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ABSTRACT

Objective: The objective of this investigation was to develop and validates a new, rapid, accurate high performance liquid chromatographic (HPLC)
method for the quantification of besifloxacin hydrochloride.

Materials and Methods: [socratic ultraviolet (UV)-HPLC separation was performed using a Zodiac C18 (150 mm x 4.6 mm) column, with 150 volume
of acetonitrile and 350 ml of methanol in 500 ml buffer as mobile phase at a flow rate of 2 ml/min and UV detection at 295 nm.

Results: The sample found stable for 24 hrs in analyte solution and compatible with a nylon filter. The Beer’s law plots were found to be linear over
the concentration range 70-130% with a correlation coefficient (r?) 0.9999 in diluent, phosphate buffer, and simulated tear media. The % relative
standard deviation was found <2% shows good precision, acceptable accuracy, and reproducibility of the new method for the determination of
besifloxacin hydrochloride.

Conclusion: The method was validated as per the ICH guidelines. The method is accurate and can be applied for qualitative analysis of besifloxacin

hydrochloride in bulk drug and in formulation.
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INTRODUCTION

Besifloxacin hydrochloride ((+)-7-[(3R)-3-aminohexahydro-1H-azepin-
1-yl]-8-chloro-1- cyclopropyl-6-fluoro-4-oxo-1, 4-dihydroquinoline-3-
carboxylic acid hydrochloride) (Fig. 1) is a fourth generation, 8-chloro
fluoroquinolone type ophthalmic antibiotic used for the treatment
of bacterial conjunctivitis. Besifloxacin hydrochloride is a white to
pale yellowish-white powder. Besifloxacin hydrochloride ophthalmic
suspension 0.6% (Besivance™; Bausch & Lomb, Rochester, NY, USA)
was approved by the FDA in 2009 [1,2]. This drug and its formulation
is not official in any pharmacopeia and no official method was available
for the estimation of this drug in the pharmaceutical formulations.
The purpose of this proposed work was to develop and validate the
method using ultraviolet-high performance liquid chromatographic
(UV-HPLC) for quantification of besifloxacin hydrochloride. In
literature, other analytical methods described for the quantitative
analysis of besifloxacin hydrochloride but no report found using
UV-HPLC method [3-9]. The newly developed method was a unique
advantage over the other available methods, as it is simple, accurate,
precise, and specific for quantitative determination of besifloxacin
hydrochloride in pharmaceutical dosage form. This newly developed
method for quantification of besifloxacin hydrochloride was evaluated
in simulated eye tears, in buffer solution, and in diluent. The method
also validated after investigation of accuracy, reproducibility, stability,
and compatibility of the working condition of HPLC method according
to International Conference on Harmonization guidelines [10] and
IUPAC technical report [11].

MATERIALS AND METHODS

Materials

Inactive materials: Purified water obtained from a Milli-Q Gradient
water purification system (Millipore, Barnstead). All solvents used of
HPLC grade - acetonitrile, methanol (Source: Finar), triethylamine,
orthophosphoricacid (Source: Spectrochem), and other chemicals used

of analytical grade - ammonium dihydrogen phosphate, hydrochloric
acid, sodium chloride, sodium bicarbonate, calcium chloride, potassium
chloride (Source: Merck), sodium hydroxide, hydrogen peroxide
(30%) (Source: Rankem). Active material: Besifloxacin hydrochloride
was received from Indoco Remedies Limited, Mumbai, India and
was certified to contain 100.38% w/w. Besivance (besifloxacin
hydrochloride ophthalmic suspension 0.6%) was obtained by the
courtesy of Bausch & Lomb Incorporate. Other materials: Nylon filter of
25 mm diameter and 0.45 p was procured from Axiva Sichem Biotech,
New Delhi, India.

Equipment

Besifloxacin hydrochloride was analyzed using high pressure liquid
chromatography (Agilent's 1100 series HPLC system, USA) and
equipped with very sensitive a diode array detector. An analytical
balance from Mettler Toledo, USA, and an ultrasonic bath from Bandelin
Sonorex, Germany were used in the study.

Column and chromatographic conditions

The chromatographic separation was tested on Zodiac C18 (150 mm x
4.6 mm), 5 p column, Manufactured by Zodiac Life sciences. Using the
C18 column, the mobile phase used was acetonitrile: methanol (3:7).
The samples were monitored with UV detection at 295 nm at the flow
rate of 2 mL/min. The injection volume was 10 pl for all samples. The
column temperature was kept at 25°C.

Preparation of mobile phase and stock solutions

Buffer solution was prepared by mixing 3.45 g of ammonium
dihydrogen phosphate and 1.0 ml triethylamine in 1000 ml water. The
pH of solution adjusted to 3.0+0.05 with diluted orthophosphoric acid.

Mobile phase prepared by mixing 150 ml volume of acetonitrile and
350 ml of methanol. Diluent prepared by mixing 500 ml of water, 150 ml
of acetonitrile, and 350 ml of methanol. Test sample prepared by mixing
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Fig. 1: Chemical structure of besifloxacin hydrochloride
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diluent and 3.3 ml of besifloxacin hydrochloride ophthalmic suspension
0.6% and makeup volume to 100 ml with diluent.

Simulated tear was prepared by dissolving sodium chloride 0.68 g, sodium
bicarbonate 0.22 g, calcium chloride 0.008 g, and potassium chloride 0.14 g
in a volumetric flask to produce 100 ml with distilled deionized water [12].

Standard solution in diluent, simulated tear, and buffer solution were
prepared by mixing 50 mg of besifloxacin hydrochloride and makeup
volume to 250 ml with diluent, simulated tear, and buffer solution
separately. The absorbance of each standard was measured at 295 nm
against the respective medium as a blank.

Method validation

The development and validation for quantification method has been
checked by studying specificity, linearity, accuracy, precision, filter
compatibility, forced degradation and stability of the solution, followed
by ICH guidelines [10] and IUPAC technical report [11]. The system
suitability checked before testing all the validation parameters. It meets
the acceptable criteria as relative standard deviation (RSD) for the area
of replicate injections found not more than 1.00%, the tailing factor
for the besifloxacin hydrochloride peak found not more than 2.00, and
theoretical plates (by tangent method) for besifloxacin hydrochloride
peak found not <1000.

Identification and peak purity of besifloxacin hydrochloride peak
The working condition for the HPLC method was established with
besifloxacin hydrochloride standard preparation, a chromatogram
obtained after injection 10 pl of working standard solution. Under the
optimal experimental conditions, the retention time for besifloxacin
hydrochloride was observed about 2.5 minutes for besifloxacin
hydrochloride peak in 6 minutes run time.

Specificity

The specificity method [13,14] was checked by injecting stock solution
prepared in different media such as diluent, simulated tear, and
phosphate buffer to determine the retention time in different media.
It can be helpful to specificity of the method by evaluating interaction
study of standard drug or formulation different media.

Accuracy

Accuracy was analyzed by percentage recovery of 140.10-
260.19 pg/ml drug solution. For standard stock solution, the accurately
weighed amount of besifloxacin hydrochloride 200 mg was dissolved
in a volumetric flask with 100 ml of diluent. From sample stock pipette
out 7 ml, 10 ml, and 13 ml separately and mixed with 100 ml of diluent
to get final concentration of 140.0, 200.0, and 260.0 pg/ml. Similarly,
same concentration samples also prepared using simulated tears and
phosphate buffer media. Triplicate sets of accuracy sample prepared for
each media. The accuracy was reported as percentage recovery by the
assay of known amount of sample in the standard solution with %RSD.

Linearity
The linearity method [13,14] was established across different
concentration samples 140.0, 160.0, 200.0, 240.0, and 260.0 pg/ml of
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standard stock solution in different media such as diluent, simulated
tear, and phosphate buffer. Linearity was determined in triplicate for
each concentration for all the media by regression method.

Precision

Precision was calculated by analyzing six sets of known concentration
of besifloxacin hydrochloride solution. The repeatability precision was
expressed as %RSD.

Filter compatibility

The filter compatibility assessed by evaluation of unfiltered centrifuged
supernatant sample and filtered samples (filtered through nylon filter).
The test sample was prepared by mixing with diluent.

Forced degradation

The stressed samples of besifloxacin hydrochloride in diluent were
prepared by forced degradation and analyzed in the chromatographic
system. Unstressed sample was given no stress. Acid stress sample was
prepared by mixing 20 mg of besifloxacin hydrochloride with 70 ml
diluent, 2 ml of 2 M HCI and stored for 24 hrs at 60°C. Then, the solution
cooled to ambient temperature, neutralized with 2 ml of 2 M NaOH
and makeup the volume to 100 ml with diluent. Alkali stress sample
was prepared by mixing 20 mg of besifloxacin hydrochloride with
70 ml diluent, 2 ml of 2 M NaOH and stored for 24 hrs at 60°C. Then,
the solution cooled to ambient temperature, neutralized by mixing
with 2 ml of 2 M HCI and makeup the volume to 100 ml with diluent.
Oxidation stress sample was prepared by mixing 20 mg of besifloxacin
hydrochloride with 70 ml of diluent and 1 ml of 3% H,0, added. The
solution stored for 24 hrs at 25°C and makeup the volume to 100 ml
with diluent. Thermal stress sample was prepared by storing 20 mg of
besifloxacin hydrochloride in the oven at 80°C for 45 hrs. Cool down the
contents to ambient temperature and makeup volume to 100 ml with
diluent. Water stress sample was prepared mixing 20 mg of besifloxacin
hydrochloride with 70 ml of diluent and 2 ml water. The solution stored
for 24 hrs at 60°C, cooled to ambient temperature and makeup volume
to 100 ml with diluent. The unstressed and stressed samples injected
separately in a single into the liquid chromatographic system and
evaluated.

Stability of the solution

The stability of the besifloxacin hydrochloride in diluent, phosphate
buffer, and simulated tears was evaluated by analyzing at 0 hr, 12
hrs, and 24 hrs time intervals in the chromatographic system.
The solution stored at 20-25°C temperature, room light condition
throughout the study. The stability was expressed as amount
recovered in %RSD.

RESULTS AND DISCUSSION

The method discussed in this analysis provides a simple and accurate
for the analysis of besifloxacin hydrochloride by UV-HPLC method. The
peak and retention time of besifloxacin hydrochloride in different media
such as diluent, simulated tears, and phosphate buffer solution were
found no significant difference. The proposed method was validated
according to the ICH guidelines.

The absorbance spectra of besifloxacin hydrochloride presented in
Fig. 2 and chromatograms of besifloxacin hydrochloride in diluent,
phosphate buffer, and simulated tears were shown in Figs. 3-5,
respectively.

The spectra, retention time and peak purity of besifloxacin hydrochloride
peaks were matched for above three media. No interfering peaks were

observed in the chromatograms. Thus, proposed method was found to
be specific and selective.

The accuracy of the solution found within the specified range (Table 1).
The specified range tested at 140.0, 200.0, and 260.0 pg/ml (70%,

100%, and 130%, respectively) and calculated for their percentage
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Fig. 2: Absorption spectrum of besifloxacin hydrochloride
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Fig. 3: Chromatogram of besifloxacin hydrochloride in diluent media
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Fig. 4: Chromatogram of besifloxacin hydrochloride in phosphate buffer media

recovery with SD and %RSD in diluent, phosphate buffer, and simulated
tear media. The range of recovery values obtained was 99.03-101.21%
and %RSD at observed 0.07-1.46%. The % RSD within the range (<2%)
proves the accuracy of the test.

In the developed method, linearity was observed in the concentration
range of 140.0-260.0 pg/mL. The linear regression of the calibration

curve produced an equation of y=13.723x+4.384, y=13.447x+10.213,
and y=13.473x-12.14 with a correlation coefficient (r?) of 0.999 for
diluent, phosphate buffer, and simulated tears, respectively (Fig. 6).

The above linear regression equation with a high correlation coefficients

indicates good linearity between peak area and concentration in the
range of 140.0-260.0 pg/mL.

252



Saha et al.

Asian ] Pharm Clin Res, Vol 10, Issue 5, 2017, 250-254

1 mAU
In Simulated tear o> Bestiometn
400
300
200
100+
: T
-50 L L I I 1 —1— — .
0.00 0.50 1.00 1.50 2.00 250 300 mMin
Fig. 5: Chromatogram of besifloxacin hydrochloride in simulated tear media
4000 Table 1: Accuracy data of the developed method
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200.0 99.03 100.71+1.47 1.46
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The precision of the chromatographic procedure was evaluated by
analyzing known concentration of test preparation. The precision result
(%RSD) for selected sample 140.0 pg/ml was found to be 0.76% in diluent,
0.73% in phosphate buffer, and 0.87% in simulated tears (Table 2). The %
RSD (<2 %RSD) proves a high precision and acceptable of the method.

The unfiltered centrifuged sample and filtered samples assay were found
100.3% and 100.9%, respectively, it shows the nylon filter is compatible.

The assay results of unstressed sample, acid stress sample, alkali stress
sample, oxidation stress sample, thermal stress sample, and water
stress sample were found 101.3%, 100.4%, 88.2%, 24.4%, 100.4%,
and 101.0%, respectively. It shows alkali and oxidation stress condition
samples degrades significantly.

The stability results in Table 3 showed that besifloxacin hydrochloride
is stable in diluent, phosphate buffer, and simulated tear for 24 hrs
stored at 20-25°C temperature, room light condition.

The proposed UV-HPLC method developed and validated in this article
is rapid, sensitive, and specific for the quantitative determination of
besifloxacin hydrochloride in bulk and in finished dosage form.

The developed method is having short run time, and simple mobile
phase can be used for routine analysis of many samples within a short
period. The specificity, accuracy, linearity, precision, filter compatibility,
forced degradation, and stability of the solution checked in the method
and found within the acceptable range (ICH guideline). The method can
be adapted as an accurate method to routine quantitative analysis of
besifloxacin hydrochloride.

The results are expressed as mean+SD is standard deviation for n=3
observations and RSD is Relative standard deviation.

Table 2: Precision data of the developed method

Media Concentration % Recovery Mean+SD %RSD
of besifloxacin
hydrochloride
(ng/mL)
Diluent 140.0 99.91 100.46+0.86 0.76
Phosphate  140.0 100.25 101.21+0.48 0.73
buffer
Simulated  140.0 99.78 100.54+1.07 0.87
tear

The results are expressed as mean+SD is standard deviation for n=3
observations and RSD is Relative standard deviation

CONCLUSION

These findings suggest that the new, rapid, accurate and stability
indicating HPLC developed and validated method can be used for
the simultaneous quantification of besifloxacin hydrochloride in the
formulation as well as in bulk drug.
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Table 3: Stability data of the developed method

Media Time points (hrs) Concentration of besifloxacin hydrochloride (pg/mL) % Recovery = Mean+SD %RSD
Diluent 0 200.0 100.83 100.69+0.14 0.14
12 200.0 101.08 101.18+0.10 0.09
24 200.0 100.43 100.66+0.20 0.20
Phosphate buffer 0 200.0 100.5 100.54+0.09 0.09
12 200.0 100.33 100.17+0.18 0.18
24 200.0 100.83 100.81+0.08 0.08
Simulated tear 0 200.0 100.19 100.21+0.07 0.07
12 200.0 100.62 100.75+0.12 0.12
24 200.0 100.37 100.32+0.12 0.12

The results are expressed as meanSD is standard deviation for n=3 observations and RSD is Relative standard deviation
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