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Abstract 
The present study was conducted to develop a new simple, rapid, precise, sensitive, eco-friendly UVspectroscopic 
method for the quantitative determination of Pefloxacin Mesylate in bulk form and prepared in-situ gelling ocular 
formulations. Method was successfully developed in simulated tear fluid pH 7.4 and further validated in accordance 
with International Conference on Harmonization (ICH) Q2B guidelines. In line to this, it was tested for linearity, 
accuracy, precision, detection limit, quantification limit, stability testing, Sandell’s sensitivity and molar absorptivity. 
Finally developed method was applied to conduct assay of Pefloxacin Mesylate and recovery study in developed in-
situ gelling ocular formulations. The absorption maximum of the drug was found to be 272 nm and linearity was 
observed from 0.5-20 µg/ml with a regression coefficient of 0.999. Validation and statistical results strongly 
suggested that the developed UV spectroscopic method was accurate, precise, sensitive, versatile and stable. It could 
be a feasible eco-friendly alternate for the rapid analysis of Pefloxacin Mesylate in bulk as well as insitu gelling ocular 
formulations. 
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1. Introduction   

 Pefloxacin is a synthetic broad-spectrum third 
generation fluoroquinolone antibiotic. Chemically 
pefloxacin is 1ethyl-6-fluoro-7- (4-methyl- 1-
piperazinyl)-4-oxo- 1, 4- dihydro-3-quinolone 
carboxylic acid and structurally it is analog of 
norfloxacin [1]. Dihydrate mesylate salt of 
pefloxacin has been frequently used worldwide in 
the form of oral tablet, parentral infusion and 
topical eye drops [2]. It is effective against most 
gram-negative (Enterobectar, E. coli, klebsiella [3], 
Pseudomonas aeruginosa [4], Acinetobacter spp., 
Alcaligenes [1], Pseudomonas spp. including 
Xanthomonas maltophilia [1], H. influenza [1], N. 
gonorrhoeae [5] and G. vaginalis [6]) and gram-
positive bacteria (S. aureus [7], S. epidermidis [7], S. 
pneumonia [6] and many other mycobecteria [8]).   
It inhibits the bacterial enzymes DNA gyrase and 
topoisomerase IV, which are responsible for 
transcription and replication of bacterial DNA. DNA 

gyrase is considered as primary quinolone target for 
gram-negative bacteria while topoisomerase IV for 
gram-positive organisms. Systemically PM is 
prescribed in uncomplicated cystitis in women, 
uncomplicated gonococcal urethritis in males and 
for gram-negative bacterial infections in 
gastrointestinal system and genitourinary tract [8]. 
Furthermore it is also used to treat external 
infections of the eye, such as acute and subacute 
conjunctivitis [9, 10], bacterial keratitis and kerato-
conjunctivitis [11].   
Although some methods have been reported for 
determination of Pefloxacin in bulk, pharmaceutical 
formulation and biological fluids such as vibrational 
spectroscopy (VIB) [12], atomic absorption 
spectroscopy (AAS) [13-14], spectrofluorimetry (SF) 
[13], capillary electrophoresis (CE) [15], NIR-
spectroscopy [16], UV-spectroscopy (UV) [17], 
visible spectroscopy (VS) [18-25], voltammetric 
study (VL) [24, 26-27], microbiological assay (MA) 
[28-30], potentiometric titration [31-32], enzyme-
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linked immunosorbent assay (ELISA) [33] and high 
performance liquid chromatography (HPLC) [33-
39]. All the above methods have their own utility, 
applications and limitations. Some of analytical 
methods (AAS, CE, MA, ELISA and HPLC) even have 
good sensitivity and selectivity but are complex, 
costly and time consuming and can’t be suitable for 
assay of Pefloxacin in non biological samples. 
Besides this, in visible spectroscopic and 
colorimetric methods various dyes and organic 
solvents frequently used which is not eco-friendly, 
time consuming and sometimes carcinogenic too.   
Hence in this present study we developed a simple, 
rapid, precise, sensitive, robust UV-spectroscopic 
method for the quantitative determination of 
Pefloxacin Mesylate (PM) in bulk form and prepared 
in-situ gelling ocular formulations.  
  
2. Materials and Methods  
2.1 Instrumentation  
UV-visible double beam spectrophotometer, 
Labindia 3000 model connected to UV Win software 
with spectral bandwidth of 0.1 nm, and a pair of 1 
cm matched quartz cells was used.   
 
2.2 Materials  
Pefloxacin Mesylate reference standard was 
purchased from Sigma Aldrich. Simulated tear fluid 
(STF) pH 7.4 was used for the preparation of stock 
and further dilutions. Sodium Chloride (Merck), 
Sodium bicarbonate (Merck), Calcium Chloride 
(Merck) and distilled water were used for the 
preparation of STF. All chemical used for analysis 
were of analytical grade.  
In addition to this, Poloxamer 407 (Sigma Aldrich), 
low viscosity grade Chitosan (Sigma Aldrich), 
Methocel E4M premium (Colorcon, India ltd), 
Pluronic F-68 (Sigma Aldrich), Sodium Chloride, 
Calcium Chloride, Benzalkonium Chloride (Merck) 
and Sterile Water for Injection were used for the 
preparation of in-situ gelling ocular formulations.   
Methods Preparation of simulated tear fluid of pH 
7.4  
For the preparation of STF we used previously 
reported formula [40]. In our study it was prepared 
by simply dissolving sodium chloride (0.670 g), 
sodium bicarbonate (0.200 g) and di-hydrated 
calcium chloride (0.008 g) in to small proportion of 
distilled water. Resulting solution was sonicated for 
10 minutes. Finally weight was adjusted to 100g by 
using distilled water and pH was confirmed to 7.4.  
Preparation of the stock solution   
A standard stock solution containing 1mg/ml was 
prepared by dissolving 50 mg of PM in 50 ml of STF 
pH 7.4. Resulting solution was sonicated for 10 
minutes. From this solution 5 ml was taken and 
diluted to 50 ml with STF pH 7.4 to get a stock 
solution containing 100 μg/ml of drug. This stock 

solution used for further preparation of working 
standards.  
Identification of absorption maxima   
The stock solution was diluted to get 18 μg/ml using 
STF 7.4. Further scanning was made between 200- 
400 nm by using UV spectrophotometer. While 
determination of absorption maxima STF was used 
as a blank and all the reading were taken in 
triplicate.  
 
2.3 Preparation of calibration curve  
Twelve working standard of concentration 0.5, 1, 2, 
4, 6, 8, 10, to 20 μg/ml were prepared from 100 
μg/ml stock solution by proper dilution with STF pH 
7.4. Further respective absorbance of above 
solutions was measured at 272 λmax and a 
calibration curve was plotted for the determination 
of linearity and R2. Triplicate measurements were 
made to meet minimum statistical requirements. 
Preparation of in-situ gelling ocular formulations  
Total Four in-situ forming eye drops containing 0.3% 
w/w PM (equivalent in dose to earlier marketed 
formulation  
Proflox eye drops of cipla) were prepared by using 
different proportions of Poloxamer 407, low 
viscosity grade Chitosan, Methocel E4M (as 
viscosity imparting agent), calcium chloride (as 
cross linking agent) and Benzalkonium chloride 
(0.01 %) in sterile water for injection. All the 
formulations were sterilized by autoclave at 121°C 
and 15 lb pressure for 15 minutes.   
Assay of Pefloxacin Mesylate in prepared ocular 
formulations  
Weighed amount (5 g) of prepared formulation was 
diluted to approximately 10 ml using STF in 50 ml 
volumetric flask. It was further sonicated for 10 
minutes and finally volume was made up to 50 ml. 
Resulting mixture was filtered through Whatman 
filter paper No.41 and the filtrate was suitably 
diluted to produce the desired concentration using 
STF. Appropriate aliquots of PM within the Beer’s 
range were taken and samples were tested in 
triplicate manner for percentage purity. Further 
results were statistically analyzed for significant 
difference among all formulations by applying one 
way ANOVA post hoc Tukey’s multiple comparison 
test at P<0.05 as significance level.  
 
2.4 Validation  
The above developed method was validated in 
accordance with International Conference on 
Harmonization (ICH) Q2B guidelines [41]. It was 
further tested for linearity, accuracy, precision, limit 
of detection (LOD), limit of quantification (LOQ) and 
robustness or stability testing. Sandell’s sensitivity 
and molar absorptivity were also calculated for 
added information regarding sensitivity of 
developed method.  
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2.4.1 Linearity and range 
linear relationship was evaluated across the range 
for developed method. For mathematical 
expression of linearity correlation coefficient, y-
intercept, slope of the regression line was reported 
[41].  
 
2.4.2 Accuracy 
To determine the accuracy of the proposed method, 
recovery study was carried out by standard addition 
method.  In prepared formulation solution known 
concentration of PM was added at three different 
levels (80%, 100% and 120%). All three levels were 
measured in triplicate and results were reported as 
percentage recovery and relative standard 
deviation [41].  
 
2.4.3 Precision 
For evaluating precision repeatability and 
intermediate precision was accessed. Repeatability 
was tested by 15 (5 different concentrations and 
each triplicate) determinations covering the 
linearity range for the developed method. While 
intermediate precision was evaluated as inter day, 
intraday and analyst variations and results were 
reported in terms of standard deviation, relative 
standard deviation (RSD) [41].  
 
2.4.4 Limit of detection and Limit of quantification 
The limits of quantification (LOQ) and limit of 
detection (LOD) were evaluated based on the 
standard deviation of the response and the Slope. 
They were determined using calibration standards. 
LOD and LOQ were calculated as 3.3σ/S and 10σ/S 
respectively, where S is the slope of the calibration 
curve and σ is the standard deviation of intercept of 
calibration curve at detectable limit [41].  
 
2.4.5 Stability testing 
Stability study for PM sample was subjected under 
room temperature. Change in absorbance was 
observed at all the concentration points of the 
calibration curve at 1, 3 and 5th day which was 
prepared using the stock solution. All the 
measurements were triplicate to meet minimum 
statistical requirements.  
 
2.4.6 Statistical analysis  
All the data for accuracy, precision and stability 
testing were analyzed statistically by two-way 
ANOVA followed by Tukey’s post hoc multiple 
comparison tests using statistical software graph 
pad prism 6. The calculated value P<0.05 was 
considered as level of significance.  
  
3. Results and Discussion 
The UV spectroscopic method for the determination 
of PM was successfully developed using STF at pH 
7.4. The absorption maxima of PM was found to be 

272 nm in simulated tear fluid at pH 7.4 as 
represented in figure 1. Developed method for PM 
showed linearity for the concentration range 0.5-20 
μg/ml with R2 value of 0.999 which suggested 
versatility of the method which is essential for in 
vitro drug release study of formulations. The 
intercept on y axis and slope for the regression line 
was found to be 0.000, 0.083 respectively for the 
developed method. Goodness to fit was found 
0.0137 at 95 % confidence interval which confirmed 
good linearity.  
 
 

 
Figure 1: UV spectra of pefloxacin mesylate (18µg/ml) 

in simulated tear fluid at 272 nm. 
 

 
Figure 2: Stability study comparison by Tukeys 

confidence interval graph (95 %). 

  
Assay results for developed formulation in the form 
of percentage (%) purity were found to be in the 
range of 98.4499.88 %. The results of one way 
ANOVA (with P = 0.370, F= 1.199) suggested that 
there was no statistically significant differences 
among means of all the formulations. Furthermore, 
Tukey’s multiple comparison tests also strongly 
recommended that no significant difference exist 
between means of the percentage purity for all 
prepared formulation with P values 0.599-0.998 at 
8 degree of freedom.    
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Table 1: Results of Accuracy test of the developed 
method 

 
*Values represented as Mean±SD (n=3)  

  
Table 2: Results of repeatability and intermediate 

precision test of PM in STF at pH 7.4 

 
  
Accuracy was evaluated by performing recovery 
study with known standard addition in all four 
prepared in-situ gelling formulations at three 
different levels. The results (table 1) suggested that 
percentage (%) recovery was found in between 
98.55-99.54 for, all three different levels of standard 
addition among the all prepared formulations. 
Further, the result of the two way ANOVA, failed to 
reject the null hypothesis hence, no significant 
difference was found in percentage (%) recovery of 
different formulations at different levels (80, 100, 
120 %) of standard addition with P value 0.3477.   
The change in the formulations did not affect the 
accuracy of the method with P value 0.942, and even 
interaction among levels were found to be non 
significant hence, change in the level of addition did 
not affect the accuracy of the method, with P value 
0.485.   
In addition to this, Tukey’s multiple comparison 
tests (α=0.05) also strongly recommended, no 
significant difference between means of the 
percentage recovery from different formulations at, 
all three levels with adjusted P 0.692 to >0.999. In 
nutshell, the results suggested that developed 
method was found to be significant accurate.  
Precision was evaluated by performing 
repeatability and intermediate precision test. 
Repeatability was tested in five different 
concentrations among the working range and each 
concentration point was analyzed in three 

replicates. Further, intermediate repeatability also 
tested using intraday (thrice in a day); inter day (I, 
III and V day) and using analyst (three different) 
variation. The results (table 2) stated that the 
relative standard deviation (% RSD) for 
repeatability test was found to be less than 2 %, 
which confirmed good precision for the method. 
The RSD (%) for intra-day and inter day precision 
was found to be within the official limit (2 %) which 
suggested the good intra and inter day precision of 
the method.  
For the confirmation of sensitivity of the developed 
method, we determined LOD, LOQ, Sandell’s 
Sensitivity and  
 
3.1 Molar Absorptivity (ε) 
The results suggested that method was sensitive 
enough as the value of LOD and LOQ were 0.041, 
0.125 μg/ml respectively. Sandell’s sensitivity was 
0.011 µg/cm2/0.001 absorbance unit for the 
developed method. In addition to this, molar 
absorptivity (ε) was found 3.841 x 104 L.mol-1.cm-1, 
which suggested moderate sensitivity of the 
developed method which favors its suitability 
towards analysis of PM.   
Finally, stability study was performed using PM 
solution in STF at pH 7.4 at room temperature and 
was found significant stable (P=0.912, F=0.60) up to 
5 days. The results of Tukeys’s multiple comparison 
tests (Figure 2) with confidence interval at 95% was 
also suggested that, all the mean values of 
concentration at different days was within the limit.  
  
4. Conclusion  
The results revealed that the developed UV 
spectroscopic method for the quantitative 
determination of PM was simple, rapid, accurate, 
precise, sensitive and eco-friendly.  It can be a viable 
alternate for the quantitative determination of 
pefloxacin mesylate in bulk form, in-situ gelling 
ocular formulations and even others formulations in 
future.  
  
References  
1. Bergogne-Brrrzin, E. Pefloxacin. International 
Journal of Antimicrobial Agents, 1991, 1: 29-46.  
2. Pefloxacin: Drug information. Available from 
http://www.medindia.net/doctors/ 
drug_information/ pefloxacin.htm. (As on August 13, 
2012)  
3. King A, Phillips I. The comparative in vitro 
activity of pefloxacin. J Antimicrob Chemother, 1986, 
17 (suppl B): 1.  
4. Forsgren A, Schlossman SF, Tedder TE. 4-
quinolone drugs affect cell cycle progression and 
function of human lymphocytes in vitro. Antimicrob 
Agents Chemother, 1987, 31: 768-773.  



 M e d B i o T e c h  J .   2 0 1 7 ;  1 ( 2 ) :  7 5 - 8 0 |79 

5. Guibert J, Boutelier R, Guyot A. A clinical trial of 
pefloxacin in prostatitis. J Antimicrob Chemother, 
1990, 26 (suppl B): 161.  
6. Dellamonica E Bernard E, Etesse H, Gerraffo R. 
The diffusion of pefloxacin into bone and the 
treatment of osteomyelitis. J Antimicrob Chemother, 
1986, 17 (suppl B): 93.  
7. Clarke AM, Zemcov SJV, Campbell ME. In vitro 
activity of pefloxacin compared to enoxacin, 
norfloxacin, gentamicin and new β-lactams. J 
Antimicrob Chemother, 1985, 15: 39.  
8. Goodman LS, Gilman AG, Rall TW, Nies AS, Taylor 
P, eds. Goodman and Gilman’s the pharmacological 
basis of therapeutics. New York: Pergamon Press, 
1990, 8: 1057–60.  
9. Sultana Y., Aqil M., Ali A. Ion-Activated, Gelrite®-
based in situ   Ocular inserts for controlled delivery 
of pefloxacin mesylate: Preparation and evaluation. 
Acta Pharm, 2005, 55: 305–314.  
10. Yasmin Sultana, M.C. Jha, Asgar Ali, and M. Aqil. 
A Three-Way Comparative Study on the Efficacy of 
Twin Sol to Gel Systems and Marketed Eye Drops of 
Pefloxacin Mesylate. Journal of Ocular Pharmacology 
and Therapeutics, 2004, 20(4): 363-371.  
11. Bharath S, Hiremath SR. Ocular delivery systems 
of pefloxacin mesylate. Pharmazie, 1999, 54(1): 55-
8.  
12. Wang Y, Yu K, Wang S. Vibrational spectra study 
on quinolones antibiotics. Spec. Acta A–Mol. Biomol 
Spec, 2006, 65: 159-63.  
13. Salem, H. Spectrofluorimetric, atomic absorption 
spectrometric and spectrophotometric 
determination of some fluoroquinolones. Am J Appl 
Sci, 2005, 2: 719–729.  
14. Salem, H. Colorimetric and atomic absorption 
spectrometric determination of some 
fluoroquinolone derivatives. Sci Pharma, 2004, 72: 
51–71.  
15. Deng B, Li L, Shi A, Kang Y. Pharmacokinetics of 
pefloxacin mesylate in human urine using capillary 
electrophoresis electrochemiluminescence 
detection. J Chromatogr B Analyt Technol Biomed 
Life Sci, 2009, 877(24): 2585-8.  
16. Xie Y., Song Y, Zhang Y, Zhao B. Near-infrared 
spectroscopy quantitative determination of 
Pefloxacin mesylate concentration in 
pharmaceuticals by using partial least squares and 
principal component regression multivariate 
calibration. Spectrochimica Acta Part A: Molecular 
and Biomolecular Spectroscopy, 2010, 75(5): 1535-
1539.  
17. Ahmad A. K. S., Kawy M. A., Nebsen M. 
Spectrophotometric and spectrofluorimetric 
determination of pefloxacin. Anal Lett, 1997, 30: 
809–820.  
18. Jelikić-Stankov M, Veselinović D, Malesev D, 
Radović Z. Spectrophotometric determination of 
pefloxacin in pharmaceutical preparations. J Pharm 
Biomed Anal, 1989, 7(12): 1571-7.  

19. Avadhanulu A B, Pantulu A R R. 
Spectrophotometric determination of pefloxacin in 
its dosage forms. Indian Drugs, 1994, 31(6): 258-
262  
20. Mostafa, S. El-Sadek M., Alla, E. A. 
Spectrophotometric determination of ciprofloxacin 
and pefloxacin through charge transfer 
complexation. J Pharm Biomed Anal, 2002, 27: 133-
142.  
21. Mostafa, S. El-Sadek M., Alla, E. A. 
Spectrophotometric determination of enrofloxacin 
and pefloxacin through ion-pair complex formation. 
J Pharm Biomed Anal, 2002, 28: 173-180.  
22. Kuchekar B. S., Kale A. A. Shinde G. S. Shaikh A. M.  
Shinde D. B. Extractive spectrophotometric 
determination of pefloxacin in pharmaceutical 
dosage forms. Indian Drug, 2003, 40: 471-473.  
23. Basavaiah K., Prameela, H. C. Quantitative 
determination of pefloxacin mesylate by residual-
base neutralization method. J Serb Chem Soc, 2004, 
69: 403–410.  
24. Radi A, El Ries MA, Kandil S. Spectroscopic and 
voltammetric studies of pefloxacin bound to calf 
thymus double-stranded DNA. Anal Bioanal Chem, 
2005, 381(2): 451-455.  
25. Basavaiah K, Prameela HC, Somashekar BC. 
Spectrophotometric determination of pefloxacin 
mesylate in pharmaceuticals. Acta Pharm, 2007, 
57(2): 221-30.  
26. Beltagi AM. Determination of the antibiotic drug 
pefloxacin in bulk form, tablets and human serum 
using square wave cathodic adsorptive stripping 
voltammetry. J Pharm Biomed Anal, 2003, 31(6): 
1079-88.  
27. Uslu B, Topal BD, Ozkan SA. Electroanalytical 
investigation and determination of pefloxacin in 
pharmaceuticals and serum at boron-doped 
diamond and glassy carbon electrodes. Talanta, 
2008, 74(5): 1191-200.   
28. Montay G, Goueffon Y, Roquet E Absorption, 
distribution, metabolic fate, and elimination of 
pefloxacin mesylate in mice, rats, dogs, monkeys 
and humans. Antimicrob Agents Chemother 1984, 25: 
463.  
29. Bertazzoni Minelli E, Benini A, Muner A, Bassi C, 
Abbas H, Pederzoli P. Pefloxacin penetration into 
human necrotic pancreatic tissue. J Antimicrob 
Chemother, 1996, 38(2): 237-43.  
30. Sullam, P M, Täuber, M G, Hackbarth, C J, 
Chambers, H F, Scott, K G, Sande, M A. Pefloxacin 
therapy for experimental endocarditis caused by 
methicillin-susceptible or methicillin-resistant 
strains of Staphylococcus aureus. Antimicrob Agents 
Chemother, 1985, 27(5): 685–687.  
31. European Pharmacopoeia, 5th ed., European 
Directorate for the Quality of Medicines, Council of 
Europe, Strasbourg 2004, 2193-94.  
32. British Pharmacopoeia, Her Majesty’s Stationery 
Office, Vol. II, London 2010, pp. 1623-24.  



80 |   M e d B i o T e c h  J .  2 0 1 7 ;  1 ( 2 ) :  7 5 - 8 0  

33. Lacarelle B, Le Guellec C, Morel A, Albanese J, 
Alazia M, Ballereau M, Llurens M, Bruno R, Francois 
G, Durand A. Monitoring of pefloxacin serum 
concentrations in intensive care unit patients: 
comparison of a new immunoassay with high-
performance liquid chromatography. Ther Drug 
Monit, 1994, 16(2): 209-13.  
34. Montay G, Tassel JP. Improved high-
performance liquid chromatographic 
determination of pefloxacin and its metabolite 
norfloxacin in human plasma and tissue. J 
Chromatogr, 1985, 339(1): 214–218.  
35. Cochereau-Massin I, Bauchet J, Faurisson F, 
Vallois JM, Lacombe P, Pocidalo JJ. Ocular kinetics of 
pefloxacin after intramuscular administration in 
albino and pigmented rabbits. Antimicrob Agents 
Chemother, 1991, 35(6):1112-5.  
36. Munera MI, Cuesta F, Abadia A, Vasquez J, 
Restrepo M. Determination of pefloxacin 
concentration in mesenteric lymph nodes by high-
performance chromatography. Antimicrob Agents 
Chemother, 1994, 38(3): 632-4.  
37. Zhou J, Xue X, Chen F, Zhang J, Li Y, Wu L, Chen L, 
Zhao J. Simultaneous determination of seven 
fluoroquinolones in royal jelly by ultrasonic-
assisted extraction and liquid chromatography with 
fluorescence detection. J Sep Sci, 2009, 32(7): 955-
64.  
38. Gao S, Jin H, You J, Ding Y, Zhang N, Wang Y, Ren 
R, Zhang R, Zhang H. Ionic liquid-based 
homogeneous liquid-liquid microextraction for the 
determination of antibiotics in milk by 
highperformance liquid chromatography. J 
Chromatogr A, 2011, 1218(41): 7254-63.  
39. Yu H, Tao Y, Chen D, Pan Y, Liu Z, Wang Y, Huang 
L, Dai M, Peng D, Wang X, Yuan Z. Simultaneous 
determination of fluoroquinolones in foods of 
animal origin by a high performance liquid 
chromatography and a liquid chromatography 
tandem mass spectrometry with accelerated 
solvent extraction. J Chromatogr B Analyt Technol 
Biomed Life Sci, 2012, 885-886: 150-9.  
40. Marques MRC, Loebenberg R, Almukainzi M. 
Simulated biological fluids with possible application 
in dissolution testing. Dissolution Technologies, 
2011, 8: 15-28.  
Guidelines for industry Q2B validation of analytical 
procedures: Methodology. Available from 
http://www.gmp-
compliance.org/guidemgr/files/1-12-5.PDF (As on 
August 03, 2012) 
  

 

 

  

  

  

  

 

 

  


