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Abstract-A novel, simple, sensitive and rapid UV
Spectrophotometric method was developed for the
estimation of Ciprofloxacin hydrochloride in bulk and
its pharmaceutical tablet dosage form. Ciprofloxacin
hydrochloride exhibiting maximum absorbance at 274
nm in distilled water and obeyed linearity in the
concentration range of 2-10 ppm. The proposed method
has been applied successfully for the analysis of
Ciprofloxacin hydrochloride either in bulk or
pharmaceutical tablet dosage form with good accuracy
and precision. The method herein described can be
employed for quality control and routine analysis of
Ciprofloxacin hydrochloride in pharmaceutical tablet
dosage form.
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I. INTRODUCTION

Ciprofloxacin hydrochloride is, chemically, 1-
Cyclopropyl-  6-fluoro-4-oxo-7-(piperazin-1-yl)-1,
4-dihydroquinoline-3- carboxylic acid
hydrochloride.  The  molecular  formula s
C17H18FN303.HCI, (fig. 1) representing a molecular
weight of 367.8 and belongs to the group of synthetic
fluoroquinolone antibiotics with broad antimicrobial
activity [, and is structurally related to nalidixic
acid. It is believed that the mode of action of this
family of drugs is through binding DNA-gyrase
enzyme 2, It is also reported that there is a direct
correlation of fluoroquinolone bonding with
inhibition of DNA gyrase enzyme activity and
induction of DNA breakage. Because of this special
mechanism of action, fluoroquinolones are
considered to be the most effective gram-positive-
gram-negative pathogens to combat infections
caused by micro organisms that are resistant to other
microbial, such as tetracycline. The drug is official in
British Pharmacopoeia [l and United States
Pharmacopoeia ™ which describes a high

performance liquid chromatographic (HPLC)
method for its assay.
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Ciprofloxacin hydrochloride is a pale yellow,
crystalline powder, slightly hygroscopic that is freely
Soluble in water, slightly soluble in methanol, very
slightly soluble in ethanol, practically insoluble in
acetone, in ethyl acetate and in methylene chloride .
Literature survey revealed that various analytical
methods such as LC, HPLC, HPTLC and capillary
electrophoresis methods are used for estimation of
Ciprofloxacin hydrochloride in single as well as in
combination with various drugs. Hence, an attempt
has been made to develop new simple, sensitive UV
spectrophotometry method for its estimation either in
bulk or pharmaceutical tablet dosage form with good
accuracy, simplicity, precision and economy.

! , HC

Il. EXPERIMENTAL ANALYSIS

Instrumentation: ~ Spectral ~and  absorbance
measurements were made on UV spectrophotometer.
Digital balance (1 mg sensitivity) Sansui was used
for weighing the samples. Commercially available
tablets of Ciprofloxacin hydrochloride were
procured from the local market and estimated.

Chemicals and reagents: -

1. Distill Water In-house

2. Ciprofloxacin hydrochloride (99%) Shreya Life
Sciences Pvt. Ltd., Roorkee

List of Equipments :-
e UV Spectrophotometer
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e  Micro pipette
o Digital Balance

Optimization

Scanning and  determination of maximum
wavelength (A max): In order to ascertain the
wavelength of maximum absorption (A max) Of the
drug (10 ppm) in distill water was scanned using UV
spectrophotometer within the wavelength region of
220 — 800 nm against distill water as blank. The
resulting spectrum And the absorption curve showed
characteristic absorption maxima at 274 nm for
Ciprofloxacin hydrochloride.

Ciprofloxacin at 274 nm (wave length )

wave Length

Preparation of standard stock solutions: Standard
stock solution was prepared by dissolving 100 mg of
Ciprofloxacin hydrochloride in distill water and
volume made up to 100 ml with distill water to get
concentration of 1mg/ml (1000 ppm) solution.

Preparation of working standard solutions and
construction of standard graph: The prepared stock
solution was further diluted with distill water to get
working standard solutions of 2, 4, 6, 8, and 10 ppm
of Ciprofloxacin hydrochloride to construct Beer’s
law plot for pure drug, the absorbance was measured
at A max 274 nm, against distill water as blank. The
results are shown in table. The standard graph was
plotted by taking concentration of drug on X-axis and
absorbance on Y-axis and is shown in fig (3). The
drug has obeyed Beer’s law in the concentration
range of 2-10 ppm. The linearity curve data is shown
in table

Preparation of sample stock solutions and working
sample solutions:

Ten tablets were accurately weighed and average
was calculated. The tablets were then crushed to
obtain fine powder. An accurately weighed quantity
of tablet powder equivalent to about 100 mg of
Ciprofloxacin hydrochloride was transferred to 100
ml volumetric flask, add 50 ml of distill water and
shaken for 1 hour. The volume was made up to the

mark with distill water and filtered through Whatman
filter paper and required dilutions were made from
sample stock solution. The spectrum of sample is
shown in fig. 4 and recovery study from formulation
is shown in table (3).

LINEARITY:

The linearity of an analytical method is its ability to
produce test results that are directly proportional to
the concentration of analyte in sample. Linearity
methods were determined by taking absorbance by
spectrophotometry and percent relative transmittance
by of working solutions prepared using different
solvents. Finally, the linear equation and regression
coefficient were calculated.

A calibration curve was plotted using concentration
(on x-axis) against absorbance at 274 nm (on y-axis)
from the graph linearity regression co-efficient y
intercept was calculated.

Concentration Absorbance

0.186

4 0383

6 0.558

8 0.751

10 0962

LINEARITY

ABSORBANCE

CONCENTRATION

The linearity regression co-efficient was more than
0.99 and hence the method was said to obey Beer's
law and there is a linear and proportional relationship
exists between concentration and absorbance.

Optimum Conditions Uv Method

Beer's Law Limit (ppm) 2-10
Correlation Coefficient (R? ) 0.99907
Regression equation (v*) v =0.09606x—0.00859
Slope (m) 0.09606

Y- Intercept (c) 0.00859

Chi Square 0.00055
Standard error of estimate 0.01073

RSD 0.00929
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ACCURACY

The accuracy of the proposed methods was assessed
by recovery studies at three different levels.
Recovery studies were carried out by standard
addition method. It was performed by adding known
amount of ciprofloxacin solution of the pure drug to
pre-analyzed tablet solutions. The resulting solutions
were then reanalyzed by proposed methods.

To determine the accuracy of the proposed method,
recovery studies were carried out by adding different
amounts (80%, 100%, and 120%) of bulk samples of
Ciprofloxacin hydrochloride within the linearity
range were taken and added to the preanalyzed
formulation of concentration 5 ppm.

According to ICH guidelines the % RSD value
should not exceeded upto 2%.

The formula for calculating the %RSD is %RSD =
SD/Mean x 100

SLNO | Concentration | Sample | Absorbance % Stastical
Recovery Amnalysis
5 0.834 97.46 Mean = 9754
1 80
5 0.834 97.46 sD = 0.133
5 0.836 97.69 % RSD = 0.136
5 0.930 97.71 Mean = 97.74
2. 1009
5 0.930 97.71 sD = 0.058
5 0931 97.81 % RSD = 0.059
5 1.045 99.71 Mean = 9965
3 1209
5 1.045 99.71 SD = 011
5 1.043 99.52 % RSD = 0.111

The precision is measure of the degree of
reproducibility or repeatability of an analytical
method. It provides an indication random error. The
precision of an analytical method is usually
expressed as standard deviation, relative standard
deviation or coefficient of variance of a series of
measurements.From the above prepared standard
stock solution, 10 ml of the solution was diluted to
100 ml using distilled water to get a concentration of
100 pg/ml. From the EXPERIMENTAL WORK
above solution 6 ml of solutions were pipetted out
into 6 different 100 ml volumetric flasks and the
volume was made with distilled water to get the final
concentrations of 6 pg/ml. The calculated percentage
relative standard deviation (% RSD) of the results
were used to evaluate the method precision.

According to ICH guidelines, the %RSD should not
be exceeded upto 2%.

Concentration Absorbance Stastical Analysis

6 0.578

Mean = 0.573
6 0579

sD = 0.0075
6 0577

%RSD = 131

6 0562

6 0575

6 0.564

Limit of detection (LOD):

The limit of detection (LOD) was determined based
on standard deviation of calibration curve. The
standard deviation of absorbance of calibration curve
and slope of calibration curve were used. According
to formula LOD was calculated and found to be
LOD=3.3xSD/S

Where,

S=slope of calibration curve

SD=standard deviation of calibration curve

LOD of Ciprofloxacin :

LOD=3.3xSD/S

=3.3x0.007/0.096

=0.32 ppm

Limit of Quantification (LOQ):
The limit of quantification (LOQ) as determined
based on standard deviation and slope of calibration
curve/According to the formula LOQ was calculated
and found to be mg/ml.
LOQ=10xstandard deviation/slope
Where,
S=slope of calibration curve
SD=Standard deviation of calibration curve
LOQ of Ciprofloxacin :
LOQ=10xsd/s
=10%0.007/0.096
=0.97 ppm
LOQ=0.97 ppm

Molar Absorptivity:

Molar Absorption coefficient is a spectrophotometric
unit indicating the light a substance absorbs with
respect to length, wusually centimeters and
concentration usually moles per liter. Molar
absorptivity is particularly useful in spectrometry for
measuring the concentration of chemical solutions.
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Molar absorptivity is calculated by using the
following formula:
Molar absorptivity = Slope / Pathlength
Where,
Slope = log (y2-y1 / x2-x1)

MOLAR ABSORPITIVITY OF CIPROFLOXACIN

Molar absorptivity = Slope / Pathlength
=0.09606 /1 = 0.09606 mol-1 cm-1

I1l. RESULTS AND DISCUSSION

CIPROFLOXACIN HYDROCHLORIDE IN BULK
AND PHARMACEUTICAL TABLET DOSAGE
FORM:

The method was developed and validated as per ICH
guidelines. The method was validated in terms of
Linearity, Precision, Accuracy, LOD, LOQ and
Molar absorptivity. Detection wavelength was
selected at 274 nm. Linearity in response was
observed on 2— 10ug/ml. The linearity equation was
found to be y = 0.09606x — 0.00859, R? = 0.99907 .
The precision results showed a % RSD = 0.00929%
at each level, clearly indicating that the method was
precise enough for the analysis of Ciprofloxacin. The
accuracy of the method was checked by recovery
studies. The LOD = 0.32 ppm and LOQ = 0.97 ppm
indicate sensitivity of the method. The molar
absorptivity was found to be 0.09606 mol-1cm-1.

Characteristic parameters Ciprofloxacin in Bulk and

Pharmaceutical Tablet dosage
Form

h Max 274 nm

Beer’s Law limit (yg/ml) 2-10 pgf ml

Linearity

Correlation Coefficient (R?) 0.99907

Regression Equation v = 0.09606x- 0.00859

Slope (m) 0.09606

Intercept © 0.00859

Accuracy

Concentration (ug/ml) 80% 100% 120%

%RSD 0.136 0.059 011

Precision % RSD=131

LOD 0.32 ppm

LOQ 0.97 ppm

Molar absorptivity 0.09606 mol-1 em-1

IV. CONCLUSION

The simple, sensitive, easily accessible and reliable
and economical uv-spectrophotometric method is

developed for the routine estimation of ciprofloxacin
hydrochloride in bulk and pharmaceutical tablet
dosage form. In this proposed method the linearity
was Observed in the concentration range of 2-
10upg/ml with correlation coefficient R2-0.999 for
ciprofloxacin at 274 nm. These methods are
validated in terms of linearity, accuracy, precision,
LOD, LOQ, Percentage recovery. The results are
obtained with use of water solvent. Results are
developed methods were as per analytical Parameters
and statically expressed. It was observed that all
parameters were with in standard limit. Thus, the
developed methods are simple, precise, rapid,
specific and accurate that can be used to estimate
ciprofloxacin hydrochloride. This method was
validated as per ICH guidelines.
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