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Introduction
The stability of the pharmaceutical dosage form is the 
main concern, which affects the efficacy and potency 
along with the physical appearance of the dosage form 
and finally determines shelf life and decides the expiry 
date.[1,2] As a means of testing the drug’s stability, ICH 
guideline Q1A(R2) provides information about the 
stability parameters according to which the data needs to 
be generated to establish the storage conditions, packing 
details, shipment details and shelf life of drug product.
Forced degradation is an effective technique that 
generates preliminary data that would be helpful in 
finalizing tentative storage conditions and the creation 
of a technique that indicates stability.[3,4] In forced 
degradation, the drug product is subjected to extreme 
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It is necessary for a dosage form to maintain its chemical, physical, microbiological and toxicological stability 
during its entire shelf life. Knowing the intrinsic stability of the chemical and the breakdown pathway of 
the dosage form is crucial for this reason. We have developed a straightforward analytical approach using 
HPLC-UV/MS for the simultaneous measurement of bilastine and montelukast, as well as the identification 
of their degradants in tablet formulation. This method is specific, linear, accurate, and robust. The narcotic 
compounds were broken down one by one. The Zorbax XDB C-18 column (150*4.6) mm, 5 µ, with a mobile 
phase of Water:Acetonitrile:Formic acid (50:50:1), was used to achieve the separation. A flow rate of 
1-mL/min was used with an injection volume of 20 µL. A UV-vis spectrophotometer was used for peak 
detection, while a mass spectrophotometer was employed for identification. Bilastine had a retention time 
of 3.22 minutes and montelukast of 4.80 minutes. The proposed method was stability indicating, specific, 
linear, accurate and robust. The degradation pathway was established for bilastine and montelukast by 
studying their degradation under various stress conditions. The bilastine was found stable in photolytic 
and thermal degradation while there was degradation observed in montelukast in all stress conditions.
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A B S T R A C TA R T I C L E  I N F O

circumstances in order to hasten its deterioration, 
which generates the degradation products that can be 
identified and thus helps in establishing the ambient 
storage and shipment conditions for the drug product. 
ICH Q1A (R2) guideline basically suggests stress testing, 
in which the drug product is exposed to slightly harsher 
circumstances than accelerated stability conditions 
(40℃/75% RH), which further helps in establishing the 
inherent stability of the molecule. To validate analytical 
processes’ stability representing power and to discover 
degradation pathways, it is helpful to conduct stress tests 
on drug ingredients. These tests can assist in identifying 
the likely degradation products. The medicine and its 
product type will determine the specifics of the stress 
tests. Effects of oxidation, photolysis, humidity (e.g., ≥75% 
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RH), and temperatures (i.e., 50, 60°C, etc.) beyond those 
for accelerated testing must be involved. Additionally, the 
assay needs to check how the medicinal component reacts 
to hydrolysis in different solutions or suspensions across 
a broad pH range. An essential aspect of stress testing 
ought to be photostability testing. In order to determine 
degradation pathways and create and validate appropriate 
analytical methods, it is helpful to examine degradation 
products under stress circumstances. There may be no 
need to look for particular degradation products if it has 
been proven that they don’t occur in accelerated or long-
term storage. Data supplied to regulatory agencies during 
submission will include the results of this research.[5-9] 

Materials And Methods

Chemical and Reagents
Samples of bilastine API were received from Montage 
Laboratories Pvt Ltd, and montelukast API was received 
from Mediwin Pharmaceuticals. The marketed sample 
Bilzest M was used for the study procured from the 
market. The LC-MS grade methanol and acetonitrile were 
purchased from JT-Baker. LC-MS grade H2O from Aquarch. 
LC-MS grade formic acid was purchased from Merck.

Instrumentation
An Agilent Zorbax XDB C-18, (150*4.6) mm, 5 µ column 
was used. The Zorbax XDB (eXtra Dense Bonding) column 
offers great performance at lower and mid pH. The dense 
layer of C-18 attached to the surface of Silica, followed 
by the end-capping process, offers a good peak shape 
and minimal secondary interaction with the analyte. 
The HPLC used was Shimadzu LC-20 AT connected with 
a UV detector and MS/MS was ABScix API 200. The 
instrument provides UV chromatogram and MS spectra 
in a single run. The photostability and thermal stability 
were carried out in the hot air oven and photostability 
chamber of make Kesar control system, respectively. 
The analytical balance capable of weighing up to 4 
decimal places of Shimadzu ATX-224 make was used. The 
sonicator used was Frontline 1870 make and pH meter of 
Analab Scientific Private Ltd (Table 1).

Chromatographic Conditions
A column with dimensions of 150 × 4.6 mm and a height of 
5 μ is utilized, which is manufactured by Agilent. A mobile 
phase A, consisting of 0.1% formic acid in H2O (made by 
mixing 1-mL of formic acid with 1000 mL of water), and 
a binary mobile phase B, comprising acetonitrile, are 
utilized. To make the mobile phase, we combine mobile 
phases A and B in a 50:50 ratio. A 10-minute isocratic 
program with a flow rate of 1.0 mL/min operates a mobile 
phase. Constantly kept at 35°C is the temperature of the 
column. The volume of the injection is 20 µL. The diluent 
was a mixture of 50 parts water and 50 parts acetonitrile 
by volume. The sample compartment temperature is kept 

at room temperature.[20-23] The UV detection wavelength 
selected is 280 nm (Fig. 1). 

MS Conditions
The MS system of ABScix API200 equipped with the 
autosampler, autoinjector, and ion-source-ESI was 
used.[10-34]

Preparation of Sample and Standard Solutions
To make a 20 µg/mL stock solution of bilastine, 20 mg of 
the drug was shifted to a 100 mL volumetric flask and 
the diluent was dissolved. To make the montelukast stock 
solution (10 µg/mL), 10 mg of montelukast was dissolved in 
100 mL of a volumetric flask and then mixed with a diluent. 
All things considered. A 2 and 1 µg/mL stock solution 
of bilastine and montelukast, respectively, was used to 
prepare a working standard solution.[35-36]

Forced Degradation Solution
Forced degradation of the APIs was done to identify the 
degradants and to establish the degradation pathway of 
the bilastine and montelukast.[37-38]

Bilastine Degradation Procedure

Acid degradation
A 1-mL of the standard solution was added to a 100 mL 
volumetric f lask along with 1-mL of 1N HCl, and the 
combination was allowed to settle for 5 hours at room 
temperature. To neutralize sample after 5 hours, 1.0 mL of 
1N NaOH was added. Then, diluent (2 µg/mL) was added 
till the volume was reached.

Base degradation
About 1-mL of standard solution was put to a 100 mL 
volumetric flask along with 1-mL of 1N NaOH. The mixture 
was then let to sit at room temperature for 5 hours. 
Dilute the sample to volume with diluent (2 µg/mL) and 
neutralize it with 1.0 mL of 1N HCl after 5 hours.

Table 1: MS parameters

Instrument

Automated sample and injector systems, a collision 
energy spectrometer, a Q1 ion source, a column oven, 
and an ESI electron spray ionizer are all standard 
features of the API-2000 liquid chromatography-
mass spectrometer.

Ion source setting Scan setting

Ion source ESI Positive ion Polarity

Temperature 400°C 40 Declustering 
potential

Ion spray 
voltage 5000 1–10 min Scan time

Curtain gas 20 psi MRM Scan type

Ion source gas 
(GS1) 50 psi 400 Focusing 

potential

Ion source gas 
(GS2) 60 psi 10 Entrance 

potential
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Oxidative degradation
About 1-mL of standard stock solution was added to a 
100 mL volumetric flask along with 1-mL of 30% H2O2, and 
this combination was allowed to settle for 3 hours at room 
temperature. Diluted to volume with a solution containing 
2 µg/mL after three hours.

Thermal degradation
About 50 mg of bilastine was measured and then stored in 
a petri dish in a hot air oven set at 1000℃ for a duration of 
72 hours. Following a 72-hour period, 20 mg of bilastine 
was measured, moved to a 100 mL volumetric flask, and 
mixed with a diluent. 1.5 mL of solution was added to a 
100 mL volumetric flask with diluent (2 µg/mL) until the 
volume was reached.

Photodegradation
About 50 mg of bilastine was measured and then exposed 
to light for 1.6 lux hours in a photostability chamber. About 
20 mg of bilastine was weighed when the cycle ended and 
then dissolved in 100 mL of a volumetric flask with diluent. 
1.5 mL of solution was added to a 100 mL volumetric flask 
with diluent (2 µg/mL) until the volume was reached. [39]

Montelukast Degradation Procedure

Acid degradation
A 1-mL of the standard solution was put into a 100-mL 
volumetric flask along with 1-mL of 0.1N HCl, and this 
The combination was allowed to settle for 4 hours at 
room temperature. A solution of 1N NaOH was added to 
the sample after 4 hours to neutralize it, then a diluent 
(1-µg/mL) was added until the volume was reached.

Base degradation
A 1-mL of the standard solution was shifted to a 100 mL 
volumetric flask, followed by adding 1.0 mL of 0.1N NaOH. 
The flask was then left at room temperature for 4 hours. 
Following a 4-hour period, 0.1 mL of 1N HCl was added to 
the sample to neutralize it, and then diluent (1-µg/mL) was 
added until up to volume.

Oxidative degradation
A 1-mL of standard stock solution was added to a 100 mL 
volumetric flask along with 1-mL of 30% H2O2, and the 
combination was allowed to settle for 3 hours at room 
temperature. After waiting three hours, add diluent 
(1-µg/mL) until volume is reached.

Thermal degradation
A 50 mg of montelukast was measured and then stored in 
a petri dish in a hot air oven set at 1000℃ for a duration of 
72 hours. Following a 72-hour period, 10 mg of montelukast 
API was measured, transported to a 100 mL volumetric 
flask, and dissolved in a diluent. A 100 mL volumetric flask 
was filled to capacity with diluent (1-µg/mL) after 1.0 mL 
of this solution was added to it.

Photodegradation
About 50 mg of montelukast was measured and then 
exposed to light for 1.6 lux hours in a photostability 
chamber. Dissolve 10 mg of montelukast in 100 mL of 
diluent after the cycle ends. Transfer the mixture to a 
100 mL volumetric flask. About 100 mL volumetric flasks 
were filled to capacity with diluent (1-µg/mL) after 1.0 mL 
of this solution was added to them.

Chromatographic and LC/MS Interpretation

Standard solution
Standard solution of 2 µg/mL of bilastine and 1-µg/mL of 
montelukast was injected as a part of system suitability.

Fig. 1: Representative chromatogram of bilastine and montelukast

Fig. 2: Extracted mass spectra of bilastine (Molecular weight- 
463.2 g/mol)

Fig. 3: Extracted mass spectra of bilastine (Molecular weight-  
586.3 g/mol)



Deepanshu Markanday et al.

Int. J. Pharm. Sci. Drug Res., November - December, 2024, Vol 16, Issue 6, 949-959952

Fig. 4: Representative chromatogram of bilastine control sample

Fig. 5: Extracted mass spectra of bilastine control sample
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Fig. 6: Structure of bilastine

Bilastine acid degradation pathway
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Fig. 7: Acid degradation pathway of bilastine

Fig. 8: Representative chromatogram of acid degradation sample of 
bilastine

Bilastine Forced Degradation
The control sample and forced degraded samples of 
bilastine were injected into the HPLC and following 
chromatograms and MS spectra were obtained (Figs 2-6 
and Table 2).

Bilastine acid degradation
Bilastine on degradation in acidic condition gives bilastine 
DP-1, which elutes at 2.40 minutes and molecular mass of 
279.400 Da (Figs 7-9).

Bilastine base degradation
Bilastine on degradation in acidic condition gives bilastine 
DP-2, which elutes at 7.09 minutes and molecular mass of 
389.200 Da (Figs 10-12).

Bilastine oxidative degradation
Bilastine on Oxidative degradation gives bilastine DP-3, 
which elutes at 5.60 minutes and molecular mass of 
394.500 Da (Figs 13-15).

Bilastine thermal and photodegradation
Bilastine is stable in thermal and photolytic conditions as 
no degradation observed (Fig. 16).

Degradation summary of bilastine
Degradation product-1 formed by acid hydrolysis, 
degradation product-2 formed by base hydrolysis and 
degradation product-3 formed by oxidative hydrolysis, 
while there was no degradation observed in the thermal 
and photolysis. This study shows that bilastine is prone to 
hydrolysis and remains stable when exposed to thermal 
and photolytic stress conditions (Figs 17 and 18).
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Fig. 9: Mass spectra of bilastine acid degradation

Bilastine base degradation pathway
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Fig. 10: Base degradation pathway of bilastine

Fig. 11: Representative chromatogram of base degradation sample 
of bilastine

Fig. 12:  MS spectra of base degradation of bilastine

Bilastine oxidation degradation pathway
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Fig. 13: Oxidative degradation pathway of bilastine

 

Fig. 14: Representative chromatogram of oxidative degradation of 
bilastine
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Fig. 15: Mass spectra of oxidative degradation of bilastine

Fig. 16: Representative chromatogram of bilastine thermal and 
photodegradation sample.

Fig. 17: Mass spectra of bilastine photodegradation

Fig. 18: Mass spectra of bilastine thermal degradation

Table 2: Degradation of bilastine

API/Degradant Degradation Retention 
time (min)

m/z Ratio (Da)

MRM Q1 MRM Q3

Bilastine NA 3.27 464.3 190.9

Bilastine DP-1 Acid 2.40 274.3 201.3

Bilastine DP-2 Base 7.09 389.2 298.4

Bilastine DP-3 Oxidative 5.60 394.5 289.4

  Thermal No Degradation Observed

Photo

Fig. 19: Representative chromatrogram of montelukast control 
sample

Note: The spectra of thermal and photo degradation were same to 
bilastine API. This shows that there is no degradation.

Fig. 20: Mass spectra of montelukast control sample
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Fig. 21: Montelukast structure      
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Montelukast acid degradation pathway
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Fig. 22: Acid degradation pathway of montelukast

Fig. 23: Representative chromatogram of acid degradation sample 
of montelukast

Fig. 24: Mass spectra of acid degradation of montelukast

Montelukast base degradation pathway
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Fig. 25: Base degradation pathway of montelukast

Fig. 26: Representative chromatogram of base degradation sample 
of montelukast

Fig. 27: Mass spectra of base degradation of montelukast
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Montelukast oxidation degradation pathway
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Fig. 28: Oxidative degradation pathway of bilastine acid 
degradation

Fig. 29: Representative chromatogram of oxidative degradation of 
montelukast

Fig. 30: Mass spectra of oxidation degradation of montelukast

Montelukast photo/thermal degradation pathway
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Fig. 31:  Thermal/photo degradation pathway of bilastine acid 
degradation

Montelukast degradation
The control sample and forced degraded samples of 
montelukast are injected into the HPLC and following 
chromatograms and MS spectra obtained (Figs 19-21).

Montelukast acid degradation
Montelukast on degradation in acidic condition gives 
montelukast DP-1, which elutes at 2.04 minutes and 
molecular mass of 279.500 Da (Figs 22-24).

Montelukast base degradation
Montelukast on degradation in Basic condition gives 
montelukast DP-2, which elutes at 7.04 minutes and 
molecular mass of 550.300 Da (Figs 25-27).

Montelukast oxidative degradation
Montelukast on degradation in basic condition gives 
montelukast DP-2, which elutes at 7.04 minutes and 
molecular mass of 550.300 Da (Figs 28-30).

Montelukast Thermal/Photo Degradation
Montelukast degrades to Montelukast DP4 and DP5 in 
thermal and photolytic degradation. The degradant was 
same, which elutes at 8.14 minutes with molecular mass 
of 568.100 Da (Figs 31 and 32).
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Fig. 32: Representative chromatogram of thermal degradation of 
montelukast

Fig. 33: Mass spectra of thermal degradation of montelukast

Table 3: Degradation of montelukast

API/Degradant Degradation Retention time (min)
m/z Ratio (Da)

MRM Q1 MRM Q3

Montelukast NA 4.8 586.3 568.4

Montelukast DP-1 Acid 2.0 279.5 281.6

Montelukast DP-2 Base 7.6 550.3 258.2

Montelukast DP-3 Oxidative 2.2 585.3 543.6

Montelukast DP-4 Thermal 8.1 568.1 265.2

Montelukast DP-5 Photo 8.1 568.1 265.2

Summary of Montelukast Degradation
Montelukast degradation product-1 formed by acid 
hydrolysis, degradation product-2 formed by base 
hydrolysis and degradation product-3 was formed by 
oxidative hydrolysis, while the degradation products 4 
and 5 have the same retention time and same molecular 
mass, which predicted the same structure in the thermal 
and photolysis, respectively, which means degradation 
product of thermal and photolytic degradation is same 
for montelukast. This study shows that montelukast gets 
degraded when exposed to the acid, base, oxidation, photo 
and thermal degradation (Fig. 33 and Table 3).

Method Validation
According to ICH Q2 (R1) standards, the procedure 
underwent thorough validation. Specificity was tested 
by injecting the blank, standard, and marketed samples. 
Linearity and accuracy was proved from LoQ to 125% 
level (For bilastine 0.1–2.5 µg/mL and for montelukast 
0.05–12.5 µg/mL). The method was precise at LoQ level for 
montelukast with s/n ratio of 11 and for bilastine s/n ratio 
was 12. LoD of the method was established at 0.05 µg/mL 
for bilastine and 0.025 µg/mL for montelukast. The method 
was found robust for flow rate variation (1.2 and 0.8 mL/
min) and for mobile phase composition variation (40:60-
Mobile Phase A: Mobile Phase B and 60:40- Mobile Phase 
A: Mobile Phase B). All system suitability parameters were 
passing for robustness conditions.

Results And Discussion

Method Development and Optimization
Separation of peaks (primary peak, impurities, and others) 
is the fundamental goal of chromatographic methods. 
Various trials were taken to optimize the method using 
different columns and mobile phase combinations. Method 
development was initiated with mobile phase A as water 
and mobile phase B as acetonitrile in 70:30 ratio, with 
flow rate of 0.8 mL/min, column as Phenomenex Luna C-18 
(250*4.6) mm, 5 µm. Bilastine was observed at 6 minutes, 
while montelukast peak was not observed. Further flow 
rate was increased to 1.0 mL/minute and mobile phase 
composition was changed to 60:40. Montelukast peak was 
not eluted in this trial. The mobile phase A was replaced 
by 0.1% CH₂O₂ in H2O and the flow rate was changed to 
0.8 mL/min and column as Zorbax XDB C-18 (150*4.6) 
mm, 5 µm and in this trial Bilastine and Montelukast was 
observed. During forced degradation few changes in the 
method were made to elute the degradation peaks within 
10 minutes of run time. The chromatographic condition 
was finalized with column Agilent, Zorbax XDB C-18 
(150*4.6) mm, 5 µm, and mobile phase as 0.1% CH₂O₂ in 
H2O and acetonitrile (50:50) as mobile phase, with mode of 
elution as isocratic and column temperature of 35℃ with 
flow rate of 1.0 mL/minute, injection volume of 20 µL and 
run time of 10 minutes (Figs 34 and 35).
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Fig. 34: Representative chromatogram of photodegradation of 
montelukast

Fig. 35: Mass spectra of photodegradation of montelukast

Forced Degradation Studies

Bilastine
Degradation was observed in bilastine in acid, base and 
oxidation condition. The major acid degradant (Bilastine 
DP1) was witnessed with m/z ratio of 274.300 Da, for 
base degradation (Bilastine DP2) major degradant was 
witnessed with m/z ratio of 389.200 Da, for oxidative 
degradation (Bilastine DP3) major degradant was 
witnessed with m/z ratio of 394.500 Da. No degradation 
was observed in thermal and photodegradation.

Montelukast
Degradation was observed in montelukast in acid, base, 
oxidation, photo and thermal condition. The major acid 
degradant (Montelukast DP1) was witnessed with m/z 
ratio of 279.500 Da, for base degradation (Montelukast 
DP2) major degradant was witnessed with m/z ratio of 
550.300 Da, for oxidative degradation (Montelukast DP3) 
major degradant was witnessed with m/z ratio of 585.300 
Da. For thermal and photodegradation, the same profile 
was observed, with major degradants (Montelukast DP4 
& DP5) with m/z ratio of 568.100 Da.

Conclusion
A short, mass-compatible method is developed for 
simultaneous quantification of degradation products 
of montelukast and bilastine. Degradation pathways of 
montelukast and bilastine are established and structures 
of degradation products are identified. The bilastine 
is stable under thermal and photolytic degradation, 

while the montelukast shows degradation in all stress 
conditions. The results obtained indicate that the 
process is stability-indicating, specific, accurate, linear 
and specific. The commercialized preparation has 
been successfully prepared using the procedure. The 
aforementioned medicinal goods, or a mix of the two, 
can be effectively subjected to the method’s routine and 
stability analyses. The method’s key selling point is that 
it can be utilized to detect any unknown peak-generating 
during stability investigations without requiring any 
additional adjustments, and it is also mass-compatible. 
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