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Abstract

Background: Azelastine HCl (AZ) and fluticasone propionate (FL) nasal spray drug product is commonly used in the treatment
of allergic rhinitis worldwide. To date, the impurity profiling of this product has not been reported.
Objective: The present study aimed to develop and validate a novel RP-HPLC stability-indicating analytical method for the
estimation of impurities from AZ and FL nasal spray drug product.
Methods: A mixture of octane sulfonic acid sodium salt and trifluroacetic acid is used as a mobile phase A. Acetonitrile is
used as a mobile phase B. Good separation was achieved on Baker bond phenyl hexyl, 250 � 4.6, 5mm column at 1 mL/min
flow rate in gradient elution mode. The chromatograms were monitored at 239 nm.
Results: The LOD and LOQ were found to be 0.006 and 0.019mg/mL for AZ and 0.010 and 0.030mg/mL for FL, respectively. The
correlation coefficient for all the known impurities and principal analytes was 0.999 from LOQ level to 150% of standard
concentration. The recovery for all the known impurities was found to be between 90 and 110%. In the stress study, 15%
degradation was observed in basic conditions and 8.7% in acidic conditions. No significant degradation was observed in
thermal and oxidative conditions.
Conclusion: An impurity profiling method for AZ and FL combination nasal spray product was successfully developed,
validated, and demonstrated to be accurate, precise, specific, robust, and stability-indicating. The method can be routinely
used for impurity testing of commercial batches in QC laboratories in the pharmaceutical industry.
Highlights: No impurity study has been reported for this combination product until now.

The efficacy and safety of any medicine is dependent on the pu-
rity of the drug product. Hence, impurity testing is the most crit-
ical part of any drug specification meant for registration with
various drug regulatory bodies such as United States Food and
Drug Administration (US FDA), United Kingdom Medicines and
Healthcare products Regulatory Agency (UK MHRA) etc. The
azelastine HCl (AZ) and fluticasone propionate (FL) nasal spray

product is one of the most prescribed medications for the treat-
ment of allergic rhinitis. The recommended dose is two sprays
in each nostril twice daily (1). AZ acts as an antihistaminic and
FL as a corticosteroid for the symptomatic relief from nasal al-
lergy (2). The IUPAC name of AZ (Figure 1a) is (6)-1-(2H)-phtha-
lazinone, 4-[(4-chlorophenyl)methyl]-2-(hexahydro-1-methyl-
1H-azepin-4-yl)-, monohydrochloride. It is a white crystalline

Received: 11 March 2022; Revised: 9 March 2023; Accepted: 9 March 2023
VC The Author(s) 2023. Published by Oxford University Press on behalf of AOAC INTERNATIONAL. All rights reserved.
For permissions, please email: journals.permissions@oup.com

1

Journal of AOAC INTERNATIONAL, 2023, 1–7

https://doi.org/10.1093/jaoacint/qsad036
Advance Access Publication Date: 17 March 2023
Research Article

https://orcid.org/0000-0002-1188-9947
https://orcid.org/0000-0001-9893-2540
https://orcid.org/0000-0002-6659-8901
https://orcid.org/0000-0003-4787-2730
https://orcid.org/0000-0002-7645-6966
https://orcid.org/0000-0002-1723-8002
https://academic.oup.com/


powder sparingly soluble in water, soluble in ethanol and methy-
lene chloride (3). The known impurity of AZ (impurity E) is harm-
ful if swallowed, toxic if it is absorbed through the skin, inhaled,
and causes skin irritation. Hence strict control and monitoring of
such impurities within the acceptance criterion is very important.

The International Union of Pure and Applied Chemistry
(IUPAC) name of FL is [(6S, 8S, 9R, 10S, 11S, 13S, 14S, 16R, 17R)-
6,9-difluoro-17-(fluoromethylsulfanylcarbonyl)-11-hydroxy-10,13,
16-trimethyl-3-oxo-6,7,8,11,12,14,15,16-octahydrocyclopenta[a]-
phenanthren-17-yl] propionate (4). It has anti-inflammatory
properties and, hence, is used in the treatment of asthma and
allergic rhinitis in various nasal spray and dry powder inhaler
dosage forms (5). The chemical structure of FL is shown in
Figure 1b. AZ contains four known impurities viz. AZ impurity
A, B, C, and E. FL contains 11 known impurities viz. FL impurity
A, B, C, D, E, F, G, H, I, J, and K. As per the British Pharmacopeia
(BP) 2020, FL impurities C, D, and G are classified under the
specified impurities and the rest of the impurities are classified
under unknown impurities. Hence, during method develop-
ment we have monitored only FL impurities C, D, and G in the
nasal spray product. We have proved the specificity for all the
15 known impurities of AZ and FL by individually injecting
them. Although both active pharmaceutical ingredients (APIs)
are official in the United States Pharmacopeia (USP), BP, and
European Pharmacopeia (Ph. Eur.), the combination product is
not official in any of the pharmacopoeias.

During an extensive literature review, we observed that few
methods were reported for AZ estimation from nasal spray (5)
and ophthalmic (6) dosage forms. Assay methods are reported
for AZ and FL combination products by HPLC (7–8) and HPTLC
(9). The impurity quantification methods for AZ from nasal
spray (10–11) products are also reported. For FL, assay by HPTLC
(12–13) Ultra Performance Liquid Chromatography (UPLC) (14),
and HPLC (15) is reported for APIs, dry powder inhalation, and
nasal spray dosage form. Impurity quantification for FL in com-
bination with salmeterol xinafoate (15–17) and individual con-
tent of FL by UPLC (18) and combination with salmeterol
xinafoate (19–22) is also reported. To the best of our knowledge,
a method for the simultaneous estimation of organic impurities
of AZ and FL in their combination nasal spray drug product is
not reported. Hence, an attempt has been made to develop and
validate a method as per International Conference on
Harmonization (ICH) and USP guidelines (23) for the simulta-
neous quantitation of known and unknown impurities of AZ
and FL from nasal spray drug product.

Experimental
Apparatus

(a) A Shimadzu LC 2010 CHT HPLC with Lab Solution software
and a UV detector was used. Wavelength selection, the

selectivity study, and the method precision study was per-
formed on a Waters HPLC with Empower 3 software con-
nected to a2695 photo diode array (PDA) detector.

(b) A Mettler Toledo pH meter was used for pH adjustment of
the mobile phase.

(c) Mettler Toledo (XO-26) and Sansui (HTR-220E) balances
were used for weighing during the complete study.

(d) A Suntest XLSþ photo stability (Atlas) chamber was used
for the photo-degradation study.

(e) A Thermo lab oven (TO00003252S) was used for the thermal
degradation study.

Study material

AZ (Ph.Eur grade) and FL In-house (IH) grade) was purchased
from Aarti Drugs, Mumbai, India. These APIs were used for in-
house working standard qualification against reference stand-
ards. The in-house qualified working standards for AZ (99.8%
purity) and FL (99.6% purity) were used during the method de-
velopment and validation study. The complete method devel-
opment and validation study was carried out on In-house
manufactured samples and placebo batches. The marketed for-
mulation Dymista manufactured by Meda Pharmaceuticals
Limited, Canada (137 mcg/50 mcg per spray of AZ and FL, re-
spectively) was analyzed using this validated analytical
method.

Reagents

HPLC grade Milli-Q water with conductivity less than 0.055
mS/cm at 25 �C was used during the development and validation.
AR grade octane sulfonic acid sodium salt and trifluroacetic
acid (TFA; Finar-India) and HPLC grade acetonitrile and metha-
nol (Rankem-India) were used for mobile phase preparation.

Method Optimization

Method development trials were initiated by using 0.5% ortho-
phosporic acid and acetonitrile (20:80) as a diluent and monoba-
sic potassium phosphate buffer at different pH in various
combinations of acetonitrile and methanol as a mobile phase.
Inertsil ODS 250 � 4.6 mm, 5 mm; Hypersil BDS C18, 250 �
4.6 mm, 5 mm; Baker bond C18, 250 � 4.6 mm, 5 mm HPLC col-
umns (JT Baker, USA) were used during the method develop-
ment trials. Maximum peak resolution was obtained from 0.2 g/
L 1-octane sulfonic acid sodium salt with 0.5 mL/L TFA in the
mobile phase (24) and a Baker bond phenyl hexyl, 250 � 4.6 mm,
5 m HPLC column. The gradient was optimized for better separa-
tion at 239 nm based on the optimum response of impurities
and both the analytes.

Mobile phase preparation

1-Octane sulfonic acid sodium salt (0.2 g) was transferred into a
glass bottle containing 1 L HPLC grade water. The mixture was
sonicated and filtered through a 0.45 m filter. TFA (0.5 mL) and
10 mL acetonitrile were added, mixed well, degassed, and used
as mobile phase A. Acetonitrile with 0.02% TFA was used as mo-
bile phase B. The gradient program reported in Table 1 was opti-
mized for better separation and column efficiency.

Diluent

The diluent was 0.5% orthophosporic acid in water and acetoni-
trile in the ratio of 20:80.

Figure 1. Chemical structure of azelastine hydrochloride and fluticasone

propionate.
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Standard Preparation

(a) Preparation of AZ standard stock solution.—Accurately
weighed 8 mg of AZ working standard was transferred to a
100 mL volumetric flask; about 70 mL diluent was added
and the flask sonicated with intermittent shaking. The vol-
ume was made up to the mark with diluent.

(b) Preparation of FL standard stock solution.—Accurately weighed
6 mg of FL working standard was transferred to a 100 mL
volumetric flask; about 70 mL diluent was added and the
flask sonicated with intermittent shaking. The volume was
made up to the mark with diluent.

(c) Preparation of mix standard solution.—The mix standard solu-
tion was prepared by adding 5 mL AZ standard stock solu-
tion and 5 mL FL standard stock solution to a 100 mL
volumetric flask and adjusting the volume with diluent.

(d) Preparation of AZ impurity stock solution.—Accurately weighed
(about 2 mg each) AZ impurities A, B, C, and E were trans-
ferred separately to a 100 mL volumetric flask, dissolved by
sonication, and diluted up to the mark with diluent.

(e) Preparation of FL impurity stock solution.—Accurately weighed
(about 2 mg each) FL impurities A, B, C, D, E, F, G, H, and I were
transferred separately to a 100 mL volumetric flask, dissolved
by sonication, and diluted up to the mark with diluent.

(f) Preparation of system suitability solution.— Into a 50 mL volu-
metric flask, add 2 mL AZ standard stock solution, AZ im-
purities A, B, C, and E was transferred; 0.5 mL of FL
standard stock solution and 1.5 mL of FL impurity A, B, C,
D, E, F, G, H and I stock solution were transferred. The flask
was made up to the mark with diluent, mixed well, and
used as a system suitability solution.

Sample Preparation

Nasal spray solution equivalent to 8 mg of AZ (about 8 g sample)
was transferred to a 20 mL volumetric flask. About 10 mL diluent
was added, mixed well, and the flask sonicated for 20 min with
intermittent shaking. The volume was made up to the mark
with diluent and centrifuged at 5000 revolutions per minute
(rpm) for 10 min. The supernatant was filtered through a 0.45 m
filter and used for HPLC analysis.

System Suitability Criteria

The relative retention times (RRTs) for all the known impurities
are listed in Table 2. The similarity factor between standard-1
and standard-2 was determined (acceptance criterion 97–103%).
The resolution between FL impurity A and AZ impurity C, FL im-
purity F and AZ impurity E (not less than 2.0), and FL and FL im-
purity C (not less than 3.0) is reported. The theoretical plates (not
less than 2000) and tailing factor limit for standard-1 (not more
than 2) was measured as a part of the system suitability study.
The system suitability parameters are reported in Table 3.

Analytical Method Validation

Analytical method validation for the developed method was
carried out as per ICH guidelines (23) for parameters including
accuracy, precision, selectivity, linearity, LOD, LOQ, and range.

Accuracy

The accuracy of the method was estimated in terms of its
percent recovery for all the known impurities and principal
analytes by spiking them in placebos at LOQ level, and 50, 100,
and 150% of specification level. The spiked samples were then
analyzed in triplicate and the % recovery of individual impurities
calculated. The limit of % recovery of individual impurities was
set 90 to 110% at 50 to 150% levels, and 85 to 115% at LOQ level.

Precision

In the precision study, standard solution-1 and standard
solution-2 were injected and the similarity factor was calculated
for both the analytes.

Method Precision and Intermediate Precision

The study was performed on six samples for the estimation of
known impurities. The RSDs, %, of individual known impurities,
single maximum impurity, and total impurities percentages
were calculated. In the tested sample, both known and un-
known impurities were found to be below the LOD. Hence, the
study was carried out by spiking all the known impurities at the
100% level in the tested sample in six replicate preparations.

Table 1. Gradient program

Time, min Mobile phase A, % Mobile phase B, %

0.1 78 22
30 52 48
60 52 48
90 30 70
110.0 30 70
110.1 78 22
120.0 78 22

Table 2. RRTs for known impurities

Serial Number Analyte RRT

1 AZ impurity A About 0.215 with respect to AZ
2 AZ impurity B About 0.287 with respect to AZ
3 AZ HCl 1.0
4 AZ impurity C About 1.190 with respect to AZ
5 AZ impurity E About 2.521 with respect to AZ
6 FL impurity A About 0.548 with respect to FL
7 FL impurity B About 0.602 with respect to FL
8 FL impurity C About 0.836 with respect to FL
9 FL impurity D About 0.911 with respect to FL
10 FL 1.0
11 FL impurity E About 1.077 with respect to FL
12 FL impurity F About 1.166 with respect to FL
13 FL impurity G About 2.521 with respect to FL
14 FL impurity H About 1.589 with respect to FL
15 FL impurity I About 1.686 with respect to FL

Table 3. System suitability results

Sr. No. System suitability parameters AZ FL

1 Theoretical plates 121399 54935
2 Tailing factor 1.22 1.10
3 Similarity Factor 99.6 99.7

Resolution between co-eluting
peaks

Result Limit

1 FL impurity A and AZ impurity C 2.1 Not less than 2.0
2 FL and FL impurity C 3.9 Not less than 3.0
3 FL impurity A and AZ impurity C 2.3 Not less than 2.0
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The intermediate precision study was performed by a different
analyst on a different day on a different make of HPLC system
with a different HPLC column lot. The RSD, %, for individual im-
purities of 12 samples from method precision and intermediate
precision were determined as not more than (NMT) 15%.

Specificity

The specificity of the method was evaluated by the selectivity
and forced degradation study. The individual solutions of all the
known impurities and principal analytes were injected and ex-
amined for any interference from placebo and diluent at the re-
tention time of each analyte.

Forced Degradation Study

This study was performed to evaluate the stability-indicating
nature of the method. The sample and placebo were treated
with acid, base, peroxide, light, and heat. The mass balance was
determined by analyzing the % content by using validated assay
method. The results are reported in Table 4.

LOD and LOQ

The LOD and LOQ values are calculated at S/Ns of 3 and 10, re-
spectively. The LOD and LOQ determination was carried out at
minimum four levels below the 50% level of the working con-
centration. For each level, the samples were injected in tripli-
cate to calculate LOD and LOQ by the 10r/S and 3r/S methods as
per ICH guidelines.

Linearity

The linearity study was conducted at seven different levels begin-
ning from the LOQ level to 150% of the standard concentration. All
the impurity solutions and standard solutions were spiked from
LOQ to 150% and injected in triplicate. The correlation coefficient
(r2) for each individual impurity and the principal analyte were
calculated (acceptance criterion of r2 NLT (Not less than) 0.995).

Range

The range of the method was established for the lowest and the
highest concentration at which the response was directly pro-
portional to the analyte concentration during the linearity study
with good precision and accuracy.

Robustness

The robustness of the method was proved by slightly varying the
method parameters such as a change in column temperature
65�C, wavelength 63nm, flow rate 60.1 mL, and organic compo-
sition in the mobile phase 65%. The system suitability parame-
ters were evaluated for each condition.

Solution Stability and Filter Validation

The solution stability of the sample solution, impurity standard
solution, and working standard solution was monitored at
room temperature. All the solutions were injected at different
time intervals including initial and after 12, 24, and 48 h and
evaluated for any significant variation in peak area. The filter
validation study was carried out by injecting the filtered sam-
ple solution by discarding 0, 2, and 5 mL of the initial filtrate
from various filters available in the market. The study was con-
ducted on a 0.45 m nylon filter, nylon prefilter, PVDF filter, PVDF
prefilter, and PTFE filter. The sample chromatograms were
evaluated for any unwanted peaks generated due to filter
interference.

Results and Discussion

During the various method development trials, we found that
the addition of 0.2 g/L 1-octane sulfonic acid sodium salt with
0.5 ml/L TFA in the mobile phase significantly improved the res-
olution between the FL impurities C and D, and AZ impurity E.
The developed method was validated as per ICH (Q2 R1) guide-
lines for various parameters.

Accuracy

The % recovery of AZ was found to be 106.5, 109, 100.3, 99.8,
and the % recovery of FL was found to be 96.9, 100.2,100, 101.8
at LOQ, 50, 100 and 150%, levels respectively. Also, the recovery
of all the known impurities of AZ and FL was found to be
within 90 to 110%. The data shows that the method has a good
ability to accurately recover both analytes from the LOQ to
150% level.

Precision

The precision of the method was proved by calculating the RSD,
%, of individual impurities spiked in six sample preparations
during the method precision and intermediate precision study.
The RSDs of each impurity and principal analyte from 12 sam-
ples (six from method precision and six from intermediate pre-
cision) were less than 15%.

Specificity

(a) By selectivity.—No interference was observed at the retention
time of the each individual impurity and the principal ana-
lyte from the blank and placebo preparation. The peak purity
was evaluated by using a PDA detector and found pure for all
the impurity and analyte peaks. Typical chromatograms for
blank, placebo, system suitability, and sample solution are
shown in Figures 2, 3, 4, and 5 respectively.

Table 4. Forced degradation study

Sr. No. Forced degradation condition % Assay of AZ % Assay of FL % Degradation Mass balance

1 Controlled sample 103.4 99.2 0.90 NA
2 0.5N methanolic HCl, 60 �C, 60 min 102.8 97 1.60 98.6
3 0.5N methanolic NaOH, 60 �C, 30 min 104.0 92.2 8.70 100.9
4 60�C, 72 h 102.5 99.80 1.03 100.8
5 1 mL 30% H2O2, 60 min at room temperature 102.4 97.6 2.33 99.9
6 Photolytic condition (1.2 million lux h) 102.6 96.1 5.22 101.3
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(b) By forced degradation study.—The % degradation and mass
balance values in acid, base, peroxide, photolytic, and ther-
mal conditions are summarized in Table 4. During the
forced degradation study AZ was found to be stable
whereas FL showed significant degradation in alkali and
light. No significant degradation was observed for acid,
peroxide, and thermal conditions for both AZ and FL.

LOD and LOQ Determination

The LOD and LOQ values for all the impurities of AZ and FL
along with the principal analyte are reported in Table 5.

Linearity

The method was found to be linear from LOQ to 150% of stan-
dard concentration. From the linear regression curve, the corre-
lation coefficient r2 was found to be 0.998, 0.999, 0.999, 0.990,
and 1 for AZ impurities A, B, C, E, and AZ, and more than 0.998
for FL impurities A to I and 0.999 for FL.

Range

The method was found to be linear from 0.2 to 6 mg/mL for both
the analytes. All the known impurities were recovered within
this concentration range.

Figure 2. HPLC chromatogram of blank solution.

Figure 3. HPLC chromatogram of placebo solution.
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Robustness

No significant variation was observed in system suitability
parameters during the robustness study. The relative retention
time for all the impurities remained same. The resolution be-
tween FL impurity A and AZ impurity C, and FL impurity F and
AZ impurity E, was more than 2.0 during the robustness study.

The similarity factor between standard-1 and standard-2 was
found to be within the limits.

Solution Stability

All the solutions were found to be stable for up to 48 h at room
temperature. During the filter validation study, it was observed

Figure 4. HPLC chromatogram of system suitability solution.

Figure 5. HPLC chromatogram of sample solution.
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that none of the filters used showed any interference. The
0.45 mm nylon filer showed higher filtration efficiency.

Conclusions

A precise, accurate, and robust stability-indicating analytical
method was developed for the impurity profiling of AZ and FL
from a nasal spray drug product. The method is able to success-
fully quantitate four known impurities of AZ and seven known
impurities of FL along with unknown degradants. To date, there
is no reported method available for the simultaneous estima-
tion of related substances for this combination product. The
method is successfully validated as per ICH guidelines. This
method can be successfully used during product development
for stability studies and routine analysis of the commercial
batches in the QC laboratory.
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