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Abstract

A simple, precise, stability indicating RP-HPLC method was developed and validated for determination of Besifloxacin HCl (Besi) in bulk sample and application of that method for estimation of drug i.A Box–Behnken statistical design with three factors and five levels was employed to optimize the chromatographic conditions. The separation was achieved using solvent system combination using methanol:Acetonitrile: phosphate buffer pH 3(25:25:50). The developed method was validated for linearity, precision, accuracy, limit of detection and limit of quantitation, and robustness in accordance with the ICH guidelines. The method was found linear with regression coefficient of over a wide range of 2.5–15 μg/mL. All the validation parameters were found to be within the acceptance range. The developed method was successfully applied to estimate the amount of Besifloxacin HCl in pharmaceutical formulations.

Abbreviations: BBD: Box-Behnken Design; CCD: Central Composite Design; FFD: Fractional Factorial Design; LOD: Limit of Detection; LOQ: Limit of Quantitation; ANOVA: Application of Analysis of Variance



Introduction

Bacterial conjunctivitis is an inflammation of the conjunctiva, characterised by  persistent  mucopurlent discharge  and  redness of the eye [1]. It is generally a self-limiting disease and usually does not cause permanent loss of vision or structural damage to eye. Topical anti-bacterial is used to overcome this disease [2,3]. Bacterial conjunctivitis caused by those bacteria which infect the eye  through  various sources of contamination. The most  common types of bacteria that cause bacterial conjunctivitis include Streptococcus pneumonia, Staphylococcus aureus, Staphylococcus epidermidis, Haemophilus influenza, Moraxella catarrhalis and Corynebacterium spp [4,5]. Aerococcusviridans, CDC coryneform group G, Corynebacterium striatum, Haemophilus influenzae, Moraxella catarrhalis, Moraxella lacunata, Pseudomonas aeruginosa, Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus hominis, Staphylococcus lugdunensis, Staphylococcus warneri, Streptococcus  mitis  group, Streptococcus  oralis, Streptococcus pneumoniae, Streptococcus salivary [6]. 

Besifloxacin ophthalmic suspension 0.6%w/v was approved by US-FDA in 2009. The formulation uses Duracite® technology to increase the residence time of drug on the ocular [7,8]. Besifloxacin is a novel fluoroquinolone antibiotic for ocular pathogens that are currently resistant to present fluoroquinolone antibiotics [9]. Besifloxacin (7-[(3R)-3-aminohexahydro -1H-azepin -1-y1] – 8 – choloro -1- cyclopropyl – 6-fluoro -1,4-dihydro -4-oxo-3-quinolinecarboxylic acid )–(Figure 1) is a novel, chiral synthetic fluoroquinolone being developed by Bausch & Lomb for the topical treatment of ophthalmic infections. Structurally, besifloxacin has an N-1 cyclo-propyl group, which provides broad-spectrum activity against aerobic bacteria[10]. The main mechanism of action of besifloxacin is the inhibition of DNA gyrase and topoisomerase-IV enzyme that are involved in bacterial transcription replication and separation of  chromosomal  DNA  during  cell division [10].  This activity is enhanced by a C-8 chloride substituent in besifloxacin, which also exhibits improved activity against gram-positive bacteria relative to older fluoroquinolone while still remaining potent efficacy against anaerobic bacteria [11].

It is white to pale-yellowish white powder. It is sparingly soluble in water, methanol, ethanol and soluble in DMSO. pKa value of besifloxacin is 5.65 and 9.67. It has log P value of 4.712. Three different pH of phosphate buffer such as 2.5, 3.0 and 3.5 were studied and optimized with DOE. This pH was used in the study for best retention of acidic drug in a reversed-phase system. For best retention, the pH of buffer or the mobile phase should be approx. two pH units below its pKa value. In this pH the drug will be totally unionized (more hydrophobic) which helps for better retention in a reversed-phase system. Literature review revealed RP-HPLC method for analysis of solubility, cytotoxic studies [12-14] stability indicating method of besifloxacin hydrochloride [15]. Quantitative estimation of besifloxacin hydrochloride [14] in human tears by liquid chromatographytandem mass spectrometry has been reported. Enantiomeric impurity in besifloxacin hydrochloride [15] is estimated by chiral HPLC with precolumn derivatisation. Besifloxacin in different simulated body fluids is estimated by UV spectrophotometric method. 
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Figure 1: Chemical structure of besifloxacin.



Our aim is  to  develop simple, precise,  economical  and rapid HPLC method development for analysis of Besifloxacin in bulk and formulation. The novelty of present method is QbD driven assay method development using solvent system using Acetonitrile:Methanol: Phosphate Buffer pH 3. The QbD based approach provides deeper understanding of the interaction between the factors and their effect on responses. Hence a robust and less variability in method results is obtained. Most of the formulation studies involve only one variant at a time by keeping others as constant. With the help of full factorial design investigators can study the effect of all the factors by varied simultaneously. The factorial design helps to study the effects caused by independent factors and interactions between those self-governing factors. In the present work, three independent factors were used such as Mobile phase (X1), pH of buffer (X2) and flow rate (X3) and five dependent factors were used such as theoretical plate (Y1), tailing factor (Y2), retention time (Y3), Capacity factor (Y4) and Area (Y5).

Materials and Methods

Besifloxacin hydrochloride was a generous gift sample from Glenmark Pharmaceuticals, (Mumbai, India) and used as a working standard. The commercially available formulation of Besifloxacin hydrochloride i.e. Besix ophthalmic suspension 0.6% (Ajanta Pharrma Pvt. Ltd.) were used for Assay. Potassium Di-hydrogen Orthophosphate was of GR Grade, Methanol was of HPLC Grade. All the solutions were prepared with reverse-osmosis, HPLC grade double distilled water. The HPLC System was model Shimadzu and was composed of a binary pump, a mobile phase degasser, a Prominence diode array detector (SPD-M20A) etc. The mobile phase contains Acetonitrile: Methanol and Phosphate Buffer (25:25:50 v/v) with pH 3 adjusted with 1% solution of orthophosphoric acid, flow Rate of 1.0 mL/min and UV Detection was carried out at 297nm. Chromatographic separation was performed at ambient temperature on an ACE C18 Column (150 × 4.6 mm, 5μ). The Injection volume was 20 μL. Prior to injection of the drug solution, the column was equilibrate for some time with the mobile phase flowing through the system. The data were acquired, stored and analyzed with Design Expert Software Ver 7.0.

Preparation of Standard Stock Solution 

Weighed and transferred accurately about 6.63 mg of Besifloxacin hydrochloride standard in a 25mL volumetric flask, 15 mL of methanol was added, sonicated to dissolve and diluted up to the mark with methanol (240μg/mL). 1 mL portion of this solution was further diluted to 10 mL with methanol (24μg/mL). 2 mL portion of this solution was again further diluted to 10 mL with methanol to get final dilution of4.8μg/mL.

Preparation of Sample Solution
 
An accurately weighed quantity about 1mL of marketed suspension was transferred in to 25mL of volumetric flask. 15 mL of methanol was added and sonicated for 10 min, diluted to volume with diluent. A 1mL of this solution was further diluted to 10mL with methanol (24μg/mL). 2mL portion of this solution was again further diluted to 10 mL with methanol to get final dilution of 4.8μg/mL. Chromatograms of working Standard and sample of Besifloxacin hydrochloride are shown in (Figures 2 & 3) respectively.
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Figure 2: Chromatogram of working standard of Besifloxacin HCl.
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Figure 3: Chromatogram of Besifloxacin HCl Sample.



Method Development and Experimental Design

A novel HPLC Method was developed using the mobile phase composition containing  Acetonitrile:Methanol:Phosphate Buffer (pH 3) for achieving chromatographic separation. The Experimental Design Optimization method along with statistical analysis of data performed by Design-Expert 7.0 software, Full Version, using the Box-Behnken Design (BBD). The BBD has a advantage of optimization for experiments using 3k-factorial design (where, k=1,2,3…….) having a least three dependent variables or factors and more than one response as compared to other experimental designs such as Central Composite Design (CCD) and Fractional Factorial Design (FFD). The ratio of mobile phase (Acetonitrile:Methanol: Phosphate Buffer) composition from 25:25:50% v/v, Flow Rate between 0.8-1.2 mL/min and pH between 2.5-3.5 indicating three level was fed in the software and a total of 17 runs were obtained using the design.

Model Design Optimization
 
The significance of model so obtained was evaluated by two ways i.e. ANNOVA method and Good fit evaluation. 

a)ANOVA:

ANOVA is a statistical method based on F-test to estimate the significance of model. It involves subdividing total variation  into  variation  due  to  Residual  error,  Main effects  and Interactions.

b)Main Effects (lack of fit): 

The Lack of Fit is one of the components of partition of the sum of squares in an ANOVA which can tell that proposed model is fit or not.

Estimation of Besifloxacin in Pharmaceutical Dosage Form

The developed HPLC Method was used for determination of Besifloxacin in Pharmaceutical Formulations. Marketed Formulations of Besifloxacin HCl Suspension 0.6%w/v strength was procured from local pharmacy were evaluated for the amount of Besifloxacin present in the formulation. 1mL of Besifloxacin HCl suspension equivalent to Besifloxacin 6 mg was transferred in 25 mL of volu-metric flask, 15mL of methanol was added, sonicated for 10 min and volume made up to the mark with diluent. Transferred 1 mL of this solution into 10 mL of volumetric flask and volume made up to the mark with methanol. 2 mL portion of this solution was again further diluted to 10 mL with methanol to get final dilution of 4.8μg/mL. The representative chromatogram of sample was recorded. The Chromatograms were obtained for Besifloxacin in marketed formulation is represented in Figure 3.

Method Validation

The method was validated for
 
System Suitability
 
The System Suitability was assessed by six replicate analysis of 4.8μg/mL concentration of Besifloxacin.
 
Linearity
 
The Linearity of the method was determined by diluting the standard stock solution to 2.5-15μg/mL.

Accuracy
 
Accuracy of the method was determined from the recovery of besifloxacin through 4.8μg/mL solution spiked with 80, 100 and 120% extra quantity of Besifloxacin. 

Precision
 
Precision was assessed by the measurement of Intraday precision (repeatability) through the assay of three different concentrations on besifloxacin (2.5-15μg/mL) at different time intervals in the same day and Interday precision by repetition for five days as per ICH Guidelines.

LOD and LOQ 

The Limit of Detection (LOD) and Limit of Quantitation (LOQ) were determined from Slope (S) of the Linearity plot and Standard Deviation of the response to the blank sample by formula, 

3.3 σ

Limit of Detection (LOD) = ------------
 
S

10 σ 

Limit of Quantitation (LOQ) =------------

S

Solution Stability
 
The  solution stability study  was  carried out with sample besifloxacin HCl solution. The solution stability study was performed at Room temperature for 24h and in the refrigerator for 24h. After the specified period results were analyzed.

Results and Discussion 

The Suitability of Mobile Phase combination, Flow rate and pH was decided on the basis of Linearity, Assay, System Suitability, lesser time required for analysis (Retention Time), Peak Parameters and ease of preparation. Out of several tried combinations as suggested by BBD, the mobile Phase Composition of Acetonitrile:Methanol-Phosphate Buffer (25:25:50% v/v), pH 3 and Flow Rate 1.0mL/min showed efficient chromatographic separation of (4.8μg/mL) and Retention time (Rt) at 4.3min.

Experimental Design

A 32-factorial design using BBD was applied for observing the  effect  of Three independent  factors such as  Mobile  Phase Composition (% v/v of ACN: Methanol) (X1), Flow Rate (mL/min) (X2) and pH (X3) on three responses such as Theoretical Plates (Y1), Tailing factor (Y2),Retention time (Y3), Capacity factor (Y4), Area (Y5) as parameters for calculation of proposed method. The Chromatographic conditions and Ranges fixed for selected factors are given in Table 1. The sum of total 17 runs were obtained for the fixed variables by selecting a three center repetitions which are generally carried out in order to know the experimental error variance  and  to  test  the  predictive  validity of  the  model.  Each combination of Mobile Phase Composition, Flow Rate, and pH suggested by BBD were finally run on the system; observed for the responses such as theoretical plates, tailing factor, retention time, capacity factor and area are represented in Table 2.

All Experiments were performed in randomized order to minimize the effects of uncontrolled factors that may introduce a bias on the response. Among the various models, the Quadratic model was suggested by the design with the maximum least square regression for response Y1, response Y2, response Y3, response Y5 and linear model was suggested for response Y4 as compared to other models.The model was examined using Lack of Fit test, which indicated insignificant lack of fit value corresponding with higher p-value as compared to the model F-value. Furthermore, the model was validated by the application of Analysis of Variance (ANOVA) to both the responses and variables to examine the significance of model which showed that both the responses achieved significant differences in their values. From Table 3 the Model F-value of 9.26 implies the model is significant.There is only a 0.39% chance that a “Model F-Value” this large could occur due to noise. Values of “Prob> F” less than 0.0500 indicate model terms are significant.


Table 1: Selection of Independent factors and their Levels.
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Table 2: Box Behenken Design using factors and their responses.
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Table 3: ANOVA results for response Y1 Theoretical plates.
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In this case B, A2 are significant model terms.From Table 4 the Model F-value of 37.17 implies the model is significant.There is only a 0.01% chance that a “Model F-Value” this large could occur due to noise. Values of “Prob> F” less than 0.0500 indicate model terms are significant.In this case B, A2, B2, C2 are significant model terms.Values greater than 0.1000 indicate the model terms are not significant.From Table 5, the Model F-value of 15.08 implies the model is significant. There is only a 0.09% chance that a “Model F-Value” this large could occur due to noise. Values of “Prob> F” less than 0.0500 indicate model terms are significant.In this case A, C, A2, C2 are significant model terms.From Table 6, the Model F-value of 20.45 implies the model is significant. There is only a 0.01% chance that a “Model F-Value” this large could occur due to noise. Values of “Prob> F” less than 0.0500 indicate model terms aresignificant. In this case A are significant model terms.


Table 4: ANOVA results for response Y2 Tailing factor.
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Table 5: ANOVA results for response Y3 Retention time.
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Table 6: VA results for response Y4 Capacity factor.
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Values greater than 0.1000 indicate the model terms are not significant. From Tables 7 & 8, the Model F-value of 8.22 implies the model is significant. There is only a 0.56% chance that a “Model F-Value” this large could occur due to noise. Values of “Prob> F” less than 0.0500 indicate model terms are significant.In this case C, BC, A2, C2 are significant model terms. The model was evaluated for the effect of individual factors on the responses in the form of Counter plots indicating response surfaces of all five responses Y1, Y2, Y3, Y4 and Y5 showed in Figures 4-8 respectively. The counter plot indicates that the effects showed only on four responses i.e Response Y1 (Theoretical plates), Response Y2 (Tailing factor), Response Y3 (Retention time) and Response Y5 (Area) which showed the Quadratic response but response Y4 (Capacity factor) has no effect so it showed the Linear response.
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Figure 4: Normal plot, counter plot and surface response plot for response Y1 Theoretical plates.
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Figure 5: Normal plot, counter plot and surface response plot for response Y2 Tailing factor.
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Figure 6: Normal plot, counter plot and surface response plot for response Y3 Retention time.
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Figure 7: Normal plot, counter plot and surface response plot for response Y4 Capacity factor.
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Figure 8: Normal plot, counter plot and surface response plot for response Y5 Area.




Table 7: ANOVA results for response Y5 Area.
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Table 8: Summary of Validation parameters.
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Note: LOD = Limit of detection; LOQ = Limit of quantifi cation; RSD = Relative standard deviation
 
Assay
 
The absence of additional peaks in the chromatogram indicated no interfearence of the formulation excipient used in the Suspension. The developed method showed good chromatographic separations with a mean percentage recovery of 99.13-100.58%.
 
Linearity
 
The data obtained was plotted as peak area against concentration, which showed that the coefficient of correlation (r2) value of 0.999.

System Suitability Study
 
RSD (%) was determined for peak area was found to be 0.68%.
 
Accuracy
 
The  method showed  the  percentage recovery was  between 99.13-100.58% and RSD value was 0.69% respectively.
 
Precision
 
The method showed good precision and RSD (%) for repeatability and intermediate precision was 0.70 and 0.90% respectively, which were within the NMT 2% limit.

DL and QL
 
The DL and QL values were found to be 0.0116 and 0.2564 μg/ mL indicated the higher sensitivity of the developed method.
 
Solution Stability
 
The results of solution stability study after 24h, %RSD was found to be 0.82.

Forced Degradation Studies

Peak purity test results confirmed that the Besifloxacin HCl peak is homogeneous and is pure in all the forced degradation study samples. Thus proposed HPLC method is specific for Besifloxacin HCl.

Conclusion

A robust method for Besifloxacin HCl was developed using a Quality by Design approach. QbD method development software in conjunction with RP-HPLC system automation allows for rapid screening and optimization across a wide range of mobile phases and pH ranges and flow rates while evaluating the effects on factors such as theoretical plates, Tailing factor, retention time, capacity factor and Area on the separation. Acknowledgment
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