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Two new simple and sensitive extraction-free spectrophotometric methods have been established for the determination of
ofloxacin (OFX). The methods are based on ion-pair complex formation reaction between OFX and acidic sulphonphthalein
dyes, bromocresol purple (method A), and bromocresol green (method B) in dichloromethane.The experimental variables such as
reaction medium, reaction time, and reagent concentration have been carefully optimized to achieve the highest sensitivity. Both
dyes react spontaneously with OFX to give yellow-colored complexes. Beer’s law is obeyed over the concentration ranges of 1.0–
16𝜇gml−1 OFX with correlation coefficient of 0.999 in both methods. The molar absorptivity values are calculated to be 2.40 × 104
and 1.97 × 104 l mol−1 cm−1, for method A and method B, respectively, with corresponding Sandell’s sensitivity values of 0.015 and
0.019 𝜇g cm−2. The limits of detection (LOD) and quantification (LOQ) are also reported. A Job’s plot of the absorbance versus the
molar ratio of OFX to each of dyes under consideration indicated (1 : 1) ratio and the conditional stability constant (𝐾

𝐹

) of the
complexes have been calculated.The proposedmethods were applied successfully to the determination of OFX in tablets with good
accuracy and precision and without interference from common additives. The results obtained by the proposed methods were
compared favorably with those of the reference method.

1. Introduction

Ofloxacin (OFX), (RS)-7-fluoro-2-methyl-6-(4-methylpiper-
azine-1-yl)-10-oxo-4-oxa-1-azatricyclo[7.3.1.05,13]trideca-5(13),
6,8,11-tetraene-11-carboxylic acid (Figure 1), is a synthetic
fluorinated quinolone derivative having activity against both
gram negative and gram positive bacteria through inhibition
of their DNA gyrase [1]. It is widely used in the treatment
of respiratory tract and urinary tract infections [2]. OFX
possesses two relevant ionizable functional groups: a basic
piperazinyl group and a carboxylic group. The carboxylic
group and the carbonyl groups are required for antimicrobial
activity. OFX is official in the United States Pharmacopoeia
[3] and the British Pharmacopoeia [4], which recommend
nonaqueous titrimetry [3, 4] and HPLC [3] techniques for
its assay in bulk and dosage forms.

A review of the literature revealed that several methods
have been reported for the analysis of OFX in pharmaceutical

preparations. HPLC has been used for the assay of OFX
in pharmaceuticals when present either alone [5–7] or in
combination with nitazoxanide [8]. Various other tech-
niques including HPTLC [9], capillary electrophoresis [10,
11], atomic absorption spectrometry [12], spectrofluorometry
[12], chemiluminescence spectrometry [13–15], UV-spectro-
photometry [16–18], stripping voltammetry [19], potentiome-
try and conductometry [20], polarography [21], andmicrobi-
ological method [22] have been reported for the assay of OFX
in pharmaceuticals. Many of the above techniques are defi-
cient on simplicity, cost-effectiveness, and easy accessibility.

The most widely used technique for the assay of OFX
has been visible spectrophotometry and methods based on
diverse reaction chemistries such as oxidative coupling reac-
tion using Ce(IV)-MBTH [23], condensation reaction with
citric acid-acetic anhydride [24], complex formation reaction
with Fe(III) nitrate nonahydrate [25], iron(III) chloride in
HCl medium [26], ion pair complex with tropaeolin 000 and
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Table 1: Comparison of the performance characteristics of the present methods with the published methods.

Sl.
no. Reagent(s) used Methodology 𝜆max

(nm)

Linear range
(𝜇g/mL)

(𝜀 = L/mol/cm)
Remarks Reference

1 Ce(IV)-MBTH Oxidative coupling reaction
product measured 640 1–10 Uses expensive reagent; less stable species

measured [23]

2 Citric acid-acetic
anhydride

Pink-colored chromogen
measured 552 5–55

(𝜀 = 6.04 × 103) Boiling for 20min required [24]

3 Iron(III) nitrate Amber-coloured complex
measured 370 0–62.5

NA Buffers used [25]

4 Iron(III) chloride/HCl Yellow complex measured 410 20–160 Less sensitive [26]

5

(a) Tropaeolin 000
(TP 000)

Red chloroform extractable
ion-pair complex measured 485 2.5–30

(𝜀 = 8.24 × 103) Required close pH control and involved
extraction steps(b) Supracene Violet 3B

(SV 3B)
Chloroform extractable
ion-pair complex measured 575 2.5–25

(𝜀 = 1.09 × 104)

[27]

6

(a) Bromophenol blue
Yellow chloroform
extractable 1 : 1 ion-pair
complex measured

410 5–25
(𝜀 = 1.04 × 104)

Required close pH control and involved
extraction steps(b) Bromothymol blue 415 2–15

(𝜀 = 2.01 × 104) [28]

(c) Bromocresol purple 410 2–20
(𝜀 = 1.04 × 104)

7
(a) Bromocresol purple In both methods, resulting

yellow-colored ion-pair
complexes measured

400 1.0–16.0
(𝜀 = 2.4 × 104)

Highly sensitive with wide linear dynamic
ranges, no heating or extraction step, no
pH-adjustment, single step reaction, and
inexpensive instrumental setup

(b) Bromocresol green 410 1.0–16.0
(𝜀 = 1.96 × 104)

Present
methods

O
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Figure 1: Chemical structure of OFX.

supracene violet 3B [27] or with bromophenol blue (BPB),
bromothymol blue (BTB), and bromocresol purple (BCP)
[28] have been reported for the determination of OFX. Most
of the above visible spectrophotometric methods suffer from
one or disadvantages such as use of expensive reagents, use
of heating step, poor sensitivity, liquid-liquid extraction step,
and close pH control as indicated in Table 1.

Liquid-liquid extraction followed by absorbance mea-
surement has many disadvantages as it is tedious, time-
consuming, labour-intensive, and very prone to loss of
analyte. In response to the problem resulting from extraction
of the ion pair, few articles were published for the analysis
of pharmaceutical compounds through ion pair formation
without extraction [29–32].

In this piece of work, two simple, ion-pair extraction-
free spectrophotometric methods are proposed for the
determination of OFX based on the interaction of OFX with
sulphonphthalien dyes, bromocresol purple (method A), and
bromocresol green (method B) in dichloromethanemedium.
The ion pairs formed require no extraction step and are
measured directly in dichloromethane.

2. Materials and Methods

2.1. Apparatus. All absorbance measurements were made
using a Systronics model 106 digital spectrophotometer
(Ahmedabad, India) equipped with 1 cm matched quartz
cells.

2.2. Materials and Reagents. All chemicals and reagents used
were of analytical reagent grade. The solvents used were
of HPLC grade; bromocresol purple BCP, (Loba Chemie,
Mumbai, India) and bromocresol green BCG, (Loba Chemie,
Mumbai, India); each 0.1% were prepared in dichlorometh-
ane (Merck, Mumbai, India).

Pure OFX (pharmaceutical grade) sample was kindly
provided by Cipla India Ltd., Mumbai, India, and was used as
received. Standard OFX solutions were prepared in dichloro-
methane (Merck, Mumbai, India).

Two brands of tablets, containing OFX, Zenflox-400
(Mankind Pharma Pvt. Ltd., New Delhi, India), and Ofloxin-
400 (J. B. Chemicals and Pharmaceuticals Ltd, Mumbai,
India) used in the investigation, were purchased from local
commercial sources.

2.3. Construction of Calibration Curves

2.3.1. General Procedure. In both methods, aliquots of 0.25,
0.5, . . . , 4.0mL OFX standard solution in dichloromethane
(20𝜇g/mL) were measured accurately and transferred into a
series of 5mL volumetric flask. To each flask, 1mL of 0.1%
each of BCP in method A and BCG in method B were added,
diluted to the mark with dichloromethane, and mixed well.
The absorbance of the resulting yellow color chromogen was
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measured at 400 nm in method A and at 410 nm in method B
against respective reagent blank.

In both methods, a standard graph was prepared by plot-
ting the increasing absorbance values versusconcentration of
OFX. The concentration of the unknown was read from the
standard graph or computed from the respective regression
equation derived using the Beer law data.

2.3.2. Procedure for the Assay of OFX in Tablets. Ten tablets
were accurately weighed and powdered. A portion equivalent
to 25mg OFX was accurately weighed and transferred into
a 50mL volumetric flasks, 30mL of dichloromethane was
added to the flask and the content was shaken thoroughly
for 15–20min to extract the drug into the liquid phase; the
volume was finally diluted to the mark with dichloromethane
(50mL flask), mixed well, and filtered using a Whatman no.
42 filter paper. An aliquot of the filtrate (500𝜇g/mL in OFX)
was further diluted to get the required concentrations and
analyzed for OFX following the procedures described for the
calibration curve.

2.3.3. Placebo Blank Analysis. A placebo blank of commonly
employed tablet excipients, consisting of talc (10mg), starch
(5mg), acacia (5mg),methyl cellulose (10mg), sodiumcitrate
(5mg), magnesium stearate (10mg), and sodium alginate
(5mg), was made and its solution was prepared as described
under “procedure for tablets” and then analyzed using the
procedures described above.

2.3.4. Procedure for the Determination of OFX in Synthetic
Mixture. To the placebo blank of the composition described
above, 25mg of OFX was added and homogenized, trans-
ferred to 50mL volumetric flask, and the solution was pre-
pared as described under “procedure for tablets.” An aliquot
(8𝜇g/mL OFX in method A and 12𝜇g/mL OFX in method
B) was then subjected to analysis by the procedures described
above after appropriate dilution with dichloromethane. This
analysis was performed to study the interference by excipients
such as talc, starch, acacia, methyl cellulose, sodium citrate,
magnesium stearate, and sodium alginate.

2.3.5. Procedure for Stoichiometric Relationship. Job’s meth-
od of continuous variations of equimolar solutions was
employed: 5.444 × 10−5M each of OFX and BCP (method
A) or BCG (method B) solutions in dichloromethane were
prepared separately. A series of solutions was prepared in
which the total volume of OFX and dye was kept at 5mL.The
drug and dye solutions were mixed in various complemen-
tary proportions (0 : 5, 1 : 4, 2 : 3,. . .,5 : 0, inclusive) and com-
pleted as directed under the recommended procedures. The
absorbance of the resultant ion-pair complex was measured
at 400 nm in method A and 410 nm in method B.

3. Results and Discussion

The proposed procedures are based on the reaction between
OFX and BCP or BCG, resulting in the formation of yellow
ion-pair complexes which could be measured directly in
dichloromethane.

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

340 360 380 400 420 440 460 480 500 520 540 560
Wavelength (nm)

Ab
so

rb
an

ce

BCP
BCP (blank)

BCG
BCG (blank)

Figure 2:Absorption spectra of ion-pair complexes (OFX8 𝜇g/mL):
BCP (0.1%) and OFX (12 𝜇g/mL): BCG (0.1%)) against respective
reagent blank.

3.1. Absorption Spectra. OFX features a piperazine ring. This
structure suggests the possibility of utilizing anionic dyes
as chromogenic agents. In dichloromethane, OFX does not
absorb in the visible region. Also, the dyes used have almost
negligible absorbance (Figure 2). In contrast, when a solution
of BCP or BCG in dichloromethane is mixed with the drug
solution also in dichloromethane, an intense yellow color
is immediately produced with the absorption maximum at
400 nm in method A and at 410 nm in method B (Figure 2).
This is due to the conversion of the dye into an open quinoidal
anionic derivative [33, 34], which subsequently forms an ion
pair with OFX as shown in Scheme 1.

3.2. Optimization of Experimental Parameters. The experi-
mental factors affecting the development and stability of the
product were studied and optimized. Such factors include
choice of the solvent, concentration of the dye, and reaction
time.

3.2.1. Choice of Organic Solvent. Few organic solvents such
as dichloromethane, acetone, methanol, dioxane, and carbon
tetrachloridewere examined sinceOFX is soluble in these sol-
vents. Among these solvents, dichloromethane was preferred
as the most suitable solvent to carry out the experiments
because in this medium, the reagent blank gave negligible
blank absorbance and the ion-pair complex formed was
found to exhibit higher sensitivity and stability. In other
solvents, the reagent blank yielded high absorbance value.

3.2.2. Effect of Dye Concentration. The influence of the con-
centration of BCP and BCG on the intensity of the color
developed at the selected wavelength was studied using
different amounts (0.25–2.0mL) of 0.1% each of BCP and
BCG inmethodA and inmethod B, respectively. As shown in
Figure 3, the constant absorbance readings were obtained
between 0.5 and 2.0mL of 0.1% of dyes in bothmethods; 1mL
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Scheme 1: Possible reaction schemes (a) OFX: BCP and (b) OFX: BCG.

of 0.1% dye solution was sufficient to produce maximum and
reproducible color with minimum blank absorbance in both
methods.

3.2.3. Effect of Reaction Time. Theoptimum reaction time for
the development of color at ambient temperature (25 ± 2∘C)
was studied and it was found that the addition of the dye
solutions resulted in an immediate full color development.
The formed ion pairs were stable for at least 60min inmethod
A and 40min in method B (Figure 4).

3.2.4. Stoichiometric Ratio. The molar ratio of OFX to dyes
in the complex was determined by applying Job’s method
of continuous variations. In both cases, the plot reached a
maximum value at a mole fraction of 0.5 which indicated
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Figure 3: Effect of dye concentration on ion-pair formation (8 𝜇g/
mL OFX in method A and 12𝜇g/mL OFX in method B).



ISRN Spectroscopy 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 10 20 30 40 50 60 70
Time (min)

Ab
so

rb
an

ce

BCP, 0.1%
BCG, 0.1%

Figure 4: Effect of time (8𝜇g/mL OFX in method A & 12 𝜇g/mL
OFX in method B).

the formation of 1 : 1 (OFX : dye) complex (Figure 5). Based on
this, it was confirmed that only one nitrogen atom in the drug
is protonated and through the electrostatic attraction ion-
pair complex is formed with the negatively charged dye. In
OFX, the nitrogen atom bonded to electron donating methyl
group in the piperazine ring is the most vulnerable one for
protonation [35].The reaction pathway is shown in Scheme 1.

3.2.5. Conditional Stability Constants (𝐾
𝑓

) of the Ion-Pair
Complexes. The conditional stability constants (𝐾

𝑓

) of the
ion-pair complexeswere calculated from the continuous vari-
ation data using the following equation [36]:

𝐾
𝑓

=
𝐴/𝐴
𝑚

[1 − 𝐴/𝐴
𝑚

]
𝑛+2

𝐶
𝑀

(𝑛)
𝑛

, (1)

where𝐴 and𝐴
𝑚

are the observed maximum absorbance and
the absorbance value when all the drug present is associated,
respectively. 𝐶

𝑀

is the mole concentration of drug at the
maximum absorbance and 𝑛 is the stoichiometry with which
dye ion associates with drug. The log 𝐾

𝑓

values for OFX-
BCP and OFX-BCG ion-pair associates were 7.481 and 7.418,
respectively.

3.3. Method Validation. The proposed methods were vali-
dated for linearity, sensitivity, precision, accuracy, robustness,
ruggedness, specificity, and interferenceand recovery.

3.3.1. Linearity and Sensitivity. Under optimumexperimental
conditions, linear correlations were obtained between the
absorbance and concentration of OFX in the range of 1.0–
16.0 𝜇g/mL (method A and method B), as shown in Figure 6.
The calibration graph is described by the equation:

𝑌 = 𝑎 + 𝑏𝑋, (2)

where 𝑌 is absorbance, 𝑎 is intercept, 𝑏 is slope, and 𝑋
is concentration in 𝜇g/mL, obtained by the method of
least squares. Correlation coefficient, intercept, and slope for
the calibration data are summarized in Table 2. Sensitivity
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Figure 5: Job’s continuous variations plots: (a) OFX-BCP and (b)
OFX-BCG.

Table 2: Sensitivity and regression parameters.

Parameter Method A Method B
𝜆max, nm 400 410
Linear range, 𝜇g/mL 1.0–16.0 1.0–16.0
Molar absorptivity (𝜀), L /mol/cm 2.40 × 104 1.96 × 104

Sandell’s sensitivity∗, 𝜇g/cm2 0.015 0.019
Limit of detection (LOD), 𝜇g/mL 0.11 0.09
Limit of quantification (LOQ), 𝜇g/mL 0.32 0.27
Regression equation, 𝑌∗∗

Intercept (𝑎) 0.003 0.012
Slope (𝑏) 0.061 0.051
Standard deviation of 𝑎 (𝑆

𝑎

) 0.126 0.040
Standard deviation of 𝑏 (𝑆

𝑏

) 0.008 0.003
Regression coefficient (𝑟) 0.999 0.999

∗Limit of determination as the weight in 𝜇g per mL of solution, which
corresponds to an absorbance of 𝐴 = 0.001 measured in a cuvette of cross-
sectional area 1 cm2 and 𝑙 = 1 cm. ∗∗𝑌 = 𝑎 + 𝑏𝑋, where 𝑌 is the absorbance,
𝑋 is concentration in 𝜇g/mL, 𝑎 is intercept, and 𝑏 is slope.

parameters such as apparent molar absorptivity and Sandell’s
sensitivity values, the limits of detection and quantification
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Figure 6: Calibration curves: (a) OFX-BCP and (b) OFX-BCG.

Table 3: Evaluation of intraday and interday accuracy and precision.

Method OFX taken (𝜇g/mL) Intraday accuracy and precision Interday accuracy and precision
OFX found (𝜇g/mL) % RE % RSD OFX found (𝜇g/mL) % RE % RSD

Method A
8.00 7.83 2.13 1.02 7.76 2.98 1.18
12.0 11.77 1.92 1.14 11.68 2.66 1.29
16.0 15.61 2.44 1.22 15.50 3.11 1.31

Method B
8.00 7.85 1.88 1.17 7.77 2.87 1.24
12.0 11.71 2.45 1.04 11.64 3.00 1.13
16.0 15.68 1.97 1.21 15.60 2.50 1.29

RE: relative error and RSD: relative standard deviation.

are calculated as per the current ICH guidelines [37] and are
compiled in the same table, speaking of the excellent sensi-
tivity of the proposed method.The limits of detection (LOD)
and quantification (LOQ)were calculated using the formulae:

LOD = 3.3 𝜎/𝑠 LOQ = 10 𝜎/𝑠, (3)

where 𝜎 is the standard deviation of five reagent blank deter-
minations and 𝑠 is the slope of the calibration curve.

3.3.2. Precision and Accuracy. In order to evaluate the pre-
cision of the proposed methods, solutions containing three
different concentrations of the OFX were prepared and ana-
lyzed in seven replicates.The analytical results obtained from
this investigation are summarized in Table 3. The low values
of the relative standard deviation (% RSD) and percentage
relative error (% RE) indicate the high precision and the good
accuracy of the proposed methods. The percentage relative
error is calculated using the following equation:

%RE = [ found − taken
taken

] × 100. (4)

The assay procedure was repeated seven times, and
percentage relative standard deviation (% RSD) values were
obtained within the same day to evaluate repeatability (intra-
day precision) and over five different days to evaluate inter-
mediate precision (interday precision).

Table 4: Recovery of the drug from synthetic mixture.

Method OFX in synthetic mixture taken,
𝜇g/mL

OFX recovereda
(Percent ± SD)

Method A
8.0 101.6 ± 1.15
12.0 100.9 ± 1.21
16.0 102.5 ± 1.13

Method B
8.0 103.18 ± 1.18
12.0 102.61 ± 1.11
16.0 103.7 ± 1.23

aMean value of five determinations.

3.3.3. Specificity and Interference. The interferences likely to
be produced from coformulated were studied by placebo
blank and synthetic mixture analyses. A convenient aliquot
of the placebo blank solution prepared above was subject to
analysis according to the recommended procedures. In both
cases, there was no interference from the inactive ingredients,
indicating a high selectivity for determining OFX in its
dosage forms.

A separate experiment was performed with the synthetic
mixture. The analysis of synthetic mixture solution prepared
above yielded percent recoveries which ranged from 100.9
to 103.7 with standard deviation of 1.11–1.23 in both cases.
The results of this study are presented in Table 4 indicating
that the inactive ingredients did not interfere in the assay.
These results further demonstrate the accuracy as well as the
precision of the proposed methods.
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Table 5: Results of analysis of tablets by the proposed methods.

Tablet brand name Label claim, mg/tablet Found∗ (percent of label claim ± SD)
Reference method Method A Method B

Zenflox-400∗∗ 20 99.82 ± 1.05
98.12 ± 1.14 101.2 ± 1.19
𝑡 = 2.45 𝑡 = 1.95

𝐹 = 1.15 𝐹 = 1.28

Ofloxin-400∗∗∗ 20 100.9 ± 1.10
101.9 ± 1.15 102.1 ± 1.13
𝑡 = 1.40 𝑡 = 1.70

𝐹 = 1.09 𝐹 = 1.06

∗Mean value of five determinations.
∗∗Mankind Pharma Pvt Ltd., New Delhi, India; ∗∗∗J. B. Chemicals and Pharmaceuticals Ltd., Mumbai, India.
The value of 𝑡 (tabulated) at 95% confidence level and for four degrees of freedom is 2.77.
The value of 𝐹 (tabulated) at 95% confidence level and for four degrees of freedom is 6.39.

Table 6: Accuracy assessment by recovery experiments.

Method Tablet studied OFX in tablet
(𝜇g/mL)

Pure OFX added
(𝜇g/mL)

Total found
(𝜇g/mL)

Pure OFX recovered∗
Percent ± SD

Method A Ofloxin-400
4.08 2.0 6.06 99.00 ± 1.21
4.08 4.0 8.03 98.75 ± 1.11
4.08 6.0 10.06 99.67 ± 1.15

Method B Ofloxin-400
4.08 2.0 6.10 101.0 ± 1.17
4.08 4.0 8.20 102.9 ± 1.09
4.08 6.0 10.17 101.5 ± 1.20

∗Mean value of three measurements.

3.3.4. Application to Tablets. In order to evaluate the analyt-
ical applicability of the proposed methods to the quantifica-
tion of OFX in commercial tablets, the results obtained by the
proposed methods were compared to those of the reference
method [4] by applying Student’s 𝑡-test for accuracy and 𝐹-
test for precision. The results (Table 5) showed that the Stu-
dent’s 𝑡- and 𝐹-values at 95% confidence level did not exceed
the tabulated values, which confirmed that there is a good
agreement between the results obtained by the proposed
methods and the reference method with respect to accuracy
and precision.

3.3.5. Recovery Studies. The accuracy and validity of the pro-
posed methods were further ascertained by performing
recovery studies. Preanalysed tablet powder was spiked with
pure OFX at three concentration levels (50, 100, and 150% of
that in tablet powder) and the total was found by the proposed
methods. In both cases, the added OFX recovery percentage
values ranged from 99.00 to 102.9% with standard deviation
of 1.09–1.21 (Table 6) indicating that the recovery was good,
and that the coformulated substance did not interfere in the
determination.

4. Conclusions

This paper describes for the first time the application of ion-
pair-based extraction-free spectrophotometric technique for
the determination of OFX in pharmaceutical formulation.
Unlike the other reported methods [12–15, 19], the proposed
methods are very simple, free from the use of auxiliary

reagents and expensive instruments. The reported visible
spectrophotometric methods based on oxidative-coupling
reaction [23] uses an expensive reagent, and the reaction
product is less stable. The method based on condensation
reaction [24] involves boiling for 20min. Complexation
reaction procedures suffer from such limitations as strict pH
control [25] and poor sensitivity (linear range 20–160 𝜇g/mL)
[26]. Extractive spectrophotometric methods [27, 28] based
on ion-pair complex formation reactions, though sensitive
and selective, are devoid of simplicity since critical pH control
and liquid-liquid extraction step are involved.

The proposed methods are the most sensitive ever
reported for the spectrophotometric determination of OFX
(Table 1). The most attractive feature of the methods is their
relative freedom from interference by the usual tablet diluents
and excipients in amounts far in excess of their normal occur-
rence in pharmaceutical formulations.The high accuracy and
precision of the methods may be attributed to the absence
of experimental variables which normally would affect the
absorbance values. Hence, recommended methods are well
suited for the assay and evaluation of drug in pharmaceutical
industrial quality control.
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