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ABSTRACT
Purpose: To assess the stability of an extemporaneously compounded oral suspension of bosentan 
from commercially available tablets for a period of 1 month. 
Methods: A 6.25 mg/mL oral suspension of bosentan monohydrate was prepared from Tracleer 
tablets. The bosentan suspension was then evenly divided between 2 light-resistant prescription 
bottles and stored in the dark either under refrigeration (4-8°C) or at controlled room temperature 
(21-26°C). The suspensions were assessed for physical changes (ease of resuspendability, change in 
color, change in odor), and samples were drawn immediately after preparation and on days 0, 1, 
3, 7, 10, 14, 21, 28, and 31. Samples were analyzed at each time point by high-performance liquid 
chromatography (HPLC) utilizing a reversed-phase column with chemical stability defined as the 
retention of at least 90% of the initial intact bosentan concentration measured. 
Results: No change in suspendability, color, or odor of the compounded bosentan suspensions 
was noted throughout the storage period. Furthermore, regardless of storage conditions, the oral 
suspension of bosentan retained at least 94% of the active pharmaceutical ingredient for 31 days 
after preparation. 
Conclusion: The results of our study indicate that a 6.25 mg/mL bosentan oral suspension stored 
in the dark under refrigeration and at room temperature maintains physical and chemical stability 
for 1 month.
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Pulmonary arterial hypertension (PAH) is a pro-
gressive illness that occurs as the pulmonary 
arteries and capillaries in the lungs begin to 

narrow and become blocked due to the proliferation 
of various cells, in particular smooth muscle cells 
and endothelial cells, within this location. This nar-
rowing or blockage results in increased pulmonary 
artery pressure and pulmonary vascular resistance, 
as the lower right ventricle of the heart must pump 
more forcefully to move blood through the lungs. 
In severe cases, the heart muscle may fail as a result 
of increased contractility due to the narrowed or 
blocked arteries and capillaries.1 One possible facilita-
tor of PAH is endothelin-1, an endogenous vasocon-
strictor and smooth muscle mitogen. Endothelin-1 
is often  overproduced in the plasma and lung tissue 

of patients who suffer from PAH. Two endothelin-1 
receptors, known as type A endothelin (ETA)  and type 
B endothelin (ETB), are prevalent in the lungs and 
vascular tissue.1,2 Bosentan monohydrate ( Figure 1), 
marketed as Tracleer, is an orally active agent that 
has demonstrated efficacy for the treatment of pul-
monary arterial hypertension (PAH).1,3,4 Bosentan is 
a substituted pyrimidine derivative that functions as 
an antagonist at both receptor types, although it has 
a slightly greater affinity for ETA receptors.5 Bosen-
tan has been shown to decrease remodeling of the 
pulmonary vasculature, which is one of the main 
complications associated with PAH. This remodeling 
occurs as the blood vessel walls thicken in response 
to increased smooth muscle cell production and 
decreased cell apoptosis. Bosentan also decreases the 
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rate of clinical worsening in patients with advanced 
PAH and improves exercise ability.1,2

Bosentan has been extensively studied for the 
treatment of PAH in pediatric populations.6-12 In sev-
eral studies, a bosentan dosage of 2 mg/kg per dose has 
been shown to be efficacious in children with PAH, 
with higher dosages unlikely to provide any addi-
tional benefits.6,9 Unfortunately, in the United States, 
bosentan is currently only supplied in tablet form in 
strengths of either 62.5 mg or 125 mg.5 Consequently, 
administration of bosentan in children can be chal-
lenging, because reduced and more individualized 
dosages are often required. This results in the need 
to prepare an extemporaneously compounded liquid 
formulation. To our knowledge, no uniform prepara-
tion guidelines with validated beyond use dating for 
a compounded bosentan liquid preparation currently 
exist. The purpose of this study is to prepare an extem-
poraneously compounded bosentan suspension using 
commercially available compounding supplies and 
evaluate its stability under controlled room tempera-
ture and at refrigeration over the course of 1 month. 

METHODS
Preparation of Bosentan Oral Suspension

An important consideration in the preparation 
of bosentan oral suspension is that, according to the 
National Institute for Occupational Safety and Health 
(NIOSH), bosentan is a hazardous medication and 
should be handled accordingly.13 Consequently, certain 
safety measures should be taken in the preparation of 
the bosentan oral suspension as dictated by NIOSH, 
as well as the United States Pharmacopeia (USP) 
<795> chapter entitled Pharmaceutical Compounding 
– Nonsterile Preparations.13,14 These safety measures 
are intended to protect the health and welfare of the 
compounder by ensuring that only personnel trained 
in handling hazardous medications and using certain 
personal protective equipment (PPE) engage in such 

compounding. Briefly, PPE can include double gloving, 
wearing a protective gown, and using a respiratory 
mask if preparation does not occur in a fume hood. 

Three 62.5 mg tablets of bosentan monohy-
drate ( Actelion Pharmaceuticals US, Inc, lot number: 
HP015P0101; expiration date: March 2018) were tritu-
rated in a porcelain mortar and pestle. A small amount of 
glycerin (Actelion Pharmaceuticals US, Inc., lot number: 
HP015P0101; expiration date: March 2018) was added to 
the mortar to aid in the trituration of the tablets to a fine pow-
der. Next, a 1:1 preparation of the commercially available 
pharmacy compounding vehicles, FlavorPlus (Humco, lot 
number: 544980; expiration date: October 2016) and Fla-
vorSweet (Humco, lot number: 545314; expiration date: 
January 2017), were produced in a separate container. A 
portion (10 mL) of the FlavorPlus:FlavorSweet mixture 
was added to the mortar and vigorously triturated. Sub-
sequently, another 10 mL of the FlavorPlus:FlavorSweet 
mixture was then added to the mortar with trituration. 
Afterwards, the mixture was transferred to a 2-oz light-
resistant prescription bottle. Finally, the mortar was rinsed 
with 10 mL of FlavorPlus:FlavorSweet, which was then 
added to the prescription bottle to bring the final volume 
up to 30 mL and achieve a 6.25 mg/mL concentration. The 
suspension was mixed well to ensure homogeneity and 
then divided equally between 2 light-resistant prescrip-
tion bottles so that one bottle could be stored at refriger-
ated temperature (4-8°C) and one bottle could be stored at 
controlled room temperature (21-26°C). Both the refriger-
ated and room temperature bottles were stored in the dark. 
Following resuspension by shaking, 3 samples of 0.6 mL 
each were extracted from both the room temperature and 
refrigerated bottles on days 0, 1, 3, 7, 10, 14, 21, 28, 
and 31. These samples were stored at -80°C until analy-
sis via high-performance liquid chromatography (HPLC) 
could be performed.  

Sample Preparation and HPLC Analysis
Stability samples from this study were assayed 

using a previously published HPLC stability- 
indicating assay for bosentan monohydrate that was 
validated per ICH guidelines.15 Sample analysis was 
conducted on a Shimadzu (Columbia, MD) LC-20AD 
HPLC with a SPD-M20 photodiode array detector 
and SIL-20 autosampler. Briefly, this method, which 
is capable of separating up to 5 impurities observed 
from various forced degradation conditions, utilizes a 
Zorbax SB-Phenyl (250 mm × 4.6 mm, 5 μm) column 
(Phenomenex, Torrance CA) maintained at 35°C. A 
gradient elution profile at a flow rate of 1 mL/min 
consisted of a mixture of 40% methanol and 60% 
phosphate buffer (10 mM) with 0.1% triethylamine, 

Figure 1. Chemical structure of bosentan.
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adjusted to pH 2.5 with orthophosphoric acid, used 
as solvent A and acetonitrile was used as solvent 
B. The gradient profile started at 70/30 (A:B) for 5 
minutes and was then increased in a linear profile 
to 40/60 over 25 minutes. It was held for 5 minutes 
before returning to 70/30 for a 5-minute re-equilibra-
tion. A photodiode array detector set at 220 nm was 
used to collect sample data from 10 µL injections. 

A stock solution of bosentan monohydrate 
(1  mg/mL) was prepared by dissolving the bulk 
drug (Cayman Chemical, Ann Arbor MI, lot num-
ber: 0455131-2; expiration date: October 2017) 
in methanol. Calibration standards over a range of 
15.6 to 156.3 µg/mL were prepared from the stock 
solutions using methanol as a diluent and assayed 
as described above. Preparation of stability samples 
consisted of diluting a 200 µL portion of the formu-
lation to 1:100 with methanol followed by thorough 
vortex mixing and sonification as required to affect 

complete  dissolution. A 1 mL aliquot of the diluted 
formulation was placed in an autosampler vial for 
analysis. The residual concentration of bosentan was 
measured in the stability samples and reported as 
percent of the day 0 concentration. 

RESULTS
Method Verification

A freshly prepared standard of bosentan (62.5 g/
mL) was analyzed via the HPLC method described, 
and the chromatogram is presented in Figure 2. To 
ensure accurate quantitation of the parent compound 
using the chromatography from the stability-indicat-
ing assay, calibration standards were assayed to verify 
the linear range of the method as used in this study. 
Analysis of replicate bosentan calibration standards 
over the range of 15.6 to 156.3 µg/mL on 3 separate 
days resulted in a linear response with r2 > 0.999 on 
each day of analysis (Figure 3). The percent  relative 

Figure 2. High-performance liquid chromatogram of bosentan standard (62.5 mg/mL). 
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standard deviation (%RSD) ranged from 1.5% to 
2.7% at 15.6 µg/mL and from 0.36% to 3.3% at 156 
µg/mL over the 3 separate days. The overall %RSD 
was less than 3.5% for all 3 days. To  demonstrate the 

ability of the assay to chromatographically resolve 
degradents, bosentan was subjected to acidic, alka-
line, and oxidative stress conditions. Acidic and alka-
line conditions consisted of heating bosentan at 60°C 
in either 12 N HCl or 5 N NaOH for 2 and 3.5 hours, 
respectively. Oxidative degradents were generated by 
exposing bosentan to a 3% H2O2 solution at room 
temperature for 24 hours. Figure 4 shows the over-
layed chromatograms demonstrating the assays’ abil-
ity to resolve degradents from intact bosentan.

Formulation Stability
When prepared as described, the resultant com-

pounded bosentan oral suspension (6.25 mg/mL) was 
pharmaceutically elegant with excellent suspendabil-
ity. Whether stored at controlled room temperature 
or under refrigeration, the compounded suspensions 
were observed to maintain their physical stability 
throughout the duration of their storage and were 
able to be easily resuspended upon shaking at each 
sampling time point. Neither the odor nor the color of 
the compounded suspensions changed throughout the 
period of study, suggesting a lack of bacterial growth 
in the compounded preparations. Samples from both 
the room temperature and refrigerated suspensions 
were collected at the prescribed time points and ana-
lyzed via HPLC to ensure that bosentan remained 
chemically stable throughout the study period. No Figure 3. Bosentan calibration curve from 15.6 to 156.3 µg/mL.

Figure 4. Overlayed high-performance liquid chromatograms from forced degradation study from top to bot-
tom: acid, base, hydrogen peroxide, bosentan standard.
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substantial degradation of bosentan was found to have 
occurred in samples from either formulation based on 
the measured concentration of bosentan as a percent 
of the original formulation concentration. Addition-
ally, no peaks in the chromatograms corresponding 
to decomposition products were observed at either 
storage condition at 31 days (Figure 5). All assayed 
time point samples maintained acceptable potency (at 
least 90% of the starting concentration) at each time 
point throughout the study period (Table 1). At 31 
days, the suspension stored under refrigeration was 
almost 96% intact and the suspension stored under 
room temperature was almost 94% intact. 

DISCUSSION
Bosentan monohydrate (Tracleer) is an important 

drug for the treatment of PAH due to its plethora of 
beneficial effects.3,4,6-12 Bosentan has become a sig-
nificant drug in the treatment of PAH in pediatric 
patients; however, the doses required for treatment 
in this patient population are often not achievable 
with available tablet formulations of the marketed 
 preparation.6-12 Consequently, this often leaves practi-
tioners with no choice but to compound liquid prep-
arations of bosentan with no validated beyond use 
date. In the current study, we have tested a simple 
method of preparation of a bosentan oral suspension 

Figure 5. High-performance liquid chromatograms of bosentan oral suspensions at 31 days after storage at (A) 4° to 
8°C or (B) 21° to 26°C.

using commercially available compounding supplies. 
Furthermore, we have assessed the stability of this 
preparation in order to assign a valid beyond use date. 

A 6.25 mg/mL oral suspension of bosentan was 
prepared using FlavorPlus and FlavorSweet, both of 
which are pharmacy compounding vehicles commer-
cially available from Humco. The method of prepara-
tion was relatively simple, requiring only a mortar 
and pestle, and resulted in an elegant pharmaceuti-
cal suspension. The oral suspensions, whether stored 
at controlled room or refrigerated temperatures, 
remained pharmaceutically elegant with easy resus-
pendability at each time point throughout the course 
of the study. In terms of retarding bacterial growth, 
both of the compounding vehicles contain the phar-
maceutical preservatives methylparaben and potas-
sium sorbate. There was no change in odor or color 
of the compounded bosentan suspensions through-
out the course of the study, which indicates a lack 
of bacterial growth. Consequently, we concluded that 
compounded bosentan suspensions are physically 
stable when prepared by the method presented.

The chemical stability of the 6.25 mg/mL oral 
suspension of bosentan was assessed at controlled 
room and refrigerated temperatures. After 1 month, 
both preparations retained a content uniformity of 
at least 90% of their initial concentration (Table 1). 
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Additionally, no degradation products of bosentan 
were detected in any of the samples from either of the 
storage conditions according to the HPLC analysis 
(Figure 4). Therefore, we concluded that the bosen-
tan suspensions are chemically stable when prepared 
by the method presented and stored at either room 
temperature or under refrigerated conditions. Our 
conclusion from this study is further supported by 
data that suggest that bosentan is an inherently stable 
molecule. In forced degradation studies under mod-
erate stress conditions (0.1 N acid or base at 80°C 
for 30 minutes), less than 2.5% loss of bosentan 
was observed, while losses due to thermal, oxida-
tive, and photolytic stress conditions were less than 
2%.16 In a separate study under extreme stress con-
ditions (12 N HCl or 5 N NaOH refluxed for 4 or 
48 hours, respectively), losses of less than 15% were 
observed.15 It is important to note that care should 
be taken in preparing these solutions for dispensing 
and that patients should be consulted on the proper 
handling and storage of the compounded product 
per USP <795> guidelines on compounding nonster-
ile products.14 The beyond use date should be clearly 
indicated on the container, while storage conditions 
and signs of instability (eg, changes in color, odor, or 
resuspendability) should be clearly and thoroughly 
conveyed to the patient. 

CONCLUSION
Based on the results obtained from this study, it 

can be concluded that bosentan maintains its physi-
cal and chemical integrity when compounded into a 
6.25 mg/mL oral suspension with the commercially 
available pharmacy vehicles FlavorPlus and Flavor-
Sweet. For those practitioners using bosentan to treat 
pediatric patients with PAH, these results validate 
that compounded oral suspensions of bosentan can 
be used for up to 1 month when stored under con-
trolled room or refrigerated temperatures.
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