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Abstract: A  new  accurate,  specific,  precise, high performance liquid chromatographic (HPLC) method has
been developed and validated for the determination of ciprofloxacin in bulk and in its pharmaceutical dosage
forms of tablet and dry suspension. Acetonitrile: 0.25M Phosphoric Acid (pH 3.0 ± 0.1 with Diethylamine)
(70:30), was used as the mobile phase at a flow rate of 1.0 ml/min using a Symmetry C  column. The effluent was18

spectrophotometrically monitored at 278 nm. The intraday and inter-day precisions showed coefficients of
variation ranged from 0.51% to 1.18% at different levels of concentrations. The calibration curve was linear with
a correlation coefficient of 0.99989. The averages of the absolute and relative recoveries were found to be
98.55% to 99.89%. The proposed HPLC method was successfully applied to quantify the amount of
Ciprofloxacin in bulk and two dosage forms in quality control.
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INTRODUCTION 70% and a peak concentration of a bout 2.5 µg/ml is

Ciprofloxacin hydrochloride is 1-cyclopropyl-6- [2, 3]. Hence it has become an extremely popular
fluoro-1, 4-dihydro-4-oxo-7-(1-piperazinyl)-3- antimicrobial agent for use in human. During the 1980s,
quinolinecarboxylic acid hydro-chloride. It is provided as fluorinated derivatives of quinolones were introduced and
a mixture of the monohydrate and the sesquihydrate. The are now freely available in Pakistan [1].
empirical formula of the monohydrate is C H FN O  • HCl Several  papers have been described for17 18 3 3

• H O and its molecular weight is 385.8 (Fig. 1). determination of ciprofloxacin in pharmaceutical dosages2

The empirical formula of the sesquihydrate is and body-fluids by HPLC either alone or with MS, some
C H FN O • HCl • 1.5 H O and its molecular weight is methods are available with use of expensive methods17 18 3 3 2

394.8. [1]. Ciprofloxacin is one of several quinolone such as photoinduced fluorimetric and fluorescence
antimicrobial agents that show broad anti bacterial detection etc. while others have used gradient
activity, low toxicity and potential for use as oral therapy chromatography and some have used microbiological
in urinary tract as well as skin and soft infections. methods [4-43], which are usually not available for routine
Ciprofloxacin  is rapidly and well absorbed from the laboratory analysis. Poor reproducibility and accuracy for
gastro-intestinal tract. Oral bioavailability is approximately some  of  the  mentioned  methods  has been reported [44].

achieved  1  to  2 hours  after a dose of 500 mg by mouth
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Fig. 1: Chemical structure of Ciprofloxacin through a 0.45 µm membrane filter (Millipore, Bedford,

Hence HPLC is the analytical method of choice for
measuring ciprofloxacin [45-47], however still there is no Chromatographic Conditions: The HPLC analysis was
single method that can be used to analyse different carried out at ambient temperature. The compound was
dosage forms concomitantly, This paper describes an chromatogrphed isocratically with a mobile phase
isocratic HPLC method using UV detection, which consisting of Acetonitrile (HPLC grade) and 0.025M
provides adequate sensitivity for routine use and Phosphoric acid (pH adjusted to 3.0 ± 0.1 using
diminishing the time of sampling and chromatographic Diethylamine) (70:30% v/v). The mobile phase was filtered
analysis. The present work describes a simple reverse by passing through a 0.45 µm membrane filter (Millipore,
phase HPLC method for the determination of ciprofloxacin Bedford, MA, USA). The flow rate was 1.0 ml/min and the
from reference materials, bulk raw materials and dosage injected volume was 20 µL. The effluent was monitored
formulations including tablets, capsules, suspensions, spectrophotometrically at a wavelength of 278 nm.
drops and infusions. Method development and validation
has great importance in QC of drug. Determination of Analytical Procedure
drugs has got consideration importance an analytical Method Development: For developing a new method the
chemistry, various author have reported estimation of reference standard solubility was checked in water and
different ingredients in dosage formulation [48-52]. The acetonitrile to develop a mobile phase and diluent for
development of new assay methods for the determination standard and sample. Then a solution of standard was
of drugs has received considerable attention in recent scanned on UV Spectrophotometer to determine the
years because of their importance in the determine wavelength where Ciprofloxacin gave a maximum
potency of active ingredients in dosage form and raw absorbance. Since Ciprofloxacin was freely soluble in both
material as well. cases hence a mixture of water (0.25M Phosphoric Acid,

MATERIALS AND METHODS developed and used in the subsequent processes.

Material and Reagents: Ciprofloxacin Hydrochloride was Standard Preparation: In a 100 ml volumetric flask,
kindly gifted by local Pharmaceutical AGP (Private) weighed accurately about 33.3 mg of Ciprofloxacin
Limited, Phosphoric acid was purchased from Merck, Hydrochloride reference standard equivalent to 30mg
(Germany), Acetonitrile (HPLC grade) from Fisher base Ciprofloxacin. Dissolved up to 50ml in D.I water
Scientific. The suspension and tablets containing sonicated for 10 minutes and let it cool to room
Ciprofloxacin Hydrochloride were obtained from temperature and make up vol. with the D.I water to 100ml,
commercial sources including (Algocin , Adacip , Ciscap then diluted 5 ml in a 50 ml volumetric flask to get 30 ug® ®

capsule  and Ciproscot suspension , Adacip , Efecip , /ml  working  standard  solution of Ciprofloxacin base.® ® ® ®

Catex ) labeled to contain 250mg/tab and 250mg/ml Filter through 0.45micron filter paper.®

respectively.

Instrumentation: A UV-Visible spectrophotometer of Assay of Tablets Containing the Drug: For making
Shimadzu UV-1650PC with UV Probe software was also sample of 30ug /ml Ciprofloxacin base, 20 tablets were
utilized. For chromatography a SIL 10A autoinjector HPLC weighed and ground to get an evenly homogenized
system comprising of SCL 10A system controller, SPD powder. The sample was weighed accurately equivalent
20A prominence UV/VIS detector, with a Shimadzu LC 20 to 30mg of Ciprofloxacin and taken in 100ml volumetric
AT pump with LC Solutions software was used. flask and  50 ml  of  water  was  added.   The   sample  was

Separation was performed on a µ-Bondapak ODS-C18
HPLC column, (4.6 x 250 mm; 10 µm bead size)maintained
at ambient temperature 25°C. Ultrasonic cleaner (Elmasoni
E 60 H), Jenway 3240 pH meter and Sartorious TE2145
nalytical balance were used in the research work. Distilled
and deionized water was obtained by passage through RO
plant (Waterman, Pakistan) and was further filtered

MA, USA).

pH 3.0 ± 0.1 with Dimethylamine) and acetonitrile was

Sample Preparation
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sonicated  for  20 minutes and then placed on stirring for corresponding standard daily for a period of three days.
10 minutes to cool down the temperature and then added Analysis was performed at three different days with three
water up to the mark. The solution was diluted in a 50 ml separate samples from same homogeneous bulk.
volumetric flask to get 30 ug /ml working standard Coefficient of variation (CV) of the assay results was
solution by adding 5.0 of stock solution. The sample was found to be <3.0. 
then filtered through 0.45mm filter paper and injected into Standard solutions were prepared by sequential
the HPLC system. dilutions at decreasing concentrations, in the range of

Assay of Suspension Containing the Drug: To prepare chromatographic system. The limit of detection was
sample of 30ug /ml Ciprofloxacin from suspension, the dry defined as the concentration for which a signal-to-noise
suspension powder from the bottle was weighed ratio of 3 was obtained and, for quantitation limit, a signal-
accurately and taken in 100ml volumetric flask and 70 ml to-noise ratio of 10 was considered.
of  water  was  added.  The   sample   was   sonicated  for The robustness was studied by analyzing the same
20 minutes and placed on stirring for 30 minutes and then samples of Ciprofloxacin by deliberate variation in the
added further water up to the mark. 1ml was taken in 100ml method parameters. Doing small changes in the
flask and filled with water up to the mark. The final chromatographic conditions like mobile phase, flow rate
solution of 30ug /ml was attained by diluting 1ml again in etc. and found to be unaffected. System suitability of the
50ml. The sample was then filtered and injected into the method was evaluated by analyzing the symmetry of the
HPLC system. standard peaks, theoretical plates of the column.

Method Validation: The method validation was performed RESULTS AND DISCUSSION
in accordance with ICH guideline. For the assay of
Ciprofloxacin hydrochloride various procedures were A number of methods are available for Ciprofloxacin
performed including specificity, linearity, range, accuracy, determination [4-47], but many of them are used for certain
intra-day  and  inter-day  precision,  limit  of detection, specific purposes and no one can be generalized for
limit of quantification, robustness and system suitability Ciprofloxacin determination in its different forms of
[48-50]. pharmaceutical dosage forms. Similarly most of methods

For specificity commonly used excipients in tablet available are highly expensive either due to expensive
and suspension preparation were spiked in a pre-weighed instruments or such chemical reagents that are not easily
quantity of drugs and then peak area was measured and accessible in particular for smaller industries. Therefore
calculations done to determine the quantity of the drug there was a great need to develop a method which is not
recovered. Linearity and Range was studied at different only economical but also easily operable. For new method
concentration levels, 5 dilutions were prepared to give to be developed the ciprofloxacin HCl was scanned on UV
standards solution of 25%, 75%, 100%, 125%, 150%, 175% spectrophotometer and a wavelength i.e. 278nm was
and 200 %. The linearity ranges were found in the range determined  where  maximum  absorbance  was gained
of 15-60 µg/ml and 25 – 200ng/ml. The standard calibration (Fig. 2).
curve was generated using regression analysis. The assay Then chromatographic parameters were initially
was judged to be linear as the correlation coefficient was evaluated using a Symmetry C  column and a mobile
greater than 0.995 by the least-square method. phase composed of Acetonitrile: 0.25M Phosphoric Acid

The Ciprofloxacin reference standard was accurately (pH 3.0 ± 0.1 with Diethylamine) (20:80). In spite of
weighed at three different concentration levels (24, 30 and achieving a good result, this condition exhibited a long
36ug/ml) and added to a mixture of the tablet and run time, since Ciprofloxacin peak was eluted after 19 min.
suspension excipients. At each level, samples were Hence, the composition was substituted by an addition of
prepared in triplicate and the recovery percentage was Acetonitrile. Different proportions of mobile phase
determined to test accuracy. The precision was solvents were evaluated, to obtain an adequate and
determined to find out intra and inter day variations in the representable result. The lower percentage of acetonitrile
test methods of Ciprofloxacin in the concentration range in mobile phase resulted in peak tailing and long analysis
of 24-36 µg/ml for three times on the same day and duration while higher percentage of acetonitrile in mobile
different day. Precision was determined by analyzing phase  resulted  a  short  analysis  period.  Hence  the best

10–1.25 ng/ml of Ciprofloxacin and injected onto the

18
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Fig. 2: Scan of Ciprofloxacin with maxima at 278nm

Fig. 3a: Linearity of the method.

results were obtained using mobile phase of Acetonitrile: adjusted to 3.0 with 0.25M Phosphoric Acid. Small
0.25M Phosphoric Acid (pH 3.0 ± 0.1 with Dimethylamine) changes in pH of the mobile phase had a great influence
(70:30, v/v) which promoted a short run time (5min) and to the chromatographic behavior of these substances.
so, this condition was adopted in sub-sequent analyses The  higher  pH  of  the  mobile  phase  also  results in
(Fig. 4). peak tailing and retention time was extremely long, at a

The most important factors that predict lower pH elution of ciprofloxacin was foud early even
chromatographic behavior are the chemical properties and dead time.
chemical structure. In this work the best separation of
ciprofloxacin was achieved using a µ-Bondapak 125 A C18 Method Validation: The newly developed method has
(10 µm) column. Using other type of column under similar been validated [53-55] and holds well for the
experimental condition, the separation lasted for longer determination of drug in raw materials and other dosage
retention time about 28 minutes as the highest retention formulation. The method has been successful in
time. Similarly optimal retention times (ciprofloxacin 3.4 determining the ciprofloxacin in concentrations, as low as
minutes) was achieved when the pH of mobile phase was 1.5 ng, with retention time of 3.4 minutes.
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Fig. 3b: Overlay chromatogram for Linearity

Fig. 4: Typical Chromatogram of Ciprofloxacin

By  preparing  standard  solutions  of Ciprofloxacin coefficient was greater  than  0.995  that  is  0.99989
at different concentration levels, Linearity was studied. calculated by the least-square method. A linear correlation
The linearity ranges were found in the range of 15-60 was  found between the peak areas and the
µg/ml (Fig. 3b). The standard calibration curve was concentrations  of  Ciprofloxacin, in the assayed range.
generated using regression analysis with Microsoft excel. The regression analysis data are presented in (Table 1)
The assay was judged to be linear as the correlation and (Fig. 3a).



World Appl. Sci. J., 31 (5): 730-740, 2014

735

Table 1: Calibration curve data and validation parameters
Parameter Ciprofloxacin hydrochloride
Linearity range 15-60 (µg/ml) 2-200 (ng/ml)
Correlation coefficient (r) 0.99989 0.99967
Regression equation (y=mx+c) Slope (m) 0.99671 0.098338
Intercept (c) 0.35357 0.284653
Limit of detection (LOD) (ng/ml) 0.6
Limit of quantification (LOQ) (ng/ml) 1.5

Table 2: Inter-Day and Intra-Day Precision of Ciprofloxacin (n = 3)
Day 1 Day 2 Day 3
---------------------------------------- ---------------------------------------- --------------------------------------

Nominal concentration /ml Mean RSD %RSD Mean RSD %RSD Mean RSD %RSD
24 µg 23.85 0.13 0.79 23.67 0.11 0.83 23.58 0.13 1.18
30 µg 30.09 0.61 0.61 29.94 0.53 0.91 29.73 0.87 1.06
36 µg 36.27 0.79 0.53 35.43 0.69 0.57 36.15 0.64 0.51
05 ng 04.75 0.41 1.29 04.59 0.81 1.36 04.88 0.78 1.63
50 ng 50.19 0.84 1.16 49.82 1.33 1.61 49.13 0.99 1.46
100 ng 99.31 1.06 1.36 99.91 0.76 1.23 99.54 0.69 1.11

Specificity is the ability of the method to measure and intra-day precision obtained was % RSD (<2) indicated
assess unequivocally the analyte response in the that the proposed method is quite precise and
presence of potential impurities such as excipient etc. reproducible.
Chromatogram shown in (Fig. 4), prove specificity or Accuracy was investigated by means of addition of
selectivity of this assay method, because chromatogram Ciprofloxacin reference standards to a mixture of the tablet
of Ciprofloxacin in samples were found identical with and suspension excipients respectively. The mean
standard chromatogram and no interference peak was recovery (n = 9) was ranging from 98.55% to 99.89%
observed in sample chromatogram. Peak purities higher demonstrating the accuracy of the method. Recovery
than 98.0% were obtained in the chromatograms of sample studies of the drug were carried out for the accuracy
solutions, demonstrating that other compounds did not parameter at three different concentration levels i.e.
co-elute with the main peak. The chromatogram obtained multiple level recovery studies. A known amount of
with the mixture of the tablet or suspension excipients Ciprofloxacin standard was added into pre-analyzed
proves that here is no any interference from excipient and sample and subjected to the proposed HPLC method.
peak of interest fulfill all the requirements of symmetrical Percentage recovery was found to be within the limits
peak and hence the specificity is confirmed. (Table 3).

The precision of an analytical method is the degree of The change in the responses of Ciprofloxacin was
agreement among individual test results when the method noted and robustness of the method was studied by
was applied repeatedly to multiple sampling of changing  the  extraction  time of Ciprofloxacin from
homogeneous sample. dosage  forms  by  ± 2 min, composition of mobile phase

Intra-day precision of the method was evaluated for by ± 2 % of Acetonitrile, flow rate by ± 0.2 ml/min and
Ciprofloxacin at three different independent column  temperature  by  ±  2°C. Statistical analysis
concentrations i.e. 24, 30 and 36 µg/ml (n=/3) by showed no significant difference between results
determining their assay. The R.S.D. values ranged from obtained  employing  the  analytical conditions
0.51 to 1.18% (Table 2). Inter-day precision of the method established for the method and those obtained in the
was tested for 3 days at the same concentration levels. experiments in which variations of some parameters were
Solutions for calibration curves were prepared fresh every introduced. The parameters used in system suitability test
day. Generally acceptable repeatability of the results with were asymmetry of the chromatographic peak, theoretical
in one day and day-to-day was observed. Data of the plates and capacity factor, as RSD of peak area for
relative retention times obtained in a series of four replicate injections. Thus, the method showed to be
consecutive injections also showed acceptable robust  for  changes  in mobile phase methanol
repeatability  when  analyzed not only on the same day proportion, mobile phase pH, flow rate and column
but also on three consecutive days. The inter-day and temperature (Table 4).
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Fig. 5a: Ciprofloxacin LOQ

Fig. 5b: Ciprofloxacin LOQ

According to the determined signal-to-noise ratio, Ciprofloxacin (Fig. 5a), the same compounds proportion
Ciprofloxacin presented limits of detection of 0.6 ng/ml was also found in the sample solutions injected onto the
and limits of quantitation 1.5 ng/ml. How-ever, the chromatograph.
objective of the method is the quantitation of System-suitability testing is an integral part of
Ciprofloxacin, so that the values obtained should be developing a chromatographic method and is used to
considered as the limit of method sensitivity. Hence, the verify that the resolution and reproducibility of the
detection limit established was 0.6 ng/ml of Ciprofloxacin system are adequate for the analysis. System suitability of
(Fig. 5b) and the quantitation limit was 1.5 ng/ml of the  method  was  evaluated by analyzing the symmetry of
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Table 3: Contents of Ciprofloxacin in the fixed dose combination tablets
and suspension (n = 6)

Sample tablet and Suspension Ciprofloxacin Content (%) ± RSD

Algocin 99.36± 0.33 ®

Adacip 98.97 ± 0.64 ®

Ciscap capsule 99.89± 0.53®

Ciproscot suspension 98.55 ± 0.23 ®

Efecip 99.29 ± 0.19®

Catex 99.43 ± 0.36®

RSD = Relative standard deviation.

Table 4: Robustness of the method

Chromatographic Conditions Variation Rt

Temprature (°C) 23 3.14
27 2.98

Flow rate (ml/min) 0.8 3.73
1.2 2.97

Amount of Acetonitrile (%) 68 3.82
72 2.69

Table 5: System Suitability Results

Parameters

Retention time (Rt in minutes) 3.402
Theoretical plates/N 35706
Tailing (Symmetry) factor (T) 1.453

the   ciprofloxacin    peaks    (symmetry   factor),
theoretical  plates  of  the  column  and  retention  time.
The specificity of the method was evaluated to ensure
elution of ciprofloxacin and was demonstrated by
assaying a sample of ciprofloxacin tablets and
suspensions. System-suitability test results are presented
in (Table 5).

CONCLUSION

A simple, accurate, fast, precise isocratic reverse
phase high performance liquid chromatographic method
has been developed for the determination and
quantification of Ciprofloxacin hydrochloride in bulk,
tablet and in suspension dosage forms. The developed
method was found to be simple and have short run time
which makes the method very brisky, fast and easy to
operate. The obtained results are in a good agreement
with the declared contents of dosage formulations.
Results are accurate, precise and are confirmed by the
statistical parameters. Reliability, rapidness, simplicity,
sensitivity, economical nature, good recovery and
precision of this HPLC method give it advantage over to
the other reported HPLC methods for determination of
ciprofloxacin.
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