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ABSTRACT 

The current research aims to develop and validate a stability-indicating reversed phase-high 

performance liquid chromatographic method for the simultaneous estimation of Doxofylline 

and Ambroxol Hydrochloride. The specific objective is to create a method that is precise, 

accurate, and robust, suitable for use as a stability-indicating method for the simultaneous 

estimation of Doxofylline and Ambroxol Hydrochloride. The method development involved 

utilizing Chromatopak (250 x 4.6 mm, 5μm) with ACN: Potassium dihydrogen orthophosphate 

buffer pH 4.5 (pH adjusted with 1 percentage TEA) (70:30) as a mobile phase, detected by a 

photodiode array detector at a wavelength of 254 nm at a flow rate of 1 mL/min. In this study, 

Doxofylline and Ambroxol Hydrochloride were exposed to various stress conditions including 

acidic hydrolysis, basic hydrolysis, neutral hydrolysis, oxidation, thermal, and photolytic 

degradation. The percentage degradation was found to be within the range of 10-20 percentage. 

Linearity was observed in the range of 40-200 μg/mL and 3-15 μg/mL with correlation 

coefficients of 0.998 and 0.999 for Doxofylline and Ambroxol Hydrochloride, respectively. 

The percentage relative standard deviation of respective observations was found to be less than 

Received 16th Nov. 2023; Revised 18th Dec. 2023; Accepted 26th May 2024; Available online 1st April 2025 



Patel K et al                                                                                                                                               Research Article 
 

 
1880 

IJBPAS, April, 2025, 14(4) 

2 percentage. The developed method was successfully validated according to ICH guidelines 

for all parameters for analytical method validation. 

Keywords: Ambroxol Hydrochloride, Analytical Method Validation, Asthma, Chronic 

Obstructive Pulmonary Disease, Doxofylline, Stability indicating RP-HPLC method 

INTRODUCTION 

Chronic pulmonary disease and asthma 

are prevalent respiratory diseases that 

cause difficulty in breathing due to 

inflammation in the airways [1]. 

Doxofylline (DOX) is an oral methyl 

xanthine derivative and a 

phosphodiesterase-4 inhibitor primarily 

used to treat asthma and Chronic 

Obstructive Pulmonary Disease (COPD). 

Its IPUAC name is 7-[(1,3-dioxolan-2-yl) 

methyl]-1,3 dimethyl-2,3,6,7-tetrahydro-

1H-purine 2,6-dione [2]. Ambroxol 

hydrochloride (ABH) is a mucolytic 

agent that inhibits the non-dependent 

soluble guanylate cyclase, reducing the 

overproduction of mucus. This helps 

maintain low phlegm viscosity and 

enhances the transfer of bronchial 

secretions through the mucociliary 

system. The IUPAC name of ABH is 4-

[(2-amino-3,5-dibromophenyl) 

methylamino] cyclohexan-1-ol. It is 

commonly used to treat COPD symptoms 

[3]. The structures of DOX and ABH are 

depicted in Figure 1 and Figure 2, 

respectively. 

 

Figure 1: Structure of Doxycycline 
 

 

 
Figure 2: Structure of Ambroxol HCl 

 

The literature provides evidence of various 

analytical methods for analyzing DOX 

individually or in combination [4-9], as well 

as multiple methods for estimating ABH, 

either alone or in combination with other 

drugs [10-12]. Stability-indicating HPTLC 
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methods have also been described for 

simultaneously estimating DOX and ABH 

in combined dosage forms [13]. Looking at 

the wide applicability and the versatility of 

reverse-phase HPLC methods, this research 

article concentrates on the successful 

development and validation of a stability-

indicating reverse-phase HPLC method for 

both pure Doxofylline and Ambroxol HCl, 

as well as commercially available 

formulations in their combined dosage form, 

along with conducting force degradation 

studies. 

MATERIALS AND METHODS 

Chemicals and Reagents 

Doxofylline and Ambroxol HCl were 

received as gift samples from Bakul 

Finechem Research Centre, Ankleshwar, 

Gujarat, India, and Akhil Healthcare PVT. 

LTD., Vadodara, Gujarat, India, 

respectively. Other common reagents such 

as potassium dihydrogen phosphate, sodium 

hydroxide, acetonitrile, triethylamine, 

hydrochloric acid, and hydrogen peroxide 

(30%) were of HPLC/AR grade and were 

obtained from local chemical suppliers. 

Instruments 

Shimadzu HPLC system model LC-2050C 

3D (2.0) with PDA detector was used during 

the overall process of method development 

and validation. Apart from this, variety of 

equipments such as UV Visible 

Spectrophotometer (Shimadzu 1900), 

Digital Weighing Balance (Mettler Toledo, 

Switzerland), FTIR (Bruker, Germany), 

Melting Point Apparatus (Veego, India) and 

pH Meter (Elico LIT 20) were used as per 

the requirement throughout the overall 

method development and validation. 

Preparation of Standard Stock solution 

The standard stock solution of Doxofylline 

and Ambroxol HCl was prepared by 

accurately weighing 40mg of Doxofylline 

and 3mg of Ambroxol HCl, respectively. 

Further dilutions were made for the 

respective solutions to obtain a total 

concentration of 4000 μg/mL for DOX and 

300 μg/mL for ABH. These solutions were 

then used to determine the linearity of both 

drugs after the aid of respective dilutions as 

per the requirements. 

Preparation of mobile phase 

The mobile phase was composed of a 

mixture of acetonitrile and potassium 

dihydrogen orthophosphate buffer with a pH 

of 4.5 in a ratio of approximately 70:30. The 

pH was adjusted using 1% TEA. 

Chromatographic conditions 

The RP-HPLC analysis was conducted 

using an HPLC system equipped with a 

PDA detector, with the UV detection 

wavelength set at 254 nm. Chromatographic 

separation was performed on a 

Chromatopak column (250 ×4.6mm, 5μm). 

The mobile phase, comprising acetonitrile 

and potassium dihydrogen orthophosphate 

buffer at pH 4.5 (adjusted with 1% TEA) in 

a ratio of 70:30, was delivered at a flow rate 
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of 1 mL/min. An injection volume of 20 µL 

was employed, and the total analysis time 

for each run was 10 minutes. 

Procedure for validation of the developed 

method 

System suitability 

System suitability was established by 

injecting all the mixed standards six times. 

The developed method was validated 

according to ICH guidelines for parameters, 

including system suitability, specificity, 

linearity, range, accuracy, precision, and 

robustness. An aliquot of the standard 

solution was mixed and diluted with the 

mobile phase to achieve a final 

concentration of 40μg/mL DOX and 

3μg/mL ABH. The solution was then 

injected six times, and system suitability 

parameters were calculated. 

Linearity and Range 

From the stock solutions, various 

dilutions/working standard solutions were 

prepared for individual drugs in the range of 

40-200 μg/mL for DOX and 3-15 μg/mL for 

ABH, respectively. All the solutions were 

sonicated for 2 minutes and filtered through 

a 0.45μm filter paper. 

Precision 

Precision of the method was determined by 

repeatability, intraday precision and 

interday precision.  

Repeatability was determined by repeatedly 

injecting (n=6) a standard solution of 

40μg/mL DOX and 3μg/mL ABH into the 

chromatographic system. The peak areas 

were measured, and the % relative standard 

deviation (RSD) was calculated. 

Intraday precision was assessed by 

analyzing three replicates of three 

concentrations (80, 120, and 180 μg/mL) of 

the standard solution of DOX and (6, 9, and 

12 μg/mL) of ABH on the same day. % RSD 

was calculated. 

At three consecutive days, three 

concentrations (80, 120, and 180 μg/mL) of 

DOX and (6, 9, and 12 μg/mL) of ABH were 

analyzed in triplicate. % RSD was 

calculated. 

Accuracy  

The recovery of DOX and ABH was 

calculated and the accuracy method was 

determined using the standard addition 

method. Concentrations within the linearity 

range were selected, and standards were 

spiked at three different levels (50%, 100%, 

and 150%). The amounts of DOX and ABH 

used to obtain the area value were 

determined using the regression equation of 

the calibration. 

Robustness 

The robustness of the analytical method is 

determined by its capacity to maintain 

normal operation even when subjected to 

small intentional modifications. To confirm 

robustness, changes were made in the flow 

rate (±0.2mL/min) and wavelength (±2nm) 

in the optimised chromatographic 
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conditions. The percentage % RSD was 

calculated. 

Limit of Detection (LOD) and Limit of 

Quantification (LOQ) 

The limit of detection (LOD) was estimated 

from the set of five calibration curves used 

to determine the method's linearity, and 

further calculations were performed 

simultaneously for both drugs using the 

following equation. 

LOD = 3.3 × (SD/Slope) 

Where, SD = Standard deviation of the Y- 

intercepts of the five calibration curves 

Slope = Mean slope of the five calibration 

curves. 

In the same way, LOQ was estimated using 

following equation.  

LOQ = 10 × (SD/Slope) 

Where, SD = Standard deviation of the Y- 

intercepts of the five calibration curves.  

Slope = Mean slope of the five calibration 

curves. 

Procedure for forced degradation studies 

Stress degradation studies were conducted 

in compliance with ICH guidelines, and 

investigations were performed using both 

API and formulations containing ABH and 

DOX. The drug samples were subjected to 

forced degradation conditions, including 

acidic (0.1 HCl for 60 minutes), basic (0.1 

NaOH for 60 minutes), peroxide (3% v/v 

H2O2 at room temperature for 60 minutes), 

neutral (water for 60 minutes), thermal (at 

80°C for 60 minutes), and photolytic (near 

UV fluorescent lamp for 60 minutes) 

conditions. 

Acid degradation  

40 mg of DOX and 3 mg of ABH were 

accurately weighed into separate volumetric 

flasks. 5 mL of ACN was added to dissolve 

the substances, followed by 5 mL of 0.1 

HCl, and allowed to stand for 60 minutes. 

Afterward, 1 mL was withdrawn and 

neutralized by adding up to 1 mL of 0.1 N 

NaOH. The solution was then diluted with 

ACN to achieve concentrations of 40 μg/mL 

for DOX and 3 μg/mL for ABH, 

respectively. 

Base-degradation 

40 mg of DOX and 3 mg of ABH were 

precisely weighed into separate volumetric 

flasks. Each substance was dissolved in 5 

mL of ACN, followed by the addition of 5 

mL of 0.1 NaOH, and allowed to stand for 

60 minutes. Subsequently, 1 mL was 

withdrawn, and 1 mL of 0.1 N HCl was 

added to neutralize it. The resulting solution 

was then diluted with ACN to achieve 

concentrations of 40 μg/mL for DOX and 3 

μg/mL for ABH, respectively. 

Neutral degradation 

40 mg of DOX and 3 mg of ABH were 

accurately weighed into separate volumetric 

flasks. 5 mL of ACN was added to dissolve 

the substances, followed by 5 mL of water, 

and allowed to stand for 60 minutes. 

Afterward, 1 mL was withdrawn, and 1 mL 

of neutralized solution was added. The 
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solution was then diluted with ACN to 

achieve concentrations of 40 μg/mL for 

DOX and 3 μg/mL for ABH, respectively 

Oxidative degradation 

40 mg of DOX and 3 mg of ABH were 

accurately weighed into separate volumetric 

flasks. 10 mL of ACN was added to dissolve 

the substances, followed by 5 mL of 3% 

H2O2, and allowed to stand for 60 minutes. 

Afterward, 1 mL was withdrawn and diluted 

with ACN. 1 mL of the above solution was 

further diluted up to 10 mL, resulting in 

concentrations of 40 μg/mL for DOX and 3 

μg/mL for ABH, respectively. 

Thermal degradation 

400 mg of DOX and 30 mg of ABH were 

accurately weighed. The plates were placed 

in a hot air oven at 80ºC. Subsequently, 40 

mg of DOX and 3 mg of ABH were 

accurately weighed, and 10 mL of diluent 

was added. 0.1 mL was withdrawn and made 

up to 10 mL with diluent. This resulted in a 

solution containing 40 µg/mL of DOX and 3 

µg/mL of ABH.  

Photolytic degradation  

400 mg of DOX and 30 mg of ABH were 

accurately weighed. The plates were placed 

in a UV chamber for 1 hour. Subsequently, 

40 mg of DOX and 3 mg of ABH were 

accurately weighed, and 10 mL of diluent 

was added. 0.1 mL was withdrawn and made 

up to 10 mL with diluent. This resulted in a 

solution containing 40 µg/mL of DOX and 3 

µg/mL of ABH. 

Application of the developed method for 

commercial formulation analysis 

Twenty tablets were accurately weighed and 

powdered. The powder was dissolved in a 

sufficient quantity of mobile phase to 

achieve the final concentration of ABH and 

DOX within the previously mentioned 

range. Furthermore, the developed method 

was applied to a commercial formulation 

containing ABH and DOX, and the results 

were recorded, with the core aspects of 

specificity and simultaneous estimation of 

ABH and DOX without the aid of prior 

separation of both the APIs. 

The specificity of the HPLC method was 

also assessed to ensure that there was no 

interference from excipients and degradants 

during the simultaneous determination of 

DOX and ABH. For specificity testing, 

standard solutions were mixed and diluted 

with the mobile phase to achieve final 

concentrations of 40μg/mL for DOX and 

3μg/mL for ABH, respectively. From the 

optimized chromatogram of DOX and ABH, 

it was observed that there was no 

interference from any other degradant peak, 

nor from the excipients of the formulation. 

RESULTS AND DISCUSSION 

The method was optimized following a 

detailed study of the structure of both drugs 

and their primary parameters. After 

numerous trials, a method utilizing 

Chromatopak C18 (250 mm × 4.6 mm id, 5 

μm particle size) with a mobile phase ratio 
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of Acetonitrile: potassium dihydrogen 

orthophosphate buffer- (70:30) of pH 4.5 

(pH adjusted with 1% TEA), was selected as 

one of the key optimised parameter. The 

flow rate of the mobile phase was optimised 

at 1 mL/min and detection wavelength was 

optimised at 254nm for overall method 

development and validation. Validation 

parameters and forced degradation studies 

were conducted, and the chromatogram and 

results were subsequently calculated. The 

solution was injected six times, and system 

suitability parameters were calculated. A 

representative chromatogram of system 

suitability was depicted in Figure 3.  

In accordance with the methodology, 

accuracy was evaluated by determining the 

recovery of the standards of DOX and ABH 

respectively. The results of the recovery 

were presented in Table 1. 

As stated in the methodology, the robustness 

of the method was assessed by making 

minor modifications to the optimized 

method parameters. Following the same 

approach, the results of the robustness 

testing were documented in the Table 2 

provided below. 

The developed method was successfully 

validated as per ICH guidlines, and the 

results of all validation parameters were 

presented in Table 3. 

Results of forced degradation studies 

Forced degradation studies entailed 

subjecting drug substances and products to 

conditions more severe than those 

encountered in accelerated situations. In the 

presence of diverse stress conditions such as 

acidic, basic, neutral environments, elevated 

temperatures, and exposure to light, the 

results revealed effective differentiation 

between the peaks of the pure drugs, DOX 

and ABH, in terms of their respective areas 

under the curves at standard retention times, 

even in the presence of degradant peaks. 

Following the application of various stress 

conditions, the corresponding 

chromatograms were depicted in the 

subsequent figures. Specifically, Figure 4a 

illustrates the chromatogram of acid 

degradation, Figure 4b reveals the 

chromatogram of basic degradation, and 

Figure 4c represents the chromatogram of 

neutral degradation.  

Similarly, Figure 4d, Figure 4e, and Figure 

4f depict the chromatograms for oxidative, 

thermal, and photolytic degradation, 

respectively. 

The degradation percentage corresponding 

to each type of stress condition applied is 

calculated, and the outcomes are 

documented in Table 4, presented below. 

Additionally, the results are also 

summarized in Table 4. 

Application of the Developed Method for 

Commercial Formulation Analysis 
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The developed method was successfully 

tested and found to be specific, 

demonstrating no interference of excipients 

in the simultaneous determination of DOX 

and ABH. Various commercial brands of 

DOX and ABH were successfully analysed, 

and the results are recorded as follows in 

Table 5. 

 
 
 
 

 
Figure 3: System suitability of DOX and ABH in mixture 

 
 
 

Table 1: Results of recovery study for DOX and ABH 
Drug % Level 

(Spiking) 
Amount of sample 

mixture (μg/ml) 
Amount of Standard 

spiked 
(μg/ml) 

%Recovery* Mean 
Recovery 

S.D. 

 
DOX 

50 106 53 99.7±0.18 99.52 0.253 
100 106 106 99.91±0.29 
150 106 159 98.97±0.29 

 
ABH 

50 8 4 98.88±0.20 99.21 0.25 
100 8 8 99.17±0.33 
150 8 12 99.6±0.22 

*Mean value of three determinations; SD: Standard Deviation 
 
 
 
 

Table 2: Results of robustness testing 
Parameters % RSD 

DOX* ABH* 
Change in detection Wavelength 

1. 252nm 
2. 254nm 
3. 256nm 

 
0.1338 
0.5900 
0.7536 

 
0.1574 
0.4431 
0.4517 

Change in Flow rate of mobile phase 
1. 0.9mL/min 
2. 1.0mL/min 
3. 1.1mL/min 

 
0.1262 
1.0974 
0.1434 

 
0.1208 
0.9273 
0.2965 

*Mean values of three determinations; %RSD - %Relative Standard Deviation 
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Table 3: Results of Validation Parameters 
Parameters DOX ABH 

Wavelength (nm) 254nm 
Range 40-200 μg/mL 3-15 μg/mL 
Slope 10049 12135 

Intercept 28125 7884 
Correlation coefficient 0.9993 0.9986 

Accuracy 99.52 ± 0.253 99.21 ± 0.25 
Intraday Precision*(%RSD) 0.439 0.224 
Inter day Precision*(%RSD) 1.241 0.956 

LOD (μg/ml) 3.457 0.562 
LOQ (μg/ml) 10.477 1.705 
Robustness 

Different wavelength (%RSD) 
Different flow rates (%RSD) 

 
0.492 
0.455 

 
0.35 
0.448 

Repeatability** (%RSD) 0.411 0.310 
System suitability Parameters** 
Theoretical Plates (Mean ± SD) 

Retention time (Mean ± SD) 
Tailing Factor (Mean ± SD) 

Resolution (Mean ± SD) 

 
3201.6 ± 0.177 
3.02 ± 0.0008 
1.3 ± 0.003 

------------------- 

 
3277.3 ± 42.35 
3.02 ± 0.0108 
1.41 ± 0.005 
3.86 ± 0.049 

*n= Mean value of three determinations; **n=Mean value of six determinations; SD= Standard Deviation 
%RSD=%Relative Standard Deviation 

 
Figure 4a: Overlay chromatogram of test solution for acid degradation at 60 minutes 

 
Figure 4b: Overlay chromatogram of test solution for base degradation at 60 minutes 

 
Figure 4c: Overlay chromatogram of test solution for neutral degradation at 60 minutes 
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Figure 4d: Overlay chromatogram of test solution for oxidative degradation at 60 minutes 

 
Figure 4e: Overlay chromatogram of test solution for thermal degradation at 60 minutes 

 

 
Figure 4f: Overlay chromatogram of test solution for photolytic degradation at 60 minutes 

 
Table 4: Results of the percentage degradation for DOX and ABH after the application of a variety of stress 

conditions 

Sr. No 
Stress Condition % Degradation 

DOX ABH 
1. Acidic degradation 19.10 19.00 
2. Basic degradation 19.85 20.31 
3. Neutral degradation 16.57 30.33 
4. Oxidative degradation 17.44 18.14 
5. Thermal degradation 15.78 18.90 
6. Photolytic degradation 16.35 14.15 

 
 

Table 5: Commercial formulation analysis of DOX and ABH 
Brands Label Claim* 

(mg/mixture) 
Amount Found 
(mg/mixture) 

% Label Claim 
(mg/mixture) 

DOX AMB DOX AMB DOX AMB 
Brand I 400 30 399.35 29.51 99.83 98.36 
Brand II 400 30 398.97 30.03 99.74 100.1 

Mean 
---- ----- 

99.83 99.39 
S.D. 0.100 0.916 

*-mean value for three determinations 
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CONCLUSION 

A stability-indicating RP-HPLC method is 

successfully developed and validated for the 

simultaneous determination of Doxofylline 

and Ambroxol HCl in their combined 

pharmaceutical formulations. The 

developed method, noted for its simplicity, 

speed, accuracy, precision, and specificity, 

facilitates the effective determination of 

both Doxofylline and Ambroxol HCl 

concentrations within their combined 

dosage forms. Furthermore, it serves as a 

reference for future research endeavors 

aimed at developing and validating stability-

indicating methods for various drug binary 

mixtures. 
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