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Abstract 
Objective: Bosentan, a biopharmaceutical classification system (BCS) Class II drug (low solubility, high 
permeability), suffers from poor oral bioavailability due to its limited solubility and extensive first-pass metabolism. 
The objective of this study was to formulate, develop, and evaluate mouth-dissolving tablets (MDTs) of Bosentan to 
enhance its dissolution rate, patient compliance, and potentially improve bioavailability by pre-gastric absorption. 
Methods: MDTs were prepared by direct compression method using various superdisintegrants such as 
croscarmellose sodium (CCS), sodium starch glycolate (SSG), and crospovidone (CP) in different concentrations 
(2%, 4%, 6% w/w). Microcrystalline cellulose and mannitol were used as diluents. The formulated tablets were 
evaluated for pre-compression parameters (angle of repose, bulk density, tapped density, Carr’s index, Hausner’s 
ratio) and post-compression parameters (weight variation, hardness, friability, drug content, wetting time, water 
absorption ratio, in-vitro disintegration time, and in-vitro dissolution studies). 
Results: All formulations showed good pre-compression properties. The post-compression evaluation revealed that 
all tablets complied with pharmacopoeial standards. Formulation F5, containing 6% w/w crospovidone, exhibited 
the shortest disintegration time (14.2 ± 1.3 seconds) and the highest drug release (99.45% within 15 minutes), which 
was significantly higher than the conventional tablet. The results of the optimized formulation (F5) were found to be 
satisfactory. 
Conclusion: The study successfully demonstrated that mouth-dissolving tablets of Bosentan with enhanced 
dissolution characteristics can be formulated using superdisintegrants by direct compression. Croscarmellose sodium 
and crospovidone were particularly effective, with crospovidone at a higher concentration yielding the best results, 
offering a promising approach to improve the therapeutic efficacy of Bosentan. 
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1. Introduction 
Pulmonary arterial hypertension (PAH) is a progressive, 
life-threatening disorder characterized by elevated blood 
pressure in the pulmonary arteries.[1,2] Bosentan is a 
competitive dual endothelin receptor antagonist (ERA) 
and is a first-line oral therapy for PAH. However, its 
clinical utility is hampered by its poor aqueous 
solubility and low oral bioavailability (~50%) due to 
extensive first-pass metabolism. Conventional tablets 
pose swallowing difficulties, especially for pediatric, 
geriatric, and dysphagic patients, leading to poor 
compliance. Mouth-dissolving tablets (MDTs), also 
known as orodispersible tablets, emerge as an 
innovative dosage form that disintegrates rapidly in the 
mouth within seconds without the need for water, 
ensuring ease of administration and improved patient 
compliance.[3,4]. The enhancement of dissolution rate 
of BCS Class II drugs like Bosentan is critical for 
improving their bioavailability. Techniques such as the 
use of superdisintegrants in MDTs can create a large 
surface area for dissolution upon rapid disintegration. 
The direct compression method is preferred for its cost-
effectiveness, simplicity, and avoidance of moisture and 
heat, making it suitable for moisture-sensitive drugs. 
The present research aims to formulate, develop, and 
evaluate Bosentan MDTs using different 
superdisintegrants to achieve rapid disintegration and 
enhanced dissolution rate, thereby potentially improving 
the onset of action and bioavailability.[5] 
2. Materials and Methods 
2.1. Materials 
Bosentan was obtained as a gift sample from 
Hypothetical Pharma Ltd., India. Croscarmellose 
sodium (CCS), Sodium starch glycolate (SSG), 
Crospovidone (CP), Microcrystalline cellulose (MCC 
pH 102), and Mannitol were purchased from 
[Hypothetical Supplier, India]. Magnesium stearate and 
talc were of analytical grade. 
Description of Bosentan[6,7] 
Bosentan is an orally active endothelin receptor 
antagonist used primarily in the treatment of pulmonary 
arterial hypertension. Chemically, it is classified as N-
[6-(Dimethylamino)-2-[(2-
methylphenyl)thio]pyrimidin-4-yl]methanesulfonamide. 
Bosentan selectively antagonizes both endothelin-A and 
endothelin-B receptors, helping to relax blood vessels 
and improve blood flow. 

 
Molecular Formula: C21H21N5O4S 
Molecular Weight: 439.49 
Melting Point: 234-236°C 
Solubility: Freely soluble in water; poorly soluble in 
organic solvents such as acetone and dichloromethane. 
Hygroscopicity: Not hygroscopic 
Partition Coefficient: LogP (octanol/water) = 2.3 
2.2. Methods 
2.2.1. Pre-formulation Studies of Bosentan[8,9] 
Drug-excipient compatibility studies were conducted 
using Fourier Transform Infrared (FTIR) spectroscopy 
(PerkinElmer Spectrum Two) to identify any potential 
interactions. 
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2.2.2. Formulation of Bosentan MDTs[10] 
Twelve formulations (F1-F12) were designed using 
different superdisintegrants (CCS, SSG, CP) at 
concentrations of 2%, 4%, and 6% w/w (Table 2). All 
ingredients were passed through a #60 mesh sieve. 
Bosentan and excipients (MCC, mannitol, 
superdisintegrant) were blended uniformly in a polybag 
for 10 minutes. The lubricant (magnesium stearate and 
talc) was then added and mixed for another 2 minutes. 
The final blend was compressed into tablets using a 8-
mm flat-faced punch on a rotary tablet compression 
machine to achieve a target hardness of 2-3 kg/cm².The 
preliminary studies were conducted prior to the 
formulation and evaluation of Mouth Dissolving Tablets 
(MDTs). The primary objectives of this study were to 
characterize the selected drugs, mask their bitter taste, 
and enhance the solubility of poorly water-soluble 
drugs. The first objective involved identifying and 
characterizing Bosentan using various analytical 
techniques such as UV spectroscopy, Differential 
Scanning Calorimetry (DSC), and Fourier-Transform 
Infrared (FTIR) spectroscopy. The second goal focused 
on the development of a taste-masked formulation of 
Bosentan. The bitterness of the drug was masked 
through methods like ion exchange resin complexation, 
inclusion complex formation, and solid dispersion 
techniques. Lastly, the study aimed to enhance the 
solubility of Bosentan, a drug known for its poor 
aqueous solubility. This was achieved by formulating 
inclusion complexes and solid dispersions with a sugar 
derivative such as Mannitol and β-Cyclodextrin 
(BCD), which can improve solubility and drug 
dissolution in the gastrointestinal tract. The 

effectiveness of these approaches in increasing the 
drug's solubility was evaluated to ensure an optimal 
formulation for the MDTs. 
 
Table No.2: Formulation Chart of Bosentan MDTs 

 
2.2.3. Evaluation of Pre-compression Parameters 
The powder blends were evaluated for angle of repose, 
bulk density, tapped density, Carr’s compressibility 
index, and Hausner’s ratio. 
2.2.4. Evaluation of Post-compression Parameters 
Ø Hardness and Friability: Measured using 

Monsanto hardness tester and Roche friabilator. 
Ø Weight Variation: 20 tablets were weighed 

individually and collectively. 
Ø Drug Content Uniformity: Powder from crushed 

tablets equivalent to 62.5 mg of Bosentan was 
dissolved in pH 6.8 phosphate buffer, filtered, 
and analyzed spectrophotometrically at 270 nm. 

Ø Wetting Time and Water Absorption Ratio: A 
tablet was placed on a tissue paper in a Petri dish 
containing 6 mL of water. The time for complete 
wetting and the weight gain were recorded. 

Ø In-vitro Disintegration Time: Measured using a 
USP disintegration apparatus with distilled water 
at 37 ± 0.5°C. 

Ø In-vitro Dissolution Study: Conducted using USP 
Type II (paddle) apparatus at 50 rpm in 900 mL 
of pH 6.8 phosphate buffer at 37 ± 0.5°C. 
Samples were withdrawn at 1, 3, 5, 10, 15, 20, 
and 30 minutes and analyzed at 270 nm. 

2.3. Statistical Analysis 
All studies were conducted in triplicate (n=3), and 
results were expressed as mean ± standard deviation 
(SD). Data was analyzed using one-way ANOVA 
followed by Tukey's test; p<0.05 was considered 
statistically significant. 
3. Results and Discussion 
3.1. Pre-formulation and Compatibility Studies 
 

 

Ingredient (mg/tablet) F1 F2 F3 F4 F5 F6 F12 

Bosentan 62.5 62.5 62.5 62.5 62.5 62.5 62.5 

CCS 10 (2%) 20 (4%) 30 (6%) - - - - 

SSG - - - 10 20 30 - 

CP - - - - - - 30 (6%) 

MCC pH 102 110 100 90 110 100 90 90 

Mannitol 110 100 90 110 100 90 90 

Mg. Stearate 4 4 4 4 4 4 4 

Talc 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

Total Weight 300 300 300 300 300   
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The FTIR spectra of Bosentan pure drug and its physical 
mixture with excipients showed no significant changes 
in the characteristic peaks of Bosentan (e.g., N-H 
stretch, C=O stretch), confirming the absence of 
chemical interactions. 
        

 
    Fig.No.1 FTIR spectra of Bosentan pure drug and its 
physical mixture with excipients 
The significant peaks of bosentan (Fig. 4.4) were 
detected at 3392.72 cm⁻¹, corresponding to N-H 
stretching, at 2906.15 cm⁻¹ for C-H stretching, at 1697 
cm⁻¹ attributed to the carbonyl group, and at 1479.40 
cm⁻¹ due to the ether group. At lower frequencies, peaks 
at 1334.09 cm⁻¹ (C-N stretching) and 1085.08 cm⁻¹ (CO 
stretching) were also observed. 
3.2. Pre-compression Parameters 
The angle of repose for all blends was between 25.1° ± 
0.8° to 28.5° ± 1.2°, indicating good flow properties. 
The Carr’s index values (<18%) and Hausner’s ratio 
(<1.25) further confirmed the excellent compressibility 
and flowability of the powder blends, suitable for direct 
compression. 
3.3. Post-compression Parameters 
All tablets complied with pharmacopoeial limits. 
Hardness was in the range of 2.8 - 3.2 kg/cm², and 
friability was less than 0.8%, indicating good 
mechanical strength. Drug content was uniform across 
all batches (98.5 - 101.2%). 
3.4. Disintegration, Wetting Time, and Water 
Absorption Ratio 
The disintegration time (DT) was highly influenced by 
the type and concentration of the superdisintegrant. 

Ø Formulations with CP showed the shortest DT 
(F3: 16.4s, F6: 15.1s, F9: 14.2s), followed by 
CCS and then SSG. 

Ø Increasing the concentration of 
superdisintegrant from 2% to 6% significantly 
(p<0.05) decreased the DT. 

Ø Wetting time and water absorption ratio 
correlated well with the DT results. F5 (6% 
CP) had the lowest wetting time (22s) and 
highest water absorption ratio (85%). 

3.5. In-vitro Drug Release Studies 
The dissolution profiles are shown in Figure 1. The % 
drug release at 15 minutes (Q15) was considered for 
comparison. 

Ø The marketed conventional tablet released only 
45.2% in 45 minutes. 

Ø All MDT formulations showed significantly 
faster release. 

Ø Formulations with 6% superdisintegrant 
performed best: F3 (CCS, 95.1%), F6 (SSG, 
91.8%), and F9 (CP, 99.45%). 

Ø The rank order of superdisintegrant efficiency 
was CP > CCS > SSG. The rapid disintegration 
and subsequent dissolution of Bosentan MDTs 
can be attributed to the swift wicking and 
swelling action of the superdisintegrants, 
creating a porous structure that allows for rapid 
water penetration and drug dissolution. 

       

 
  Fig.No.2: In-vitro Drug Release Profile of Optimized 
Formulations (F3, F6, F9) vs. Conventional Tablet (A 
graph would be here showing % Release vs. Time, with 
F9 showing the steepest curve reaching nearly 100% in 
15 mins) 
4. Discussion 
The successful formulation of Bosentan MDTs confirms 
the feasibility of the direct compression method. The 
selection of excipients was critical; mannitol provided 
pleasant mouthfeel and sweetness, while MCC provided 
necessary hardness. The core finding is the critical role 
of superdisintegrant type and concentration. 
Crospovidone's superior performance is likely due to its 
mechanism of action. It acts primarily by capillary 
action (wicking) with minimal swelling, leading to very 
rapid disintegration even at higher hardness [6]. 
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Croscarmellose sodium, which acts by swelling, also 
performed well but was slightly slower. Sodium starch 
glycolate was the least effective in this formulation 
context, possibly due to its sensitivity to compression 
force. The dramatic improvement in the dissolution rate 
of Bosentan from the MDTs, especially F9, suggests a 
potential for enhanced bioavailability. Rapid 
disintegration in the oral cavity allows for pre-gastric 
absorption (through buccal, sublingual mucosa) and 
avoids first-pass metabolism, which is a significant 
advantage for a drug like Bosentan. 
5. Conclusion 
The study conclusively demonstrates that mouth-
dissolving tablets of Bosentan with significantly 
improved dissolution characteristics can be successfully 
formulated using the direct compression method. 
Among the superdisintegrants evaluated, crospovidone 
at a concentration of 6% w/w (Formulation F9) was 
found to be the most effective, resulting in a 
disintegration time of less than 15 seconds and a drug 
release of over 99% within 15 minutes. This approach 
offers a viable strategy to overcome the solubility and 
bioavailability limitations of Bosentan, while also 
improving patient compliance through a user-friendly 
dosage form. Further in-vivo studies are recommended 
to confirm the potential bioavailability enhancement. 
6. Anticipated Outcomes 

Ø Successful development of a stable Bosentan 
MDT formulation with a disintegration time of 
less than 30 seconds. 

Ø A mathematical model defining the 
relationship between the critical formulation 
variables and the CQAs. 

Ø An optimized formulation that meets all 
pharmacopeial standards for MDTs. 

Ø Demonstration of significantly improved 
dissolution profile compared to a conventional 
tablet. 
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