations were prepared by direct compression method using 13-mm punch on 8-station rotary 

tableting punching machine. The blend of all formulations showed good flow and compressibility properties. 

The three-dimensional response surface plots and corresponding contour plots relating % CR after 2 Hrs and 

% CR after 8 Hrs indicate the decreased values of % CR with the increment of independent variables i.e. 

concentration of EC and concentration of KSR. The drug release kinetics follows Korsemeyer-Peppas model. 
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So, the mechanism was found to be non fickian and shows continuous and uniform drug release for an 

extended period of time, an attribute highly desirable for any sustained release formulation. Among all the 

formulations F5 showed better drug release (67.06%), which was in close agreement with the theoretical 

values. These developed optimized matrix tablets showed prolonged sustained release of Pirfenidone over 8 

hours, which might be beneficial over the conventional tablet to reduce the dosing frequency and decrease the 

dose-dependent side effects associated with repeated administration of conventional Pirfenidone tablets. 

8.  REFERENCES 

1. Chauhan L.; Thakur P.; Sharma A.; Sharma S. and Dr. Bhardwaj T. R. NOVEL DRUG DELIVERY 

SYSTEM: A REVIEW, ejbps. 2019, 6 (12), 180-189. 

2. Patil S.; Mhaiskar A.;  Mundhada D. A REVIEW ON NOVEL DRUG DELIVERY SYSTEM: 

A RECENT TREND, Current Pharmaceutical & Clinical Research. 2016, 6(2), 89-93. 

3. Jethara S.; Patel M. and Patel A. D. Sustained Release Drug Delivery Systems: A Patent Overview, 

Aperito J Drug Design Pharmacol. 2014, 1(1), 1-14. 

4. Krishna R.; Chapman K.; Ullah S.  Idiopathic Pulmonary Fibrosis, StatPearls, 2021. 

5. Pulmonary Fibrosis: What is It, Causes, Symptoms, Testing & Treatment 

https://my.clevelandclinic.org/health/diseases/10959-pulmonary-fibrosis. (Accessed on 21/01/2022). 

6. Nayak A. K. and Pal, D. Development of pH-sensitive tamarind seed polysaccharide-alginate 

composite beads for controlled diclofenac sodium delivery using response sur-face methodology. 

International Journal of Biological Macromolecules, 2011, vol. 49, pp. 784–793. 

7. Shivakumar H. N., Patel P. B., Desai B. G., Ashok P., and Arulmozhi S. Design and statistical 

optimization of glipizide loaded lipospheres using response surface methodology. ActaPharmaceutica, 

2007, vol. 57, no. 3, pp. 269–285. 

8. Verma, R.K.; Garg, S. Selection of excipients for extended release formulations of Glipizide through 

drug–excipient compatibility testing. Journal of pharmaceutical and biomedical analysis. 2005, 38(4), 

pp.633-644. 

9. Kothiya, O. M.; Patel, B. A.; Patel, K. N.; Patel, M. M. Formulation and Characterization of Sustained Release 

Matrix Tablets of Ivabradine Using 32 Full Factorial Design. Int. j. appl. pharm. 2018, 10 (1), 59-66. 

10. Malakar J, Nayak A. K., Goswami S., Use of Response Surface Methodology in the Formulation and 

Optimization of Bisoprolol Fumarate Matrix Tablets for Sustained Drug Release, International 

Scholarly Research Network, 2012. 

11. Phad A. B.; Mahale N. B.; Chaudhari S. R.; Salunke K. S. MATRIX TABLET:  AS A SUSTAINED 

RELEASE DRUG DELIVERY SYSTEM, WJPR. 2014, 3(5), 1377-1390. 

12. Lachman, L.; Liebermann, H. A. “The theory and practice of Industrial Pharmacy “4th edition, cbs 

distributors. 2013; 872, 317-318. 

13. R. W. Korsmeyer, R. Gurny, and E. Doelker, Mechanisms of solute release from porous hydrophilic 

polymers. International Journal of Pharmaceutics. 1983 vol. 15, no. 1, 25–35. 

14. Jaya, S.; Divya. Formulation and in Vitro Evaluation of Matrix Tablets of Metoclopramide 

Hydrochloride. Int. j. appl. pharm. 2019, 25–30. 

15. Thorats, S. G.; Padmane, S. P.; Tajne, M. R.; Ittadwar, A. M. Development and Validation of Simple, 

Rapid and Sensitive UV, Hplc and Hptlc Methods for The Estimation of Pirfenidone in tablet dosage 

form. J. Chil. Chem. Soc. 2016, 61(2), 2978-2981. 

16. Indian Pharmacopoeia Commission. Indian Pharmacopeia 2018: Vol. I, 2018th ed.; Indian 

Pharmacopoeia Commission, 2017, 968, 885,9 36, 944, 308, 309, 306. 

17. Madan, J.; Sharma, A.K.; Singh, R. Fast dissolving tablets of aloe vera gel. Tropical Journal of 

Pharmaceutical Research. 2009, 8(1),63-70. 

18. Itiola, A.M. Analysis of activities of some starch disintegrants in paracetamol tablets by application 

of a factorial experimental design. Asian Journal of Biomedical and Pharmaceutical Sciences. 2014, 

4(38), 27. 

19. Goyal, S.; Agarwal, G.; Agarwal, S.; Karar, P. K. Oral Sustained Release Tablets: An Overview with 

a Special Emphasis on Matrix Tablet. Am. J. Adv. Drug Delivery. 2017, 05 (02). 

http://www.jetir.org/


© 2022 JETIR October 2022, Volume 9, Issue 10                                                       www.jetir.org (ISSN-2349-5162) 
 

JETIR2210155 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b363 
 

20. Rowe, R. C., Sheskey, P. J., Weller, P. J., Eds. Handbook of Pharmaceutical Excipients, 5th ed.; 

Pharmaceutical Press. London UK, 2006, 336, 554, 132, 767, 430, 371. 

21. Sakr, W.; Alanazi, F.; Sakr, A. Effect of Kollidon SR on the Release of Albuterol Sulphate from Matrix 
Tablets. Saudi Pharm. J. 2011, 19 (1), 19–27. 

 

 

 

http://www.jetir.org/

