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Abstract: 

The aim of the study was method development and validation for simultaneous estimation of levofloxacin and 

azithromycin by rp-hplc in tablet dosage form. To evaluate system suitability parameters such as retention time, 
tailing factor and USP theoretical plate count, the mobile phase was allowed to flow through the column at a flow 

rate of 1.0 ml/min to equilibrate the column at ambient temperature. Analysis was carried out at 265 nm. 

Chromatographic separation was achieved by injecting a volume of 20 μL of standard into Agilent ZorbaxC18, 

250x4.6, 5µ, the mobile phase of composition Phosphate Buffer: Methanol (40:60 % v/v) was allowed to flow 

through the column at a flow rate of 1.0 ml per minute. The proposed method will be validated as per ICH 

guidelines. The objective of the proposed work is to develop a new, simple, sensitive, accurate and economical 

analytical method and validation for the Simultaneous estimation of Levofloxacin, Azithromycin in pharmaceutical 

dosage form by using HPLC. To validate the developed method in accordance with ICH guidelines for the intended 

analytical application i.e., to apply the proposed method for analysis of the drug in its dosage form.  
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INTRODUCTION:  
Levofloxacin is a fluoroquinolone antibiotic used to 

treat infections caused by susceptible bacteria of the 

upper respiratory tract, skin and skin structures, 

urinary tract, and prostate, as well as for post-
exposure treatment of inhaled anthrax and the plague. 

Levofloxacin, like other fluoroquinolone antibiotics, 

exerts its antimicrobial activity via the inhibition of 

two key bacterial enzymes: DNA gyrase and 

topoisomerase IV. Both targets are type II 

topoisomerases, but have unique functions within the 

bacterial cell. DNA gyrase is an enzyme found only 

in bacteria that introduces negative supercoils into 

DNA during replication - this helps to relieve 

torsional strain caused by the introduction of positive 

supercoils during replication, and this negative 

supercoils are essential for chromosome condensation 
and the promotion of transcription initiation. It is 

comprised of four subunits (two A subunits and two 

B subunits) of which the A subunits appear to be the 

target of fluoroquinolone antibiotics. Bacterial 

topoisomerase IV, in addition to contributing to the 

relaxation of positive supercoils, is essential at the 

terminal stages of DNA replication and functions to 

“unlink” newly replicated chromosomes to allow for 

the completion of cell division.1-3 IUPAC name  

(2S)-7-fluoro-2-methyl-6-(4-methylpiperazin-1-yl)-

10-oxo-4-oxa-1-azatricyclo[7.3.1.0^{5,13}]trideca-

5(13),6,8,11-tetraene-11-carboxylic acid. Molecular 

Formula is C18H20FN3O4. Molecular Weight is 

361.3.  

 
Azithromycin is a macrolide antibiotic used to treat a 

variety of bacterial infections. In order to replicate, 

bacteria require a specific process of protein 

synthesis, enabled by ribosomal proteins . 

Azithromycin binds to the 23S rRNA of the bacterial 

50S ribosomal subunit. It stops bacterial protein 

synthesis by inhibiting the 

transpeptidation/translocation step of protein 

synthesis and by inhibiting the assembly of the 50S 

ribosomal subunit Label. This results in the control of 

various bacterial infections, Label. The strong 

affinity of macrolides, including azithromycin, for 
bacterial ribosomes, is consistent with their 

broad‐spectrum antibacterial activities.4-7 IUPAC 

name is 4-(dimethylamino)-3-hydroxy-6-

methyloxan-2-yl]oxy}-2-ethyl-3,4,10-trihydroxy-13-

{[(2R,4R,5S,6S)-5-hydroxy-4-methoxy-4,6-

dimethyloxan-2-yl]oxy}-3,5,6,8,10,12,14-

heptamethyl-1-oxa-6-azacyclopentadecan-15-one.  

Molecular formula is C38H72N2O12. Molecular 

weight is 748.9 g/mol.  

 

                                                                 
     Figure 1: Structure of Levofloxacin                                            Figure 2: Structure of Azithromycin 
 

The literature survey revealed that There are very few 

methods reported in the literature for analysis of 

Levofloxacin and Azithromycin alone or in 
combination with other drugs in the pure form and 

pharmaceuticals formulations8-17. In view of the need 

for a suitable, cost-effective HPLC method for 

routine analysis of Levofloxacin and Azithromycin 

Simultaneous estimation of in pharmaceutical dosage 

form.  Attempts were made to develop simple, 

precise, accurate and cost-effective analytical method 

for the estimation of Levofloxacin and Azithromycin. 

The proposed method will be validated as per ICH 

guidelines. The objective of the proposed work is to 

develop a new, simple, sensitive, accurate and 
economical analytical method and validation for the 

Simultaneous estimation of Levofloxacin, 

Azithromycin in pharmaceutical dosage form by 

using HPLC. To validate the developed method in 

accordance with ICH guidelines for the intended 

analytical application i.e., to apply the proposed 
method for analysis of the drug in its dosage form.  

 

MATERIALS AND METHODS: 

Chemicals and Reagents:  

Levofloxacin and Azithromycin were Purchased from 

Hetero drugs. NaH2PO4 was analytical grade supplied 

by Finerchem limited, Orthophosphoric acid (Merck), 

and Water and Methanol for HPLC (Lichrosolv 

(Merck). 

 

Equipment and Chromatographic Conditions:  
The chromatography was performed on a Waters 

2695 HPLC system, equipped with an auto sampler, 

UV detector and Empower 2 software. Analysis was 
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carried out at 265 nm with column Agilent 

ZorbaxC18, 250x4.6, 5µ. dimensions at 300C 

temperature. The optimized mobile phase consists of 

K2HPO4: Methanol (400:600). Flow rate was 

maintained at 1 ml/min. 

 

Preparation of solutions: 

Preparation of mobile phase: 

Transfer 500ml of HPLC water into 500ml of beaker 

and DiPotassium hydrogen phosphate adjust pH 3.5 

using O-phosphoric acid. Transfer the above solution 

400mlof K2HPO4, 600ml of Methanol is used as 

mobile phase. They are mixed and sonicated for 

20min. 

 

Preparation of the levofloxacin

 and azithromycin standard and 

sample solution: 

Preparation of standard solution: 

Accurately weigh and transfer 100mg of 

Levofloxacin and Azithromycin into 100ml of 

volumetric flask and add 10ml of Methanol and 

sonicate 10min (or) shake 5min and make with water. 

Transfers the above solution into 5ml into 50ml 

volumetric flask dilute to volume with water. 

 

Preparation of sample stock solution: 

Commercially available 20 tablets ware weighed and 
powdered the powdered equivalent to the 500mg of 

Levofloxacin and Azithromycin of active ingredients 

were transfer into a 100ml of volumetric flask and 

add 10ml of Methanol and sonicate 20min (or) shake 

10min and makeup with water. Transfers above 

solution 5ml into 50ml of the volumetric flask dilute 

the volume with Methanol. And the solution was 

filtered through 0.45µm filter before injecting into 

HPLC system. 

 

Sample preparation: 

10 tablets were weighed and crushed, from the 
powdered tablets, weighed accurately about 

500mg(500mg Levofloxacin and 500mg 

Azithromycin) into a 100 ml volumetric flask and 50 

ml of mobile phase was added. The mixture was 

subjected to sonication for 20 min with intermediate 

shaking for complete extraction of drugs. Filtered and 

cooled to room temperature and solution was made 

up to mark with mobile phase. From the above 

solution 5 mL is taken and further diluted in 25 ml 

volumetric flasks with mobile phase. To acquire a 

concentration of 500mg Levofloxacin and 500mg 

Azithromycin. 
 

Standard preparation: 

Accurately weighed quantity of 500mg Levofloxacin 

and 500mg Azithromycin was taken in a 100 ml 

volumetric flask and 50 ml of mobile phase was 

added. The mixture was subjected to sonication for 

20 min with intermediate shaking for complete 

extraction of drugs. Filtered and cooled to room 

temperature and solution was made up to mark with 

mobile phase. From the above solution 5 ml is taken 

and further diluted in 25 mL volumetric flasks with 

mobile phase.To acquire a concentration of 500mg 
Levofloxacin and 500mg Azithromycin. 

 

Procedure:  
Separately injected both the standard (2 injections) 

and sample preparations (2 injections) into the 

chromatographic system and recorded the peak area 

responses. 

 

RESULTS AND DISCUSSION: 

METHOD: 

The developed chromatographic method was 
validated for system suitability, linearity accuracy, 

precision, ruggedness and robustness as per ICH 

guidelines. 

 

System suitability parameters: 

To evaluate system suitability parameters such as 

retention time, tailing factor and USP theoretical 

plate count, the mobile phase was allowed to flow 

through the column at a flow rate of 1.0 ml/min to 

equilibrate the column at ambient temperature. 

Chromatographic separation was achieved by 

injecting a volume of 20 μL of standard into Agilent 
ZorbaxC18, 250x4.6, 5µ, the mobile phase of 

composition Phosphate Buffer : Methanol (40:60 % 

v/v) was allowed to flow through the column at a 

flow rate of 1.0 ml per minute. Retention time, tailing 

factor and USP theoretical plate count of the 

developed method are shown in table 1. 
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Table 1: System suitability parameters 

 

parameter Levofloxacin Azithromycin Acceptance 

criteria 

Retention time 3.154 3.436 +-10 

Theoretical plates 14206 11075 >2500 

Tailing factor 1.35 1.55 <2.00 

% RSD 0.3 0.2 <2.00 

 

Assay of pharmaceutical formulation:  

The proposed validated method was successfully applied to determine Levofloxacin and Azithromycin in their tablet 

dosage form. The result obtained for was comparable with the corresponding labeled amounts and they were shown 

in Table-2. 

 

Table 2: Assay results for Levofloxacin and Azithromycin 

 

  Label Claim (mg) % Assay 

 

Levofloxacin 100 99.1 

Azithromycin 

 100 99.7 

 

 
Figure 3: Standard chromatogram 

 

Figure 4: Sample chromatogram 
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Figure 5: Blank chromatogram 

Validation of Analytical method:  

Linearity: The linearity study was performed for the concentration of 50 ppm to 150 ppm and 50 ppm to 150 ppm 

level. Each level was injected into chromatographic system. The area of each level was used for calculation of 
correlation coefficient. Inject each level into the chromatographic system and measure the peak area. Plot a graph of 

peak area versus concentration (on X-axis concentration and on Y-axis Peak area) and calculate the correlation 

coefficient. The results are shown in table 3,4. 

Table 3: Linearity results of Levofloxacin 

 

s.no Conc(µg/ml) RT Area 

1. 50 3.155 568388 

2. 75 3.146 852253 

3. 100 3.136 1131849 

4. 125 3.139 1427500 

5. 150 3.137 1700737 

Std.dev    

Slope    

Intercept    

Correlation 

coefficient (r2) 

   

0.999 

Figure 6: Linearity graph for Levofloxacin 
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Table 4: Linearity results of Azithromycin 

 

s.no Conc(µg/ml) RT Area 

1. 50 3.443 556498 

2. 75 3.433 834448 

3. 100 3.426 1113804 

4. 125 3.431 1395652 

5. 150 3.428 1660930 

Std.dev    

Slope    

Intercept    

Correlation 

coefficient (r2) 

  0.999 

 

 

Figure 6: Linearity graph for Azithromycin 

 

Accuracy studies:  
The accuracy was determined by help of recovery study. The recovery method carried out at three level 50%, 100%, 

150% and 50%, 100%, 150% Inject the standard solutions into chromatographic system. Calculate the Amount 

found and Amount added for Levofloxacin and Azithromycin and calculate the individual recovery and mean 

recovery values. The results are shown in table 5,6. 
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Table 5: Showing accuracy results for Levofloxacin 

S.NO Accuracy 

 

level 

Sample 

 

name 

Sample 

 

weight 

µg/ml 

 

added 

µg/ml 

 

found 

% 

 

Recovery 

% 

 

Mean 

 

 

 

 

 

 

1 

 

 

 

 

 

 

50% 

1 691.50 49.500 49.53 100  

 

 

 

 

 

100 

2 691.50 49.500 49.58 100 

3 691.50 49.500 49.57 100 

4 691.50 49.500 49.53 100 

5 691.50 49.500 49.55 100 

6 691.50 49.500 49.53 100 

 

 

 

 

2 

 

 

 

 

100% 

1 1383.0 99.000 98.65 100  

 

100 

2 1383.0 99.000 98.49 99 

3 1383.0 99.000 98.50 99 

 

 

 

 

 

 

3 

 

 

 

 

 

 

150% 

1 2074.50 148.500 148.82 100  

 

 

 

100 
2 2074.50 148.500 148.25 100 

3 2074.50 148.500 148.84 100 

4 2074.50 148.500 148.20 100 

5 2074.50 148.500 148.94 100 

6 2074.50 148.500 148.37 100 
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Table 6: Showing accuracy results for Azithromycin 

S.NO Accuracy 

 

level 

Sample 

 

name 

Sample 

 

weight 

µg/ml 

 

added 

µg/ml 

 

found 

% 

 

Recovery 

% 

 

Mean 

 

 

 

 

 

 

1 

 

 

 

 

 

 

50% 

1 691.50 50.000 49.85 100  

 

 

 

 

 

100 

2 691.50 50.000 49.82 100 

3 691.50 50.000 49.88 100 

4 691.50 50.000 49.87 100 

5 691.50 50.000 49.88 100 

6 691.50 50.000 49.84 100 

 

 

 

 
2 

 

 

 

 
100% 

1 1383.00 100.000 99.93 100  

 

100 

2 1383.00 100.000 99.86 100 

3 1383.00 100.000 99.75 100 

 

 

 

 

 

 

3 

 

 

 

 

 

 

150% 

1 2074.50 150.000 148.87 99  

 

 

 

100 
2 2074.50 150.000 148.99 99 

3 2074.50 150.000 149.17 99 

4 2074.50 150.000 148.76 99 

5 2074.50 150.000 149.56 100 

6 2074.50 150.000 148.87 99 
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Precision Studies:  

precision was caliculated from Coefficient of variance for six replicate injections of the standard. The standard 

solution was injected for six times and measured the area for all six Injections in HPLC. The %RSD for the area of 

six replicate injections was found. The results are shown in table 7,8. 

 

Table 7: Precision results for Levofloxacin 

S.no RT Area %Assay 

injection1 3.144 1130289 98 

injection2 3.141 1135307 99 

injection3 3.142 1136018 99 

injection4 3.145 1131067 99 

injection5 3.142 1130362 99 

injection6 3.138 1133569 99 

Mean   99 

Std. Dev.   0.22 

% RSD   0.22 

 

Table 8: Precision results for Azithromycin 

S.no RT Area %Assay 

injection1 3.431 1112555 100 

injection 2 3.429 1116367 100 

injection 3 3.428 1113656 100 

injection 4 3.432 1113585 100 

injection 5 3.430 1114698 100 

injection 6 3.428 1114883 100 

Mean   100 

Std. Dev.   0.12 

%RSD   0.12 
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Robustness: As part of the Robustness, deliberate change in the Flow rate, Mobile Phase composition, Temperature 

Variation was made to evaluate the impact on the method. The flow rate was varied at 0.8 ml/min to 1.2 ml/min. The 

results are shown in table 9,10. 

 

Table 9: Flow variation results for Levofloxacin 

parameter RT Theoretical plates Asymmetry 

Decreased flow 
rate(0.8ml/min) 

4.178 12562 1.52 

Actual flow 

ate(1.0ml/min) 

3.154 11143 1.49 

Increased flow 

rate(1.2ml/min) 

2.516 10342 1.40 

Decreased 

temperature(200c) 

4.179 12660 1.52 

Actual 

temperature(250c) 

3.154 11143 1.49 

Increased 

temperature(300c) 

4.183 12750 1.52 

 

Table 10: Flow variation results for Azithromycin 

parameter RT Theoretical plates Asymmetry 

Decreased flow rate 

(0.8ml/min) 

4.564 14378 1.30 

Actual flow rate 

(1.0ml/min) 

3.439 13998 1.30 

Increased flow rate 
(1.2ml/min) 

2.746 12574 1.32 

Decreased 

temperature(200c) 

4.564 14785 1.28 

Actual temperature(250c) 3.439 13998 1.30 

Increasedtemperature(300c) 4.568 14978 1.30 

 

LOD and LOQ:  

The sensitivity of RP-HPLC was determined from LOD and LOQ. Which were calculated from the calibration curve 

using the following equations as per ICH guidelines. The results are shown in table 11. 

LOD = 3.3σ/S and 

LOQ = 10 σ/S, where 

σ= Standard deviation of y intercept of regression line, 

S = Slope of the calibration curve 

 

Table 11: LOD, LOQ of Levofloxacin and Azithromycin 

    Drug LOD LOQ 

 Levofloxacin 2.8                 9.4 

  Azithromycin 2.94                 9.8 

 

CONCLUSION: 

The study is focused to develop and validate HPLC 

methods for estimation of Levofloxacin and 

Azithromycin in tablet dosage form. For routine 

analytical purpose it is desirable to establish methods 

capable of analyzing huge number of samples in a 

short time period with good robustness, accuracy and 

precision without any prior separation steps. HPLC 

method generates large amount of quality data, which 

serve as highly powerful and convenient analytical 

tool. The method shows good reproducibility and 

good recovery. From the specificity studies, it was 

found that the developed methods were specific for 

Levofloxacin and Azithromycin. 



IAJPS 2023, 10 (03), 135-145                      Salgar Pushpa et al                       ISSN 2349-7750 

 w w w . i a j p s . c o m  
 
 

Page 145 
 

 

REFERENCES: 

1. Fabrega A, Madurga S, Giralt E, Vila J: 

Mechanism of action of and resistance to 

quinolones. Microb Biotechnol. 2009 
Jan;2(1):40-61. doi: 10.1111/j.1751-

7915.2008.00063.x. Epub 2008 Oct 13. (PubMed 

ID 21261881) 

2. Fish DN, Chow AT: The clinical 

pharmacokinetics of levofloxacin. Clin 

Pharmacokinet. 1997 Feb;32(2):101-19. doi: 

10.2165/00003088-199732020-00002. (PubMed 

ID 9068926) 

3. FDA Approved Drug Products: Levaquin 

(levofloxacin) oral tablets 

4. Noedl H, Krudsood S, Chalermratana K, 

Silachamroon U, Leowattana W, Tangpukdee N, 
Looareesuwan S, Miller RS, Fukuda M, 

Jongsakul K, Sriwichai S, Rowan J, 

Bhattacharyya H, Ohrt C, Knirsch C: 

Azithromycin combination therapy with 

artesunate or quinine for the treatment of 

uncomplicated Plasmodium falciparum malaria 

in adults: a randomized, phase 2 clinical trial in 

Thailand. Clin Infect Dis. 2006 Nov 

15;43(10):1264-71. Epub 2006 Oct 12. [Article] 

5. Peters DH, Friedel HA, McTavish D: 

Azithromycin. A review of its antimicrobial 
activity, pharmacokinetic properties and clinical 

efficacy. Drugs. 1992 Nov;44(5):750-99. doi: 

10.2165/00003495-199244050-00007. [Article] 

6. McMullan BJ, Mostaghim M: Prescribing 

azithromycin. Aust Prescr. 2015 Jun;38(3):87-9. 

Epub 2015 Jun 1. [Article] 

7. Fohner AE, Sparreboom A, Altman RB, Klein 

TE: PharmGKB summary: Macrolide antibiotic 

pathway, pharmacokinetics/pharmacodynamics. 

Pharmacogenet Genomics. 2017 Apr;27(4):164-

167. doi: 10.1097/FPC.0000000000000270. 

[Article] 
8. Khedr A, Sheha M, Quantitative thin-layer 

chromatographic method of analysis of 

azithromycin in pure and capsule forms, J. 

Chromatogr. Sci., 41, 2003, 10-16.  

9. 5R. Yanamandra, A. Chaudhary, S. Bandaru, 

Patro B, MURTHY YLN, RAMAIAH P, 

SASTRY CSP, UPLC Method for simultaneous 

separation and estimation of secnidazole, 

fluconazole and azithromycin in pharmaceutical 

dosage forms, E-journal of chemistry, 7, 2010, 

S363-S371.  

10. Devia ML, Chandrasekharb KB, A validated 

stability-indicating RP-HPLC method for 

levofloxacin in the presence of degradation 

products, its process related impurities and 

identification of oxidative degradant, J. 
Pharmaceut. Biomed., 50, 2009, 710-717.  

11. Kumar TM, Gurrala S, Rao VJ, Sambasiva Rao 

KRS, Development and validation of HPLC-UV 

method for the estimation of levofloxacin in 

human plasma, International journal of pharmacy 

and pharmaceutical sciences, 3, 2011, 247-250.  

12. Patel P, Shah H, Patel K, Patel M, Development 

and validation of spectrophotometric methods 

for simultaneous estimation of cefixime 

trihydrate and levofloxacin hemihydrate in their 

combined tablet dosage forms, International 

journal of pharmaceutical research and bio 
science, 1, 2012, 502-515.  

13. Kavar RC, Savaliya BM, Lakkad AJ, Soriya SV, 

Kapuriya KG, Faldu SD, Q-absorbance ratio 

spectrophotometric method for the simultaneous 

estimation of cefpodoxime proxetil and 

levofloxacin hemihydrate in their combined 

dosage forms, International bulletin of drug 

research, 2, 2013, 22-30.  

14. 1Dhanhukiya VR, Tiwari PS, Godavariya VD, 

Development and validation of RP-HPLC 

method for simultaneous estimation of 
levofloxacin hemihydrates and cefixime 

trihydrate in marketed formulation, International 

research journal of pharmacy, 4, 2013, 81-83.  

15. El-Shanawany AA, El-Adl SM, Abdel-Aziz LM, 

Hashem HA, Sebaiy MM, Rapid RP-HPLC 

Method for simultaneous estimation of 

levofloxacin hydrochloride, lomefloxacin 

hydrochloride, gatifloxacin and sparfloxacin, 

Asian. J. Research. chem., 4, 2011, 1688-1694. 

16. Chepurwar SB, Shirkhedkar AA, Bari SB, 

Fursule RA, Surana SJ, Validated HPTLC 

method for simultaneous estimation of 
levofloxacin hemihydrate and ornidazole in 

pharmaceutical dosage form, J. Chromatogr. 

Sci., 45, 2007, 531-536.  

17. Raja MS, Shan SH, Perumala P, Moorthy MTS, 

RP-HPLC method development and validation 

for the simultaneous estimation of azithromycin 

and ambroxol hydrochloride in tablets, 

International journal of pharmtech research., 2, 

2007, 36-39. 

 


	INTRODUCTION:

