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ABSTRACT:   

Bosentan is a dual endothelin receptor antagonist used to treat pulmonary arterial 

hypertension. It is an BCS class-II drug having 5 hours half-life.. Solid dispersions of Bosentan 

were prepared with different carriers in different ratios of drug and carrier(1:1,1:2and1:3)By 

using Mannirtol, Cross Povodine, and Sodium Starch Glycolate .Results of prepared solid 

dispersions of Bosentan by solvent evaporation method were discussed which includes 

solubility, melting point determination, drug content uniformity,entrapment efficiency and 

invitro dissolutionstudies.Characterization in solid state was done by various analytical 

techniques such as FT-IRstudies.Finally by comparing all the formulations, formulation (F3) 

containing Bosentan+ Crosspovidone(1:3) shows better results by solvent evaporation method 

at the end of 60 min with maximum drug release of 96.74, hence it was selected as the best 

formulation. The optimized formulation follows First order release kinetics. 

 

Keywords: Bosentan, Crosspovidone, Manitol, SSG & FTIR. 
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INTRODUCTION: 

 Oral bioavailability of a drug depends on its solubility and/or dissolution rate, and dissolution 

may be the rate determining step for the onset of therapeutic activity. Therefore efforts to 

increase drug a dispersion of one or more active ingredients in an inner carrier or matrix in 

solid state prepared by melting, dissolution in solvent or melting solvent method. 

The enhancements of oral bioavailability of such poorly water-soluble drugs often show poor 

bioavailability disperse in the matrix, thereby forming a solid dispersion. When the solid 

dispersion is exposed to aqueous media, the carrier dissolves and the drug releases as fine 

colloidal particles. 

The resulting enhanced surface area produces higher dissolution rate and bioavailability of 

poorly water soluble drugs. In addition, in solid dispersions, a portion of drug dissolves 

immediately to saturate the gastrointestinal tract fluid, and excess drug precipitates as fine 

colloidal. The eutectic mixture contained 52 per cent w/w of sulfathiazole and 48 per cent w/w 

of urea. The possibility of using solid solution approach in which a drug is molecularly 

dispersed in soluble carrier was subsequently introduced. 

 

A solid dispersion technique has been used by various researchers who have reported 

encouraging results where the drug and carrier were co-dissolved in cyclohexanol, frozen and 

then sublimed under vacuum to obtain a lyophilized molecular dispersion (Lin, 1980)1. 

 

Numerous solid dispersion systems have been demonstrated in the pharmaceutical literature to 

improve the offers a variety of processing and excepient options that allow for flexibility when 

formulating oral delivery systems for poorly water-soluble drugs. 
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Materials and Methodology 

Experimental Methods: 

Preparation of Buffers  

Phosphate buffer solution (pH6.8): 

A 200 ml volumetric flask containing 50 ml of 0.2 M potassium dihydrogen ortho phosphate 

was filled with 22.4 ml of 0.2 M sodium hydroxide, and the remaining volume was filled to the 

mark with distilled water. 

Analytical method development by U.V. Spectroscopy: 

UV-Visible spectrophotometry is one of the most frequently employed technique in 

pharmaceutical analysis. It involves measuring the amount of ultraviolet or visible radiation 

absorbed by a substance in solution. Instrument which measure the ratio, or function of ratio, 

of the intensity of two beams of light in the U.V-Visible region are called Ultraviolet-Visible 

spectrophotometers.  

In qualitative analysis, organic compounds can be identified by use of spectrophotometer, if 

any recorded data is available, and quantitative spectrophotometric analysis is used to ascertain 

the quantity of molecular species absorbing the radiation. Spectrophotometric technique is 

simple, rapid, moderately specific and applicable to small quantities of compounds. The 

fundamental law that governs the quantitative spectrophotometric analysis is the Beer -Lambert 

law.  

Beer’s law: It states that the intensity of a beam of parallel monochromatic radiation decreases 

exponentially with the number of absorbing molecules. In other words, absorbance is 

proportional to the concentration.  

Lambert’s law: It states that the intensity of a beam of parallel monochromatic radiation 

decreases exponentially as it passes through a medium of homogeneous thickness. A 

combination of these two laws yields the Beer-Lambert law. 

  

REGION WAVELENGTH 

Far (or vacuum)ultraviolet 10-200 nm 

Near ultraviolet 200-400 nm 

Visible 400-750 nm 

Near infrared 0.75- 2.2 μm 

Mid infrared 2.5-50 μm 

Far infrared 50-1000 μm 

 

Beer-Lambert law: When beam of light is passed through a transparent cell containing a 

solution of an absorbing substance, reduction of the intensity of light may occur. 

Mathematically, Beer Lambert law is expressed  
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as   A=a b c  

Where, A=absorbance or optical density  

a=absorptivity or extinction coefficient  

b=path length of radiation through sample (cm)  

c=concentration of solute in solution.  

Both b and a are constant so a is directly proportional to the concentration c  

When c is in gm/100 ml, then the constant is called A (1%, 1 cm)  

   𝐴 = 𝐴
1%

1𝑐𝑚
𝑏𝑐 

Quantification of medicinal substance using spectrophotometer may carried out by preparing 

solution in transparent solvent and measuring it’s absorbance at suitable wavelength. The 

wavelength normally selected is wavelength of maximum absorption (λmax), where small error 

in setting the wavelength scale has little effect on measured absorbance. Ideally, concentration 

should be adjusted to give an absorbance of approximately 0.9, around which the accuracy and 

precision of the measurements are optimal.  

The assay of single component sample, which contains other absorbing substances, is then 

calculated from the measured absorbance by using one of three principal procedures. They are, 

of standard absorptivity value, calibration graph and single or double point standardization. In 

standard absorptive value method, the use of standard A (1%, 1 cm) or E values are used in 

order to determine its absorptivity. It is advantageous in situations where it is difficult or 

expensive to obtain a sample of the reference substance. In calibration graph method, the 

absorbances of a number of standard solutions of the reference substance at concentrations 

encompassing the sample concentrations are measured and a calibration graph is constructed. 

The concentration of the analyte in the sample solution is read from the graph as the 

concentration corresponding to the absorbance of the solution. The single point standardization 

procedure involves the measurement of the absorbance of a sample solution and of a standard 

solution of the reference substance. The concentration of the substances in the sample is 

calculated from the proportional relationship that exists between absorbance and concentration 

 

Scanning of λmaxof Bosentan: 

Making Stock Solution: Bosentan 10 milligrames was taken in a 10 ml volumetric flask. The 

medication was added and well mixed with 2 cc of ethanol. The solution was adjusted to the 

proper concentration of 1000 g/ml using buffer with a pH of 6.8. From the above solution, 1 

ml is diluted to 10 ml with a 6.8 pH buffer to produce a concentration of 100 g/ml. Take 1 ml 

of the aforementioned solution, dilute it to 10 ml with a 6.8 pH buffer to get 10 g/ml of 

concentration. The produced solution, which was a 10 g/ml concentration, was scanned for 

maximum between 200 and 400 nm using a UV/Visible spectrophotometer. 

 

Calibration curve of Bosentan in 6.8pH buffer:  

Preparation of stock solution: 

10mg of Bosentan was taken in a10ml volumetric flask.To The solution was made up to the 

mark with 6.8pH buffer to give 1000 µg /ml concentration. From this 

solution1mlisdilutedto10mlwith,6.8pH buffer to give 100 µg /ml concentration. From the 

above stock solution subsequent dilutions containing 2 to 12 µg/ml solutions were prepared. 
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The absorbance of each test solution was measured at λmax i.e 270 nm of Bosentan in 

UV/Visible spectroscopy against blank. 

 

PREPARATION OF SOLID DISPERSIONS OF BOSENTAN:29-32 

There are several carriers,which have been reported for the preparation of solid dispersions by 

using Mannitol, Cross povidone and SSG various methods of preparation. 

a. Solvent evaporation 

The drug and carriers were combined in 1:1, 1:2, and 1:3 ratios in ethanol for the solvent 

evaporation technique. Solvent was eliminated through evaporation at a low pressure. The bulk 

was ground up and sent through sieve #60. The finished object was now assembled. 

 

Formulation code Drug : Polymer ratio 

(Bosentan:Cross povidone) 

F1 1:1 

F2 1:2 

F3 1:3 

 

Formulation code Drug : polymer ratio 

(Bosentan:Mannitol) 

F4 1:1 

F5 1:2 

F6 1:3 

 

Formulation code Drug : Polymer ratio 

(Bosentan:SSG) 

F7 1:1 

F8 1:2 

F9 1:3 

 

Evaluation of Solid Dispersions:25-31 

 Prepared polymer drug conjugates were evaluated by 

 Estimation of drug content 

 Entrapment efficacy 

 In- vitro dissolution studies 

 In vitro Release kinetics 

 

1.Estimation of Drug Content: 

A quantity that was precisely measured and transferred to a 100 ml volumetric flask was equal 

to 5 mg of the medication. After adding a 6.8 pH buffer and shaking the volume for 10 minutes, 

the drug's total solubility was checked. After that, the remedy was filtered. By dissolving 5 mg 

of the standard medication in a 6.8 pH buffer, the same concentration of the standard solution 

was created. Bose's in UV-Visible spectrophotometer was used to detect absorbance at 270 nm 
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for both the sample and standard solutions. 

 

2)Entrapment efficacy: 

Entrapment efficiency of the solid dispersions was an important characteristic to assess the 

quantity of material entrapped inside solid dispersions before the study of behaviour of this 

entrapped drug in physical and biological systems, since the effects observed experimentally 

are usually dose related. Solid dispersions formulation of a drug can only be developed if the 

encapsulation efficiency of therapeutic doses can be delivered with a reasonable amount of 

drug, since the lipids in higher doses may be toxic and also result in non-linear (saturable) 

pharmacokinetics of formulation. An optimized loading procedure would achieve trapping 

efficiencies of 90% and more. This obviates the need for removal of non entrapped material 

because loading doses of 10% or less of free drug can usually be tolerated. Procedures such as 

dialysis and passage through exclusion column, for removal of non entrapped material are often 

time consuming, tedious, costly and recovery of non entrapped material is usually difficult. 

Entrapment efficiency was calculated by following formula: 

%Entrapment efficiency= Drug content *100/Drug added in each formulation 

 

3)In vitro dissolution study: 

The generated solid dispersions were put in a capsule with 5 mg of bosentan weight equivalent 

and were then subjected to in vitro disintegration. USP type 2 paddle methods were used in the 

dissolution test (apparatus II). 6.8 pH buffer was employed as the dissolution media, and the 

dissolution medium was maintained at 37 0.5 o C. The stirring speed was 50 rpm. 5 ml samples 

were taken out at regular intervals, filtered, and replaced with 5 ml of fresh dissolution medium. 

Dilutions were made as needed, and the samples were then tested for the presence of bosentan 

at 270 nm using a UV-visible spectrophotometer. 

4)KINETICS OF DRUG RELEASE: 

The mechanism of drugrelease for the Bosentan solid dispersions was determined using zero 

order and first order. 

The results of in vitro release profile obtained for all the formulations were plotted in modes 

of data treatment as follows:- 

1.   Zero – order kinetic model – Cumulative % drug released versus time. 

2.   First – order kinetic model – Log cumulative percent drug remaining versus time. 

Zero Order Kinetic 

It describes the system in which the drug release rate is independent of its concentration. 

   Qt = Qo + Ko t 

 Where, 

  Qt= Amount of drug dissolved in time t 

  Qo = Initial amount of drug in the solution, which is often zero and 

  Ko = zero order release constant. 

If the zero order drug release kinetic is obeyed, then a plot of Qt versus twill give a straight line 

with a slope of Ko and an intercept at zero. 
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First Order Kinetic 

It  describes  the  drug  release  from  the  systems  in  which  the  release  rate  is concentration 

dependent. 

   Log Qt = log Qo + kt/ 2.303 

 Where, 

  Qt = amount of drug released in time t. 

  Qo = initial amount of drug in the solution k = first order release constant If the 

first order drug release kinetic is obeyed, then a plot of log (Qo- Qt)versus twill be straight line 

with a slope of kt/ 2.303and an intercept at t=0 of log Qo. 

 

RESULTS & DISCUSSION. 

PRCORMULATION STUDIES 

Solubility: Solubility of  was carried out at 250C using 0.1 N HCL, 6.8 phosphate buffer, 7.4 

pH buffer , methanol and ethanol. 

Table:Solubility studies data of Bosentan 

MEDIUM SOLUBILITY (mg/ml) 

0.1 N HCL 0.628 

6.8 pH buffer 0.972 

7.4 pH buffer 0.706 

Methanol 1.014 

Ethanol 1.258 
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Fig: Graphical representation of BosentanSolubility studies 

 

Discussion:  

From the above conducted solubility studies in various buffers we can say that 6.8 pH buffer 

solution has more solubility when compared to other buffer solutions.  

 

Analyticalmethod development by U.V. Spectroscopy: 

Uv Scan Spectrum of Bosentan: 

 
Discussion:Bosentan at 10µg/ml was found to be 270nm. 
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Calibration curve of Bosentan in 6.8pH buffer: 

Concentration (µg/ml) Absorbance 

0 0 

2 0.161 

4 0.32 

6 0.475 

8 0.635 

10 0.796 

12 0.946 

 

 
Fig: Calibration curve of Bosentan in 6.8pH buffer 

 

 

 

Drug excipient compatibility: 

Drug and excipient compatibility was confirmed by comparing spectra of FT-IR analysis of 

pure drug with that of various excipients used in the formulation. 
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Fig: IR spectrum of pure Bosentan 

 

 
Fig: IR spectrum of BosentanOptimised Formulation 

 

Discussion: From the drug excipient compatibility studies we observe that there are no 

interactions between the pure drug (Bosentan) and optimized formulation (Bosentan: 

excipients) which indicates there are no physical changes. 
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Percentage yield of solid dispersions 

Table: Percentage yield of solid dispersions 

Formulation code Percentage yield 

F1 90.64 

F2 94.43 

F3 96.12 

F4 94.12 

F5 92.25 

F6 94.36 

F7 96.64 

F8 92.67 

F9 95.43 

 

Discussion: The Percentage yieldof theformulatedsolid dispersions wasfoundto beinthe 

rangeof90.54- 96.64% respectively. 

Entrapment efficacy: -  

Entrapment efficiency of solid dispersions by solvent evaporation method 

 

 

Discussion: The entrapment efficacy of the formulated solid dispersions by solvent 

evaporation method was found to be in the range of 92.25±0.067-98.86±0.067 respectively.  

 

 

 

 

Form.code Entrapment 

efficiency 

F1 92.25±0.067 

F2 92.64±0.071 

F3 93.10±0.001 

F4 94.46±0.039 

F5 94.82±0.042 

F6 95.68±0.050 

F7 95.53±0.063 

F8 95.81±0.077 

F9 96.62±0.018 
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INVITRO DRUG RELEASE STUDIES OF SOLID DISPERSIONS: 

Table:Invitro drug release studies for formulations (F1-F9) 

Time 

(Min) 

Percentage drug release 

Bosentan : Crosspovidone Bosentan :Mannitol Bosentan : SSG 

1:1 (F1) 1:2(F2) 1:3 (F3) 1:1 (F4) 1:2 (F5) 1:3(F6) 1:1(F7) 1:2(F8) 1:3(F9) 

0 0 0 0 0 0 0 0 0 0 

5 38.24 45.75 57.78 31.35 41.24 28.71 44.35 35.26 42.66 

10 54.75 53.12 64.35 44.74 55.75 34.92 50.69 47.53 57.67 

15 60.35 67.65 75.75 50.95 62.98 46.61 59.78 56.71 64.97 

30 68.69 72.78 78.95 67.32 78.62 59.22 67.25 65.52 75.53 

45 76.78 88.34 86.35 78.75 85.35 68.46 74.35 73.78 86.82 

60 88.78 95.86 96.74 89.86 94.78 79.22 89.78 89.48 94.94 

 

Discussion:In-vitro drug release of Bosentan solid dispersions with Crosspovidonein various 

ratios were observed which shows at the end of 60 mins, the formulation F1 releases 88.78%, 

formulation F2 releases 95.86%, F3 releases96.74%, while Mannitol used as carrier 

showsformulation F4 releases 89.86%, formulation F5 releases 94.78%, and formulationF6 

releases 79.22%, while SSG used as carrier showsformulation F7 releases 89.78%, formulation 

F8 releases 89.24%, and formulation F9 releases 94.94%.Among all formulation F3 

formulation shows maximum drug release at the end of 60minutes so it was chosen as 

optimized formulation.  

 

 

 
Fig: Invitro drug release profile for (F1-F9) 
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Fig: Invitro drug release profile for (F1-F3) 

 
Fig: Invitro drug release profile for (F4-F6) 

 
Fig: Invitro drug release profile for (F7-F9) 
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In-vitro drug release kinetics studies for best formulation F3: 

Zero order release kinetics studies: 

 
Fig: Zero order release profile for best formulation (F3) 

 

First order release kinetics studies: 

 
Fig: First order release profile for best formulation (F3) 

DISCUSSION: 

By comparing the release kinetics studies of best formulation with zero order and first order 

we can say that the best formulation follows first order release kinetics studies having R2  value 

0.898 were as zero order release kinetics studies having R2 value 0.598, hence we can say that 

the best formulation follows first order release kinetics. 
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Table 7.8 : order of kinetic values of FormulationF9: 

 

Order of kinetics Zero Order First Order 

Regression values 0.598 0.898 

 

Discussion:       

The drug release from the tablets was explained by using mathematical model equations such 

as zero order, first order methods.  Based on the regression values it was concluded that the 

optimized formulation F9 follows First order kinetics. 

 

8. SUMMARY AND CONCLUSSION 

SUMMARY: 

The ability of a pharmaceutical treatment intended for oral administration to treat a 

condition depends on how well it is absorbed by the digestive system. It is generally known 

that the rate-limiting stage in the gastro intestinal absorption of a medicine from a solid dose 

form is frequently disintegration. Pharmaceuticals that are poorly soluble have been shown to 

be unpredictable and slow to be absorbed when compared to drugs that are more soluble. As a 

result, these medications pose significant obstacles to the creation of bioavailable dosage 

method can considerably improve the bosentan's capacity to dissolve.Bosentan is a dual 

endothelin receptor antagonistand used to treat pulmonary hypertension by blocking the action 

of endothelin molecules that would otherwise promote narrowing of the blood vessels and lead 

to high blood pressure.. 

Therefore, an effective formulation that can increase the solubility and dissolution rate of this 

model medicine may be useful. In order to increase the solubility and, consequently, the 

dissolving rate, efficiency, and bioavailability of the weakly soluble medication Bosentan, 

investigations were conducted using the solid-dispersion technique using mannitol, 

Crosspovidone, and SSG. 

The introduction section provided a succinct explanation of solid dispersions. In addition, in 

the chapter's introduction, numerous methods for improving solubility, particularly solid 

dispersion technology, were covered. The aim and objective was also discussed. 

Bosentan's entire pharmacological profile and excipient profiles included information on their 

use, contraindications, and side effects. 

literature review of prior preparation and research on solid dispersions using a variety of 

medications and techniques. 

In-depth explanations of the methodology, materials used, and experimental techniques used 

in this study were provided. assessment parameters work. Bosentan solid dispersions were 

created using several carriers in varying drug and carrier ratios (1:1, 1:2 and1:3). 

Results of Bosentan solid dispersions made using the solvent evaporation method, including 

solubility, melting point estimation, drug content homogeneity, entrapment efficiency, and in 
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vitro dissolution experiments, were discussed. Numerous analytical methods, including FT-IR 

studies, were used for solid-state characterization. 

The formulation (F3) combining bosentan+crospovidone (1:3) showed better results by solvent 

evaporation method at the end of 60 min with drug release of 96.74%, hence it was chosen as 

the best formulation after comparing all the formulations (F1-F9). 

 

CONCLUSION: 

By using the solvent evaporation method, solid dispersions were prepared using crosspovidone 

and mannitol. By examining the Bosentan with Crosspovidone dissolution studies (1:3). 

indicates improved medication release. Additionally, all of the created solid dispersions 

underwent evaluation, with the results detailed in the preceding information. 

The following conclusions were drawn from the present investigations. 

• From the Solubility studies in various buffers we can say that 6.8 pH buffer has more solubility 

when compared to other buffer solutions for Bosentan. 

• Form the drug excipient compatibility studies we observe that there are no interactions between 

the pure drug  and optimized formulation (drug + excipients) which indicates there are no 

physical changes. 

• All the formulations of Bosentan were prepared solvent evaporation method  

• All the prepared solid dispersions were evaluated for drug content and entrapment efficiency.  

• The invitro dissolution studies of Bosentan was performed. 
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