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INTRODUCTION 
High Performance Liquid Chromatography (HPLC) is a 

technique for separation, identification and quantification 

of components in a mixture.
[1]

 It is especially suitable for 

compounds which are not easily volatilized, thermally 

unstable and have high molecular weights.
[2-4]

 Detection 

techniques are employed for detection and quantification 

of the eluted components.
[2]

 The aim of the study was to 

develop new Reverse Phase (RP)-HPLC method for the 

simultaneous estimation of Ambroxol, Montelukast and 

Levocetrizine   in   pharmaceutical dosage forms.
[5-6]

 The 

main objective of the study was to develop a new RP-

HPLC method for validation of AMBROXOL, 

MONTELUKAST AND LEVOCETRIZINE in solid 

dosage forms and also to validate the drug using different 

solvents, retention time and other parameters. Validation 

was done as per ICH guidelines for the determination 

Ambroxol, Montelukast and Levocetrizinein   

pharmaceutical dosage forms. 

 

 

MATERIALS AND METHODS 

Table 1.1 Instruments used. 

UV-Visible Spectrophotometer Nicolet evolution 100 
HPLC Shimadzu (LC 20 AT VP) 
HPLC Agilent 1200 series 
Ultra sonicator Citizen, Digital Ultrasonic Cleaner 
pH meter Global digital 
Electronic balance Shimadzu 
Syringe Hamilton 
HPLC Column INERTSIL column, C18(150x4.6 ID) 5µm 
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ABSTRACT 

A simple and selective LC method is described for the determination of Ambroxol, Montelukast and 

Levocetirizine dosage forms. Chromatographic separation was achieved on a c18 column using mobile phase 

consisting of a mixture of Phosphate buffer pH: 4 Acetonitrile (55:45v/v/v), with detection of 275nm. Linearity 

was observed in the range 40-120 µg /ml for Ambroxol(r
2
 =0.999) 20-60µg/ml for Montelukast (r

2
 =0.999) & 5-

15µg /ml for Levocetirizine (r
2
 =0.999) for the amount of drugs estimated by the proposed methods was in good 

agreement with the label claim. The proposed methods were validated. The accuracy of the methods was assessed 

by recovery studies at three different levels. Recovery experiments indicated the absence of interference from 

commonly encountered pharmaceutical additives. The method was found to be precise as indicated by the 

repeatability analysis, showing %RSD less than 2. All statistical data proves validity of the methods and can be 

used for routine analysis of pharmaceutical dosage form. 
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Table 1.2: Reagents used. 

Water HPLC Grade 
Methanol HPLC Grade 
Potassium Dihydrogen ortho Phosphate AR Grade 
Acetonitrile HPLC Grade 
Ammonium acetate AR Grade 
Tetra Hydro Furan AR Grade 

 

Table 1.3: Drug used. 

Ambroxol, Montelukast and Levocetirizine Gift Samples from an industry 

Lezest-M (75+5+10mg) label claims Obtained from local pharmacy 

 

Mobile Phase 

A mixture of 55 volumes of Phosphate    Buffer and 45 

volumes of Acetonitrile were prepared. The mobile phase 

was sonicated for 10min to remove gases. 

 

Preparation of buffer 

Weigh 6.8gm of   potassium dihydrogen phosphate   in 

1000ml of water. 

 

Solubility Studies 

These studies are carried out at 25 
0 
C. 

 

AMBROXOL 

Soluble in methanol and insoluble in water. 

 

MONTELUKAST 

Soluble in ethanol, methanol, ethyl acetate, and acetone. 

 

LEVOCETIRIZINE 

soluble in Methanol and slightly soluble in  water. 

Insoluble in ethanol. 

 

Determination of Working Wavelength (λmax) 

In simultaneous estimation of  three drugs isobestic 

wavelength is used. Isobestic point is the wavelength 

where the molar absorptivity is the same for two 

substances that are interconvertible. So this wavelength 

is used in simultaneous estimation to estimate three 

drugs accurately. 

 

Preparation of standard stock solution of Ambroxol 

10 mg of Ambroxolwas weighed and transferred in to 

25ml volumetric flask and dissolved in methanol and 

then make up to the mark with methanol and prepare 80 

µg /ml of solution by diluting 2 ml to 10ml with 

methanol. 

 

Preparation of standard stock solution of 

Montelukast 

10 mg of Montelukastwas weighed in to 25ml volumetric 

flask and dissolved in Methanol and then dilute up to the 

mark with methanol and prepare 40 µg /ml of solution by 

diluting 1ml to 10ml with methanol. 

 

Preparation of standard stock solution of 

Levocetirizine 

10 mg of Levocetirizine was weighed in to 25ml 

volumetric flask and dissolved in Methanol and then 

dilute up to the mark with methanol and prepare 10µg/ml 

of solution by diluting 0.25 ml to 10ml with methanol. 

 

METHOD DEVELOPMENT OF AMBROXOL, 

MONTELUKAST AND LEVOCETIRIZINE 

Trial – 1. 

Chromatographic conditions 

Mobile phase : Triethyl amine +ACN+Methanol 

pH                      :   5.0 

Ratio  :  20:30:50 

Column  : BDS (250×4.6mm)5 

Wavelength : 275nm 

Flow rate : 1ml/min 

 

Preparation of mixed standard solution 

Weigh accurately 16 mg of Ambroxoland 10mg of 

Montelukast and 5mg of Levocetirizinein 100 ml of 

volumetric flask and dissolve in 10ml of mobile phase 

and make up the volume with mobile phase From above 

stock solution 160µg/ml of Ambroxoland   100µg/ml of 

Montelukast and 50µg/ml of Levocetirizine is prepared 

by diluting 5.3ml to 10ml with mobile phase. This 

solution is used for recording chromatogram. 

  

Trial- 2 

Chromatographic conditions 

Mobile phase    : Water: ACN 

Ratio  :  50:50 

Column  : Zodiac C18Column (250×4.6 ×5µ) 

Wavelength : 275nm 

Flow rate : 1.2 ml/min 

 

Preparation of mixed standard solution 

Weigh accurately 80mg of Ambroxol and 40mg of 

Montelukast and 10mg of Levocetirizinein 25 ml of 

volumetric flask and dissolve in 25ml of mobile phase 

and make up the volume with mobile phase From above 

stock solution 80µg/ml of Ambroxoland 40µg/ml of 

Montelukast and 10µg/ml of Levocetirizine is prepared 

by (pipette outing 2ml from Ambroxol and 1ml from 

Montelukast and 0.25 ml from Levocetrizine). diluting 

3.25ml to 10ml with mobile phase. This solution is used 

for recording chromatogram. 
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Trial- 3. 

Chromatographic conditions 

Mobile phase      : Ammonium acetate: ACN 

Ratio  :   30:70 

Column  : Zodiac, C18 (250×4.6× 5µ) 

Wavelength          : 275nm 

Flow rate : 1ml/min 

 

Preparation of mixed standard solution 

Weigh accurately 80mg of Ambroxol and 40mg of 

Montelukast and 10mg of Levocetirizinein 25 ml of 

volumetric flask and dissolve in 25ml of mobile phase 

and make up the volume with mobile phase From above 

stock solution 80µg/ml of Ambroxoland 40µg/ml 

ofMontelukast and 10µg/ml of Levocetirizine is prepared 

by (pipette outing 2ml from Ambroxol and 1ml from 

Montelukast and 0.25 ml from Levocetrizine). diluting 

3.25ml to 10ml with mobile phase. This solution is used 

for recording chromatogram. 

 

Trial- 4. 

Chromatographic conditions 

Mobile phase       :  Phosphate Buffer  :  ACN 

Ratio  :   55:45 

Column  :   Zodiac, C18 (250×4.6× 5µ) 

Wavelength          :  275nm 

Flow rate :  1ml/min 

pH                        : 4.0 

 

Preparation of mixed standard solution 

Weigh accurately 80mg of Ambroxol and 40mg of 

Montelukast and 10mg of Levocetirizinein 25 ml of 

volumetric flask and dissolve in 25ml of mobile phase 

and make up the volume with mobile phase From above 

stock solution 80µg/ml of Ambroxoland 40µg/ml of 

Montelukast and 10µg/ml of Levocetirizine is prepared 

by (pipette outing 2ml from Ambroxol and 1ml from 

Montelukast and 0.25 ml from Levocetrizine). diluting 

3.25ml to 10ml with mobile phase. This solution is used 

for recording chromatogram. 

Chromatogram of Ambroxol, Montelukast and 

Levocetirizine 

 

Assay 

Preparation of samples for Assay 

Preparation of mixed standard solution 

Weigh accurately 80mg of Ambroxol and 40mg of 

Montelukast and 10mg of Levocetirizinein 25 ml of 

volumetric flask and dissolve in 25ml of mobile phase 

and make up the volume with mobile phase From above 

stock solution 80µg/ml of Ambroxoland 40µg/ml of 

Montelukast and 10µg/ml of Levocetirizine is prepared 

by (pipette outing 2ml from Ambroxol and 1ml from 

Montelukast and 0.25 ml from Levocetrizine). diluting 

3.25ml to 10ml with mobile phase. This solution is used 

for recording chromatogram. 

 

Preparation of sample solution: 

5tablets (each tablet contains (75mg+5mg+10mg) of 

Ambroxol, Montelukast and Levocetirizine) were 

weighed and   taken into a mortar and crushed to fine 

powder and uniformly mixed. Tablet stock solutions of 

Ambroxol (80μg/ml) and Montelukast (40μg/ml) and 

Levocetirizine (10µg/ml) were prepared by dissolving 

weight equivalent to 75mg of Ambroxol and 10mg of 

Montelukast and 5mg of Levocetirizine and dissolved in 

sufficient mobile phase. After that filtered the solution 

using 0.45-micron syringe filter and Sonicated for 5 min 

and dilute to 25ml with mobile phase. Further dilutions 

are prepared in 5 replicates of 80μg/ml of Ambroxol and 

40μg/ml of Montelukast and 10µg/ml of Levocetirizine 

was made by adding 3.25ml of stock solution to 10 ml of 

mobile phase. 

 

Calculation 

The amount of Ambroxol, Montelukast and 

Levocetirizinepresent in the formulation by using the 

formula given below, and results shown in above table: 

 
Where, 

AS:  Average peak area due to standard preparation 

AT:  Peak area due to assay preparation 

WS: Weight of Ambroxol, Montelukast and 

Levocetirizinein mg 

WT: Weight of sample in assay preparation 

DT: Dilution of assay preparation 

 

VALIDATION 

Specificity by Direct comparison method 
There is no interference of mobile phase, solvent and 

placebo with the analyte peak and also the peak purity of 

analyte peak which indicate that the method is specific 

for the analysis of analytes in their dosage form. 

 

Preparation of samples for Assay 

Preparation of mixed standard solution 

Weigh accurately 80mg of Ambroxol and 40mg of 

Montelukast and 10mg of Levocetirizinein 25 ml of 

volumetric flask and dissolve in 25ml of mobile phase 

and make up the volume with mobile phase From above 

stock solution 80µg/ml of Ambroxoland 40µg/ml of 

Montelukast and 10µg/ml of Levocetirizine is prepared 

by (pipette outing 2ml from Ambroxol and 1ml from 

Montelukast and 0.25 ml from Levocetrizine). diluting 

3.25ml to 10ml with mobile phase. This solution is used 

for recording chromatogram. 

 

Preparation of sample solution 

5tablets (each tablet contains (75mg+5mg+10mg) of 

Ambroxol, Montelukast and Levocetirizine) were 

weighed and   taken into a mortar and crushed to fine 

powder and uniformly mixed. Tablet stock solutions of 

Ambroxol (80μg/ml) and Montelukast (40μg/ml) and 

Levocetirizine (10µg/ml) were prepared by dissolving 

weight equivalent to 75mg ofAmbroxol and 10mg of 

Montelukast and 5mg of Levocetirizine and dissolved in 

sufficient mobile phase. After that filtered the solution 

using 0.45-micron syringe filter and Sonicated for 5 min 

and dilute to 25ml with mobile phase. Further dilutions 
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are prepared in 5 replicates of 80μg/ml of Ambroxol and 

40μg/ml of Montelukast and 10µg/ml of Levocetirizine 

was made by adding 3.25ml of stock solution to 10 ml of 

mobile phase. 

 

2. Linearity and range 

Preparation of mixed standard solution 

Weigh accurately 10mg of Ambroxol and 10mg of 

Montelukast and 10mg of Levocetirizinein 25 ml of 

volumetric flask and dissolve in 25ml of mobile phase 

and make up the volume with mobile phase. This stock 

solution contains 80µg/ml of Ambroxoland 40µg/ml of 

Montelukast and 10µg/ml of Levocetirizine. This 

solution is used for recording chromatogram. 

 

3. Accuracy 
Accuracy of the method was determined by Recovery 

studies. To the formulation (pre analyzed sample), the 

reference standards of the drugs were added at the level 

of 50%, 100%, 150%. The recovery studies were carried 

out three times and the percentage recovery and 

percentage mean recovery were calculated for drug is 

shown in table. To check the accuracy of the method, 

recovery studies were carried out by addition of standard 

drug solution to pre-analyzed sample solution at three 

different levels 50%, 100% & 150. 

 

4. Precision 

Method precision 

Prepared sample preparations of Ambroxol, Montelukast 

and Levocetirizine as per test method and injected 5 

times in to the column. 

 

Acceptance criteria 

The % Relative standard deviation of Assay preparations 

of Ambroxol, Montelukast and Levocetirizine should be 

not more than 2.0%. 

 

5. Robustness 

Chromatographic conditions variation 
To demonstrate the robustness of the method, prepared 

solution as per test method and injected at different 

variable conditions like using different conditions like 

Temperature and wavelength. System suitability 

parameters were compared with that of method 

precision. 

 

Acceptance criteria 

The system suitability should pass as per the test method 

at variable conditions. Chromatogram of Ambroxol, 

Montelukast and Levocetirizine for Robustness (0.8 

ml/min)  

 

6. Limit of Detection 

 
Where,   σ = the standard deviation of the response 

S = the slope of the calibration curve 

The slope S may be estimated from the calibration curve 

of the analyte. 

Observation: 

The LOD for this method was found to be 24.19 µg/ml 

of Ambroxol 

The LOD for this method was found to be 18.85 µg/ml 

of Montelukast 

The LOD for this method was found to be 7.23 µg/ml of 

Levocetirizine 

 

7. Limit of Quantification 

 
Where, 

σ = the standard deviation of the response 

S = the slope of the calibration curve 

The slope S may be estimated from the calibration curve 

of the analyte. 

Observation: The LOQ for this method was found to be 

73.31 µg/ml for Ambroxol 

The LOQ for this method was found to be 57.12 µg/ml 

for Montelukast 

 

RESULTS AND DISCUSSION 

Determination of Working Wavelength (λmax) 

In simultaneous estimation of  two drugs isobestic 

wavelength is used. Isobestic point is the wavelength 

where the molar absorptivity is the same for two 

substances that are interconvertible. So this wavelength 

is used in simultaneous estimation to estimate both drugs 

accurately. 

 

RESULTS 

The wavelength of maximum absorption (λmax) of the 

drug, 10 μg/ml solution of the drugs in methanol were 

scanned using UV-Visible spectrophotometer within the 

wavelength region of 200–400 nm against methanol as 

blank. The resulting spectra are shown in the fig. no. 8.1, 

8.2 and 8.3 and the absorption curve shows characteristic 

absorption maxima at nm for ambroxol, nm for 

montelukastand nm for levocetirizine nm for the 

combination. 

 

 
Fig. 1: UV-VIS spectrum of Ambroxol, Montelukast 

and Levocetirizine and the isosbestic point was 

275nm. The Isosbestic point was found to be 275nm 

for Ambroxol, Montelukast and Levocetirizinein 

combination. 



Khanam.                                                                         European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com            │         Vol 7, Issue 12, 2020.           │          ISO 9001:2015 Certified Journal         │ 341 

METHOD DEVELOPMENT OF AMBROXOL, 

MONTELUKAST AND LEVOCETIRIZINE 

Trial - 1 

Chromatographic conditions 

Mobile phase :  Triethyl amine +ACN+Methanol 

pH                        :   5.0 

Ratio  :  20:30:50 

Column  : BDS (250×4.6mm)5 

Wavelength : 275nm 

Flow rate : 1ml/min 

  

  
Fig 1.1: Chromatogram of Ambroxol, Montelukast and Levocetirizine. 

 

Observation 

 Efficiency was not good. Peak response was not 

satisfactory. Hence it is not optimized. 

 

 

 

 

 

Trial- 2 

Chromatographic conditions 

Mobile phase    : Water: ACN 

Ratio  :  50:50 

Column  : Zodiac C18Column (250×4.6 ×5µ) 

Wavelength : 275nm 

Flow rate : 1.2 ml/min 

 
Fig 1.2: Chromatogram of Ambroxol, Montelukastand Levocetirizine. 
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Observation 
Efficiency was not good. Resolution was not good. 

Hence it is not optimized. 

 

 

 

 

Trial- 3 

Chromatographic conditions 

Mobile phase       : Ammonium acetate: ACN 

Ratio  :   30:70 

Column  : Zodiac, C18 (250×4.6× 5µ) 

Wavelength          : 275nm 

Flow rate : 1ml/min 

 

 
Fig 1.3: Chromatogram of Ambroxol, Montelukast and Levocetirizine. 

 

Observation 

 Efficiency of the peaks was not good an tailing was 

observed.  Hence it is not optimized. 

 

 

 

 

 

 

Trial- 4 

Chromatographic conditions 

Mobile phase       :  Phosphate Buffer  :  ACN 

Ratio  :   55:45 

Column  :   Zodiac, C18 (250×4.6× 5µ) 

Wavelength          :  275nm 

Flow rate :  1ml/min 

pH                        : 4.0 

 
Fig 1.4: Chromatogram of Ambroxol, Montelukast and Levocetirizine.
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Observation 

 All the system suitability requirements were met. 

 The peak Asymmetry factor was less than 2 for 

AMBROXOL, MONTELUKAST and 

LEVOCETRIZINE. 

 The efficiency was more than 2000 AMBROXOL, 

MONTELUKAST and LEVOCETRIZINE 

 Resolution between two peaks >1.5. 

Hence it is optimized 

 

Table 2: Optimized chromatographic conditions. 

Mobile phase Phosphate buffer : Acetonitrile 55:45 

Column INERTSIL column,C18(150x4.6 ID) 5µm 

Flow rate 1.2 ml/min 

Column temperature Room temperature(20-25
o
C) 

Sample temperature Room temperature(20-25
o
C) 

Wavelength 275nm 

Injection volume 20 µl 

Run time 7min 

Retention time 
About 2.557 min forAmbroxol, 3.783 min for Montelukast and 6.020 min for 

Levocetirizine. 

 

Assay 

 
Fig 1.5: Chromatogram of Assay standard preparation-1. 

 

 
Fig 1.6: Chromatogram of Assay standard preparation-2. 
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Fig. 1.7: Chromatogram of Assay standard preparation-3. 

 

 
Fig. 1.8: Chromatogram of Assay standard preparation-4. 
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Fig 1.9: Chromatogram of Assay standard preparation-5. 

 

 
Fig. 2: Chromatogram of Assay sample preparation-1. 
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Fig 2.1: Chromatogram of Assay sample preparation-2. 

 

 
Fig 2.2: Chromatogram of Assay sample preparation-3. 
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Fig 2.3: Chromatogram of Assay sample preparation-4. 

 

 
Fig 2.4: Chromatogram of Assay sample preparation-5. 

 

Table 3 Assay Results 

Ambroxol Montelukast Levocetirizine 

 
Standard 

Area 

Sample 

Area 

Standard 

Area 

Sample 

Area 

Standard 

Area 

Sample 

Area 

Injection-1 1912.194 1924.730 923.523 933.238 164.673 188.631 

Injection-2 1785.598 1922.4 922.694 928.623 190.394 190.581 

Injection-3 1894.838 1915.267 913.51 948.698 191.406 196.092 

Injection-4 1888.58 1925.712 914.48 930.203 181.491 186.932 

Injection-5 1910.621 1767.839 921.942 886.391 184.485 175.535 

Average Area 1878.366 1891.190 919.2298 925.4306 182.4898 187.5542 

Assay(%purity) 100.682689 100.674565 102.7751688 

Observation: The amount of Ambroxol, Montelukast and Levocetirizine present in the taken dosage form was found 

to be   100.68%, 100.67% and 102.77% respectively. 
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VALIDATION 

1. Specificity 

 
Fig 3.1: Blank chromatogram for specificity. 

 

 
Fig 3.2: Chromatogram for specificity of Ambroxol, Montelukast and Levocetirizine sample. 

 

 
Fig 3.3: Chromatogram for Specificity of Ambroxol, Montelukast and Levocetirizine standard. 

 



Khanam.                                                                         European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com            │         Vol 7, Issue 12, 2020.           │          ISO 9001:2015 Certified Journal         │ 349 

Observation 

It is observed from the above data, diluents or excipient 

peaks are not interfering with the Ambroxol, 

Montelukast and Levocetirizine peaks. 

 

2. Linearity and range 

 
Fig 3.4: Chromatogram of Ambroxol, Montelukast and Levocetirizinepreparation-1. 

 

 
Fig 3.5: Chromatogram of Ambroxol, Montelukast and Levocetirizinepreparation-2. 
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Fig 3.6: Chromatogram of Ambroxol, Montelukast and Levocetirizinepreparation-3. 

 

 
Fig 3.7: Chromatogram of Ambroxol, Montelukast and Levocetirizinepreparation-4. 
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Fig 3.8: Chromatogram of Ambroxol, Montelukast and Levocetirizinepreparation-5. 

 

Table 4: Linearity Preparations. 

Preparations 
Volume from 

standard stock 

transferred in ml 

Volume made 

up in ml (with 

mobile phase) 

Concentration of solution(µg /ml) 

Ambroxol Montelukast Levocetirizine 

Preparation 1 1 0.5 0.12 10 40 20 5 
Preparation 2 1.5 0.75 0.18 10 60 30 7.5 
Preparation 3 2 1 0.25 10 80 40 10 
Preparation 4 2.5 1.25 0.31 10 100 50 12.5 
Preparation 5 3 1.5 0.375 10 120 60 15 

 

 
Fig 4.1: Linearity graph of Ambroxol. 
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Fig. 4.2: Linearity graph of Montelukast. 

 

 
Fig. 4.3: Linearity graph of Levocetirizine. 

 

Acceptance criteria 

The relationship between the concentration of Ambroxol, 

Montelukast and Levocetirizine and area of Ambroxol, 

Montelukast and Levocetirizine should be linear in the 

specified range and the correlation should not be less 

than 0.99. 

 

Observation 

The correlation coefficient for linear curve obtained 

between concentration vs. Area for standard preparations 

of Ambroxol, Montelukast and Levocetirizine is 0.997, 

0.996 and 0.998. The relationship between the 

concentration of Ambroxol, Montelukast and 

Levocetirizine and area of Ambroxol, Montelukast and 

Levocetirizine is linear in the range examined since all 

points lie in a straight line and the correlation coefficient 

is well within limits. 

 

3. Accuracy 
Accuracy of the method was determined by Recovery 

studies. To the formulation (pre analyzed sample), the 

reference standards of the drugs were added at the level 

of 50%, 100%, 150%. The recovery studies were carried 

out three times and the percentage recovery and 

percentage mean recovery were calculated for drug is 

shown in table. To check the accuracy of the method, 

recovery studies were carried out by addition of standard 

drug solution to pre-analyzed sample solution at three 

different levels 50%, 100% & 150%. 
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Fig 5.1: Chromatogram of 50% recovery (injection 1). 

 

 
Fig 5.2: Chromatogram of 50% recovery (injection 2). 

 

 
Fig 5.3: Chromatogram of 50% recovery (injection3). 
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Fig 5.4: Chromatogram of 100% recovery (injection 1). 

 

 
Fig 5.5: Chromatogram of 100% recovery (injection 2). 
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Fig 5.6: Chromatogram of 100% recovery (injection 3). 

 

 
Fig 5.7: Chromatogram of 150% recovery (injection 1). 
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Fig 5.8: Chromatogram of 150% recovery (injection 2). 

 

 
Fig 5.9: Chromatogram of 150% recovery (injection 3). 

 

Table 5.1: Acceptance criteria: The % recovery of Ambroxol, Montelukast and Levocetirizine should lie between 

98% and 102%. Recovery results for Ambroxol. 

Recovery 

level 

Accuracy   Ambroxol 
Average % 

Recovery 
Amount 

taken(mcg/ml) 
Area 

Average 

area 
% of Recovery 

% of Mean 

Recovery 

50% 

40 1935.728 

1924.127 
100.4066539 

99.65157903 

99.37843041 

99.81222113 

100.38 

40 1921.171 

40 1915.905 

100% 

80 2261.821 

2233.55 
105.5890552 

103.9469267 

103.2712807 

104.2690875 80 2226.645 

80 2212.172 

150% 

120 2695.715 

2673.19 97.87914738 97.06113831 120 2744.932 

120 2578.911 
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Table 5.2: Recovery results for Montelukast. 

Recovery 

level 

Accuracy   Montelukast 
Average % 

Recovery 
Amount 

taken(mcg/ml) 
Area 

Average 

area 
%of Recovery 

% of mean 

Recovery 

50% 

20 924.675 

917.614 
100.7148548 

100.8306359 

98.29194737 

102.83 

100.43 

20 925.738 

20 902.43 

100% 

40 1101.37 

1083.43 
119.9603316 

119.9603316 

114.0979739 

99.36 40 1101.37 

40 1047.547 

150% 

60 1272.049 

1270.28 96.9853854 99.10 60 1290.244 

60 1248.559 

 

Table 5.3. 

Recovery 

level 

Accuracy   Levocetirizine 
Average % 

Recovery 
Amount 

taken(mcg/ml) 
Area 

Average 

area 
%Recovery 

% of mean 

Recovery 

50% 

5 163.479 

171.308 

89.34824788 

100.303149 

91.22999426 

93.62713038 

102.04 

5 183.523 

5 166.922 

100% 

10 193.917 

192.895 

102.9839134 

100.2331369 

101.0584436 

102.4251646 10 194.373 

10 190.394 

150% 

15 100.577 

110.09 109.9392427 110.09 15 100.681 

15 100.893 

 

Observation 

The percentage mean recovery of Ambroxol, 

Montelukast and Levocetirizine is 100.38%, 100.43% 

and 102.04% respectively. 

 

4. Precision 

 
Fig 6.1: Chromatogram of precision injection 1. 
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Fig 6.2: Chromatogram of precision injection 2. 

 

 
Fig 6.3: Chromatogram of precision injection 3. 
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Fig 6.4: Chromatogram of precision injection 4. 

 

 
Fig 6.5: Chromatogram of precision injection 5. 
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Fig 6.6: Chromatogram of precision injection 6. 

 

Table 6: Results for Method precision of Ambroxol, Montelukast and Levocetirizine 

Ambroxol 
 

Montelukast 

S.No. Rt Area 
 

S.No. Rt Area 

1 2.557 1961.318 
 

1 3.817 926.701 

2 2.553 1930.566 
 

2 3.810 913.004 

3 2.540 1934.385 
 

3 3.793 923.268 

4 2.523 1919.778 
 

4 3.773 917.788 

5 2.557 1900.881 
 

5 3.793 912.76 

6 2.543 1920.401 
 

6 3.773 915.150 

avg 2.5455 1927.888 
 

avg 3.793 918.112 

stdev 0.0131 20.091 
 

stdev 0.018 5.727 

%RSD 0.52 1.04 
 

%RSD 0.48 0.62 

 

Levocetirizine 

S.No. Rt Area 

1 6.083 204.535 

2 6.05 183.133 

3 6.023 180.068 

4 5.993 189.338 

5 6.01 190.221 

6 6.03 190.515 

Avg 6.0315 182.9683 

Stdev 0.028906 3.292234 

%RSD 0.479258 1.799346 

 

Observation 

Test results for Ambroxol, Montelukast and 

Levocetirizine are showing that the %RSD of Assay 

results are within limits. 
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5. Robustness 

 
Fig 7.1: Chromatogram of Ambroxol, Montelukast and Levocetirizine for Robustness (0.8 ml/min). 

 

 
Fig 7.2: Chromatogram of Ambroxol, Montelukast and Levocetirizine for Robustness (1.2 ml/min). 
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Fig 7.3: Chromatogram of Ambroxol, Montelukast and Levocetirizine for Robustness (273nm). 

 

 
Fig 7.4: Chromatogram of Ambroxol, Montelukast and Levocetirizine for Robustness (277nm). 

 

Table 7: Result of Robustness study. 

Parameter 
Ambroxol Montelukast Levocetirizine 

Retention 

time(min) 
Tailing 

factor 
Retention 

time(min) 
Tailing 

factor 
Retention 

time(min) 
Tailing 

factor 
Flow 
0.8ml/min 
1.2ml/min 

 
3.433 
2.033 

 
1.684 
1.708 

 
5.093 
3.007 

 
1.659 
1.731 

 
8.207 
4.860 

 
1.492 
1.429 

Wavelength 
273nm 
277nm 

 
2.550 
2.540 

 
1.833 
1.625 

 
3.770 
3.793 

 
1.875 
1.556 

 
5.820 
6.023 

 
1.472 
1.415 
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Observation 

From the observation it was found that the system 

suitability parameters were within limit at all variable 

conditions. 

 

6. Rugeddness 

 
Fig 8.1: Chromatogram of Analyst 01 standard preparation. 

 

 
Fig 8.2: Chromatogram of Analyst 01 sample preparation. 
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Fig 8.3: Chromatogram of Analyst 02 standard preparation. 

 

 
Fig 8.4: Chromatogram of Analyst 02 sample preparation. 

 

Ruggedness 

The ruggedness of the method was studied by the 

determining the analyst to analyst variation by 

performing the Assay by two different analysts. 

Acceptance criteria 

The % Relative standard deviation of Assay values 

between two analysts should be not more than 2.0%. 

 

Table 8: Results for Ruggedness. 

Ambroxol %Assay Montelukast %Assay Levocetirizine %Assay 

Analyst 01 100.0016 Analyst 01 101.2500095 Analyst 01 99.4497843 

Analyst 02 101.2224 Analyst 02 99.0977329 Analyst 02 100.9166301 

%RSD 0.857989 %RSD 0.759623932 %RSD 0.70354313 

 

Observation 

From the observation the %RSD between two analysts 

Assay values not greater than 2.0%, hence the method 

was rugged. 

 

7. Limit of Detection 

 
Where,   σ = the standard deviation of the response 
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S = the slope of the calibration curve 

The slope S may be estimated from the calibration curve 

of the analyte. 

 

Observation: 

The LOD for this method was found to be 24.19 µg/ml 

of Ambroxol 

The LOD for this method was found to be 18.85 µg/ml 

of Montelukast 

The LOD for this method was found to be 7.23 µg/ml of 

Levocetirizine 

 

8. Limit of Quantification 

 
Where, 

σ = the standard deviation of the response 

S = the slope of the calibration curve 

The slope S may be estimated from the calibration curve 

of the analyte. 

 

Observation 

The LOQ for this method was found to be 73.31 µg/ml 

for Ambroxol 

The LOQ for this method was found to be 57.12 µg/ml 

for Montelukast 

 

CONCLUSION 

A simple and selective LC method was described for the 

determination of Melatonin and Zolpidem tartrate in 

tablet dosage forms. Chromatographic separation was 

achieved on a c18 column using mobile phase consisting 

of a mixture of 50 volumes of Triethylamine and 50 

volumes of Acetonitrile with detection of 280nm. 

Linearity was observed in the range 10-30 µg/ml for 

Melatonin (r
2
 =0.992) and 5-15 µg /ml for Zolpidem 

tartrate (r
2
 =0.995) for the amount of drugs estimated by 

the proposed methods was in good agreement with the 

label claim. 

 

The proposed methods were validated. The accuracy of 

the methods was assessed by recovery studies at three 

different levels. Recovery experiments indicated the 

absence of interference from commonly encountered 

pharmaceutical additives. The method was found to be 

precise as indicated by the repeatability analysis, 

showing %RSD less than 2. All statistical data proves 

validity of the methods and can be used for routine 

analysis of pharmaceutical dosage form. 

 

From the above experimental results and parameters it 

was concluded that, this newly developed method for the 

simultaneous estimation of Ambroxol, Montelukast and 

Levocetirizine was found to be simple, precise, accurate 

and high resolution and shorter retention time makes this 

method more acceptable and cost effective and it can be 

effectively applied for routine analysis in research 

institutions, quality control department in industries, 

approved testing laboratories, bio-pharmaceutical and 

bio-equivalence studies and in clinical pharmacokinetic 

studies in near future. 
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