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Abstract
The main aim is to develop a simple, rugged, and sensitive method for determining the Montelukast Sodium-related impuri-
ties in a tablet dosage form using reverse-phase high-performance liquid chromatography (RP-HPLC) method. Chromato-
graphic separation on the Agilent Eclipse XDB C18 (octadecylsilane) column of the dimension (100 mm × 4.6 mm, 5 µm) 
was carried out in the gradient mode with triethylamine and acetonitrile in various combinations and adjusted to a pH of 
6.60 using phosphoric acid. The mobile phase was pumped at a flow rate of 1.0 mL  min−1 and the analyte was monitored 
with a UV detector at a wavelength of 220 nm. The method was developed and validated under the stress conditions such 
as acidic, basic, peroxide, thermal, photolytic, and humidity degradation, respectively. Under the above conditions, oxida-
tive degradation was performed which served as the system suitability solution providing a resolution of 2.5 between the 
Impurity 3 (retention time = 13.8 min) and Montelukast Sodium (retention time = 24.2 min). The method was validated 
with respect to specificity, linearity, precision, accuracy, limit of detection, and limit of quantification provided by the ICH 
guidelines. Results of linear regression analysis of the calibration plot revealed a good linear relationship between response 
and concentration with a correlation coefficient value of r2 = 0.9999. The accuracy of known impurities was obtained in the 
range of 94–108%. From the analysis, their LOD and LOQ values for impurities were measured and found to be 0.007 and 
0.025 μg  g−1, respectively. Chromatographic interference was not found during the degradation and excipients were detected 
from the tablet. The proposed method was successfully used to estimate the Montelukast Sodium-related impurities in a 
tablet dosage form.

Keywords Validation · Montelukast Sodium · Impurities · Stability · RP-HPLC · Degradation

Introduction

Montelukast Sodium is a synthetic leukotriene receptor 
antagonist and an anti-asthmatic agent. Its chemical name 
is 2-[1-[[(1R)-1-[3-[(E)-2-(7-chloroquinolin-2-yl) ethenyl] 
phenyl]-3-[2-(2-hydroxypropan-2yl) phenyl] propyl] sul-
fanylmethyl] cyclopropyl] acetic acid, monosodium salt 
[1, 2] and is recommended for the treatment of asthma in 
children and adults. It is an exclusive leukotriene modifier 
approved by the US Food and Drug Administration (FDA) 
in 2008 to be used by young people from 2 to 12 years of 

age and adults [3, 4]. Montelukast Sodium’s empirical for-
mula is C35H35ClNaO3S and it has a molecular weight of 
608.18 g  mol−1. It is readily soluble in ethanol, methanol, 
and water, and is virtually insoluble in acetonitrile [5]. It is 
a hygroscopic, optically active, white powder [6]. The value 
of its Log P is 7.9. The primary side effects include seizures, 
paraesthesia, angioedema, muscle cramps, liver disorders, 
and erythema multiforme [2].

Montelukast Sodium is sensitive to light, when exposed 
to light, it becomes unstable and cis-isomer (Impurity 4, 
Table 1) is formed as a result of photo-degradation. High 
levels of sulphoxide impurities were also observed when 
exposed to atmospheric oxygen. If the solution is in contact 
with the atmosphere for a long time, it chemically deterio-
rates [4].

Organic impurities might be produced during the stor-
age and manufacturing of Active Pharmaceutical Ingredient 
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(API) or pharmaceutical products. Its permissible limit is 
based on drug research or known safety data. If the content 
of such impurities in the drugs reaches the prescribed level, 
it may harm the patients and, in some cases, it may also 
jeopardize their life. These impurities play a vital role in 
the safety and effectiveness of drugs. As per the regulatory 
guidelines such as The International Council for Harmonisa-
tion (ICH), these impurities have to be controlled to speci-
fied limits.

Literature survey reveals that several methods are 
reported for the estimation of Montelukast sodium using 
high-performance liquid chromatography [7, 8], reverse 
phase high-performance liquid chromatography (RP-HPLC) 
with UV spectrophotometry [9, 10], Capillary electropho-
resis [11] and cyclic voltammetry [12]. However, there 
are limited methods for the determination of Montelukast 
Sodium-related impurities by RP-HPLC. To the best of our 
knowledge, so far four potential impurities of Montelukast 
Sodium were already identified in the literature [13] and the 
relative response factor (RRF) of these impurities is unex-
plored. There is no method available to reach a satisfac-
tory level to cover the process cum degradation impurities. 
USP method also has the limitation of poor column life, 
separation of sulfoxide impurities which are not adequately 
resolved and needs to be integrated together to determine 
conformance [14].

The objective of the research work reported in this 
paper is to develop a suitable stability-indicating method 
to estimate the process and degradation impurities of Mon-
telukast Sodium (Impurity 1–8) in dosage form to prevail 
over the published researches. The method was validated 
with required parameters such as precision, specificity, 
linearity, accuracy, LOD, LOQ, and robustness following 
the ICH guidelines to check whether the developed method 
meets the regulatory requirements.

Experimental Section

Chemicals and Reagents

Montelukast Sodium standard and its impurities stand-
ards were obtained from Orchid Pharma Ltd. Montelukast 
Sodium tablets (Singulair) were purchased from a phar-
macy. Each 10-mg film-coated (Singulair) tablet contains 
10.4 mg Montelukast Sodium, which is equivalent to 10 mg 
of Montelukast containing the following inactive ingredients 
(placebo) microcrystalline cellulose, lactose monohydrate, 
croscarmellose sodium, hydroxypropyl cellulose, and mag-
nesium stearate. The film coating consists of hydroxypropyl 
methylcellulose, hydroxypropyl cellulose, titanium dioxide, 
red ferric oxide, yellow ferric oxide, and carnauba wax, 
respectively. Analytical grade reagents (such as potassium 

dihydrogen phosphate, ammonium acetate, triethylamine, 
phosphoric acid, hydrochloric acid, sodium hydroxide, 
and sodium peroxide) were acquired from Merck’s special-
ties private limited, Mumbai. HPLC-grade solvents (such 
as water, methanol, and acetonitrile) were acquired from 
Rankem Private Limited, Mumbai.

Instrumentation

The development and validation activities were accom-
plished using Agilent 1200 (Agilent Technologies, Cali-
fornia, the United States) high-performance liquid chro-
matography (HPLC) system equipped with a low-pressure 
quaternary gradient pump along with a PDA detector, col-
umn oven, auto-sampler, and Waters Empower 3 software. 
The weighing of the mobile phase reagents, standard and 
impurities were measured using the Sartorius E2 analytical 
balance. The pH of the mobile phase was adjusted using 
a Metrohm printable pH meter. The mobile phase was fil-
tered through a 0.22 mm filter paper using a glass vacuum-
filtration apparatus. The dissolved gas and the air bubbles 
ensnared in the mobile phase were removed using an ultra-
sonic bath. The samples were centrifuged using Beckman 
Coulter Life Sciences, Allegra 64R, with a thermostatic 
cooler system. Thermo Fisher heating oven was used for 
stress studies.

Operating Conditions

HPLC method development, validation, and analysis of solu-
tions from forced degradation studies were performed with 
an Agilent 1200 series HPLC system with photo diode-array 
detection. Chromatographic separations were achieved on 
a 150 mm, 4.6 mm i.d., 5-µm particle size, Agilent Eclipse 
XDB C18 column with a mobile phase gradient prepared 
from 0.1% aqueous Triethylamine and adjusted to pH 6.6 
with orthophosphoric acid, in the composition of 70:30 (v/v) 
pH 6.6 buffer–acetonitrile (mobile phase A) and 15:85 (v/v) 
pH 6.6 buffer–acetonitrile (mobile phase B). The gradient 
programme (time (min)/percentage B) was 0/4, 4/4, 20/40, 
40/90, 50/90 and 55/4, with a post-run time of 10 min with 
a constant flow rate 1.0 mL  min−1. The column tempera-
ture was maintained at 30 °C and detection was performed 
at 220  nm. The test concentration was approximately 
500 µg  mL−1 and the injection volume was 20 µL. Data were 
collected and Montelukast peak purity was checked using 
Empower 2 software. Calculate the percentage of each impu-
rity in the portion of Montelukast Sodium taken:

rU = peak area from the sample solution, rS = peak 
area from the  standard solution, CS = concentration 

Percentageof Impurity = (rU ∕rS) ×
(

CS∕CU

)

× (1∕F) × 100
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of Montelukast Sodium in the standard solution (mg  mL−1), 
CU = concentration of Montelukast Sodium in the sample 
solution (mg  mL−1) and F = relative response factor.

Preparation of Chromatographic Solutions

Preparation of Standard Solution

The standard solution was prepared following the Mon-
telukast Sodium standard. An accurately weighed quantity 
of Montelukast Sodium standard was dissolved in 15:85 
(v/v) water–methanol (diluent) to obtain a solution having a 
known concentration of about 2.5 (µg  mL−1).

Preparation of Sample Solution

The sample solution was prepared from Montelukast Sodium 
tablets. Using a mortar and pestle, the tablets (around 20) 
were pulverized into a fine powder. Accurately weighed 
quantity of Montelukast Sodium tablets was dissolved in 
15:85 (v/v) water–methanol to obtain a solution having a 
known concentration of about 500 µg  mL−1 equivalent to 
Montelukast.

Preparation of System Stability

The system stability solution was carefully prepared by the 
oxidative degradation process. Accurately weighed 50 mg of 
Montelukast Sodium standard was transferred to a 100 mL 
volumetric flask and 20 mL of 15:85 (v/v) water–methanol 
was added. Then 5 mL of 3% v/v of peroxide solution was 
added. Finally, the volumetric flask is prepared with the fur-
ther addition of the 15:85 (v/v) water–methanol.

Preparation of Placebo Solution

An accurately weighed placebo powder, equivalent to 25 mg 
of Montelukast Sodium (Weight of placebo to be taken 
(mg) = Weight of powdered tablets equivalent to 25 mg of 
Montelukast Sodium (mg)–26 mg), was transferred into a 
50 ml volumetric flask. Then about 30 mL of 15: 85 (v/v) 
water–methanol was added. The solution was sonicated for 
about 20 min with intense shaking and then diluted to vol-
ume with 15:85 (v/v) water–methanol. A part of the solution 
is then taken in a 10 mL centrifuge tube and centrifuged at 
2500 rpm for 5 min. The topmost layer is then filtered using 
a 0.45 μm PVDE.

Stress Degradation Studies of Montelukast Sodium

For stress degradation study, the solutions were prepared 
using tablets of Montelukast Sodium. Using a mortar and 
pestle, around 10 tablets were pulverized into a fine powder 
and mixed rigorously to produce a homogeneous powder. 
Accurately weighed Montelukast Sodium powdered tablets 
equivalent to 25 mg of Montelukast Sodium was transferred 
into a 50 mL volumetric flask and 20 mL of 15:85 (v/v) 
water–methanol was added. Then it was treated with 5 mL 
of 5 N HCl solution (for acid degradation), 5 mL of 5 N 
NaOH solution (for base degradation) and 5 mL of 3%v/v of 
 H2O2 solution (for peroxide degradation). In case of thermal 
degradation, 25 mg of Montelukast Sodium was kept in an 
oven in powdered form at 100 °C for 16 h and then added 
into a 50 mL volumetric flask. Then 20 mL of 15:85 (v/v) 
water–methanol was added. The solution was then sonicated 
for about 20 min with vigorous shaking and then mixed with 
15:85 (v/v) water–methanol. Further, a part of each solution 
is taken in a 10 mL centrifuge tube and rotated at 2500 rpm 
for 5 min. The topmost layer is then filtered a using sample 
filter of 0.45 µm PVDE. In case of photolytic degradation 
study, an accurately weighed quantity of powdered Mon-
telukast Sodium tablets equivalent to 25 mg of Montelukast 
Sodium was exposed to 200 W-hours/square meter and 1.2 
Million lux hours and added into a 50 mL volumetric flask. 
Then 20 mL of 15:85 (v/v) water–methanol was added. The 
solution was sonicated for about 20 min with vigorous shak-
ing and the volumetric flask was kept on the top of a bench 
for about ten minutes adding 15:85 (v/v) water. The topmost 
layer is then filtered using a sample filter of 0.45 µm PVDE. 
In case of humidity study, accurately weighed quantity of 
powdered Montelukast Sodium tablets equivalent to 25 mg 
was exposed to humidity at 25 °C; 97% RH for 74 h; and 
was transferred into a 50 mL volumetric flask. Then, 20 mL 
of 15:85 (v/v) water–methanol was added. The solution was 
sonicated for about 20 min with vigorous shaking and the 
volumetric flask was prepared with the further addition of 
the 15:85 (v/v) water–methanol. The topmost layer is then 
filtered using a sample filter of 0.45 µm PVDE.

Method Validation

Specificity

The specificity of the RP-HPLC method was evaluated to 
ensure that there is not any interference in the excipients 
present in the formulations. The specificity was studied 



652 K. S. Barnabas et al.

1 3

by injecting impurities, through degradation products and 
excipients. The test was performed by adding known Impu-
rities individually, about 0.20% of Impurities 1, 2, 5, 6 and 
8 (unspecified impurity which is limited but not more than 
0.20%) whereas 0.5% of Impurities 3, 4 and 7 (specified 
impurity which is controlled but not more than 0.5%) with 
Montelukast Sodium concentration [14–16].

Linearity

Linearity is the ability to obtain the test results that are 
directly proportional to the analyte concentration. Linearity 
was determined by five different concentrations (0.1, 1.3, 
2.6, 3.9 and 5.2 µg  mL−1) of Montelukast Sodium and its 
known impurities (LOQ level to 200% of specification limit). 
Impurities 3, 4 and 7 are the potential impurities (Specified 
impurity) which are limited by not more than 0.5% and the 
remaining Impurities 1, 2, 5, 6 and 8 are unspecified impu-
rities, which are present in the sample that is lesser than 
the reporting threshold. As per the European pharmacopeia 
general chapter (5.10) [16–20], three specified impurities 
were taken for the linearity study and the values of their 
peak area versus concentration were plotted. To calculate the 
coefficient of correlation, slope, and intercept using linearity 
curve extrapolation.

Precision

The precision of an analytical method is the degree of agree-
ment amongst individual test results when the method is 
applied repeatedly to multiple sampling of a homogeneous 
sample. The precision of the analytical method is usually 
expressed as the standard deviation or relative standard devi-
ation (coefficient of variation) of series of measurements. 
The system precision, method precision (Repeatability) and 
intermediate precision (Reproducibility or Ruggedness) of 
the proposed methods were determined by several measure-
ments of known Impurities 3, 4 and 7, respectively [14–16].

System precision was established by performing six dif-
ferent measurements of the known standard Montelukast 
Sodium at 2.5 (µg  mL−1). Method precision was determined 
by six individual preparation of Montelukast Sodium spiked 
with (2.5 µg  mL−1) of Impurities 3, 4, and 7, respectively. 
Intermediate precision was performed with different instru-
ments and different columns by different analysts on differ-
ent days. The percentage RSD of each impurity and total 
impurities were calculated and recorded in the table.

Accuracy

The accuracy of an analytical method is the nearness 
between the expected value and the value found. It is 

obtained by calculating the percent recovery (% R) of the 
analyte recovered. A study of recovery was performed 
on LOQ (0.1  µg   mL−1), 50% (1.25  µg   mL−1), 100% 
(2.5 µg  mL−1), 150% (3.75 µg  mL−1) and 200% (5 µg  mL−1) 
of the target concentration of each impurity (2.5 µg  mL−1) by 
spiking (n = 3) with 500 µg  mL−1 of Montelukast Sodium. 
Spiked samples were extracted and analyzed. Then the % 
recovery and its relative standard deviation were calculated 
[14–16].

Limit of Detection (LOD) and Limit of Quantification (LOQ)

The limit of detection (LOD) of an analytical method is the 
lowest amount of analyte in a sample that can be detected 
but not necessarily quantitated as an exact value. The limit of 
quantification (LOQ) of an analytical procedure is the low-
est amount of analyte in a sample that can be quantitatively 
determined with suitable precision and accuracy.

The limit of detection (LOD) and the limit of quantifica-
tion (LOQ) of the known Impurities 3, 4, 7 and Montelu-
kast Sodium were calculated using the signal-to-noise ratio 
method as per ICH. A typical signal-to-noise ratio is 10:1 
for Limit of Quantification (LOQ) and a signal-to-noise ratio 
between 3 and 2:1 is generally considered acceptable for 
estimating the detection limit (LOD). Further, the % RSD of 
six preparations at LOQ was calculated [14–16].

Robustness

The robustness of the developed method was investigated. 
The experimental conditions were deliberately changing 
the composition of the mobile phase A, B ± 10%, there 
is also a slight change in the pH value ± 0.2 units, flow 
rate ± 1 min  mL−1 and column temperature ± 5 °C [17–19].

Stability of Solution

The stability of Montelukast Sodium and its known Impu-
rities solution is determined. The working standard solu-
tion of Montelukast Sodium and its known Impurities to 
be tested was kept on the bench at a temperature of 25 °C 
and analyzed in a chromatographic time interval of 48 h for 
Montelukast Sodium and 36 h for its known impurities.

Results and Discussion

Method Development

The RP-HPLC method was developed to separate Mon-
telukast Sodium from its impurities. During initial 
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development, potassium dihydrogen phosphate buffer was 
used for acidic pH and ammonium acetate buffer for basic 
pH. An octadecylsilane (C18-stationary phase) column 
was used for method development. During the pH study, 
it was observed that there are not any distinct effects in 
the elution of retention times on either value of the pH. 
However, the elution of all impurities was found during 
the higher percentage of organic modification mixed with 
mobile phases. To prevent precipitation, non-volatile buff-
ers of salt have been used, out of which, the method was 
optimized using a triethylamine buffer with a pH of 6.60 
mixed with acetonitrile in gradient mode using the Agilent 
column.

Montelukast Sodium shows a very high logP value of 
about 8.49 and is also associated with inherent lipophi-
licity. Since there are no other alternatives, the reversed-
phase chromatographic analysis is the only option avail-
able. As a result of the high logP value, it is evident that 
Montelukast Sodium should undergo partition primarily 
into the stationary phase of the reversed-phase column. 
Due to this, the coefficient of mass transfer in the Van 
Deemter equation plays a significant role, which addition-
ally contributes to the poor chromatographic separation 
and long retention times.

There are two ways to counteract the problem caused 
due to the coefficient of mass transfer: one is to decrease 
the velocity of the mobile phase which gives plenty of 
time for the drug to undergo partition into the stationary 
phase; and second is to increase the elution power of the 
mobile phase using higher percentage of organic solvents 
with good elution property.

Taking practicality into account, the first option does 
not seem feasible; as it would eventually lead to broader 
peaks and long retention times the second option is bet-
ter as it is one of the components in the mobile phase 
with significantly higher proportions. The method devel-
oped using the other option exhibited the best resolution 
between known impurities, and degradation peaks of Mon-
telukast Sodium. The wavelength (220 nm) used in the 
method exhibited best separation and absorption measure-
ments, provided its optimal values [19–21].

The method was developed for the separation of impu-
rities (1–8), which comprises process and degradation. 
Further, the method specificity was confirmed by spik-
ing the impurities (1–8) and by implementing degradation 
procedures against the sample. Based on the degradation 
studies, Impurities 3 (Sulfoxide), 4 (cis-isomer) and 7 
(dehydrated) were identified as degradation impurities. 
These three impurities are the potential (Specified) impu-
rities which are controlled by acceptance criteria not more 
than 0.5% and the rest of the Impurities 1, 2, 5, 6 and 8 are 
considered as unspecified impurities, controlled under any 
other individual impurities not more than 0.2%. Hence, the 

potential impurities were taken for the present validation 
study.

The blank solution that was injected exhibited a very lit-
tle interference at the initial stage and no interference was 
observed throughout the entire chromatogram as shown in 
Fig. 1a. The resolution solution chromatogram, which is 
considered as the system suitability solution (performed 
by the peroxide degradation) shows one major degradation 
peak (sulphoxide peak) other than Montelukast Sodium 
with system suitability parameter like-resolution of about 
26.2 as shown in Fig. 1b.

As shown in Fig. 2a, the standard solution was injected in 
six replicates and the average of the injections was used for 
calculation. The first injection is considered for the system 
suitability of the standard solution with parameters such as 
tailing factor is about 1.15, USP plate count about 85,300 
and the % RSD of the six injections about 0.23. The pla-
cebo solution as shown in Fig. 2b was injected after this and 
had no interference when compared to other charts. Finally, 
the spike solution containing all the impurities spiked at 
known concentrations was injected to check the specificity 
of the method as shown in Fig. 2c. From this, the retention 
time, relative retention time for Montelukast sodium and 
the known impurities were obtained. The minimum linearity 
studies provided the relative response factor values for the 
impurities obtained which are tabulated as shown in Table 2. 
The Montelukast Sodium-related impurities labeled in the 
chromatograms are as follows: acid impurity (Impurity 1), 
bis-sulfanyl diastereomer (Impurity 2), sulphoxide impurity 
(Impurity 3), cis-isomer (Impurity 4), keto impurity (Impu-
rity 5), ester impurity (Impurity 6), dehydrated impurity 
(Impurity 7) and chloro-alcohol impurity (Impurity 8).

Stress Studies of Montelukast Sodium

Stress studies were performed on Montelukast Sodium tab-
lets to provide a stability-indicating property and also the 
specificity of the developed method. The degradation was 
performed on the Montelukast Sodium tablets intentionally 
by various conditions which are mentioned in the experi-
ment part to evaluate that the proposed chromatographic 
method is suitable to separate the main moiety from its 
impurities. Also, the peak purity checked through the pho-
todiode array detector gets passed, and the determined purity 
angle was lower than the calculated purity threshold which 
is a part of the development activity. As shown in Fig. 3a–f, 
the representative degradation chromatograms starting from 
acid, base, peroxide, thermal, photolytic, and humidity are 
represented and the percentage of degradation for each stress 
condition is recorded in Table 3

In the acid stress study, the major degradation product 
observed was dehydrated impurity (Impurity 7), which was 
about 5.8%. In the base stress study, the major degradation 
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was about 1.2% of cis-isomer (Impurity 4). In peroxide 
and thermal stress studies, the major degradation product 
observed was sulphoxide impurity (Impurity 3) which was 
observed about 2.8% and 3.7%, respectively.

The organic impurities to be controlled in drug substances 
(API) are the process of impurities and degradation prod-
ucts. The organic impurities to be controlled in the drug 
product (dosage) are those resulting from the degradation of 
the drug substance or the interaction of the drug substance 
with excipients and/or the primary container closure. Drug 
substance process impurities need not be controlled in the 
drug product unless they are also degradation products as 
per USP General Chapter Impurities in Drug Substances 
and Drug Products (USP 1086) [22]. Based on the degrada-
tion studies by the newly developed method, the degrada-
tion products that are most likely to form were identified as 
Impurities 3, 4 and 7; these are the specified impurities for 
the tablet formulation and limited with acceptance criteria 

and these impurities shall be considered for the analytical 
method validation.

Method Validation

Specificity

The study is performed by spiking the individual impurities 
at a known concentration with Montelukast Sodium check-
ing its separation. The impurities were found to be separated 
from each other and also from Montelukast Sodium and also 
the peak purity of the injection was checked. Further, the 
individual injection of the impurities was injected at the 
same concentration as injected above to confirm the reten-
tion time (Table 2). Also, the placebo injected did not have 
any interference in any of the impurities and Montelukast 
Sodium itself.

Fig. 1  Chromatogram of (a) blank solution; (b) resolution solution
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Linearity

A series of solutions of Montelukast Sodium and its known 
impurities were injected from LOQ to 200% as discussed, 
and the obtained peak area versus concentration was plotted 
to provide the linearity graph from which the slope, intercept 
and correlation coefficient values are obtained. These values 
are tabulated in Fig. 4 and Table 4.

Precision

We have studied three precision parameters namely the sys-
tem precision which tells about the % RSD of the six rep-
licate standard solutions injected which is about 0.23. The 
% RSD values are obtained for the Impurities 3, 4 and 7, 
through method precision where six individual spiked sam-
ple preparations were done and the values were within 2.0%. 

Fig. 2  Chromatogram of (a) standard solution, (b) placebo and (c) impurity spike sample
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This is in compliance with the method and the intermediate 
precision performed with different HPLC system and differ-
ent column by a different analyst on a different day provided 
% RSD values less than 2.0%. The % RSD value for the 
combined precision was less than 5.0% and the respective 
values are shown in Tables 5 and 6.

Accuracy

The study was performed to find the recovery of the impuri-
ties spiking it with Montelukast Sodium from LOQ, 50, 100, 
150 and 200% of target concentration and it has provided 
satisfactory results. The percentage of recovery for each 
impurity was calculated, and it was found to be around 90.0 
to 110.0% and the % RSD for each impurity at each level 
ranged from 0.2 to 4.1% and the corresponding results are 
tabulated in Table 7.

Limit of Detection and Quantification (LOD and LOQ)

The linearity study was used to determine the limit of detec-
tion (LOD) and limit of quantification (LOQ) for the impu-
rities using the signal-to-noise ratio concept. Further, the 
precision studies performed at the LOQ level were found 
to provide good results and the % RSD calculated for each 
impurity was found to be less than 3%. The obtained val-
ues for the LOD, LOQ, and LOQ precision are tabulated 
in Table 8.

Robustness

This study was performed by varied chromatographic 
conditions as mentioned above such as flow rate, column 
temperature, pH, and composition of an organic ratio in 

mobile phases. It was found that the resolution between 
Montelukast Sodium and the Impurity 3 was greater than 
25.0 which illustrated that the method was robust. This 
was one of the parameters for the method to be robust and 
another parameter is the change in the RRT values of the 
individual impurities on performing the varied parameters 
systematically. The RRT values for the impurities are com-
pared with the original RRT value obtained initially during 
the specificity studies. The obtained data are provided in 
Table 9.

Stability

The standard solution containing Montelukast Sodium was 
very stable which is understood from the similarity factor 
value which is about 1.0 for the initial injection and the 
solution kept on the benchtop for 48 h. Next is the stability 
of the impurities studied by injecting the spike solution in 
which the difference is less than 1% between the initial one 
and the one injected after 36 h. Finally, the stability of the 
mobile phases was checked by injecting the system suit-
ability solutions and the spike solution which showed that 
the system suitability parameters provided good repeat-
ability even after 3 days. The only thing is that a decrease 
was observed in the plate count each day. Then on studying 
the RRTs of the impurities from the spike solution it was 
found that the RRT values varied by ± 0.01 units as per the 
study (Tables 10 and 11).

Conclusion

The existing USP methodology of Montelukast Sodium 
tablets utilizes phenyl column as the stationary phase 
along with guard whereas the in-house developed method 
uses C18 column. The lifetime performance of the phenyl 
column deteriorates over time and it is quite expensive, 
while the XDB C18 phase is cost-effective along with an 
extended lifetime and excellent performance. USP method 
adopts volatile buffer as mobile phase with a detection 
wavelength of 255 nm, while in-house developed method 
adopts triethylamine as mobile phase with detection at 
220 nm.

The advantage of lower wavelengths is that it detects 
those impurities that are having lower absorbance in turn to 
ensure consistency of the product quality and elimination of 
response factor. The sulphoxide impurities (isomers) are not 
resolved by the USP method, whereas the in-house devel-
oped method resolves the isomeric peaks which lead to accu-
rate quantification of individual isomer and a separate limit 
shall be proposed. The in-house developed method identi-
fies eight impurities (process and degradation), whereas the 
published one covers four process impurities.

Table 2  Compilation of data obtained from the spike sample solution

a RT, retention time
b RRT, relative retention time
c RRF, relative response factor

Analyte aRT (min) bRRT cRRF

Impurity 1 (acid impurity) 7.499 0.31 –
Impurity 2 (bis-sulfanyl diastereomer) 10.854 0.45 –
Impurity 3 (sulphoxide impurity) 14.506 0.60 0.87
Impurity 4 (cis-isomer) 20.491 0.84 1.29
Standard (Montelukast sodium) 24.283 1.00 1.0
Impurity 5 (keto impurity) 25.203 1.04 –
Impurity 6 (ester impurity) 27.955 1.15 –
Impurity 7 (dehydrated impurity) 35.751 1.47 1.15
Impurity 8 (chloro-alcohol impurity) 45.532 1.87 –
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An RP-HPLC in-house method was developed and vali-
dated as per the current ICH guidelines for the quantita-
tive determination of related substances of Montelukast 

Sodium in pharmaceutical dosage forms. The result of the 
study indicates a very well separation between all the pro-
cess and degradation impurities, and shows the suitability 

Fig. 3  Chromatogram of (a) acid degradation, (b) base degradation, (c) peroxide degradation, (d) thermal degradation, (e) photolytic degrada-
tion and (f) humidity degradation
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Fig. 3  (continued)
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Table 3  Results of forced 
degradation study

ND not detected, BDL below detection limit

Stress conditions % known impurities

Impurity
1

Impurity
2

Impurity
3

Impurity
4

Impurity
5

Impurity
6

Impurity
7

Impurity
8

Acid ND ND 0.18 1.63 BDL ND 5.8 ND
Base ND ND 0.17 1.15 BDL ND 0.06 ND
Peroxide ND ND 2.88 BDL BDL ND 0.04 ND
Thermal ND 0.13 3.74 0.21 0.05 0.03 0.24 1.05
Photolytic ND ND 0.08 0.02 ND ND 0.02 ND
Humidity ND ND 0.09 0.02 ND ND 0.07 ND
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Fig. 4  Calibration plot of (a) Impurity 3, (b) Impurity 4 (c) Impurity 7, (d) Montelukast Sodium (0.1–5.2 µg  mL−1)
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Table 4  Results of linearity

Name Impurity 3 Impurity 4 Impurity 7 Montelukast Sodium

S.no. Conc. 
(µg  mL−1)

Area 
(µV*Sec)

Conc. 
(µg  mL−1)

Area 
(µV*Sec)

Conc. 
(µg  mL−1)

Area 
(µV*Sec)

Conc. 
(µg  mL−1)

Area (µV*Sec)

L–1 0.1 6146 0.1 6549 0.1 9441 0.1 6635
L–2 1.3 67,537 1.3 94,520 1.3 84,027 1.3 73,460
L–3 2.6 132,835 2.6 192,832 2.6 168,511 2.6 148,484
L–4 3.9 201,080 3.9 290,897 3.9 253,570 3.9 223,923
L–5 5.2 269,192 5.2 379,833 5.2 336,918 5.2 294,260
Slope 5125 7313 6441 5683
Intercept − 294 220 − 76 − 224
Correlation 

coefficient 
(R2)

0.9999 0.9998 1.0000 0.9999

Table 5  Results of method precision (MP) data

Name % Impurities

Impurity 3 Impurity 4 Impurity 7 Total impurities

MP-1 0.64 0.54 0.52 2.02
MP-2 0.65 0.55 0.53 2.04
MP-3 0.65 0.54 0.54 2.04
MP-4 0.64 0.53 0.52 2.05
MP-5 0.65 0.55 0.53 2.00
MP-6 0.65 0.54 0.53 2.04
Average 0.65 0.54 0.53 2.03
% RSD 0.9 0.9 1.5 1.0

Table 6  Results of intermediate precision (IP) data

Name % Impurities

Impurity 3 Impurity 4 Impurity 7 Total impurities

IP-1 0.61 0.50 0.51 1.90
IP-2 0.60 0.50 0.51 1.91
IP-3 0.61 0.50 0.52 1.94
IP-4 0.62 0.50 0.51 1.90
IP-5 0.60 0.50 0.49 1.90
IP-6 0.60 0.50 0.51 1.86
Average 0.61 0.50 0.51 1.90
% RSD 1.2 1.1 1.7 1.3

Table 7  Accuracy study of known impurities

% RSD relative standard deviation

Level Parameter Impurity 3 Impurity 4 Impurity 7

LOQ % Recovery 103.4 96.4 93.8
% RSD 1.8 1.2 4.1

50% % Recovery 109.2 104.5 105.2
% RSD 0.2 0.4 0.5

100% % Recovery 107.8 103.8 100.9
% RSD 0.6 1.4 1.4

150% % Recovery 104.7 99.5 98.2
% RSD 0.7 0.9 0.6

200% % Recovery 102.5 101.2 98.4
% RSD 0.8 0.7 0.3

Table 8  Results of LOQ and LOD for known impurities and Mon-
telukast sodium

Name of impurity/
analyte

% Impurity/
analyte

Signal-to-
noise ratio

Precision 
@ LOQ % 
RSD

LOD LOQ LOD LOQ

Impurity 3 0.007 0.024 3.4 10.0 1.4
Impurity 4 0.005 0.017 3.2 9.5 2.2
Impurity 7 0.007 0.025 3.4 10.4 3.1
Montelukast Sodium 0.007 0.024 3.3 9.6 2.1
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of the method as stability-indicating. The developed 
method is simple, robust, specific, rugged and accurate, 
and is very much suitable for its intended purpose.

Table 9  Robustness data of known impurities

Analyte Observed RRT with flow rate

0.9 mL  min−1 1.0 mL  min−1 1.1 mL  min−1

Impurity 3 0.60 0.61 0.59
Impurity 4 0.85 0.85 0.84
Impurity 7 1.47 1.48 1.47

Analyte Observed RRT with column oven temperature

25 °C 30 °C 35 °C

Impurity 3 0.59 0.60 0.62
Impurity 4 0.84 0.84 0.86
Impurity 7 1.47 1.47 1.48

Analyte Observed RRT with buffer pH

6.40 6.60 6.80

Impurity 3 0.58 0.61 0.62
Impurity 4 0.83 0.85 0.87
Impurity 7 1.46 1.48 1.50

Analyte Observed RRT with Mobile-A composition

Organic minus As per method Organic plus

Impurity 3 0.62 0.59 0.52
Impurity 4 0.85 0.85 0.83
Impurity 7 1.46 1.48 1.50

Analyte Observed RRT with Mobile-B composition

Organic minus As per method Organic plus

Impurity 3 0.61 0.60 0.60
Impurity 4 0.85 0.85 0.85
Impurity 7 1.48 1.48 1.47

Table 10  Solution stability of standard solution

Time in hours Similarity factor for 
Montelukast Sodium

Initial Not applicable
After 48 h 1.00

Table 11  Solution stability of 
test sample solution

Name of the impurities Initial (%) After 36 h (%) Difference from 
initial (%)

Test-1 Test-2 Test-1 Test-2 Test-1 Test-2

Impurity 3 0.60 0.61 0.61 0.61 1 0
Impurity 4 0.50 0.49 0.50 0.50 1 1
Impurity 7 0.51 0.51 0.51 0.50 0 1
Total impurities 1.90 1.90 1.92 1.90 0 0
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