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ABSTRACT

Background and the purpose of the study: Ofloxacin is a quinolone synthetic antibiotic, which
acts against resistant mutants of bacteria by inhibiting DNA gyrase. This antibacterial agent is
widely used in the treatment of respiratory tract, urinary tract and tissue-based infections, which
are caused by Gram-positive and Gram-negative bacteria. In this work, an efficient modified
ionic liquid cold-induced aggregation dispersive liquid-liquid microextraction (M-IL-CIA-
DLLME) was combined with spectrofluorimetry for trace determination of ofloxacin in real
samples.

Methods: In this microextraction method, hydrophobic 1-hexyl-3-methylimidazolium
hexafluorophosphate ([Hmim] [PF,]) ionic liquid (IL) as a microextraction solvent was dispersed
into a heated sample solution containing sodium hexafluorophosphate (NaPF,) (as a common
ion) and the analyte of interest. Afterwards, the resultant solution was cooled in an ice-water
bath and a cloudy condition was formed due to a considerable decrease of IL solubility. After
centrifuging, the enriched phase was introduced to the spectrofluorimeter for the determination
of ofloxacin.

Results and major conclusion: In this technique, the performance of the microextraction
method was not influenced by variations in the ionic strength of the sample solution (up to
30% wi/v). Furthermore, [Hmim][PF_] IL was chosen as a green microextraction phase and an
alternative to traditional toxic organic solvents. Different parameters affecting the analytical
performance were studied and optimized. At optimum conditions, a relatively broad linear
dynamic range of 0.15-125 pg I*and a limit of detection (LOD) of 0.029 pg I* were obtained.
The relative standard deviation (R.S.D.) obtained for the determination of five replicates of the
10 ml solution containing 50 pg 1* ofloxacin was 2.7%. Finally, the combined methodology
was successfully applied to ofloxacin determination in actual pharmaceutical formulations and
biological samples.
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INTRODUCTION

Ofloxacin (OFL), 9-fluoro-2,3-dihydro-3-methyl-
10-(4-methyl-1-ppieraziny)-7-oxo-7H-pyrido[1,2,3-
de]-1,4-benzoxazine-6-carboxylic acid is a member
of the third generation fluoroquinolones (FQ) with

antibacterial activity. This antibacterial agent is
widely used in the treatment of respiratory tract,
urinary tract and tissue-based infections, which are
caused by Gram-positive and Gram-negative bacteria
(1, 2). Bactericidal action of this drug results from
interference with DNA gyrase which is required for
the synthesis of bacterial DNA (3, 4). To adjust the
drug dosage and to study drug-drug interactions, it
is critical to monitor OFL concentrations in real
samples. To date, several analytical methods such
as spectrophotometry (5-7), spectrofluorimetry

Correspondence: ganjali@khayam.ut.ac.ir

(8, 9), high performance liquid chromatography
(10-15) and capillary electrophoresis (16) have
been developed for OFL determination in
pharmaceutical formulations and biological
samples. However, some of these methods are
tedious, time-consuming, expensive, low sensitive
or environmentally unfriendly. Thus, there is an
increasing need to develop simple and reliable
analytical methods to overcome the aforementioned
problems.

Sample preparation is a critical step to isolate the
analytes of interest from the sample matrix, as
well as to increase the concentration of analytes
prior to their determinations, especially when
their levels are lower than the detection limit of
analyticaltechniques.To reduce the amount of toxic
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organic solvents in sample preparation procedures,
several liquid-liquid microextraction methods
have been developed and dispersive liquid-liquid
microextraction (DLLME) is one the practical
methods. DLLME offers several advantages such as
high recovery, simplicity of operation, low cost and
rapidity. It has been widely applied to preconcentrate
and separate organic and inorganic compounds in
different samples (17-23). In this method, however,
the use of toxic solvents such as chloroform,
carbon tetrachloride, etc., as the extraction phase
is a common practice. lonic liquids (ILs) have a
variety of chemical and physical properties such
as low vapor pressure, excellent thermal stability,
adjustable miscibility, moderate solubility of organic
compounds and metal ions, etc., which make them
highly attractive in microextraction methods
(24). To completely remove hazardous organic
solvents in microextraction methods, ILs have
been successfully applied in sample pretreatment
methods as green solvents such as ionic liquid-based
liquid-liquid microextraction (IL-LLME) (25, 26),
cold induced aggregation microextraction (CIAME)
(27), ionic liquid-based single-drop microextraction
(IL-SDME) (28, 29), ionic liquid-based dispersive
liquid-liquid microextraction (IL-DLLME) (30-
32), temperature-controlled ionic liquid dispersive
liquid phase microextraction (TIL-DLME) (33), etc.
Recently, CIAME and IL-DLLME have received
much attention and they have been applied to
preconcentrate a wide range of compounds. In
CIAME, IL-phase is dispersed into the sample
under driving high temperature, and then aggregated
at low temperature. In IL-DLLME, IL-phase is
dispersed throughout the sample using a disperser
solvent. In comparison with CIAME, IL-DLLME is
demonstrated to be more efficient for dispersing the
IL-phase into the sample solution thus significantly
improves the extraction time and recovery. However,
because the solubility of ILs in aqueous media
depends on temperature changes, CIAME needs less
IL to complete the extraction process.

In 2010, a robust and practical sample preparation
method termed cold-induced aggregation dispersive
liquid-liquid microextraction (IL-CIA-DLLME)
was developed based on the combination of
CIAME with IL-DLLME to reduce the extraction
time and required amount of IL (34). However,
the performance of this microextraction method is
significantly decreased by variations in the ionic
strength of the sample solution. It is well established
that the solubility of ILs increases as the salt content
of aqueous solution increases. Consequently, the
volume of the settled phase depends strongly on
the ionic strength of the samples. In this study,
by introducing a common ion of the ionic liquid
into the sample solution, the solubility of ILs was
significantly decreased. As a result, the volume of
the settled phase was not affected by variations
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in the salt content of the sample. The aim of this
work was to study the applicability of modified
ionic liquid cold-induced aggregation dispersive
liquid-liquid microextraction (M-1L-CIA-DLLME)
followed by spectrofluorimetry to determine OFL
as a test compound. Spectrofluorimetric method was
applied due to ease, proper selectivity, sensitivity,
wide dynamic range and low cost of operation.
To the best of our knowledge, until now, no
method based on the microextraction with ILs and
spectrofluorimetric detection has been proposed for
preconcentration, extraction and determination of
drugs in their trace levels. The proposed combined
methodology was successfully applied to determine
OFL in pharmaceutical formulations and biological
samples.

MATERIAL AND METHODS

Instrumentation

Fluorescence measurements were performed by
Perkin-Elmer LS 50 spectrofluorimeter equipped
with xenon discharge lamp, and quartz micro-cell
with a volume of 100 ul. A centrifuge from Hettich
(Tuttlingen, Germany) was utilized to accelerate the
phase separation process. An adjustable sampler (10-
100 pl) was purchased from Eppendorf (Hamburg,
Germany).

Reagents and materials

All chemicals were of analytical reagent. 1-Hexyl-
3-methylimidazolium hexafluorophosphate [Hmim]
[PF.], acetone, acetonitrile, methanol, ethanol,
sodium  hexafluorophosphate ~ (NaPF,)  were
obtained from Merck (Darmstadt, Germany). Pure
powder of OFL was obtained from DarouPakhsh
Company (Tehran, Iran). Stock solution of OFL
at concentration of 1000 mg It was prepared by
dissolving the required amount of pure drug in ultra
pure water. A solution of 250 mg ml* of NaPF, was
prepared by dissolving appropriate amount of NaPF,
in water. Ofloxacin tablets, labeled to contain 200
and 300 mg OFL per tablet, were obtained from a
local pharmacy.

General analytical procedure

Aliquots of 10.0 ml sample (pH = 4.5) containing
OFL in the range of 0.15-125 pg 1" were placed into
a screw-glass test tube with conic bottom and 0.7
ml of NaPF, (250 mg ml*) was added. Then, the
resultant solution was kept in a thermo stated bath
at 40 °C for 4 min. 500 pl of ethanol (as disperser
solvent) containing 45 mg of [Hmim][PF] (as
microextraction solvent) was injected rapidly into
the sample solution by a 1.00 ml syringe. Then, the
obtained solution was cooled in ice-water bath for
4 min and a cloudy condition was formed. In order
to accelerate phase separation, the resultant solution
was centrifuged for 7 min at 4000 rpm. The upper
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aqueous solution was removed by a pipette. Finally,
the settled phase in the glass test tube was dissolved
in 200 pl of ethanol. Then 100 pl of the diluted settled
phase was removed by a sampler and transferred to
the micro-cell of the fluorimeter. The fluorescence
intensity was measured at 501 nm with the excitation
wavelength set at 305 nm. A reagent blank was
prepared using a similar procedure but without OFL.

Analysis of tablets

An accurately weighed quantity of the mixed
contents of 5 powdered tablets, labeled as containing
200 mg OFL each, equivalent to 0.05 g of OFL was
dissolved in ultra pure water by sonication. The
above mentioned solution was filtered into a 1000
ml volumetric flask by Whatman No. 42 filter paper,
and made up to the mark with ultra pure water.
Serial dilutions were performed and the analysis was
followed up as indicated in the general analytical
procedure.

Analysis of spiked human plasma

Human plasma samples (1.0 ml) were spiked with
OFL solutions, deproteinized by addition of 4 ml
acetonitrile, and centrifuged at 4000 rpm for 15 min.
Then, 2.0 ml of the clear supernatant was diluted to
50 ml and subjected to the proposed method.

Analysis of spiked human urine

Human urine samples (10 ml) were transferred into
graduated centrifuge tubes. These solutions were
centrifuged for 5 min at 4000 rpm. Then, aliquots
of 2 ml from clear supernatant were put in new
centrifuge tubes and spiked with different amounts
of OFL (2 to 100 pg I'); the general analytical
procedure was followed.

RESULTS AND DISCUSSION

In this study, a new simple and rapid modified ionic
liquid cold-induced aggregation dispersive liquid-
liguid microextraction (M-IL-CIA-DLLME) was
applied to preconcentrate trace levels of OFL as a
prior step to its determination by spectrofluorimetry.
In order to obtain high enrichment factor, effect
of different variables such as amounts of IL and
disperser solvent, amount of common ion, pH, ionic
strength and extraction temperature were evaluated
and optimized.

Type of IL and disperser solvent

The IL applied in M-IL-CIA-DLLME must be
liquid in experimental conditions and hydrophobe.
In addition, the density of IL has to be high enough
to allow the fine particles of IL settle to the bottom
of the test tube. Imidazolium-ILs containing PF, as
anion have the aforementioned properties, so they
are suitable for liquid-liquid microextraction. By
consideration of these points and the cost of ILs,
[Hmim][PF,] were selected as an extraction solvent.

For M-IL-CIA-DLLME, disperser solvent should be
miscible with water and microextraction solvent. In
order to obtain the best extraction condition, several
solvents such as acetone, methanol and ethanol were
evaluated as disperser solvents. A series of sample
solutions were tested using 500 ul of each disperser
solvent and 45 mg of [Hmim][PF]. The obtained
results revealed that the type of disperser solvent
had no significant effect on the analytical signals.
Due to the lower toxicity of ethanol, it was chosen
as disperser solvent in all experiments.

Influence of diluting agent

In order to reduce the viscosity of the IL-phase, it
was diluted with organic solvent prior to analysis.
Different diluting agents such as methanol, ethanol,
acetone and acetonitrile were investigated in order
to select an organic solvent which can dissolve
the enriched phase completely, to provide the best
analytical signal and have less toxicity. According to
these criteria ethanol was selected as a diluting agent
for the rest of the work.

Influence of IL and disperser solvent

Effect of the amount of [Hmim][PF] on the
extraction efficiency was evaluated within the
range of 20-125 mg. Figuer 1 shows variation of
fluorescence intensity versus [Hmim][PF ] amount.
As it can be seen, the analytical response increases
as the amount of [Hmim][PF ] increases and then
starts to decrease. Therefore, in order to obtain
sensitive analytical signals, 45 mg of IL was chosen
for all experiments.

The influence of the volume of ethanol on the
microextraction performance was also studied in the
range of 300 pl to 1.0 ml (Fig. 2). At low volume of
disperser solvent the cloudy condition was not formed
entirely. At high volume of ethanol, the solubility of
analyte in water increased and the sensitivity of the
proposed method decreased. Therefore, a volume
of 500 pl of ethanol was utilized in the subsequent
experiments.

Influence of common ion

Effect of NaPF, amount as a common ion source on
the analytical response was studied within the range
of 0-250 mg (Fig. 3). Because of the common ion
effect, an increase in the amount of NaPF, causes
a decrease in the solubility of IL and as a result the
microextraction efficiency and the analytical signal
increase. As it can be found from figure 3, the
fluorescence intensity increases by increase in the
amount of NaPF, up to 120 mg and then remains
nearly stable. However, 175 mg of NaPF, was
chosen for the rest of the work.

Influence of the ionic strength
In traditional ionic-liquid microextraction methods,
the volume of the settled phase depends strongly on
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Figure 1. Effect of the amount of [Hmim][PF,] on the fluorescence signal. Experimental conditions: OFL concentration 50 ug I*; NaPF,
175 mg; volume of disperser solvent 500 pl; pH 4.5; extraction temperature 40 °C.
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Figure 2. Effect of the volume of disperser solvent on the analytical sensitivity. Experimental conditions: OFL concentration 50 pg I*;
[Hmim][PF ] 45 mg; NaPF, 175 mg; pH 4.5; extraction temperature 40°C.
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Figure 3. Influence of NaPF, amount on the analytical signal. Experimental conditions: OFL concentration 50 pg I'; [Hmim][PF ] 45 mg;
volume of disperser solvent 500 pl; pH 4.5; extraction temperature 40 °C.
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Figure 4. Influence of ionic strength on the fluorescence intensity. Experimental conditions: OFL concentration 50 pg I*; [Hmim][PF ]
45 mg; NaPF, 175 mg; volume of disperser solvent 500 pl; pH 4.5; extraction temperature 40 °C.
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Figure 5. Emission spectrum (A) obtained for standard solution of Ofloxacin (C, 50 pg 1?) treated the same as described in general
analytical procedure. (B) Emission spectrum of reagent blank in [Hmim][PF ] ionic liquid. experimental conditions: [Hmim][PF_] 45 mg;
NaPF, 175 mg; volume of disperser solvent 500 ul; pH 4.5; extraction temperature 40 °C.

the salt concentration of the sample solution which
is due to the dependence of ILs solubility upon
the ionic strength. In order to solve this problem,
a common ion of IL was dissolved in aqueous
solution. In this work, NaNO, was selected to study
the effect of ionic strength within the range of 0-40%
(w/v) (Fig. 4). Results revealed that phase separation
occurred up to 30% of NaNO,. Consequently, it was
reasoned that due to the presence of common ion,
the performance of the proposed microextraction
method is not influenced by variations in the ionic
strength of sample solutions.

Influence of pH
Effect of pH on the M-IL-CIA-DLLME was
investigated in the range of 1.0-14.0 using HCI and

NaOH. The results demonstrated that the maximum
fluorescence intensity can be obtained at pH 4.5.
However, the analytical signal decreased by increase
in the pH further. Thus, pH 4.5 was selected to obtain
the best sensitivity.

Influence of temperature

In this study, effect of temperature was studied
within the range of 30-50 °C. ILs can be dissolved
more easily at the temperatures above 30 °C. These
results showed that the best extraction efficiency was
obtained at 40 °C. Thus, this value was selected for
the rest of the work. After dispersing IL, solutions
were cooled to the temperature range of 0-25 °C.
When the temperature decreased, the fluorescence
intensity increased due to a decrease in IL solubility.
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Table 1. Analytical characteristics of modified IL-CIA-DLLME for the determination of OFL.

Parameter Analytical feature
Linear range (ug I%) 0.15-125
Correlation coefficient (R?) 0.9991
Limit of detection (ug I'*) 0.029
Repeatability (R.S.D.? %) (n = 5) 2.7
Preconcentration factor (PF) 50
Sample volume (ml) 10
Extraction time (min) <5
2R.S.D. was obtained for the determination of five replicates of 50 pg I'* OFL.

Table 2. Determination of OFL in tablets by the proposed methodology and by a reference method (14).
Claimed (mg/tablet) Proposed methodology (mg)? Reference method (mg)? Error (%)® Error (%)¢
200 1943+ 6.2 201.8+4.0 -2.8 -3.7
300 304.6+9.5 307.0+59 +1.5 -0.8

2 Standard deviations are based on four replicates.
® Error against the declared value.
¢ Error against the reported method.

Thus, a temperature of 0 °C was used for the rest
of the work by transferring the test tubes in the ice-
water bath.

Influence of microextraction time

Microextraction time is one of the important factors
which can affect the microextraction efficiency. In
M-CIA-DLLME method, the microextraction time
is defined as an interval between transferring the
sample solution containing the dissolved IL into
the ice-water bath and starting centrifugation. The
dependence of microextraction efficiency upon
extraction time was studied within the range of 2-8
min. Based on the results obtained in this experiment
no significant improvement was obtained after 4
min. Therefore, 4 min was selected as an optimum
value.

Selectivity of the method

Under the above optimized conditions, the influence
of some foreign substances on the assay of OFL at
50 pg It level was studied. It was found 150-fold
Na*, NH,*, Ca*, Zn*", Mg*, CI', PO,*, SO 7, starch,
glucose, lactose, fructose, sucrose, ascorbic acid,
citric acid, uric acid, oxalic acid, lactic acid and
tartaric acid have almost no effect on the analytical
signal of OFL (analytical signal change below
5%). All results indicated the proposed method
had good selectivity for determination of OFL in
pharmaceutical and biological samples.

Spectral characteristics of OFL and reagent blank

The emission spectrum of OFL was recorded as
described in the general analytical procedure (Fig.
5). As it can be ascertained, the emission peak of
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OFL is at 501 nm, while its excitation peak is at 305
nm. Fluorescence spectrum of the reagent blank was
recorded. Figuer 5 shows that the emission of reagent
blank has no notable effect on the determination of
OFL. Thus, the wavelengths mentioned above were
selected for quantitative analysis of OFL.

APPLICATION

Figures of merits

Under optimized conditions, calibration graph
was achieved using 10 ml of standard solutions of
OFL. Results revealed that the calibration curve
was linear from 0.15 to 125 pg I'* OFL. Analytical
characteristics of the proposed methodology are
shown in Table 1. The limit of detection (LOD),
calculated as three times the standard deviation of
the measurement of blanks divided by the slope of
the calibration curve, was found to be 0.029 ug I

Precision and accuracy

For repeatability monitoring, 5 replicate standard
samples of 0.15, 5, 25, 50 and 100 pg/l were
measured. The mean concentrations by the proposed
method were 0.140+0.005, 4.6+0.1, 24.5+1.1,
52.0+1.4 and 104.1+2.0 pg/l with respective relative
standard deviation (R.S.D.) values of 3.6, 2.2, 4.5,
2.7 and 1.9%.

Analysis of OFL in pharmaceutical formulations

In order to show the validity of the proposed method,
it was applied for OFL determination in commercial
tablets. Three replicate determinations were
performed, and satisfactory results were achieved.
Table 2 shows the results obtained by applying the
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Table 3. Determination of OFL in spiked human urine and spiked human plasma by present work.

Spiked urine

Spiked plasma

Drug  Amount added Amount found

R.S.D. (%) Recovery (%)

Amount added Amount found RS.D. (%) Recovery (%)

(hg 1) (hg ") £S.D* (hg") (Mgl *SD?
2 1.83+0.09 4.9 915 2 179+011 6.1 89.5
5 4.92+0.18 36 98.4 5 4.72+0.16 34 94.4
OFL 10 9.49+0.31 33 94.9 10 9.71+0.46 47 97.1
100 106.91 + 4.01 37 106.9 100 93.02+ 511 55 93.0

@ Average of four independent measurements.

present method and those obtained by a reference
method (14). The results show the applicability
of the proposed methodology and its accuracy for
quantitative analysis of OFL in this type of samples.

Analysis of OFL in spiked biological samples

The accuracy of the present method was evaluated
by determination of OFL in spiked human urine
and spiked human plasma. The recovery of the drug
under study was investigated at four concentration
levels. The obtained results are shown in table 3. As
can be seen, calculated amounts of recoveries varied
between 91.5-106.9% and 89.5-97.1% for human
urine and human plasma, respectively, indicating
both accuracy and precision.

CONCLUSION
For the first time, an efficient modified ionic liquid
cold-induced aggregation dispersive liquid-liquid
microextraction (M-IL-CIA-DLLME) followed by
spectrofluorimetry was applied to determine OFL
as a test compound in pharmaceutical formulations
and biological samples. [Hmim][PF ] was selected

as an environmentally friendly extraction solvent
which put very few dangers to environment. On the
other hand, ILs have no measurable vapor pressure,
and hence can emit no volatile organic compounds
(VOCs). In the present work, by dissolving one of the
IL’s ions as a common ion into the sample solution,
the robustness of the microextraction method
against the variations of the ionic strength was
significantly increased. The combined methodology
was demonstrated to be rapid, practical, inexpensive
and green for determination of analytes in trace
levels. In addition, the present method revealed to
be a practical tool for routine quality control of OFL
in pharmaceutical and biological samples with low
operation cost and simplicity of instrumentation. In
order to assess the possible analytical applications
of the proposed method, the effect of concomitant
species on the determination of OFL in real samples
was studied. The study was focused on some
common compounds abundant in pharmaceutical
and biological samples. The obtained results revealed
the recommended method had good selectivity to
the determination of OFL in real samples.
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