
INTRODUCTION
Doxofylline, or doxophylline, is a pharmaceutical belonging 
to the xanthine derivative class. It is employed at asthma 
therapy, exerting antitussive and bronchodilator effects 
while functioning as a phosphodiesterase inhibitor. And 
bronchodilators, such as doxofylline, are utilized to alleviate 
asthma symptoms by clearing lung mucus and reducing 
airway inflammation. Doxofylline is specifically employed to 
address symptoms related to asthma and certain respiratory 
conditions, demonstrating efficacy in diminishing the urge 
to cough and facilitating increased airf low to the lungs. 
The chemical composition of doxofylline is described as 
a 1-(1,3-dimethylpurine-2,6-dione)-1,3-dimethyloxolan-2-
ylmethyl. It is essential to use doxofylline under the supervision 
of a healthcare professional for optimal management of asthma 
symptoms.

Montelukast, categorized as a leukotriene receptor 
antagonist (LTRA), is employed to both maintain asthma 
treatment and alleviate symptoms related to seasonal allergies. 
It works as an oral CysLT1 antagonist, inhibiting the action of 
leukocyte D4 and its analogs (LTC4 and LTE4) on the lings 

and bronchial tubes’ CysLT1 cysteinyl leukotriene receptor. 
This binding effect reduces bronchoconstriction brought on 
by leukotrienes, leading to diminished inflammation. This 
reduction in inflammation helps relieve airway narrowing 
resulting from swelling. Montelukast also induces relaxation 
in the bronchial tube walls. Not only does it alleviate asthma 
symptoms, but it also treats high temperature and allergic 
rhinitis. Chemically, montelukast is defined as [R–(E)]2-
(ethenyl] phenyl] 2-(7-chloro-2 quinolinyl) 1– [1– [3– [23– 
[2-(ethyl-11-methyl acetic acid (methyl phenyl] propyl] thio] 
methyl] cyclopropane. It’s important to note that montelukast 
and the previously mentioned doxofylline play distinct roles in 
managing asthma. Figure 1 illustrates the chemical structures 
of both doxofylline and montelukast.

To enhance patients on ongoing treatment for chronic 
obstructive pulmonary disease (COPD) with asthma, a 
combination of doxofylline and montelukast is frequently 
employed. This combination is commercially available, 
prompting the selection of these drugs for analytical studies. 
The literature has already documented various methods for 
separate valuation of these drugs.1-12 Additionally, some current 
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approaches address the estimate of bambuterol and montelukast 
concurrently,17-18 while others concentrate on the simultaneous 
estimation of montelukast and levocetirizine.13–16 The current 
method for simultaneously estimating montelukast and 
doxofylline together in a formulation is easy to use, dependable, 
and reasonably priced.

MATERIALS AND METHODS

Method Development
Various mobile phases, consisting of combinations of 
acetonitrile, methanol, water, buffers in different proportions, 
were experimented with. The mobile phase that was ultimately 
chosen was methanol:0.1% OPA (a pH of 4.2 with TEA) 
in a ratio of 57:43% v/v. This choice yielded the right peak 
characteristics and suitable resolution for doxofylline and 
montelukast. Arrangement suitability studies were conducted, 
and for standard solutions, peak asymmetry, the number of 
theoretical plates, and resolution were ascertained (Table 1). 
The obtained values confirmed the system’s suitability for 
analyzing these drugs with combination. A representative 
chromatography of the standard solution is depicted in Figure 1.
The chromatography separation was carried out using an 
AGILENT (1100) with a 20 µL sample injection loop and 
a UV-visible absorbance detector. The mobile phase had a 
methanol and 0.1% of orthophosphoric acid mixture with a 
1.0 mL/min flow rate and a detection wavelength of 278 nm. 
Before using, a 0.2 m membranes filter was used to filter and 
degas the mobile phase. The analysis was conducted at ambient 
temperature using an injection volume of 20 µL.
Standard Solution Preparation
About 20 mg of the medication doxofylline and 5 mg of the 
working dose of montelukast Weigh the volumetric flask to 
100 mL, then dilute it with 100 mL of mobile phase. In a 10 mL 
volumetric flask, pipette out 0.2 mL of the resultant solution, 
then dilute with mobile phase to make 100 mL.

Figure 1: Chemical structures of both Doxofylline and Montelukast

Table 1: System suitability test

Parameter Method
Column id 4.6 x100 mm length
Particle size 2.5 µm
Stationary-Phase C18(AGILENT)
Mobile-Phase Methanol: 0.1 % OPA 57: 43
Detection of wavelength 278 nm
Flow rate 1.0 mL/min
Room Temperature 33
Size of sample 20 µL Figure 2: Calibration curve of doxofylline

Calibration Curve
The linearity of the system was measured by serially diluting 
the stock solutions to create a concentration range from 40 to 
200 µg/mL for doxofylline and 1 to 5 µg/mL for montelukast. 
The calibration curves were obtained by plotting the peak area 
versus concentration for doxofylline (DOX) and montelukast 
(MONT), as illustrated in Figures 2 and 3. The decline 
calculations for the calibration curves are as follows: for 
doxofylline, (y = 45.361x + 236.25) with (R² = 0.9993), and for 
montelukast, (y = 165.26x + 17.34) with (R² = 0.9991).
Preparation of Sample Solutions
The method is effectively working for the analysis of a 
commercial sample. About 20 tablets were assessed, and their 
average weight is determined to be 488 mg. Next, the tablet 
was ground into a uniform size, and 244 mg of that size was 
dissolved in 100 mL of methanol. This solution underwent 
15 minutes of sonication and 5 minutes of cyclomixing to 
ensure the extraction of the drug into the solution. A Millipore 
syringe filter (0.42 µ) was then used to filter the resulting 
solution. Following the specified protocol, the cleared solution 
was subsequently injected into the high-performance liquid 
chromatography (HPLC) system twice. The proposed method 
exhibited specificity, with no observable interference resulting 
from typical excipients in tablets such as lactose. The assay was 
calculated using the line regression equation for each drug. The 
percentages of single drugs in the formulation were determined 
and detailed in Table 2. The analysis results indicate a close 
alignment between the quantities of drugs found and the 
labeled claims of the formulations. This alignment attests to 
the analytical method’s precision and consistency employed, 
confirming its suitability for evaluating the composition of the 
studied formulations.
Method Development
 In adherence with the ICH guidelines, the validation process of 
the method encompassed assessing key parameters, including 
limits on quantitation, detection, linearity, accuracy, precision, 
and resilience. These evaluations collectively ensure the 
method’s suitability for its planned application, confirming its 
ability to generate precise, accurate, and reliable results across 
a specified range and under varying experimental conditions. 
The chromatogram of Doxofylline and Montelukast shown 
in figure 4.
Linearity and range
The range for doxofylline was 40 to 200 g/mL, while for 
montelukast was 1 to 5 g/mL. The formulation’s linearity was 

Doxofylline                                                            Montelukast
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tested at five concentration levels. Montelukast’s regression 
line equation was y = 165.26x + 17.34 R2 = 0.9991, while 
doxofylline was y = 45.361x + 236.25 R2 = 0.9993. The findings 
show a substantial association between the peak area and drug 
concentration within the advised concentration rang.
Accuracy and precision
Recovery tests at three different levels (80, 100, and 120%) were 
used to assess the correctness of the approach; Table 2 provides 
specifics on the computed recovered percentages. The recovery 
results confirm the method’s correctness, which are within the 
range of 100 ± 2%. Studies on both intra-day and inter-day 
variance showed precision. Investigations conducted within 
a single day involved three consecutive injections of sample 
solutions. The percentage was used to evaluate precision. The 
relative standard deviation (%RSD) was computed. Inter-day 
variation tests, including three repeated standard and sample 
solutions injections over successive days yielded %RSD values 
(Table 3). The gathered data, which has a percentage RSD of 
less than 1.5%, shows how accurate the developed UHPLC 
process is. The limits of detection (LoD) and quantification 
(LoQ) were also established. To calculate LoD, use the formula 
LoD = (3.3 x standard deviation/Slope of the calibration curve), 
which represents the lowest analyte concentration generating 
a detectable reaction. Montelukast and doxofylline had LoD 
values of 0.0085 and 0.3825 g/mL, respectively. The formula 
for LoQ, which represents the lowest accurately measurable 

Table 2: Recovery study of doxofylline (DOX) and montelukast 
(MONT)

Recovery 
level %

%Mean Recovery* %R.S.D.
DOX MONT DOX MONT

80 100.46 98.60 0.06 0.33
100 100.12 102.64 0.01 0.01
120 101.30 99.52 0.06 0.16

Figure 3: Calibration curve of montelukast

Figure 4: Chromatogram of doxofylline (3.105 minutes), montelukast 
4.461 minutes, respectively

Table 3: Intraday and interday precision study (Method precision)

Concentration 
(µg/mL)

Doxofylline Montelukast
%RSD %RSD

Intraday Interday Intraday Interday
80 0.06 0.12 0.33 0.12
120 0.01 0.80 0.01 0.29
160 0.06 0.01 0.16 0.13

concentration, is LoQ = (10 x standard deviation/Slope of the 
calibration curve). The determined LoQ values for doxofylline 
and montelukast was 1.159 and 0.025 g/mL, respectively.
Robustness
Robustness has been assessed by deliberately introducing 
slight changes at the experimental procedures. In this method, 
intentional differences in pH, wavelength, and flow rate were 
implemented, and the resulting effects were observed. The 
method exhibited robustness, demonstrating its ability to 
withstand these deliberate alterations in wavelength, pH, and 
flow rate without significant impact on its performance.

RESULT AND DISCUSSION
The recommended method was found to be simple and 
demonstrated the concentration ranges of 1 to 5 g/mL for 
doxofylline and 40 to 200 g/mL for montelukast, which 
exhibit linearity, respectively. Accuracy and precision were 
confirmed through recovery studies, revealing %RSD values 
not exceeding 1.5%. For doxofylline and montelukast, the LoD 
and LoQ values are 0.3825 and 1.159 µg/mL, respectively, 
and 0.0085 and 0.025 µg/mL, accordingly, the method also 
showed sensitivity. The method’s sensitivity and specificity 
are validated by these results taken together.

CONCLUSION
The suggested UHPLC technique for concurrent measurement 
of montelukast and doxofylline in mixed dose forms has shown 
excellent sensitivity, speed, simplicity, accuracy, and precision. 
Therefore, the current UHPLC method is deemed suitable for 
the routinely analyzed raw materials and compositions.
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