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1. ABSTRACT: 

A sensitive, precise, accurate and stability indicating HPLC method was developed and 

validated for estimation of Ebastine. The separation of Ebastine from its degradation products 

was achieved on Kromasil C18 column using acetonitrile: 0.5% phosphoric acid (68:32 %v/v) as 

a mobile phase and detection was performed at 254 nm. The degradation of Ebastine was studied 

under different ICH recommended stress conditions. The method was linear over the range of 5-

120 µg/ml. Limit of Detection and Limit of Quantitation, calculated mathematically, was 0.30 

µg/ml and 0.9 µg/ml, respectively. Ebastine was found to degrade under acid and oxidation 

conditions with first order reaction and zero order reaction, respectively. Half time at room 

temperature in acidic and oxidative condition was calculated. The Arrhenius plot was 

constructed and activation energy of degradation was calculated for both conditions. 

A simple, precise, accurate and stability indicating reverse phase high performance liquid 

chromatographic method for estimation of Azelastine Hydrochloride was developed and 

validated. Chromatography was performed on a 250 mm x 4.6 mm, 5-μm particle size, Waters 

Spherisorb CN column using 50:50 %v/v mixture of 0.05M potassium dihydrogen phosphate 

buffer (pH 3.0) and acetonitrile as mobile phase and the detection was carried out at 290 nm. The 

degradation of Azelastine Hydrochloride was studied under different ICH recommended stress 

conditions and it was found stable. Linearity was established in the concentration range of 5 - 

120 μg/ml. Limit of Detection (LOD) and Limit of Quantitation (LOQ) were calculated 

0.81µg/ml and 2.44µg/ml respectively.  

A sensitive, precise, accurate and stability indicating HPLC method was developed and 

validated for estimation of Bilastine. The separation of Bilastine from its degradation products 

was achieved on Discovery C8 column (250 mm x 4.6 mm, 5µm) using methanol: 0.1% ortho-

phosphoric acid (55:45 %v/v) as a mobile phase and detection was performed at 276 nm. The 

degradation of Bilastine was studied under different ICH recommended stress conditions. The 

method was linear over the range of 25-150 µg/ml. Limit of Detection and Limit of Quantitation, 

calculated mathematically, were 0.19µg/ml and 0.57µg/ml, respectively. Bilastine was found to 

degrade under acid and oxidation conditions. Acid degradation of Bilastine follows first order 

reaction. Half time at room temperature was calculated. The Arrhenius plot was constructed and 

activation energy of degradation was calculated.  
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The structure of products formed under various stress conditions for Ebastine and 

Bilastine were elucidated by LC–MS/MS analysis. The previously developed LC methods were 

suitably modified for LC–MS/MS studies by replacing phosphoric acid with formic acid of the 

same concentration. A complete fragmentation pathway of the drugs (Ebastine and Bilastine) 

was first established to characterize all the degradation products using LC–MS/MS 

fragmentation studies. The obtained mass values were used to study elemental compositions of 

degradation product and fragmentation products, and the total information helped with the 

characterization of degradation products, along with its degradation pathway. 

2. BRIEF DESCRIPTION ON THE STATE OF THE ART OF THE RESEARCH 

TOPIC: 

Antihistaminic Drugs: 

Histamine, meaning ‘tissue amine’ is almost ubiquitously present in animal tissues and in 

certain plants. It is present mostly within storage granules of mast cells. Tissues rich in histamine 

are skin, gastric and intestinal mucosa, lungs, liver and placenta. Non-mast cell histamine occurs 

in brain, epidermis, gastric mucosa and growing regions. Histamine is also present in blood, most 

body secretions, venoms and pathological fluids. Histaminergic receptors were classified by 

Asch and Schild (1966) into H1 and H2. A third H3 receptor which serves primarily as an auto-

receptor controlling histamine release from neurons in brain was identified in 1983. Molecular 

cloning has revealed yet another H4 receptor in 2001(1). 

H1-antihistaminics competitively antagonize actions of histamine of the H1 receptors. H1-

antihiataminics have diverse chemical structure, but majority have a substituted ethylamine side 

chain. The uses of H1-antihiataminics are based on their ability to block certain effects of 

histamine released endogenously, as well as on sedative and anticholinergic properties. They are 

used as antiallergic, antipruritics, in common cold, in motion sickness and as antivertigo (1). 

Second generation H1-receptor antagonists reduce or eliminate the sedation and anti-

cholinergic side effects that occur with first generation H1-receptor antagonists (2). 

Forced degradation study: (3-9) 

The main cause of appearance of impurities in drug substance or drug product is due its 

degradation under the conditions of heat, humidity, solvent, pH and light encountered during 
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manufacture, isolation, purification, drying, storage, transportation and/or formulation. The 

major routes of degradation of any drug substance include hydrolysis, oxidation, heat and 

photolysis. In forced degradation study the natural degradation rate of a pharmaceutical drug 

substance and drug product is increased by the application of an additional stress.  

Forced degradation studies are carried out for the following reasons:  

 To develop and validate stability indicating method to determine the degradation 

products formed during accelerated and long term stability studies. 

 To explicate the possible degradation pathways of drug substances and drug products 

 To identify the reaction that causes degradation of drug substance and drug product 

during storage and use. 

 To identify impurities related to drug substances and drug product. 

 To facilitate the improvements in the manufacturing process and formulation for 

generating stable formulation in parallel with accelerated pharmaceutical studies. 

 Regulatory Requirement 

Identification of degradation products (3,4) : 

An excellent combination of hyphenated chromatographic and spectroscopic technique 

such as HPLC-DAD (High Performance Liquid Chromatography- Photodiode Array ultraviolet 

Detector), LC-MS (Liquid Chromatography-Mass Spectrometry), LC-NMR (Liquid 

Chromatography-Nuclear Magnetic Resonance) and GCMS (Gas Chromatography-Mass 

Spectrometry) are used when drug related impurities cannot be isolated in pure form.  

3. DEFINITION OF THE PROBLEM: 

Azelastine hydrochloride and Ebastine are official in British Pharmacopoeia 2009 while 

Bilastine is a non-compendial substance. Literature review revealed that few stability indicating 

methods (10-12) are reported for determination of Azelastine HCl but it is not sufficient for 

complete stability protocol and kinetic data of Azelastine HCl. There is few stability indicating 

methods (13-17) available in literature for determination of Ebastine. Though it provides helpful 

information about Ebastine degradation, it is not sufficient for complete stability protocol of 

Ebastine and no kinetic study was reported. One hydrophilic interaction liquid chromatographic 

method (18) for determination of bilastine in presence of its impurity and one patent (19) describing 
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detection method for Bilastine and UV spectrophotometric method (20) for determination of 

bilastine were reported. 

Stability studies and degradation kinetics are integral parts of the quality control of a drug 

on an industrial scale. Degradation kinetics is the study of the rate at which degradation occur. It 

is useful to predict shelf life period of the medicine and it gives an insight into the mechanisms 

of changes involved. International Conference on Harmonization (ICH) guideline stipulates that 

the stability of active drug substances must be assessed. These facts initiate this research work. 

4. OBJECTIVES AND SCOPE OF THE WORK: 

 To develop simple, reproducible and reliable HPLC method to determine Azelastine, 

Ebastine and Bilastine in pure form and formulation. 

 To study forced degradation of selected drugs. 

 To optimize the developed methods. 

 All developed methods to be validated for specificity, linearity, accuracy, repeatability, 

precision, Limit of Detection, Limit of Quantification, robustness and system suitability 

as per ICH guideline. 

 To study the degradation kinetics of the selected drugs using the developed methods. 

 To apply developed methods for studying accelerated stability testing of anti-histaminic 

drugs in its formulation. 

 To identify the degradation product produced after forced degradation using LC-MS. 

5. ORIGINAL CONTRIBUTION BY THE THESIS: 

 A simple, precise, accurate and stability indicating reverse phase HPLC methods for 

determination of selected H1-antihiataminics drugs (Ebastine, Azelastine and Bilastine) in 

routine analysis (different method for individual drug) which are validated as per ICH 

guideline and developed method resolves the drug from its degradation product. 

 The order of degradation of Ebastine in acidic and oxidative medium was found and half-

time of the drug at room temperature was calculated and activation energy of the 

degradation was calculated. 

 The order of degradation of Bilastine in acidic medium was found and parameters related 

to kinetic study were calculated. 
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 The degradation products of Ebastine and Bilastine were identified using LC-MS studies. 

6. METHODOLOGY OF RESEARCH AND RESULTS: 

 Methodology of Research work: 

[1] Method development 

 Identification of API: Active pharmaceutical ingredients were identified with the help 

of melting point and IR spectra. 

 Understanding Physicochemical characteristics: solubility of the APIs was checked in 

different solvents.  

 Selection of sample solvent: From the solubility of the drug, solvent for the sample 

preparation was selected. 

 Selection of wavelength 

 Selection of stationary phase and mobile phase 

 Optimization of method: Developed method was optimized with respect to different 

conditions like mobile phase ratio, pH of mobile phase, flow rate, column 

temperature, wavelength to have a good response in terms of peak shape, resolution, 

number of theoretical plates, tailing factor and peak purity. 

[2] Forced degradation study 

API standard solution was subjected to stress condition under thermal, photolytic, 

acid hydrolytic, base hydrolytic, neutral hydrolytic and oxidative stress conditions to 

result in partial degradation of the drug. 

[3] Method validation 

The method validation is done according to ICH Guidelines which includes: 

 Specificity: Ability to measure desired analyte in a complex mixture 

 Accuracy: Agreement between measured and real value 

 Linearity: Proportionality of measured value to concentration 

 Precision: Agreement between a series of measurements 

 Range: Concentration interval where method is precise, accurate, and linear 

 Detection limit: Lowest amount of analyte that can be detected 

 Quantitation limit: Lowest amount of analyte that can be measured 
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 Robustness: Reproducibility under normal but variable laboratory conditions 

[4] Degradation kinetic study:  

Percentage of undegraded drug at different time interval for different temperatures 

was found with the developed method and the data were further processed and the 

degradation kinetics constants were calculated. 

[5] Structure elucidation of degradation products:  

The structure of degradation products formed under various stress conditions were 

elucidated by LC–MS/MS analysis. The previously developed LC methods were 

suitably modified for LC–MS/MS studies. The obtained mass values were used to 

study elemental compositions, and the total information helped with the 

characterization of degradation products, along with its degradation pathway. 

 Results: 

 To achieve good separation of drugs from degradation products 

within reasonable time, mobile phases of various compositions 

were investigated and system suitability test was performed for 

method optimization.  

 Optimized analytical methods: 

Method 

parameter 

Ebastine Azelastine Bilastine 

Stationary 

Phase 

Kromasil C18 (250 x 

4.6 mm, 5µm) column 

Waters Spherisorb CN 

(250 x 4.6 mm, 5µm) 

column 

Discovery C8 (250 x 

4.6 mm, 5µm) 

column 

Mobile phase Acetonitrile: 0.5% 

ortho-phosphoric acid, 

68:32 %v/v 

Acetonitrile: 0.05 M 

KH2PO4 buffer pH 

3.0, 50:50 %v/v 

Methanol: 0.1% 

Ortho-phosphoric 

acid, 55:45 %v/v 

Flow rate 1.0 ml/min. 1.0 ml/min. 1.0 ml/min. 

Injection 

volume 

20 µL 20 µL 10 µL 

Column 

temperature 

40˚C 45˚C 35˚C 
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Diluent Acetonitrile Acetonitrile Methanol  

Detector  PDA PDA PDA 

Retention time 4.27 min. 4.38 min. 3.833 min. 

 Validation of the developed methods: 

Validation parameter Ebastine Azelastine Bilastine 

Linearity  5-120 µg/ml 5-120 µg/ml 25-150 µg/ml 

Correlation co-efficient 

(r2±SDa) 

0.9995 0.9997 0.9996 

Precision (%RSDb) 

Repeatability 

Intraday precision (n=3) 

Interday precision(n=3) 

 

1.645 (n=7) 

0.979 

1.918 

 

1.381 (n=7) 

0.413 

1.092 

 

0.253 (n=6) 

0.941 

1.107 

Accuracy (% recovery) 101.15±0.28 100.05±0.95 99.55±0.26 

Limit of Quantification 0.91 µg/ml 2.44 µg/ml 0.57 µg/ml 

Limit of Detection 0.30 µg/ml 0.81 µg/ml 0.19 µg/ml 

Robustness Robust in column 

temperature 

Robust in column 

temperature, mobile 

phase composition 

and pH of mobile 

phase 

Robust in column 

temperature 

 

 Forced degradation studies: 

No degradation was observed for Ebastine with 1 N NaOH for 5 hr at 80° C and 

with distilled water for 5 hr at 80° C. No additional peak and no significant change in 

initial concentration of Ebastine were observed for drug powder kept at 365nm (long 

wavelength U.V.) for 2 days. Ebastine samples kept under dry heat conditions 

furnished no additional peaks. Ebastine degraded with 0.1 M HCl yielding the 

degradation product at 2.317 minute with good resolution and Ebastine having peak 

purity of 0.999. Ebastine degraded with 1% hydrogen peroxide yielding the 



Ph.D synopsis, GTU, Ahmedabad                                                                              Shital Patel 

 

8 
 

degradation product at 3.943 minute with resolution of 1.56 and Ebastine having peak 

purity of 0.999. 

No significant change in peak area of Azelastine hydrochloride and No additional 

peak was observed when chromatographed after refluxing in 5M HCl at 80°C for 5hr, 

5M NaOH at 80°C for 5hr, 30% H2O2 at 80°C for 5hr, for drug in oven at 70°C for 8 

hr and drug kept at 365 nm for 1 day. 

No significant change in peak area of Bilastine and No additional peak were 

observed when chromatographed after refluxing in 2M NaOH at 80°C for 2 hr, in 

H2O at 80°C for 2 hr, for drug in oven at 70°C for 8 hr and drug kept at 365 nm for 1 

day. Bilastine degraded with 2 M HCl yielding the degradation product at 4.824 

minute with resolution of 3.6. Bilastine degraded with 10% hydrogen peroxide 

yielding the degradation product at 4.612 minute with resolution of 2.3. In all 

degradation sample purity threshold value was found greater than purity angle for 

Bilastine peak which indicates that purity of the drug peak. 

 Application of developed method: 

Developed methods were used to determine the Ebastine and Azelastine HCl in their 

market formulations and the sample of drug products kept for accelerated testing for 1 

month. Assay of Ebast 20 tablet (market formulation of Ebastine) was 99.37% and 

assay of Arzep nasal spray (market formulation of Azelastine) was 99.78%. No 

change was observed in chromatograph of both products after accelerated testing. 

 Degradation kinetics: 

The degradation of Ebastine under acidic condition follows first order kinetics. 

o Degradation Kinetic Data for Ebastine In The Presence of 0.1 M HCl: 

Temperature (°C) 
 

Degradation rate 
constant K (min-1) 

Half time t1/2 

(min.) 
t10 (min.) 

50 °C (323.15 K) 0.00069 1003.04 150.53 
60 °C (333.15 K) 0.00161 429.87 64.51 
70 °C (343.15 K) 0.00276 250.75 37.63 
80 °C (353.15 K) 0.00852 81.33 12.21 
25 °C (calculated) 0.0000608 11,403.67 1711.37 

 

The degradation of Ebastine under oxidative condition follows zero order kinetics. 

o Degradation Kinetic Data for Ebastine In The Presence of 1% H2O2: 
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Temperature (°C)
 
50 °C (323.15 K) 
60 °C (333.15 K) 
70 °C (343.15 K) 
80 °C (353.15 K) 
25 °C (calculated)

 

A plot of log K against 1000/T, Arrhenius plot, was linear in the range of 50

for acidic and oxidative degradation.

8.685 Kcal/mol for acidic and oxidative condition, respectively.

The degradation of Bila

o Degradation Kinetic Data for Ebastine

Temperature (°C)
 
50 °C (323.15 K) 
60 °C (333.15 K) 
70 °C (343.15 K) 
80 °C (353.15 K) 
25 °C (calculated)

A plot of log K against 1000/T, Arrhenius plot, was linear in the range of 

for acidic degradation

12.073 Kcal/mol for acidic condition

 Structure elucidation of degradation products:

The summary of MS/MS results along with structures of degradants is given in 

following table. 

Drug/degradation 
product 

Molecular 
ion m/z

Ebastine 470.2 
[M+H]

Acid degradation 
product of 
Ebastine 

305.2 
[M+2]

Ahmedabad                                                                              

Temperature (°C) Degradation rate 
constant K (min-1) 

Half time t1/2 

(min.) 
t10

 0.327 152.765 30.553
 0.439 113.895 22.779
 0.630 79.352 15.870
 1.045 47.847 9.569

25 °C (calculated) 0.09934 503.322 100.664

against 1000/T, Arrhenius plot, was linear in the range of 50

acidic and oxidative degradation. The activation energy was calculated

acidic and oxidative condition, respectively. 

Bilastine under acidic condition follows first order kinetics.

Degradation Kinetic Data for Ebastine In The Presence of 2 M HCl:

Temperature (°C) Degradation rate 
constant K (min-1) 

Half time t1/2 

(min.) 
t10

 0.001612 429.874 64.512
 0.002994 231.471 34.737
 0.005297 130.831 19.634
 0.00783 88.504 13.282

25 °C (calculated) 0.000345 2008.696 301.4
against 1000/T, Arrhenius plot, was linear in the range of 

acidic degradation for Bilastine. The activation energy was calculated 

acidic condition. 

Structure elucidation of degradation products: 

The summary of MS/MS results along with structures of degradants is given in 

Molecular 
ion m/z 

Fragment ion 
m/z 

Identification  

470.2 
[M+H]+ 

203.1,167.1 

305.2 
[M+2]+ 

204.1, 203.2, 
162.0 
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10 (min.) 

30.553 
22.779 
15.870 
9.569 
100.664 

against 1000/T, Arrhenius plot, was linear in the range of 50-80 °C 

energy was calculated 18.272 and 

stine under acidic condition follows first order kinetics. 

2 M HCl: 

10 (min.) 

64.512 
34.737 
19.634 
13.282 
301.450 

against 1000/T, Arrhenius plot, was linear in the range of 50-80 °C 

energy was calculated and found 

The summary of MS/MS results along with structures of degradants is given in 
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Oxidation 
degradation 
product of 
Ebastine 

486.1 
[M+H]+ 

302.3, 
203.0,182.9, 
167.0, 161.3 

 
Bilastine 464.3 

[M+H]+ 
302.1, 290.1, 
288.1, 286.1, 
272.1,257.1, 
191.1,161.0, 
145.1, 133.0  

Acid degradation 
product of 
Bilastine 

478.3 
[M+H]+ 

286.1, 257.1, 
191, 185.2, 
145.0, 133.1 

 
Oxidation 
degradation 
product of 
Bilastine 

480.4 
[M+H]+ 

302.1, 290.1, 
288.1, 286.1, 
272.1,257.1, 
191.1,185.0, 
161.0, 145.1, 
133.0  

 

7. ACHIEVEMENTS WITH RESPECT TO OBJECTIVES: 

Objective of the research work was to develop and validate the stability indicating 

analytical method for determination of selected anti-histaminic drugs; and perform 

degradation kinetic study and identify the structure of degradation products. 

All the objectives were achieved as all three HPLC methods are simple, less time 

consuming, specific, accurate, precise and stability indicating as by it drugs can be 

determined without interference from degradation products. Developed methods were 

applied for determination of selected APIs in formulation without interference of excipients. 

Degradation kinetics of Ebastine and Bilastine was also studied. Structures of degradation 

products of Ebastine and Bilastine formed in acid and oxidative condition was identified with 

the help of LC-ESI-MS/MS. The test results obtained have been summarized as an 

achievement of the objectives. 

8. CONCLUSION: 

 The present study represents precise, specific, accurate and stability-indicating HPLC 

methods for Ebastine, Azelastine HCl and Bilastine (different method for different drug). 

Statistical analysis proves that the methods are suitable for analysis of Ebastine, Azelastine 
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HCl and Bilastine in the raw material and the respective pharmaceutical product without 

interference from excipients. A stress degradation study was conducted in order to 

investigate the degradation behaviour of selected APIs under ICH recommended condition; 

further kinetic investigation was preferred to check rate of degradation. All validation 

parameter is permitting the application of suggested methods in quality control laboratory. 

All the degradation products of Ebastine and Bilastine were successfully characterized with 

the help of LC–MS/MS analysis. 
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