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ABSTRACT 

Aim and objective: The present investigation aimed to formulate controlled-release bosentan 

floating tablets by hot melt granulation technique. 

Method: Different quantities of xanthan gum and ethyl cellulose were used in the melt 

granulation process to prepare the floating tablets. 

Results and discussion: The formulations were subjected to pre-compression parameters like 

angle of repose, bulk density, tapped density, Hausner’s ratio, Carr’s index, and post-

compression parameters like hardness, floating lag time, floating time, and dissolution. The 

Pharmacopoeia limits were achieved for all formulations. Drug release from tablets was tested 

in vitro for 24 hours in 0.1 N HCl (pH 1.2). F6 was discovered to be the best formulation out 

of all the formulations, exhibiting 93.55% in-vitro drug release over 24 hours with a lag time 

of 9 seconds. By increasing the concentrations of polymers the drug release was prolonged. 

Drug-excipient compatibility studies have shown that there was no interaction between drug 

and excipients. Accelerated stability studies revealed a high degree of consistency with the 

original formulation, indicating the stability of the formulations. By using Sprague Dawley 

rats, in-vivo studies were carried out and pharmacokinetic parameters were determined. 

Conclusion: From the results, conclude that the prepared bosentan floating tablets were able 

to prolong drug release, increased bioavailability, and have maximum therapeutic efficacy. 

Keywords: Gastro-retentive drug delivery system, Bosentan, carnauba wax, xanthan 

gum, floating tablets, pH, In vitro 
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1. INTRODUCTION: 

GRDDS is a novel drug delivery system that 

promotes site-specific release for local or 

systemic effects in the upper GIT by 

extending the gastric residence time [1]. It 

can float on the contents of the stomach and 

release the drug in a controlled manner for 

prolonged periods [2]. Over the past few 

decades, a variety of gastro-retentive drug 

delivery techniques have been created, such 

as high density or sink systems, low density, 

mucoadhesive, unfoldable, extendable, or 

swelling systems [3]. 

Pulmonary arterial hypertension (PAH) is a 

persistent rise in mean pulmonary artery 

pressure of more than 25 mmHg at rest or 

more than 30 mmHg during activity. Women 

are more prone to PAH than men, and 

patients of all ages can be affected. It is a 

condition that is marked by syncope, 

tiredness, dyspnoea, and chest pain [4].  

The first Endothelin receptor antagonist 

(ERA) to successfully treat PAH is 

Bosentan, which is a dual-action 

sulfonamide-based endothelin receptor 

antagonist [5]. Endothelin-1 (ET-1) is a 

potent vasoconstrictor (a neurohormone) 

that mediates cell proliferation, fibrosis, and 

inflammation [6]. Drug absorption is quick 

and thorough following oral administration 

[7]. With a terminal half-life of around 5 

hours, it is rapidly distributed, extensively 

bound to albumin, and removed. 

Insignificant amounts of medication are 

excreted unaltered in urine and feces [8]. 

2. MATERIALS AND METHODS: 

2.1 Materials: 

Bosentan (drug) was obtained as a gift 

sample from Aurobindo Pharma Pvt. Ltd, 

Hyderabad. Carnauba wax and xanthan gum 

was obtained from BRM Chemicals, Delhi. 

Ethyl cellulose was obtained from LOBA 

CHEMIE PVT.LTD. All the other excipients 

used were of a standard analytical grade. 

2.2 Method: 

The melt granulation method was used to 

prepare the tablets. At 80 to 86°C, carnauba 

wax was melted. The molten wax was 

continuously stirred and bosentan, xanthan 

gum, ethyl cellulose, and sodium 

bicarbonate were gradually added. To obtain 

granules, this mixture was subsequently 

sieved via sieve no. 10. The mixture was 

given time to cool. Talc, lactose, and 

magnesium stearate were added to the dried 

granules. For the powder to flow uniformly, 

it was once again sieved.  Utilizing a 9mm 

punch, the tablets were punched by 8 Station 

Rotary Tablet compression machine [9] 

(Cadmach). 
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Table 1: Composition of floating tablets of bosentan 
Ingredients 

 
F1 

(mg) 
F2 

(mg) 
F3 

(mg) 
F4 

(mg) 
F5 

(mg) 
F6 

(mg) 
F7 

(mg) 
F8 

(mg) 
F9 

(mg) 
Bosentan 125 125 125 125 125 125 125 125 125 

Carnauba wax 30 30 30 30 30 30 30 30 30 
Xanthan gum 10 12 14 16 18 20 22 24 26 
Ethyl cellulose 5 5 5 10 10 10 15 15 15 

Sodium 
bicarbonate 

55 55 55 55 55 55 55 55 55 

Magnesium 
stearate 

1 1 1 1 1 1 1 1 1 

Talc 2 2 2 2 2 2 2 2 2 
Lactose 72 70 68 61 59 57 50 48 46 

Total 300 300 300 300 300 300 300 300 300 

 

3. EVALUATION TESTS:  

3.1 Precompression parameters: 

3.1.1 Angle of repose: 

The angle of repose was determined by the 

funnel method. The granules were poured 

through the walls of a funnel, which was 

fixed at a position such that its lower tip was 

at a height of exactly 2 cm above the hard 

surface. The granules were poured till the 

time when the upper tip of the pile surface 

touched the lower tip of the funnel [10]. The 

θ is calculated by the equation: 

Tan θ = h/r                                                

Where θ → Angle of repose 

Tapped density = weight of the powder / 

tapped volume 

3.1.4 Hausner’s ratio: 

Hausner found that this ratio was related to 

interparticle friction and, as such, could be 

used to predict powder flow properties. The 

equation for Hausner's ratio is as follows: 

Hausner’s ratio = Tapped density/bulk density [11] 

3.1.5 Carr’s index: 

The flow ability of powder may be evaluated 

by comparing bulk density and tapped 

density of powder and the rate at which it 

packs down. It is also known as the 

compressibility index [12]. The percentage 

of the compressibility index was calculated 

by the following equation: 

CI = (Tapped density – Bulk density) / 

Tapped density * 100 

3.2 Post-compression studies: 

3.2.1 Hardness: 

Hardness indicates the ability of a tablet to 

withstand mechanical strength while 

handling. Tablet hardness was measured by 

using a Monsanto hardness tester. It is 

expressed in Kg/cm2. Three tablets were 

randomly picked from each formulation and 

the mean and standard deviation values were 

calculated. 

3.2.2 Thickness: 

The thickness of the tablet was determined 

randomly by selecting three tablets from 

each formulation using vernier calipers 

which were expressed in mm. The extent of 

deviation in the tablet formulation should 

not exceed the limit of ± 5% of their 

determined values [13]. 
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3.2.3 Friability: 

 It is the phenomenon whereby tablet 

surfaces are damaged and/or show evidence 

of lamination or breakage when subjected to 

mechanical shock or attrition. The friability 

of tablets was determined by using the 

Roche Friabilator. Ten tablets were initially 

weighed (initial wt.) and transferred into a 

friabilator. The friabilator was operated at 25 

rpm for 4 minutes or run up to 100 

revolutions. Then, the tablets were dedusted 

and reweighed (final wt.). Friability was 

calculated using the following equation: 

Friability (%) = Initial weight – Final weight 

/ Initial weight * 100 

3.2.4 Weight variation test: 

The tablets were selected randomly from 

each formulation and weighed individually 

to check for weight variation. To study 

weight variation, 10 tablets of each 

formulation were weighed using an 

electronic balance and the average weight 

was calculated which was compared with 

the individual weight of the tablet. Any two 

tablet’s deviation should not exceed the 

average weight [14]. 

3.2.5 Lag time: 

The floating tablets were put in a 0.1 N HCl-

containing 100 mL beaker (37°C ± 1°C). 

The period taken to lift the tablet to the 

medium’s surface is referred to as floating 

lag time or lag time for buoyancy. 

3.2.6 Floating time: 

The period during which the tablets have 

stayed continuously on the surface of the 

medium, on the other hand, is referred to as 

overall floating time or total buoyancy time 

[15]. 

3.2.7 In vitro dissolution study: 

Using the USP type-II dissolution 

equipment, the in-vitro release profile of 

bosentan from the created formulations was 

studied. The dissolution medium was 900 ml 

of 0.1 N HCl (pH 1.2) at 37±0.5°C, and the 

paddle rotation speed was maintained at 50 

rpm. 5 ml samples were collected from the 

dissolution apparatus hourly and replaced 

with new dissolution media. The absorbance 

was measured using a double-beam UV 

spectrophotometer at 242 nm [16]. 

3.3 Stability studies: 

As per the harmony of guiding principles as 

given by the International Conference on 

Harmonization (ICH) for Zone -IV, the 

study was accomplished. The prepared 

tablets(F6) were kept in an aluminum pack 

having an inner coat of polyethylene. The 

aluminum pack was then properly sealed. 

The pack was then kept inside the humidity 

chamber maintained at 35±2°C or 60±5% 

RH [17] for long-term conditions and 

40±2°C or 75±5% RH under accelerated 

conditions for at least 6 months. The product 

is considered to be stable where there was no 

significant change in the stability studies 

[18]. The samples were examined for in-
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vitro dissolution studies, hardness, and 

floating time. 

3.4 In vivo studies: 

Animal studies were performed according to 

the guidelines provided by the Committee 

for the purpose of control and supervision of 

experiments on animals (CPCSEA). 

Sprague Dawley rats (200-250 g) of both 

genders were housed in a room under 

controlled conditions of temperature (22 ± 

2˚C) and diurnal lighting (12 h darkness and 

12 h light). Pharmacokinetic studies were 

conducted in 2 groups. Reference 

formulation (Marketed formulation 

Bosentan 62.5) and test formulation (F6) 

were administered to rats (n = 6) at      50 

mg/kg dose by oral gavage.  

 Following oral administration, the blood 

samples (250-300 μL) were obtained from 

the tail vein in heparinized tubes at various 

time points of 0.25, 0.5, 1, 2, 4, 5, 6, 10, and 

24 h. Then the samples were centrifuged at 

room temperature for 5 min at 7000 rpm. 

The supernatants were collected using a 

micropipette. All plasma samples were 

analyzed [19].  

All the relevant pharmacokinetic parameters 

such as maximum plasma concentration 

(Cmax), time at which Cmax occurred (Tmax), 

biological half-life (t1/2), elimination rate 

constant (Kel), absorption rate constant (Ka), 

area under curve (AUC) and mean residence 

time (MRT) were calculated by non-

compartmental analysis in each case using 

plasma-drug concentration data. The plasma 

concentration-time profile was used to 

determine the maximum plasma 

concentration (Cmax) and the time to attain 

maximum plasma concentration (Tmax). 

4. RESULTS AND DISCUSSION: 

4.1 Pre-compression parameters: (Table 

2) 

4.1.1 FT-IR studies: (Figure 1, 2) 

4.2 Post-compression parameters: (Table 

3) 

4.2.1 In vitro dissolution studies: 
Among all the formulations, F6 shows 

93.55% drug release and was selected as the 

best-optimized formulation based on the 

drug release and pre-formulation studies. 

The drug was released for up to 24 hours and 

it was prepared by xanthan gum and ethyl 

cellulose (20 and 10 mg). The percentage of 

drug released from the formulations was due 

to an increase in the concentrations of 

xanthan gum and ethyl cellulose (Figure 3).  

4.3 Stability studies: 

The stability studies were carried out on 

optimized F6 formulation. The product was 

placed at 35±2°C or 60±5% RH for long-

term conditions and 40±2°C or 75±5% RH 

under accelerated conditions for at least 6 

months. The product was considered to be 

stable as there was no significant change in 

the stability studies (Table 4). 

4.4 In vivo studies: (Table 5) (Figure 4) 
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Table 2: Pre-compression parameters (mean±s.d., n=3) 
Formulation Angle of repose 

(°) 
Bulk density 

(g/cm3) 
Tapped density 

(g/cm3) 
Hausner’s ratio Carr’s index 

F1 33.79±0.14 0.55±0.11 0.59±0.25 1.07±1.23 6.77±1.12 
F2 35.33±0.22 0.37±0.29 0.42±0.71 1.13±1.57 11.9±1.35 
F3 34.62±0.34 0.52±0.44 0.59±0.37 1.13±1.38 11.86±1.22 
F4 32.81±0.63 0.49±0.32 0.57±0.33 1.16±1.32 14.03±1.03 
F5 33.31±0.25 0.45±0.18 0.51±0.44 1.13±1.22 11.76±1.2 
F6 24.91±0.84 0.55±0.75 0.61±0.65 1.10±0.41 9.83±0.55 
F7 34.72±0.33 0.41±0.52 0.44±0.27 1.1±0.023 9.09±1.91 
F8 32.67±0.39 0.52±0.77 0.59±0.81 1.13±0.54 11.86±1.7 
F9 24.44±0.15 0.42±0.84 0.47±0.17 1.11±0.19 10.63±1.1 

 
 

 
Figure 1: FT-IR spectrum of Bosentan 

 

 
Figure 2: FT-IR spectrum of physical mixture 

 
Table 3: Post-compression parameters of bosentan floating tablets (mean±s.d., n=3) 

Formulation Weight 
variation test 

Thickness 
(mm) 

Friability 
(%) 

Hardness 
(kg/cm2) 

Floating lag 
time (sec) 

Total floating 
time (hrs) 

F1 287±0.11 2.98±0.11 1.11±0.01 3.5±0.15 5 15 
F2 288±0.33 3±0.06 0.09±0.03 4±0.43 8 16 
F3 299±0.98 2.97±0.06 0.08±0.02 4.2±0.32 15 17 
F4 287±0.63 3.3±0.21 0.09±0.02 3.9±0.22 13 24 
F5 288±0.15 2.98±0.32 0.07±0.01 4.4±011 10 24 
F6 289±0.12 2.99±0.22 0.07±0.02 5.5±0.13 9 24 
F7 288±0.97 2.89±0.55 1.07±0.03 3.6±0.57 11 >24 
F8 289±0.11 3±0.27 0.06±0.01 5.1±0.45 12 >24 
F9 287±0.42 2.98±0.16 0.03±0.02 5.3±0.12 15 >24 
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Figure 3: Bosentan release profile of F1 to F5 floating tablets (0.1N HCl) 

 
 

Table 4: Stability studies of the optimized formulation F6 (mean±s.d., n=3) 
Test Storage conditions 

 35±2°C / 60±5% RH 40±2°C / 75±5% RH 
 Initial 3 months 6 months 3 months 6 months 

In vitro 
dissolution 

studies 

93.54±0.72 93.37±0.12 93.09±0.32 93.31±0.19 93.04±0.16 

Hardness 
(kg/cm2) 

5.5±0.87 5.5±0.52 5.5±0.25 5.5±0.44 5.5±0.15 

Floating time 
(h) 

24 24 24 24 24 

 
 

Table 5: In vivo pharmacokinetic parameters (mean ±s.d., n=3) 
Parameter Bosentan 62.5 mg F6 

Cmax (ng/ml) 89.82±1.22 78.77±2.71 
Tmax (hr) 2.34±0.29 4.15±1.23 
Kel (hr-1) 0.136±0.41 0.131±0.29 
t1/2 (hr) 4.91±0.55 4.96±0.99 
Ka (hr-1) 2.03±0.37 1.91±0.71 

AUC (0-24) (ng/hr/ml) 1355.27±1.43 5611.67±1.75 
AUC (0-ꝏ) (ng/hr/ml) 3374.59±1.76 7993.28±2.78 

MRT(hr) 4.2±0.44 18.77±0.23 
 
 
 

 
Figure 4: Plasma concentration-time profiles of F6 and reference tablet 
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The in-vivo data indicated that the F6 

formulation exhibited a controlled release 

pattern compared to that of Bosentan 62.5 

with enhanced bioavailability. Thus, the 

results indicated the applicability of 

bosentan floating tablets in the design of 

controlled-release drug delivery systems.   

5.CONCLUSION:  

The present investigation indicated that the 

applicability of xanthan gum and ethyl 

cellulose increases the drug release for a 

longer time. The optimized formulation 

showed 93.55% drug release for 24 hours 

with a floating lag time of 9 seconds. The 

major mechanism of drug release follows 

zero-order kinetics and non-fickian 

diffusion i.e., the polymer swelling and drug 

dissolution govern the drug release from the 

matrix. By increasing the concentrations of 

polymers the drug release was prolonged. 

Drug-excipient compatibility studies 

showed that there was no interaction 

between drug and excipients. The floating 

tablets showed a diffusion mechanism rather 

than an erosion mechanism. Accelerated 

stability studies revealed a high degree of 

consistency with the original formulation, 

indicating the stability of the formulations. 

By using Sprague Dawley rats, in-vivo 

studies were carried out and 

pharmacokinetic parameters were 

determined. 
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