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ABSTRACT: To avoid problems of conventional therapy of drug delivery and 

reduced dose, sustained release matrix tablet of Bosentan was prepared using 

lipid base material as matrices. Primary screening of polymer was done by 

selecting different lipid base materials like Compritol 888 ATO, Precirol ATO 5, 

Eudragit RSPO, Glycerly monostearate (GMS) and cetosteryl alcohol. All the 

batches were prepared by direct compression method. Theoretical drug release 

profile was carried out for dose calculation up to 24 h. All the batches were 

evaluated for hardness, weight variation, thickness and friability 

(physicochemical parameters). In-vitro drug release and FTIR study was carried 

out along with experimental design. From the drug release profile it was 

observed that Compritol 888 ATO (F1) shows batter retardant effect and Precirol 

ATO 5 (F2) shows effective burst release. But remaining formulations (F3-F5) 

were not able to release the drug as per theoretical drug release profile. After 

selecting lipid matrices it was optimized by 3
2
 full factorial design by applying 

analysis of variance (ANOVA). Concentration of Compritol 888 ATO and 

Precirol ATO 5 were selected as independent factor and time require for 20% 

drug release (Y1) and time require for 80% drug release (Y2) were selected as 

response. Optimized batch showing drug release 99.45% at 24 h. With desire 

burst release. Pharmacokinetic study shows best fit model is Higuchi model 

having R
2
 value 0.9886. Combination of two lipid base material Compritol 888 

ATO and Precirol ATO 5 shows most desire sustained release as compare to 

individual. 

INTRODUCTION: Bosentan is a non-peptide, 

orally active, dual endothelin receptor antagonist, is 

the first Endothelin Receptor Antagonists (ERA) to 

be used successfully in the treatment of Pulmonary 

Artery Hypertension (PAH) 
1
.  
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Bosentan is safe and improves exercise capacity 

over the short term in patients with Eisenmenger’s 

physiology 
2, 3

. Bosentan have serious toxicity on 

liver, as during PAH treatment with Bosentan liver 

functional test must be carried out as it increases 

liver aminotransferase levels 
4, 5

. Dosing of 

Bosentan is 62.5 mg twice daily up to 4 weeks and 

then after 125 mg twice daily as maintenance dose 

so it can cause serious damage to liver. Bosentan 

displays dose-and time dependent pharmaco-

kinetics. The absolute oral bioavailability of 

Bosentan in healthy adults is 50%, and is 

unaffected by food. 
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Clearance decreases with increased doses and 

increases with time. Thus, there is a dose 

dependency in clearance, which seems to be of 

limited importance as exposure is proportional to 

dose in the therapeutic range after oral 

administration. Upon repeated administration, 

Bosentan induces its own metabolism resulting in a 

reduction of the AUC of about 35 - 50%.   

The objectives identified as the outputs for 

addressing the identified development problem and 

provide a means to assess performance of 

controlled release formulation. The development of 

controlled release formulations have a clinical 

rational as it may reduce dose and dose related side 

effects, improve efficacy and compliance to drug 

therapy. Controlled release products may be 

developed to reduce dose frequency, which adds to 

convenience of use, which in turn may facilitate 

compliance. Another rationale for developing 

controlled release preparation is smoothing the 

peaks of the plasma concentration curves (sustained 

release) in order to prevent peak concentration 

related adverse events. 

MATERIALS AND METHODS:  

Materials: Bosentan was obtained as gift sample 

form Alembic Pharma Baroda, lipid base material 

like Compritol 888 ATO and Precirol ATO 5 was 

obtained from Gattefosse India Pvt., Ltd., Eudragit 

RSPO from S.D. fine Chemical, Glyceryl 

monostearate and Cetosteryl alcohol obtained from 

CDH Mumbai, India. Other excipients like dibasic 

calcium phosphate, magnesium and talc were 

obtained from S. D. fine chemicals. All the 

materials and solvents used were analytical grade. 

Theoretical Drug Release Profile: 
6
 

Conventional Dose = 62.5 mg 

Half-life (t1/2) = 5.4 h 

Elimination rate constant (Ke) = 0.693/ t1/2= 0.1283 

Total time for drug release (T) = 24 h 

Tmax = 4.5 h 

Initial Dose (Di) = CssVd / F 

Now, if 

Initial Dose (Di) = CSS Vd / F ..............................1 

Where, Css = Steady state concentration, Vd = 

Volume of distribution, F = Fraction of 

bioavailable dose 

But,  

Css = FX0/KeVdT ...................................2 

So, put the value of CSS into the equation no. 1 

So, Di = F X0 * Vd / Ke Vd T *F 

Ultimately, Di = X0 / Ke T 

                        = 62.5/0.1283 x 24  

                        =20.35 mg 

Desired Rate (Ks) = Di *Ke 

                          = 20.35 x 0.1283 

                          = 2.61 mg / h 

Maintenance Dose DM= Ks * 24 

                                     = 2.61 x 24 

                                     = 62.6 mg 

Corrected Initial Dose (D*I) = Di- (Ks * Tmax) 

                                       = 20.35-(2.61 x 4.5) 

                                       = 8.61 mg 

Total Dose = DM + D*i 

                                       = 62.6 + 8.61 

                                       = 71.21 ≈ 71 mg 

Formulation of Matrix Tablet for Trial Batch: 

Matrix tablet of Bosentan prepared by direct 

compression method in which release retardant 

material (Compritol 888 ATO, Precirol ATO 5, 

Glyceryl monostearate (GMS), Eudragit RSPO and 

Cetosteryl alcohol (CTA)) were thoroughly mixed 

with diluent Dibasic Calcium Phosphate (DCP).   

TABLE 1 FORMULATION OF MATRIX TABLET AT 

30% RELEASE RETARDANT POLYMER LEVEL 

Ingredients F1 F2 F3 F4 F5 

Bosentan 71 71 71 71 71 

Compritol 888 ATO 150 - - - - 

Precirol ATO 5 - 150  - - 

Eudragit RSPO -  150 - - 

Glycerly monostearate (GMS) -   150 - 

Cetosteryl Alcohol - - - - 150 

Dibasic calcium Phophate 269 269 269 269 269 

Talc 5 5 5 5 5 

Magnesium stearate 5 5 5 5 5 

Total weight 500 500 500 500 500 

All ingredients weight in mg 
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Talc (1% w/w) and magnesium stearate (1% w/w) 

were incorporated as glidant/lubricant. All the 

ingredients including drug were passed through 

sieve no 40. All the batches were formulated as per 

formula detailed in Table 1. The tablet weight was 

kept 500 mg for all the batches and was 

compressed using tablet punching machine. 

Experimental Design: Optimization of 

formulation parameter like concentration of lipid 

matrices was optimize by Design Expert 7. In order 

to optimize the formulation, concentration of 

Compritol 888 ATO (X1) and concentration of 

Precirol ATO 5 (X2) were chosen as independent 

variables Table 2.  

TABLE 2: INDEPENDENT PARAMETER WITH LEVELS 

Independent Parameter -1 0 +1 

Concentration of Compritol 888 ATO (X1) 100 150 200 

Concentration of Precirol ATO 5 (X2) 100 150 200 

These two factors that might affect the matrix tablet 

formulation and three levels of each factor were 

selected and arranged according to a 3
2
 full 

factorial experimental design 
7
. Time require for 

20% of drug release (Y1) and time require for 80% 

of drug release (Y2) were selected as dependent 

factors. Based on the experimental design final 

formulation with actual amount was displayed in 

Table 3. According to it 9 batches were prepared 

by direct compression method and optimization 

was carried out using dependent factors. 

TABLE 3: FINAL FORMULATION COMPOSITION FOR OPTIMIZATION 

Ingredient F6 F7 F8 F9 F10 F11 F12 F13 F14 

Bosentan 71 71 71 71 71 71 71 71 71 

Compritol 888 ATO 100 150 200 100 150 200 100 150 200 

Precirol ATO 5 100 100 100 150 150 150 200 200 200 

Dibasic calcium Phosphate 219 169 119 169 119 69 119 69 19 

Talc 5 5 5 5 5 5 5 5 5 

Magnesium stearate 5 5 5 5 5 5 5 5 5 

Total weight 500 500 500 500 500 500 500 500 500 

All ingredients weight in mg 

Check Point Analysis: A check point analysis was 

performed to confirm the role of derived 

polynomial equation and contour plots in predicting 

the responses in the preparation of Matrix tablet. 

Two check point values of independent variables 

(X1 and X2) were taken at any one point from each 

contour plot and theoretical values of dependent 

variables were calculated by substituting the values 

to respective polynomial equation. Matrix tablet 

were prepared experimentally at 2 points. 

TABLE 4: CHECK POINT BATCH 

S. 

no. 

Check point  

Batch 

Concentration of 

Compritol 888 ATO 

Concentration of Precirol 

ATO 5 

Predicted 

T20% 

Predicted  

T80% 

1 CP1 0.62 -0.33 1.17 18.61 

2 CP2 -0.42 -0.06 1.33 18.93 

 

Evaluation Parameter of Prepared Tablet: 

Weight Variation: From the prepared batches 20 

tablets were selected randomly and individually 

weighed in single pan electronic balance. Average 

weight of tablets was calculated. The uniformity of 

weight was determined according to I.P 

specification. As the tablet having weight 500 mg, 

as per IP not more than two of individual weights 

should deviate from average weight by more than 

5% and none deviate more than twice that 

percentage 
15

.  

Diameter and Thickness: The thickness and 

diameter of the tablets was carried out using digital 

vernier calipers. Three tablets were used from each 

batch and results were expressed in millimetre. All 

tablets from individual batch have shown uniform 

thickness and diameter. 

Friability: To determine combined effect of 

abrasion and shock Roche friabilator apparatus 

were used by utilizing a plastic chamber that 

revolves at 25 rpm for dropping the tablets at a 

distance of six inches with each revolution.  

20 tablets were previously weighed were placed in 

friabilator, which is then operated for 100 

revolutions. The tablets are then dusted and 

reweighed. Compressed tablets that loss less than 

0.5 to 1.0% of their weight are generally considered 
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acceptable. The percentage friability was calculated 

by the following expression, 

                                                Weight loss  

                                       Initial weight of tablet 

Hardness: Tablets have certain amount of strength 

to withstand friability and shock during shipping, 

handling and transportation. Pfizer tester was used 

to determine hardness. Three tablets from each 

batch were used for hardness test and results were 

expressed in kg/cm
2
 

Drug Content: Ten tablets were weighed and 

taken in a mortar and crushed to make powder 

form. A quantity of powder weighing equivalent to 

100mg of drug was taken in a 100 mL volumetric 

flask and pH 6.8 buffer solutions was added. The 

solution was filtered using membrane filter 

(0.45μm) and then its absorbance was measured at 

269 nm using UV-Visible Spectrometer. The 

amount of drug present in one tablet was calculated 

using standard graph. 

In-vitro Drug Release: In-vitro dissolution study 

was carried out using USP Type II apparatus (Lab 

India) at 50 rpm. First 2 h study was carried out in 

0.1 N HCl and further study was carried out in 

phosphate buffer pH 6.8 as dissolution medium, 

temperature was maintained at 37±0.5 °C. Samples 

were withdrawn in an appropriate time intervals 

from the dissolution medium and analysed by UV-

Visible Spectrometer to determine the amount of 

Bosentan release from the matrix tablet.  

Drug Release Kinetic Studies: This study was 

perform for quantification of extent of drug release 

and amount of drug release. Qualitative and 

quantitative change may affect the drug release 

pattern from dosage form so kinetic of drug release 

was performed. The in-vitro drug release data of 

optimized batch was fitted into zero order kinetics, 

first order kinetics, Higuchi and Korsmeyer Pepass 

model. The rate constant obtained by using above 

models is apparent rate constant. Zero order model 

shows concentration independent drug release rate 

which can be obtained by plotting the graph of 

cumulative % drug release vs. time. First order 

describe concentration dependent drug release 

pattern which can be obtained by plotting graph of 

log cumulative % drug remaining vs. time. Higuchi 

model shows the drug release pattern by Fickian 

diffusion as square root of time dependent process 

from swell able insoluble matrix 
21

. For Korsmeyer 

Pepass model data should be plotted as log 

cumulative drug release vs. log time 
22, 23, 24, 25

. 

Here 60% in-vitro drug release data was fitted in to 

Korsmeyer Pepass model. Equation for all models. 

Describe as below. 

(i) Zero Order Kinetics:  

                     Qt = K0t… (1)  

Where, Q= Amount of drug release in time t, K0 = 

Zero order rate constant expressed in unit of 

concentration /time, t = Release time  

(ii) First Order Kinetics:  

                Log Q = Log Q0-kt/2.303…… (2)  

Where, Q0= is the initial concentration of drug, k= 

is the first order rate constant, t =release time  

(iii) Higuchi Kinetics:  

                     Q = kt1/2…… (3)  

Where, k= Release rate constant, t = release time,  

Hence the release rate is proportional to the 

reciprocal of the square root of time.  

(iv) Korsmeyer-Pepass:  

                    Mt /M∞ = Kt n ……… (4)  

Where, Mt = amount of drug released at time t, M∞ 

= amount of drug released after infinite time, Mt 

/M∞ = fraction solute release, t = release time, K = 

kinetic constant incorporating structural and 

geometric characteristics of the polymer system, n 

= diffusional exponent that characterizes  

For matrix tablet if exponent value n = 0.45 

indicate drug release mechanism is by Fickian 

diffusion and if value is in the range of 0.45 < n < 

0.89 indicate drug release mechanism by Non-

Fickian or anomalous diffusion. If exponent value 

0.89 which is indicate Case-II transport or typical 

zero order release 
25

.    

Stability Study: Stability study of optimized batch 

was performed over a period of 3 months 

accelerated condition (25 ± 2 ºC and 60% ± 5% 

RH) as per ICH guidelines QA 1(R2). After 

packing of tablet in aluminium strip it was stored 

under refrigerator condition 
26

 and stability study 

Friability = × 100 
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was analysed by cumulative % drug release. Test 

was performed for the optimized batch at the initial 

time, after 1
st
 month, 2

nd
 month and 3

rd
 month. 

RESULTS AND DISCUSSION: 

Drug Excipients Compatibility Studies: Bosentan 

alone showed –OH monomeric stretching at 3650 

cm
-1

, –N-H stretching at 1577 cm
-1

 which is in the 

standard range 1500-1640 cm
-1

, S=O stretching at 

1251 cm
-1

 which is in the standard range 1150-

1300 cm
-1

. Spectrum of Bosentan and excipients 

was shown in Fig. 1. Functional group peak of 

Bosentan and excipients were compared with 

standards and from comparison we concluded that 

–N-H stretching of drug with Precirol ATO 5 and 

drug with DCP shows 1577.77 cm
-1

 while Drug 

with Compritol 888 ATO shows 1465 cm
-1

 which 

was very close to standard range. In case of S=O 

stretching Drug with Precirol ATO 5, Drug with 

DCP and Drug with Compritol 888 ATO shows 

1253.73 cm
-1

, 1251.8 cm
-1 

and 1253.73 cm
-1

 

respectively, which was again very close to 

standard range.  

There were no major changes observed into 

frequency, therefore, it can be concluded that 

procured Bosentan and excipients were in pure 

form. 

  

  
FIG. 1: FTIR SPECTRA OF BOSENTAN AND COMBINATION WITH EXCIPIENTS 

A: Drug with Precirol ATO 5. B: Drug with Dibasic calcium phosphate. C: Drug with Compritol 888 ATO. D: Pure Drug Bosentan 

Physical Characterization of Prepared Tablets 

of Trial Batch: Prepared tablet was evaluated for 

diameter, thickness, hardness, friability, weight 

variation and drug content. As per data shown in 

Table 5, the hardness and percentage friability 

ranged from 3.4-4.9 kg/cm
2
 and 0.45-0.56% 

respectively. Diameter of tablets was in the range 

of 12.40 mm and thickness of tablets was in the 

range of 3.8 to 4.2 mm. Weight variation was also 

comply pharmacopoeial limit. 

TABLE 5: PHYSICAL PARAMETERS OF FORMULATED MATRIX TABLETS OF TRIAL BATCH 

S. no. Diameter 

mean ± SD 

(mm) 

Thickness 

Mean ± SD 

(mm) 

Hardness 

Mean ± SD  

Kg/cm
2
 

Friability 

Mean ± SD 

(%) 

Weight Variation 

Mean ± SD  

mg 

Drug Content 

Mean ± SD 

% 

F1 12.40 ± 0.02 4.1 ± 0.2 4.9 ± 0.3 0.46 ± 0.12 500.10 ± 0.21 99.3 ± 1.2 

F2 12.40 ± 0.03 3.8 ± 0.3 3.4 ± 0.4 0.56 ± 0.14 501.09 ± 0.15 97.5 ±1.3 

F3 12.40 ± 0.05 4.3 ± 0.4 4.2 ± 0.3 0.50 ± 0.23 500.20 ± 0.25 98.2 ± 0.6 

F4 12.40 ± 0.07 3.9 ± 0.2 4.1 ± 0.2 0.47 ± 0.16 502.05 ± 0.16 97.3 ± 1.5 

F5 12.40 ± 0.04 4.2 ± 0.4 4.2 ± 0.3 0.45 ± 0.11 500.12 ± 0.23 98.5 ± 0.8 

 The data are presented as mean value ± S.D. (n = 3) 
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In-vitro Drug Release of Trial Batch: According 

to Table 6. Formulation F1 shows the slowest drug 

release (90.63%) up to 16 h. formulation F2 shows 

99.50% of drug release within 12 h and its initial 

drug release was quite higher than other 

formulation. Other formulation F3, F4 and F5 

shows drug release 98.87% in 12 h, 98.87% in 10 h 

and 96.33% in 10 h respectively. Drug release 

profile shown in Fig. 2.  

 
FIG. 2: CUMULATIVE % DRUG RELEASE OF TRIAL 

BATCHES 

Formulation F1 shows slowest drug release and F2 

shows good initial burst effect. F2 containing 

Precirol ATO 5 which is responsible for initial 

burst effect because of their less lipophilic nature. 

Erosion of matrix started within 1 - 2 h and release 

of drug become faster. Formula F1 containing 

Compritol 888 ATO has more retarding effect than 

Precirol ATO 5 
16, 17, 18, 19, 20

 from drug release 

profile it was observed that when lipid based 

material used as matrices for sustained release 

matrix tablet they showed retardant effect on drug 

release but it was not still satisfactory release as 

target was to achieve 24 h release according to 

theoretical drug release profile. So now it is 

desirable to use combination of two polymer 

Compritol 888 ATO and Precirol ATO 5 because 

of their physic-chemical properties which impact 

on drug release as well as effective burst release 

effect. 

Physical Characterization of Prepared Tablets 

of Final Batch: Friability is a significant factor to 

ensure that tablet remains intact and it withstand its 

form from outside shock or pressure. The quantity 

of lipophilic material was found to have important 

criteria for friability and hardness. As shown in 

Table 7, the hardness and percentage friability 

ranged from 3.8 - 5.2 kg/cm
2
 and 0.38 - 0.70% 

respectively. As the amount of hydrophobic 

material increases hardness and friability 

significantly become batter, which is observed in 

case of formulation F6, F10 and F14.  Diameter of 

tablets was in the range of 12.40 mm and thickness 

of tablets was in the range of 3.8 to 4.3 mm. 

Weight variation was also comply pharmacopoeial 

limit. Drug content was also found to be in the 

range of 97.3 - 99.2 %.  

TABLE 7: PHYSICAL PARAMETERS OF FORMULATED MATRIX TABLETS OF FINAL BATCH 

S. 

no. 

Diameter 

mean ± SD 

(mm) 

Thickness 

mean ± SD 

(mm) 

Hardness 

mean ± SD 

Kg/cm
2
 

Friability 

mean ± SD  

(%) 

Weight variation 

mean ± SD  

mg 

Drug content 

mean ± SD 

% 

F6 12.40 ± 0.03 4.0 ± 0.1 4.8 ± 0.5 0.54 ± 0.16 501.10 ± 0.21 97.3 ± 1.3 

F7 12.40 ± 0.04 3.9 ± 0.3 3.8 ± 0.3 0.67 ± 0.12 502.09 ± 0.13 98.5 ± 1.3 

F8 12.40 ± 0.06 4.1 ± 0.5 4.5 ± 0.8 0.69 ± 0.17 501.20 ± 0.23 99.2 ± 0.4 

F9 12.40 ± 0.09 3.8 ± 0.4 4.2 ± 0.5 0.46 ± 0.14 503.05 ± 0.11 99.3 ± 1.6 

F10 12.40 ± 0.05 4.3 ± 0.6 4.9 ± 0.4 0.49 ± 0.13 503.12 ± 0.22 98.8 ± 1.3 

F11 12.40 ± 0.08 3.9 ± 0.3 4.7 ± 0.3 0.63 ± 0.15 502.13 ± 0.23 97.3 ± 1.8 

F12 12.40 ± 0.02 4.2 ± 0.5 4.3 ± 0.6 0.56 ± 0.18 500.15 ±. 0.19 98.3 ± 1.5 

F13 12.40 ± 0.03 4.3 ± 0.7 3.9 ± 0.8 0.70 ± 0.12 501.12 ± 0.21 97.3 ± 1.4 

F14 12.40 ± 0.06 4.1 ± 0.2 5.2 ± 0.2 0.38 ± 0.13 500.14 ± 0.20 98.3 ± 1.3 

The data are presented as mean value ± S.D. (n = 3) 

In-vitro Drug Release of Final Batch: Drug 

release data of final batches shown in Table 8 and 

9. From Fig. 3 it was observed that F8 shows 

98.84% drug release at 24 h. its retardant effect is 

due to high amount of Compritol 888 ATO. 

Formulations F6 and F7 show highest burst release 

and release the drug 99.47% and 99.01% at 16 h 

and 20 h respectively. So it indicates that as the 

concentration of Compritol 888 ATO decreases its 

retardant effect decreases.  

Formulations F11-F14 shows low burst release of 

drug but they release the drug up to 24 h at 85.43%, 

91.60%, 80.44% and 75.13% respectively. 
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TABLE 8: IN-VITRO CUMULATIVE % DRUG RELEASE PROFILE OF FINAL BATCH (F6-F10) 

Time (h) F6 F7 F8 F9 F10 

0 0 0 0 0 0 

1 47.90 ± 0.12 48.99 ± 0.21 23.94 ± 0.22 22.85 ± 0.44 20.32 ± 0.53 

2 52.76 ± 0.14 59.21 ± 0.14 43.52 ± 0.12 39.82 ± 0.37 36.01 ± 0.12 

3 53.84 ± 0.19 62.38 ± 0.17 50.88 ± 0.25 49.08 ± 0.21 40.26 ± 0.75 

4 58.27 ± 0.21 64.91 ± 0.14 57.85 ± 0.32 57.95 ± 0.65 48.50 ± 0.54 

6 63.34 ± 0.19 68.08 ± 0.19 62.29 ± 0.12 63.65 ± 0.21 59.27 ± 0.19 

8 69.68 ± 0.23 72.52 ± 0.17 65.45 ± 0.37 69.36 ± 0.12 64.34 ± 0.34 

10 76.65 ± 0.42 76.95 ± 0.23 71.16 ± 0.17 73.79 ± 0.12 68.78 ± 0.19 

12 88.21 ± 0.23 85.26 ± 0.43 77.29 ± 0.25 78.45 ± 0.14 71.49 ± 0.19 

16 99.47 ± 0.14 90.20 ± 0.12 81.73 ± 0.21 82.89 ± 0.16 78.46 ± 0.16 

20 - 99.07 ± 0.14 91.87 ± 0.34 94.93 ± 0.19 82.90 ± 0.19 

24 - - 98.84 ± 0.18 - 94.94 ± 0.25 

 The data are presented as mean value ± S.D. (n = 3) 

TABLE 9: IN-VITRO CUMULATIVE % DRUG RELEASE PROFILE OF FINAL BATCH (F11-F14) 

Time (h) F11 F12 F13 F14 

0 0 0 0 0 

1 20.08 ± 0.32 18.97 ± 0.23 18.51 ± 0.12 10.04 ± 0.23 

2 24.71 ± 0.12 25.49 ± 0.15 22.64 ± 0.17 18.50 ± 0.28 

3 30.09 ± 0.23 31.58 ± 0.13 28.09 ± 0.37 19.58 ± 0.31 

4 39.60 ± 0.12 40.45 ± 0.18 32.52 ± 0.12 22.75 ± 0.23 

6 52.91 ± 0.26 48.05 ± 0.32 39.50 ± 0.23 30.35 ± 0.29 

8 59.88 ± 0.37 58.83 ± 0.12 48.37 ± 0.12 37.96 ± 0.18 

10 63.05 ± 0.16 61.36 ± 0.26 55.98 ± 0.22 45.56 ± 0.37 

12 68.31 ± 0.15 68.79 ± 0.28 59.52 ± 0.26 48.51 ± 0.15 

16 78.45 ± 0.14 78.29 ± 0.29 69.67 ± 0.54 58.65 ± 0.12 

20 81.62 ± 0.18 85.26 ± 0.54 77.27 ± 0.16 68.79 ± 0.23 

24 85.43 ± 0.16 91.60 ± 0.89 80.44 ± 0.18 75.13 ± 0.16 

The data are presented as mean value ± S.D. (n = 3) 

 
FIG. 3: IN-VITRO DRUG RELEASE PROFILE OF 

FINAL BATCHES 

Optimization of Formulation: Optimization was 

performed by preparing 9 batches F6-F14 their 

response from in-vitro drug release data were noted 

which is depicted in Table 10. These data was 

further analysed by ANOVA. From optimization 

following polynomial equation was observed which 

give important information regarding significant 

effect of polymer on response.  

Y1 (T20%) = +0.96+0.25*A+0.41*B 

Y2 (T80%) = +17.72+2.62 * A+5.21 * B 

TABLE 10: VALUES OF T20% AND T80% OF 

BOSENTAN MATRIX TABLET AS PER 3
2
 FULL 

FACTORIAL DESIGNS 

Batch no. A B Y1 (T20%)* Y2 (T80%)* 

F6 -1 -1 0.41 ± 0.01 10.88 ± 0.01 

F7 -1 0 0.87 ± 0.02 15.44 ± 0.03 

F8 -1 +1 1.05 ± 0.01 18.76 ± 0.02 

F9 0 -1 0.4 ± 0.01 10.39 ± 0.02 

F10 0 0 0.98 ± 0.01 19.3 ± 0.01 

F11 0 +1 1.08 ± 0.02 23.86 ± 0.03 

F12 +1 -1 0.83 ± 0.01 15.66 ± 0.01 

F13 +1 0 0.99 ± 0.01 19.6 ± 0.04 

F14 +1 +1 1.99 ± 0.01 25.5 ± 0.02 

The data are presented as mean value ± S.D. (n = 3) 

For (T20%) response Y1, The Model F-value of 

12.43 implies the model is significant. Values of 

"Prob > F" less than 0.0500 indicate model terms 

are significant. In this case A, B are significant 

model terms.  Values greater than 0.1000 indicate 

the model terms are not significant. If there are 

many insignificant model terms (not counting those 

required to support hierarchy), model reduction 

may improve your model. The “Predicted R-

Squared” of 0. 9641 is in reasonable agreement 

with the “Adjusted R-Squared” of 0. 9521.  



Varia et al., IJPSR, 2018; Vol. 9(11): 4729-4740.                                          E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              4736 

“Adeq Precision” measures the signal to noise 

ratio. A ratio greater than 4 is desirable. The ratio 

of 9.669 indicates an adequate signal thus the 

proposed model can be used to navigate the design 

space. Compritol 888 ATO concentration and 

Precirol ATO 5 concentration had shown positive 

effect on T20%. Response surface plot for T20% is 

shown in Fig. 4. From the graph it can be observed 

that Concentration of polymer had significant effect 

on T20%. As increase in concentration of 

Compritol 888 ATO there is increases T20% which 

indicate retardant effect of Compritol 888 ATO on 

another hand as the concentration of Precirol ATO 

5 increases T20% increases so combination of both 

give high retardant effect. Contour plots for 

concentration of T20% is shown in Fig. 5. From 

graph it was observed that from design space area 

any point can be taken for check point analysis here 

area was selected in between 1.17 to 1.39. 

Response surface plot for T80% is shown in Fig. 6.  

From the graph it can be observed that combination 

of polymer had significant effect on T80%. As 

comparing individually increase in concentration of 

Compritol 888 ATO there is decreases T80% 

which indicates retardant effect of Compritol 888 

ATO on another hand as the concentration of 

Precirol increases T80% increases even though 

Precirol ATO 5 is responsible for initial burst 

effect, so combination of both give high retardant 

effect. Contour plots for T80% is shown in Fig. 7 

from graph it was observed that for check point 

batch analysis area were selected in between 17.71 

to 20.31.  

  
 

 

  

 
 

Check Point Analysis: A check point analysis was 

performed to confirm the prediction in order to 

validate the equation that describes the influence of 

the factors on the dependent variables. Two check 

point batches were prepared (CP1 and CP2). For 

preparing formulation concentration of Compritol 

888 ATO was taken 0.62 and -0.43 for CP1 and 

CP2 respectively and concentration of Precirol 

ATO 5 was taken -0.33 and -0.06 for CP1 and CP2 

respectively. The value was in coded form. 

Predicted value for T20% was 1.17 and 1.33 h 

respectively and for T80% 18.61 and 18.93 h 

respectively. Table 11 shows the actual and 

predicted value of independent parameters. From 

the observation it was noticed that the actual value 

for CP1 for T20% was 1.05 ± 2.7 h and for CP2 

T20% was 1.26 ± 2.3 h which was very close to 

predicted value.  

FIG. 4: THREE-DIMENSIONAL RESPONSE SURFACE 

PLOTS FOR TIME REQUIRE FOR 20% RELEASE 
FIG. 5: CONTOUR PLOTS FOR TIME REQUIRE FOR 

20% RELEASE 

 

FIG. 6: THREE-DIMENSIONAL RESPONSE SURFACE 

PLOTS FOR TIME REQUIRE FOR 80% RELEASE 

FIG. 7: CONTOUR PLOTS FOR TIME REQUIRE FOR 

80% RELEASE 
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Actual value of CP1 for T 80% was 17.85 ± 4.2 h 

and for CP2 was 18.25 ± 1.35 h which was again 

very close to predicted value. So, it was concluded 

that equation obtained from ANOVA was properly 

validated which was helpful to give information of 

influence of the factors on dependent variables. 

TABLE 11: OBSERVATION OF CHECK POINT BATCH 

Check point 

batch 

Measured 

value 

Predicted 

value 

 T20% T80% T20% T80% 

CP1 1.05 ± 2.7 17.85 ± 4.2 1.17 18.61 

CP2 1.26 ± 2.3 18.25 ± 1.35 1.33 18.93 

The data are presented as mean value ± S.D. (n = 3) 

Optimization Using Desirability Function: 

Desirability function was utilized to optimize the 

best batch. After studying the effect of the 

independent variables on the responses, the levels 

of the variables that give the optimum responses 

were determined. The optimized batch with level of 

different factors, results and desirability is shown in 

Table 12. According to desirability 0.889 time 

require to release 20% of drug was 1.08 h found 

and time require to release 80% of drug was 18.80 

h found. Optimized concentration of Compritol 888 

ATO and Precirol ATO 5 was found -0.98 (coded 

value) and 0.48 (coded value) respectively. 

Formulation of optimized batch was prepared and 

all the parameter was carried out including in-vitro 

drug release study. 

TABLE 12: OPTIMIZED BATCH USING DESIRABILITY 

FUNCTION 

Compritol  

888 ATO 

Precirol 

ATO 5 

T20% T80% Desirability 

-0.98 0.48 1.08 18.80 0.889 

In-vitro Drug Release of Optimized Batch: In-

vitro drug release data of optimized batch was 

shown in Table 13. From the in-vitro dissolution 

data in 0.1 N HCl after 2 h was found to be 32.78% 

of drug release which is sufficient to produce onset 

of action. This effect was due to less lipophilicity 

of Precirol ATO 5. Fig. 8. Shows the comparison 

between optimized batch A1 and marketed product 

with theoretical drug release profile. Which 

indicate that marketed product Bosentas 62.5 mg 

shows 91% of drug release within 1 h. whereas 

actual drug release was identical to theoretical drug 

release profile. Further dissolution was carried out 

in pH 6.8 phosphate buffer which shows time 

require for 20% drug release was 1.05 h and time 

require for 80% of drug release was approximately 

17 h which indicated retardant effect of polymer on 

formulation which shows drug release at 24 h 

99.45%. When wax matrix tablet was prepared by 

combination of two waxes, it retards more release 

of drug than any wax substance alone. This may be 

due to synergistic effect which imparts more 

lipophilicity to matrix tablet than any wax can 

impart alone 
16, 17, 18

.  

TABLE 13: IN-VITRO DRUG RELEASE PROFILE OF 

OPTIMIZED BATCH 

Time (h) A1 Time (h) A1 Time (h) A1 

0 0 6 53.30 

± 0.17 

20 87.97 

± 0.16 

1 18.88  

± 0.10 

8 59.30 

± 0.21 

24 99.45 

± 0.19 

2 32.78  

± 0.13 

10 66.74 

± 0.32 

  

3 41.19 

 ± 0.18 

12 70.50 

± 0.27 

  

4 48.70  

± 0.12 

16 79.64 

± 0.13 

  

The data are presented as mean value ± S.D. (n = 3) 

 
FIG. 8: IN-VITRO % CDR OF OPTIMIZED BATCHES 

AND MARKETED PRODUCT WITH THEORETICAL 

DRUG RELEASE PROFILE 

Drug release Kinetic Studies: The zero order rate 

explain that, drug release is independent of its 

concentration which was illustrated in Fig. 9. From 

the graph of cumulative % drug release vs. time 

regression coefficient (R
2
) value 0.8769 was 

obtained. The first order rate describe drug release 

from matrix tablet was found to be concentration 

dependent, which is illustrated in Fig. 10.  

From the graph of log cumulative % drug 

remaining vs. time shows regression coefficient 

(R
2
) value 0.7903. Drug release from an insoluble 

lipid matrix was best explained by Higuchi’s model 

as it is square root of time dependent process which 

follow fickian diffusion. Fig. 11 describe Higuchi’s 

model, indicating cumulative % drug release vs. 
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square root of time shows regression coefficient 

(R
2
) value 0.9886. Comparison of different models 

with their regression coefficient (R
2
) value describe 

in Table 14. From that comparison it was found 

that in-vitro drug release of Bosentan SR tablet was 

perfectly explained by Higuchi’s model as it shows 

highest linearity. Ultimately it is describe that, as 

the distance for diffusion increases drug diffuse at 

comparatively slow rate which is known as 

Higuchi’s kinetic. 

  
               FIG. 9: ZERO ORDER KINETICS PLOT OF                  FIG. 10: FIRST ORDER KINETICS PLOT OF  

                                OPTIMIZED BATCH                                                              OPTIMIZED BATCH 

  
                           FIG. 11: HIGUCHI PLOT OF                                    FIG. 12: KORSMEYER PEPASS PLOT OF  

                                    OPTIMIZED BATCH                                                                 OPTIMIZED BATCH 

TABLE 14: DRUG RELEASE KINETIC STUDIES OF OPTIMIZED FORMULA 

Code R
2
 value Release 

exponent “n” 

Mechanism of 

drug release Zero order First order Higuchi Model Korsmeyer Pepass Model 

A1 0.8769 0.7903 0.9886 0.9734 0.583 Anomalous 

 

Mechanism of Drug Release: Mechanism of drug 

release from SR matrix tablet was explained by 

Korsmeyer Pepass model. Fig. 12 shows the graph 

of log cumulative % rug release vs. log time. This 

model shows the good linearity (R
2 

= 0.9734) with 

release exponent n = 0.583, which clearly describe 

drug release mechanism is combination of diffusion 

with erosion of matrix. So it is called as anomalous 

diffusion which indicates drug release is controlled 

by more than one process.  

Stability Studies: Stability study was performed 

up to three months according to ICH guide lines. 

Describe the drug release after 1
st
, 2

nd
 and 3

rd
 

month which indicate there was no significant 

changes observed, as % CDR was found 98.92 ± 

0.65, 99.56 ± 0.28 and 99.32 ± 0.67 respectively. 

So finally it was concluded that, potency of drug 

was not altered due to storage condition and 

optimized formulation was stable.   

CONCLUSION: Primary screening of polymer 

was done by selecting different lipid base materials 

and five batches of different lipid base materials 

and all parameters were evaluated. From the drug 

release profile of preliminary batches it was 

observed that Compritol 888 ATO containing batch 

shows batter retardant effect up to 16 h and Precirol 

ATO 5 shows effective burst effect. Finally it was 

decided that combination of two lipid base material 

Compritol 888 ATO and Precirol ATO 5 shows 

most desire sustained release as compare to 

individual 
9
. This may be due to synergistic effect 

which imparts more lipophilicity to matrix tablet 
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than any wax can impart alone. One another 

advantage of using Compritol 888 ATO is, it has 

been reported to form protective barriers, thus 

increasing stability on storage. Other lipid is 

Precirol ATO 5 which has high plasticity which 

provide resistance to fracture, which is important 

and useful parameter to form a tablet using direct 

compression. There also been several studies 

reported with theses lipids in producing sustained 

release dosage form using direct compression 

method 
27, 28, 29, 30, 31

.  

After optimization by 3
2
 full factorial design 

optimized formulation A1 shows 24 h sustained 

release 99.45 ± 0.19. Comparing dissolution model 

it was observed that best fit model was Higuch’s 

model and by Korsmeyer Pepass it was found that 

drug release mechanism was anomalous. From 

stability studies formulation observed stable. 

Finally it was concluded that Bosentan having 

convention therapy 62.5 mg twice daily cause 

serious damage to liver which can be overcome by 

preparing one a daily tablet having dose 71 mg this 

low dose reduce dose frequency, therefore low liver 

toxicity which may improve patient compliance. 
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