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Abstract

This work has proposed the development and validation of ultraviolet (UV) and visible
(Vis) spectrophotometric methods for the determination of norfloxacin in the tablets. The
proposed methods were applied to pharmaceutical formulation and percent amount of drug
estimated (96.08% for UV method and 102.65% for Vis method) and was found in good
agreement with the label claim. Using the UV method norfloxacin showed an absorption
maximum at 277 nm, in 0.1 M hydrochloridric acid medium, whereas for the Vis
spectrophotometric method it reacts with chloranilic acid reagent, forming a purple solution
with an absorption maximum at 520 nm. The calibrations curves were linear over the
working range of 2.0-7.0 ug.mL™ for the UV method and 90.0-120.0 pg/mL for the Vis
method. The linear regression equation for UV method was y = 0.1303x+0.0026
(r*=0.9999) and for Vis method y = 0.0037x-0.0069 (r? = 0.9948), they proved to be linear.
The methods were completely validated according to the International Conference
Harmonization (ICH) guidelines, showing good accuracy, precision, selectivity, linearity
and robustness. Therefore the both methods were found to be simple, rapid, sensitive, and
easily contributing to the quality control of norfloxacin tablets while being interchangeable.
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1. Introduction

Norfloxacin (NOR) is a broad-spectrum 6-fluoroguinolone with activity on most Gram-
positive and Gram-negative microorganisms, including Pseudomonas aeruginosa, f-
lactamase positive, Neisseria gonorrhoeae, gentamicin and aminoglicosides resistant.
Norfloxacin was the first quinolone antibacterial with a fluorine atom substituted at the C-
6 position and a piperazine at the C-7 [1-3]. Chemically, it is 1l-ethyl-6-fluoro-1,4-
dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline carboxylic acid (NOR) (Fig. 1) [4,5]. The
primary target of norfloxacin are the bacterial enzymes DNA gyrase or topoisomerase 11
[6-7]. Norfloxacin is available as: tablets (400 mg) and eye drops to treat conjunctivitis. In
most countries, all formulations require a prescription [8].
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Several methods have been reported for the determination of norfloxacin in
pharmaceutical formulations, biological fluids, raw materials and groundwater. Although
many methods including high performance liquid chromatography (HPLC) [9-15],
capillary electrophoresis (CE) [16,17], derivative UV spectrophotometry [18,19], and
charge transfer complex formation [20-23] have been reported in the literature, the
characteristic of UV and visible (Vis) spectrophotometry are unexplored. In some studies,
especially in charge transfer complex formation involving chloranilic acid (CL) as a =n-
acceptors might be desirable because the reaction often provides reasonably high
sensitivity, a wide dynamic range and stable coloured species [23].

This study reports a comparative development and validation of UV and visible
spectrophotometry method for routine analysis and quality control and also a mixture of
inactive excipients. The UV method is simplified by dissolving norfloxacin in
hydrochloric acid (HCI) 0.1 M and the visible method is based upon direct charge-transfer
complex formation of norfloxacin with the chloranilic acid. The aim of this study was to
develop and validate of UV and Vis spectrometric methods for the determination of NOR
in tablets. The methods are simple, rapid, sensitive and easy to apply. Furthermore, these
do not need the costly instrumentation which is required for published capillary
electrophoresis and HPLC methods.

Fig. 1. Structure of Norfloxacin (CAS: 70458-96-7).
2. Experimental
2.1. Chemicals and reagents

All reagents used were of analytical reagent grade. Acetonitrile and methanol (Merck,
Germany). Sodium hydroxide (NaOH) and HCI were obtained from Synth (S&o Paulo,
Brazil). Norfloxacin standard (purity 100%) and pharmaceutical product norfloxacin
tablet with a label claim of 400 mg drug was obtained from Unido Quimica (Pouso
Alegre, Brazil). All solutions were prepared with high quality water obtained from a
Milli-Q system (Millipore, Miliford, MA, USA).

2.2. Apparatus

The visible method was performed on a UV-Vis recording Spectrophotometer UV-min
1240 (Shimadzu, Kyoto, Japan) and the UV method was performed on a UV-Vis 1800
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double beam spectrophotometer controlled by UV Probe software which was also used to
transform the UV spectra obtained (Shimadzu, Kyoto, Japan), using 1.0 cm quartz cells.

2.3. Methods
2.3.1. Preparation of placebo formulation solution

A simulated formulation was obtained using the excipients: lactose (42.37%), talc
(6.77%), magnesium stearate (3.38%), microcrystalline cellulose (25.42%), povidone
(16.94%) and, croscarmelose sodium (5.08%) without norfloxacin [24]. Stock solutions
containing 21.91 mg of placebo formulation were dissolved in 25 mL amber volumetric
flask with 5 mL of methanol for the visible method and with 0.1 M HCI solution for the
UV method, by 30 minutes sonication; the final volume was completed with the same
solvent according to each method.

2.3.2. Preparation of standard and sample solution
2.3.2.1. UV method

A stock standard solution containing 500 pug mL™ of NOR was prepared by accurately
weighing 12.5 mg of the NOR reference substance into a 25 mL volumetric flask and
diluting to volume with 0.1 M HCI solution. This solution was prepared daily. Working
standard solutions were prepared immediately before use by suitable dilution of the
corresponding stock solution to appropriate concentration levels using purified water.
Twenty tablets of (Norfloxacin 400 mg) were used. The tablets were weighed and crushed
to a fine powder to obtain a homogeneous mixture. The mass equivalent of 21.91 mg of
NOR was weighed into a 25 mL amber volumetrick flask, and 0.1 M HCI solution was
added to fill volume. The solution was filtered by 0.2 um filter to remove solid particles,
if any. Appropriate dilutions were made using the purified water.

2.3.2.1 Visible method

Chloranilic acid (CL) solution

A stock solution of 0.1% of CL was prepared by dissolving 50.0 mg of CL in 50 mL of
acetonitrile. The solution was sonicated for 30 minutes, the final volume was then
completed with the same solvent.

The standard stock solution of NOR: was prepared by transferring 12.5 mg into 25 mL
volumetric flask; about 20 mL methanol was added and sonicated for 30 min. The
volumetric flask was heated up to 60 °C for about 3 minutes. The flask was filled up to the
necessary volume with the same solvent to obtain a final concentration of 500 pg mL™.

Sample solution: Powder equivalent to 21.91 mg of NOR tablets was accurately
measured and transferred into 25 mL volumetric flask and sonicated for 30 minutes; the
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volume was filled up and mixed well. The volumetric flask was heated up to 60 °C for
about 3 minutes. The solution was filtered through a 0.2 um filter to remove particulate
matter, if any. The filtered solutions were properly diluted for analysis.

2.3.3. Analytical Conditions
2.3.3.1. UV method

The spectrophotometric measure was performed using water as a blank solution. Aliquots
of reference substance and sample solutions were transferred into a 10 mL amber
volumetric flask and then filled up to the desired volume with water. The absorbance was
measured at 277 nm.

2.3.3.2. Visible method

Aliquots of reference substance and sample solutions were transferred into 5 mL amber
volumetric flasks, followed by an addition of 1 mL CL solution. The flasks were filled up
to volume with acetonitrile. The absorbance was measured at 520 nm against a reagent
blank prepared simultaneously.

2.3.4. Method validation

The methods were validated according to the International Conference on Harmonization
(ICH) guidelines for validations of analytical methods [25, 26].

Specificity

The specificity was evaluated by comparing the absorbance spectra of samples containing
possible interfering substances (excipient products used in tablets production) and samples
containing norfloxacin.

Linearity

The calibrations curves were obtained at six different concentrations of NOR solution for
the UV method (2.0 — 7.0 pg mL™), as well as, six different concentrations for the visible
method (95 — 120 pg mL™). The linearity was evaluated by the least square regression
method with triplicate determinations at each concentration level.

Precision

The intraday and interday precision study was carried out to check the reproducibility of
the results. Concentrations of 4.0 ug mL™ and 110 pg mL™ of NOR (n=6) was analyzed to
ascertain the relative standard deviations (RSD) for the UV and Visible spectroscopic
methods, respectively.
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Accuracy

To check the accuracy of the proposed methods, recovery studies were carried out at 80,
100, and 120% of the test concentration. The recovery study was performed three times at
each level by applying the proposed method to the analysis of known amounts of the
reference substance added to the sample solution. The amount of NOR present in the
sample was calculated using %R.S.D. In the ultraviolet method, the sample solution
contained 2.0 pg mL™ of NOR, to obtain solutions at concentrations of 3.2; 4.0 and 4.8 pg
mL™. In the visible method, solutions at concentrations of 80; 100 and 120 pg mL™ were
obtained by addition of known amounts of the reference substance to the sample solution
containing 70 ug mL™ of NOR.

Robustness

The robustness of the method was evaluated by observing the influence of small
variations of experimental variables. The robustness of the UV method was evaluated by
changing the detection wavelength. The robustness of the visible method was evaluated
by changing the amount volume of CL solution added (0.8 — 1.2 mL) and the detection
wavelength. The RSDs were determined for each condition.

Limit of Detection and Limit of Quantification

The LOD and LOQ of NOR in the proposed methods were determined by using
calibrations standards. LOD and LOQ were calculated as 3 and 10 o/S, respectively,
where S is the slope of the calibration curve and ¢ is the standard deviation of the y-
intercept of the regression equation.

3. Results and Discussion
3.1. Ultraviolet method

The proposed UV method allows a rapid and economical quantification of NOR using a
0.1 M HCI. Moreover, the spectrophotometric methods involve simple instrumentation
compared with other instrumental techniques. The absorption spectra of NOR in an
aqueous solution (final dilution) is shown in Fig. 2. The A Was found to be at 277 nm.
This wavelength was used for all measurements. According to Fig. 2, it can be seen that
the excipients use does not interfere in the analysis of NOR, indicating good specificity of
the method.

The calibration curve was constructed in the range of expected concentrations (2.0 -
7.0 ug mL?). Beer’s law is obeyed in this concentration range. The value of the
determination coefficient was calculated (r? = 0.9999, y = 0.1303 x + 0.0026, where, x is
concentration and y is the absorbance value) indicated the linearity of the analytical curve
for the UV method (Table 1).
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Fig. 2. Ultraviolet absorption spectra of (a) NOR reference substance, (b) NOR pharmaceutical
product and, (c) placebo formulation at . =277 nm.

The LOD and LOQ were found to be 0.67 and 2.03 pg mL™, respectively (Table 1).
According to ANOVA linear regression is possible without deviation from linearity. The
experimental values obtained for the determination of NOR in samples, indicated a
satisfactory inter-day variability (R.S.D. of 0.68%, with amount 96.04%) and intermediate
precision (R.S.D. 0.84%, with amount 99.48%) (Table 2).

Table. 1. Analytical parameters for determination of NOR using the proposed methods.

uv Visible
Spectrophotometry Spectrophotometry
Analytical wavelength 277 520
(nm)
Linearity range (ug mL™) 20-7.0 90 -120
Regression equation y =0.1303x + y =0.0037x — 0.0069
(A=aC+B) 0.0026

Slope (a) 0.1303 0.0037
Intercept (b) 0.0026 0.0069
LOQ (ug mL™) 2.03 66.82
LOD (ug mL™®) 0.67 22.05
Determination coefficient 0.9999 0.9948

()
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Table. 2. Inter-day and between analysts precision data of UV and Visible methods for NOR.

Method Sample Inter-Day (RSD?) Between Analysts
(%) (RSD’) (%)
uv 1 0.68 0.61
Spectrophotometry 2 0.84 0.60
Visible 1 1.19 0.62
Spectrophotometry 2 1.42 112

®Relative standard deviation.

A good accuracy of the method was verified with a mean recovery of 98.33% (Table
3). Variations in the wavelength for the robustness evaluation showed R.S.D. 0.41%
(Table 4).

Table. 3. Accuracy of UV and Visible methods for NOR in pharmaceutical products.

Method Added (ug mL™) Recovered (ug mL™?)  Recovery® (%)
uv 32 3.18 97.18
Spectrophotometry 4.0 4.00 99.50
4.8 4.76 98.30
Visible 10.0 10.04 100.46
Spectrophotometry 30.0 30.84 102.80
50.0 50.43 100.87

*Mean of three replicates

Table. 4. Robustness evaluation of UV and Visible spectrophotometric methods for NOR
in pharmaceutical products.

Method Variable Investigated ~ Norfloxacin®  RSD"®

range (%) (%)

uv Wavelenght 275 96.90 1.95
Spectrophotometry (nm) 277 06.49
279 100.00

Visible Wavelenght 522 103.12 0.21
Spectrophotometry (nm) 520 102.68
518 102.91

Volume of CL 1.2 102.59 0.13
solution (mL) 1.0 102.82
0.8 102.58

aMean of three replicates; "Relative standard deviation.
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3.2. Visible method

Proper wavelength selection of the methods depends upon the nature of the sample and its
solubility. Acetonitrile was found to be the best solvent for the CL method, other solvents
like ethanol or methanol were unsuitable due to limited solubility for NOR. Acetone was
unsuitable, as CL has limited solubility in it. Also, Chloroform was unsuitable as the
complex formed showed limited solubility in it.

The visible spectrophotometric method is based on the reaction with NOR as a z#-
electron donor with CL as z-acceptor, resulting in a highly colored complex. Using CL,
the purple color immediately reaches its maximum intensity at room temperature and
remains stable up to 30 min. No change in color intensity was detected upon heating until
55 °C for 3 min. Heating for a longer time leads to a decrease in intensity 1,0 mL of CL
solution was found to be sufficient for production of maximum absorbance. The
wavelength of 520 nm was chosen due to the adequate molar absorptivity of NOR in this
region and to minimizes possible interference from other compounds and solvents in the
samples.

The analytical curve constructed for NOR was found to be linear in the 90 - 120 ug
mL™ range. The value of the calculated determination coefficient (r* = 0.9948, y = 0.0037
X - 0.0069) indicated the linearity of the analytical curve for the visible method. The
precision, evaluated as the repeatability of the method, was studied by calculating the
R.S.D. for six determinations of the 110 ug mL™ solution, performed on the same day and
under the same experimental conditions. The R.S.D. was 1.42%. The LOD and LOQ
calculated were 22.05 and 66.82 g mL™, respectively (Table 1).

The precision, evaluated as the repeatability of the method, was studied by calculating
the RSD for six determinations of 110 (ug mL™), performed on the same day and under
same experimental conditions. The intermediate precision was assessed by analyzing two
samples of the pharmaceutical formulation on three different days (inter-day). The mean
values obtained were 102.65 and 102.71% with RSD 1.19 and 1.42%, respectively. The
between analysts precisions were determined by calculating the mean values and the RSD
for the analysis of two samples of the pharmaceutical formulation by two analysts. The
mean values were found to be 102.17 and 102.43% with R.S.D. 0.62 and 1.12%,
respectively (Table 2).

The accuracy was assessed from three replicate determinations of three different
solutions containing 10, 30 and, 50 pg mL™. The absolute mean values obtained for NOR
are shown in the Table 3 with a mean value 101.37%, demonstrating that the method is
accurate within the desired range.

The results and the experimental range of the selected variables evaluated in the
robustness assessment are given in Table 4. No interference was observed in the
determination of NOR in the presence of the common excipients of the tablets, according
to the placebo solution showed previously, indicating good specificity (Fig. 3).
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Fig. 3. Visible absorption of (a) NOR reference substance, (b) NOR pharmaceutical product and, (c)
placebo formulation at A,,. = 520 nm.

3.3. Application to pharmaceuticals

Both methods were applied successfully to the analysis NOR in tablets. The quantitative
results using UV and visible methods are shown in Table 5. There was no statiscally
significant difference between the mean values, although the visible method showed a
slightly higher % R.S.D. value compared with to the UV method. Furthermore, the
amount of NOR calculated by both methods was within the range between 90 and 110%,
recommended by USP (Table 5). The procedures therefore are suitable for the
determination of NOR in pharmaceuticals with adequate accuracy and precision.

Table. 5. Determination of norfloxacin in pharmaceutical products by the UV and Visible
spectrophotometric methods.

Label claim Experimental amount
Norfloxacin Norfloxacin®
Method Sample mg per mg Recovery  RSD (%)°
tablet (%)
uv 1 400 384.32 96.08 0.61
Spectrophotometry 2 400 386.76 96.69 0.23
Visible 1 400 410.60 102.65 1.42
Spectrophotometry 2 400 410.84 102.71 1.09

aMean of three replicates; "Relative standard deviation
4. Conclusion

Analytical laboratories require accurate results, faster and more economically than ever
before. This is especially true for traditional methods like spectrophotometric assay. In
comparison with chromatography techniques those methods also proved to be rapid,
accurate, and reproducible. Howerver, the principal advantage of the proposed methods is
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their suitability for the routine quality control of norfloxacin alone and in tablets, without
fear of interference caused by the excipients excepted to be present in tablets. In
comparison with the existing photometric methods, the proposed methods, especially UV
are simple, faster, cheaper and much more sensitive and accurate. In addition both
methods are interchangeable.
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