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Abstract

An efficient and simple method has been developed for the quantitative determination of ciprofloxacin in biological samples.

The method is based on the measurement of ciprofloxacin in the presence of magnetic Fe,0, nanoparticles functionalized with so-

dium hexafluorosilicate using UV-Vis spectrophotometer. Magnetic Fe,0,/SiO, nanoparticles were synthesized via co-precipitation

method. Detection was performed at 275 nm, the maximum wavelength of ciprofloxacin. In this condition, linear range was achieved

in two areas. For low concentrations area 0.1 to 1 and high concentrations areas 1-20 (mg/L), were evaluated. The method limits of

detection and qualification were 0.0472 and 0.157 (mg/L) for low concentrations area and 0.458, 1.52 (mg/L) high concentrations,

with relative standard deviations (RSD) values less than 5% (n = 6) respectively. The method was validated through the parameters

of linearity, accuracy, precision, limit of detection, limit of quantitation. Also in optimal conditions, the concentration of ciprofloxacin

in real samples of blood were determined and relative recoveries for real samples were evaluated too.
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Introduction

Recently, antibiotics became more important as focus point of
research due to their high amounts in the environment and the
increasing bacterial confrontation. Fluoroquinolones (FQs) are pi-
perazinyl derivatives of quinolones, and are largely used to treat
humans and food making animals, due to their broad-spectrum ac-
tivity against the bacteria [1]. Among fluoroquinolones, norfloxacin
(NOR) and ciprofloxacin (CIP) are the most widely used antibiot-
ics [2].
1-y1)-quinoline-3-carboxylicacid) is a 4-quinolone derivative, de-

Ciprofloxacin(1-cyclopropyl-6-fluoro-4-oxo-7-(piperazin-

rived from nalidixic acid [3]

Tn

Figure 1: Molecular structures of ciprofloxacin.

It provides effective treatment for a variety of infections particu-
larly those of the urinary tract, respiratory tract, gastrointestinal

tract, skin and soft tissues [4].

It is very important to determine ciprofloxacin for the purpose
of pharmaceutical quality control. The literature survey revealed
that the most methods for determination of ciprofloxacin in tablets
and injection formulations include separation techniques [5-14],
electrochemical procedures [15-17], spectrophotometric and spec-
trofluorimetric methods [18-29]. Also, several methods have been
reported for the quantitative analysis of the ciprofloxacin, such
as titrimetry [30], microbiology [31], HPLC [32] and AAS [33,34].
Furthermore, the reduction process of iron (III) to iron (II) by cip-
rofloxacin was used as the basis for its quantification based on a

colorimetric method [35].

Spectrophotometry method is significant once they can be used
in the simple and small research laboratory which there are not
expensive instrumentations. The present work aims to develop a
highly sensitive, simple and rapid UV-Vis spectrometric method for
application in quality control analysis. This study has been offered
a solid phase extraction method based on functionalized magnetic

nanoparticles. This method is simple, fast and affordable to extract
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ciprofloxacin from aqueous solution. Synthesis of functionalized
magnetic nanoparticles of iron and sodium hexafluorosilicate is

done with the help of co-precipitation method.

Materials and Methods

Reagents

The drug ciprofloxacin was donated by Daroopakhsh pharma-
ceutical (Tehran, Iran). Methanol, ethanol, and nitric acid were sup-
plied from Merck (Darmstadt, Germany) as well as, all the other
compounds. The drug was dissolved in methanol to obtain a con-
centration of 500 mgL™! for the stock solution. The standard solu-
tions and QC samples were made from the stock solution by dilut-

ing with deionized water.

Apparatus
UV-Vis Spectrophotometer, model T80 (PG Instruments, UK),

was used for recording absorbance spectra. The synthesized nano-
composites were washed and separated from the solution by Milli-
Q water. An Ultrasonic device, model UP 400S, made in Germany
was used for functionalization and dispersion of mesoporous MW-
CNTs. A pH meter, (model 827 pH lab) Metrohm, Swiss was used for
adjusting the pH of solutions.

Preparation of Fe304/SiO2 nanoparticles

Fe,0,/Si0, NPs were produced through two steps. First, Fe,0,
NPs were prepared by co-precipitation method as a convenient way.
Fe,0, NPs was synthesized by dissolving FeCl,.6H,0 and FeCl,.4H,0
in water with ratio of 2:1. 12.5 mL solution of ammonia (28%) was
dropped slowly into the mixture solution of the two salts, until the
system is solidified due to the formation of Fe,0, particles. The pre-
cipitate was separated by a magnet and was rinsed with water and

then ethanol several times, followed by drying at 60°C.

In the second stage, the Fe,0, nanoparticles were added to the
sodium fluorosilicate solution (Na,FSi ). After an hour stirring, so-
lution fixed for 6 hours at 25°C. The precipitate was separated by a
magnet and was rinsed with water and then ethanol several times,

followed by drying at 60°C for 2 days.

Solid-phase extraction procedure

5 ml standard solutions of ciprofloxacin (10 mg/L) was added
to a vial containing 5mg Magnetic Fe,0,/Si0, nanoparticles. The
solution was stirred for 5 min to complete the extraction process
at room temperature. Afterward, the vial was placed on a strong
magnet and then the suspension had become clear after 5 min was
elapsed since the NPs were attracted to a magnet. Consequently,

the supernatant solution could be decanted.

28

Finally, 3 ml ethanol as adsorption solvent was added to the sor-
bent. The mixture was stirred for 10 min and nanoparticles were
separated by an external magnet. The sorbent was eluted by de-
sorption solvent, and the desorbed solution was transferred to the
UV-Vis for measurement of its absorbance at the maximum wave-

length of ciprofloxacin (275 nm).

Adsorbent characterization

The FTIR spectra of Fe,0, and Fe,0,/Si0, NPs are compared in
(Figure 2). The absorption peaks at 586, 1620 and 3413 cm™ ap-
peared in the two FTIR spectra, were correspondent to the Fe-O
vibration related to the magnetite phase, bending mode and the
stretching mode of the -OH group, respectively [36]. In FTIR spec-
tra of the Fe,0,/Si0, NPs (curve ii), the absorption intensity of Fe-0
group declined with the addition of silica percentage and a strong
absorption signal of the Si-O-Si group appeared at 1080 cm™ that

demonstrate the covering of silica on the magnetite surface [37].

Figure 2: The FT- IR of Fe304 (i) and Fe304/Si02 (ii).

The crystalline structures of the Fe,0, and Fe,0,/SiO, nanocom-
posites analyzed using XRD (Figure 2). For Fe,0, NPs (curve i), the
presence of six characteristic diffraction peaks at 26=30.24, 35.63,
43.28,57.29 and 62.86° indicated that magnetite had a cubic spinel
structure [38]. The characteristic peaks for Fe,0,/SiO, NPs (curve
ii) were similar to that of Fe,O, NPs, which demonstrated that the
modification of the surface MNP with silica layer had no effect on
the stability of the crystalline phase of Fe,0, NPs. The lack of SiO,
characterized peaks demonstrated that the coated SiO, were main-

ly amorphous. However, the existence of Si0, coating had been con-
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firmed due to the decrease in the XRD diffraction peak intensities
of Fe,0, NPs.

Figure 3: The XRD of Fe304(a) and Fe304/Si02(b).

Blood Samples treatment

Blood samples for evaluation of the procedure were obtained
from Ghaem hospital of Mashhad, Iran. The samples were selected
from 30-45 years old men. Serum should be clear and free from
all red cells. For serum, allow the blood to clot sixty minutes and
separate by centrifugation. Matrix effect of real samples were per-

formed on the serum samples.

Results and Discussion
Response characteristics

The equations of the calibrations describing the relation be-
tween drug concentration and UV-vis measurements obtained for

ciprofloxacin is summarized as:

Ciprofloxacin

Y= 0.0679x+0.0578: (R* =0.948): concentration range: 0.1-1 mg/L
(Figure 4)
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Figure 4: The linear calibration curve in the
concentration range (0.1-1 mg/1).
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Y= 0.007x+0.1056: (R? =0.9554): concentration range: 1-20 mg/L
(Figure 5)
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Figure 5: The linear calibration curve in the
concentration range (1-20mg/1).

R is the correlation coefficient. The linear concentration ranges
were 0.1-20 mg/L for ciprofloxacin based on UV-Vis measurements.

The mean percentage recovery ranged from 83 to 104%.

Optimum reaction conditions

The best reaction conditions for the quantitative determination
of ciprofloxacin were established via some preliminary experi-
ments. In order to better performance, factors affecting extraction
such as amount of nanoparticles, stirring speed, volume of analyte,
pH, dispersing solvent, adsorption time, effects of ionic strength
and salt, desorption solvent and desorption time were examined
by measuring the absorbance of solutions containing a fixed con-

centration of ciprofloxacin (10 mg/L).

Selecting the optimum solvent for an efficient extraction

To select the suitable solvent, absorbance values caused by the
presence of ciprofloxacin measured after extraction with each of
different organic solvents. The most suitable solvent for the ex-
traction of ciprofloxacin in the presence of Magnetic Fe,0,/SiO,

nanoparticles was ethanol.

Effect of pH

Substantially, it is anticipated that the maximum efficiency of
extraction has occurred when pH of the aqueous solution is in the
range of pK_ of the analysts in which analysts remain in a molecu-
lar form. As for ciprofloxacin, according to its structure (Figure 1)
and the fact that pK_ of carboxylic acid and nitrogen of piperazinyl
groups in this drug is 6.09 and 8.74, respectively, different pH val-
ues of 2, 3,5, 7,9 and 10 were examined. From (Figure 6) it is de-
duced that the highest absorption for ciprofloxacin was obtained in

the neutral range and the best separation is around pH7.
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Figure 6: pH effect on the extraction.

Amounts of nanoparticles

The 3,5,8,10 mg of nanoparticle were investigated. According to
the figure 5, the best absorbance obtained for 5 mg of the nanopar-

ticle (Figure 7).

Figure 7: Effect of the nanoparticles amount (mg).

Effect of extraction time

Extraction time is an important parameter in the extraction effi-
ciency. The influence of absorption time was examined in the range
of the 1-20 min By increasing the time, analyte molecules have a
sufficient time to transfer from donor phase to acceptor phase and
the absorption factor generally increased. As seen as in (Figure 8)
after 5 min, adsorption is reached to a maximum and the extraction
efficiency remained constant. Therefore, the extraction time of 5

min was chosen as the optimal time in experiments.

Effect of desorption time

The time required for removing analyte from the sorbent is de-
sorption time. The influence of extraction time was examined in

the range of the 5-20 min. Up to the 5 min, a transparent solution
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had not obtained, so the recording of the absorption through UV-Vis
spectrophotometer was impossible. Therefore, the extraction time

of 10 min was chosen as the optimal desorption time (Figure 9).

Figure 8: Adsorption time(min) effect
on the extraction efficiency.

Figure 9: Desorption time(min) effect
on the extraction efficiency.

Effect of stirring rate

Agitation plays a dominant role in the extraction efficiency. In-
creasing the stirring speed of the sample solution increases the
mass transfer from the donor phase to the acceptor phase. The in-
fluence of the stirring rate was tested in the range of 200-600 rpm
and the rate was optimized. The extraction efficiency of the analyte
increased with stirring speed up to 400 and 500 rpm for absorp-
tion and desorption experiments, respectively. According to the
obtained results depicted in (Figure 10) and (Figure 11), a stirring
speed of 400 and 500 rpm was selected as the optimum stirring

rate for absorption and desorption stage, respectively.
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Figure 10: Stirring rate effect on the adsorption process (rpm).

Figure 11: Stirring rate effect on the adsorption process (rpm).

Effect of desorption solvent type

Several desorption solvents such as ethanol, methanol, nitric
acid and acetic acid were examined. According to the obtained re-
sults, methanol and ethanol revealed high extraction efficiency and
because of dissolving nanoparticles, acetic acid was found to be in-
appropriate in this case. Therefore, 3 mL ethanol was selected as
the suitable solvent (Figure 12).

Figure 12: Effect of desorption solvent type.
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Effect of ionic strength

Generally, the salting-out effect improves the extraction effi-
ciency with decreasing the solubility of the analyte molecules in the
donor aqueous phase and increasing analyte transfer into extractor
phase. In the present work, the effect of different concentration of
salt on the extraction efficiency was evaluated by adding NaCl and
KCl in the range of 0-5% (w/v).

The experimental results showed a negative effect of salt addi-
tion for measurement of ciprofloxacin in the presence of magnetic
Fe,0,/Si0, nanoparticles because by increasing salt concentration,
probably viscosity of the solution increases and the diffusion rate,
as well as absorption of the analyte on the surface of the nanopar-
ticle, reduces. Therefore, no salt is added to the sample solution
(Figure 13 and Figure 14).

Figure 13: Addition of salt effect on the extraction. NaCl(w/v).

Figure 14: Addition of salt effect on the extraction. KCl(w/v).

Effect of Surfactant (Triton X-100)

Sometimes, the presence of non-ionic surfactants reduces the

surface tension and improves extraction. Triton X-100 was tested
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as non-ionic surfactants in the present work. As shown in (Figure

15), the surfactants had no effect on extraction.

Figure 15: Effect of surfactant, Triton X-100 amount.

Real sample analysis

In order to study the capability of the extraction method in ana-
lyzing real samples, the method of standard addition was applied
for the analysis of human blood. To measure ciprofloxacin in real
samples, different blood serum samples from various men aged
in the range of 30-45 were mixed together. Finally, the suitable
amount of the mixture was analyzed by this method under the op-
timized conditions. Only an ultra-trace level of ciprofloxacin was
found (under the detection limit). The accuracy of the method was
estimated by calculation relative recovery (RR%) carried out with
spiking serum samples with a specific volume of aqueous standard
solution (5 ml) with concentration range of 0, 0.5, 1, 1.5, 2 (mg/L).
The result showed that the relative recoveries of ciprofloxacin (n =
3) ranged from 83-104%.

Conclusions

Solid Phase Extraction (SPE) is the most widely used extraction
method for the clean-up, pre-concentration and separation of drug
residue from a number of samples. As well the development of new
modified adsorbents which were introduced, magnetically modi-

fied sorbents were applied to bioseparation and drug analysis.

The proposed method is economically practicable due to the
small volume of consuming materials. because of the magnetic
nature of the nanoadsorbent, dissembling is quick, easy and takes
less time also, sample preparation is simple and does not require
applying method. High condensation and good repeatability that
reduces relative standard deviations is one of the main advantages
of this method.

32

On the other hand, The UV-Vis method is sensitive, simple and
rapid, moreover, it can be used for routine analysis of the inves-
tigated drugs in raw materials and pharmaceutical formulations.
The statistical parameters and the recovery tests data clearly indi-
cate the reproducibility and accuracy of the method. The proposed
modified SPE method seems to provide a simple, and affordable

alternative for the routine methods of SPE for drug determination.
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