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ABSTRACT

In this paper, akind of magnetic attapul gite nanocomposites was success-
fully synthesized and used as the adsorbent for the magnetic solid-phase
extraction of pazufloxacin mesilate prior to Guorimetric detection. Un-
der optimized conditions, the linear range of pazufloxacin mesilate was
2-36 ng mL!, and the correlation coefficients of the calibration curves
was 0.9998. The limits of detection of the method was 0.27 ng mg™'. The
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results demonstrated that the proposed method was rapid, reliable, and
efficient for the determination of PZFX in urine and plasma samples.

© 2016 Trade Sciencelnc. - INDIA

INTRODUCTION

Pazufloxacin mesilate (PZFX, (S)-10-(1-
aminocyclopropyl)-9-fluoro-3-Methyl-7-ox0-2,3-
dihydro-7H-pyrid[1,2,3-de]4 benzoxazine-6-car-
boxylic acid monomethanesulfonate (Scheme 1), is
one of thefourth generation quinol one antimicrobial
agent with high antimicrobial activity in compari-
son with the similar quinolones¥. PZFX has shown
activity against gram-negative, gram-positive bac-
teria and anaerobic species, based on the inhibition
of both DNA gyrase and topoisomerase IV[23, It is
currently widely used for the treatment of infections,
such as respiratory organ infection, genitourinary
organ infection, skin and parenchymainfection, and
surgical infection™. Therefore, great attention has
been devoted to the accurate and precise determina-
tion of PZFX in various biofluids including plasma
and urine.

Many researchers have determined PZFX con-

centrationsin serum, plasmaor urineusing high-per-
formanceliquid chromatography (HPLC)®%78, fluo-
rescence method®'% and chemiluminescence*2,
However, these methods have suffered several dis-
advantages, such as low sensitivity and poor anti
interference ability makethem impractical for com-
plex samples. As aresult, to establish a highly se-
lective and sensitive method for the determination
of PZFX in complex samples is necessary for aca
demic research and practical application.

H,N-

Scheme 1 : Molecular structure of pazufloxacin mesylas
(PZFX)
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Magnetic solid-phase extraction (MSPE), a
promising technique for sample preparation, hasre-
celved considerable attention in recent years. The
magnetic sorbents can be uniformly dispersed into
the sample solution by vortexing or shaking, which
increasing the contact between anal ytes and the sor-
bentsto ensureafast masstransfer, then they can be
readily isolated from sample matrix with an exter-
nal magnet. MSPE is fast, simplicity, convenience
and high throughput among sample preparations.
MSPE has allowed the selective separation of or-
ganic compounds, including antibiotics, anti-inflam-
matory drugs, pesticides and phenolic compounds
that are present in different matriced™® 14,

Attapulgite (ATP) isahydrouslayer-ribbon mag-
nesium aluminum silicate with a fibrous structure
and a theoretical formula (Al,Mg,)
Si,0,,(OH),(OH,),-4H,0 that has a larger soecific
surface area and unigue nanoporous structure®,
Recently, clay minerals have been widely used as
low-cost, sustainable and effective adsorbents for
the removal of various dyed'® 11819 heavy metal
iong? 2122 23 gnd organic compounds®* 2 26.271 from
wastewater. While, it is difficult to separate the
attapul gite from agueous sol ution when the particle
sizeison the nano-scale. Although traditional meth-
ods such as centrifugation and filtration can be ap-
plied to recover the attapul gite particles from aque-
ous solutions. The centrifugation method requires
very high centrifugal speed and filtration method is
prone to filter blockages, these methods cannot be
applied in large scale in real work. It is necessary
to find new method for the separation of attapulgite
particles easily in large scale. Recently, the
attapul gite/iron oxide magnetic compositesasakind
of sorbent hasaroused much interest%-28, |t not only
enhancesthe extraction efficiency by increasing the
contact between analytes and the sorbents, but also
overcomes problems with conventional separation
methods.

In this paper, we synthesized the magnetic
attapulgite (MATP) nanocomposites by a solvent
thermal method, and applied the magnetic
nanocompositesto extract PZFX from pharmaceuiti-
cal preparations and biological samples, followed
by fluorimetric determination. The effects of vari-
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ous experimental parameters, such astype and vol-
ume of extraction solvent, amount of DBMNPs, ex-
traction time, and pH were studied and optimized
from the experimental results.

EXPERIMENTAL

Apparatus

Fluorescence signals were measured using a
Cary Eclipse Fluorescence spectrophotometer
(Agilent Technologies, USA) equipped with a xe-
non lamp and computer with Cary Eclipse 1.1 soft-
ware. All measurements were performed in a 0.7
mL quartz cell maintained at 25.0+ 0.5 °C, with 5.0
nm bandwidthsfor the emission and excitation mono-
chromators. A pH meter (Model pHS-3C, Shanghai
TiandaApparatus Ltd., China) was used for pH ad-
justment. An ultrasonic cleaning Model KH 2200DV
(Kunshan Hechuang Ultrasonic Instrument Co., Ltd.,
China) was used to assist adsorption and desorp-
tion.

Chemicalsand reagents

The standard drug sample of PZFX was pur-
chased from the Chinese National Institute for the
Control of Pharmaceutical and Biological Products.
A 0.1 mg'mL" stock standard solution was prepared
by dissolving the standard drug samplein 5 mL of
sodium hydroxide (0.01 M), and diluting to the mark
in a100 mL volumetric flask with double-distilled
water. The standard working solution was prepared
by diluting the stock standard solution with double-
distilled water. Urine and plasma samples were ob-
tained from severa healthy volunteers. The mixture
of 40 g/L SDS (ACROS ORCANICS) and 0.0006
mol/L aluminium ions was prepared by dissolving
the reagents in double-distilled water. Britton—
Robinson (BR, 0.04 mol-L") buffer was used to con-
trol the pH. All standard solutions were stored at 4
°C, and brought to ambient temperature prior to use.

Iron (I11) chloride hexahydrate (FeCl, 6H,0)
(Sigma-Aldrich, USA), ethylene glycol (EG; Sigma—
Aldrich, USA), sodium acetate (NaAc, J& K Scien-
tific Ltd., China), polyethylene glycol (PEG, Sigma-
Aldrich, USA) and attapulgite clay (Jiuchuan Clay
Technology Co., Jiangsu, China,) were used to pre-
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parethe MATP. Milli-Q water (Millipore, Bedford,
MA, USA) was used throughout the study. All sol-
vents used were of analytical reagent grade.

Synthesisof magnetic materials
Preparation for theattapulgiteclay

10 g attapulgite clay was stirred with 1 mol/L
hydrochloric acid, and rinsed with distilled water
repeatedly until there is no chloridion if inspected
by 0.I mol/L silver nitrate solution at room tempera-
ture. After centrifugal separation, the sample was
baked in 105 °C for 2 h and smashed for stand-by.

Manufactur e of magnetic attapulgiteclay

The MATP was synthesized by a modified re-
duction reaction of FeCl, based on a reported
method??, Inatypical procedure, 0.2 g pre-prepared
attapulgite clay, 25 mL EG, 0.6 g FeCl,, 1.0 g of
polyethylene glycol and 1.2 g NaAc were measured
and put into a50 mL beaker. After stirred evenly, the
mixture was sealed in a Teflon-lined stainless steel
autoclave (50 mL capacity) and maintained at 190
°C for 8 h. The obtained black magnetic attapulgite
nanocomposite was collected by magnet and puri-
fied by magnetic separation method for three times
by using absolute ethyl alcohol and distilled water
respectively, and dried at vacuum at 60 °C for 12 h.

Process of magnetic solid-phase extraction

Typicaly, al PZFX samples were prepared to
presel ected concentrations; pH was adjusted with a
BR solution in a 50 mL colorimetric tube. Subse-
guently, 2 mg of MATPwere added. After the mag-
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netic materials was uniformly dispersed by ultra-
sonic, the samplewas extracted for 15 min, and then
put abar magnet closeto the bottom of tubeto sepa-
rate MATP from solution. The supernate was aban-
doned and the MATP used to adsorb PZFX were
dried by small flow rate of nitrogen and desorbed
by 1 mL of mixed solvents of AICl, and SDS, ultra-
sound for another 10 min.. The magnet was again
placed the bottom of tube, and the supernatant was
transferred into quartz cells, and in theend anal yzed
by fluorescence spectrophotometer.

RESULT AND DISCUSSION

Optimization of magnetic solid-phaseextraction
conditions

Inorder to get the best analytica resultsof MATP
for PZFX, 0.1 mL 0.01 g/L pazufloxacin mesilate
was chosen as the target object to investigate the
influence of buffer system, the pH value, absorbent
dosage, extraction time, extraction temperature, and
desorption conditions (desorption solvent type and
concentration, desorption solvent volume and des-
orptiontime).

Influence of buffer system

The influence of four kinds of commonly used
buffer system with BR buffer solution, sodium ac-
etate buffer solution (SC), phosphate—potassium
dihydrogen phosphate buffer solution (PPDP), ph-
thalate two potassium formate buffer system (PTPF)
(pH=4) on the fluorescence intensity after extrac-
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Figure 1 : The influence of different buffer system
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tion was investigated respectively. Figure 1 shows
the experimental results. Results show that almost
no fluorescence intensity can be observed for the
potassium acid phthal ate buffer system after extrac-
tion, while the highest fluorescence intensity is ob-
served in BR buffer solution. In the following ex-
periment, the BR buffer solution is defined as the
buffer system.

Influence of the pH value of the solution

The pH value of the solution isan important pa-
rameter in theresearch of separation-enrichment due
to the great influence on the form and the distribu-
tion in the ionic liquid of the analyte. In order to
obtain an ideal enrichment efficiency, theinfluence
of pH valuefrom 2.0 to 12.0 on the extraction effi-
ciency of PZFX wasinvestigated. The pH valuecan
be adjusted by add BR buffer solution with different
pH value. As shown in the following Figure 2, the
highest extraction efficiency was obtained at pH 4.0.
When the pH valueis higher or lower than this, the
extraction efficiency will decreases. Therefore, the
pH value was selected as 4.0 in the following ex-
periment.

Theamount of absor bent

It isobviousthat theamount of MATP has great
influence on the extraction efficiency of PZFX. In
the range of 1-8 mg, with the increasing of MATP,
the fluorescence intensity also increase, and reach

the maximum value at 2 mg (Figure 3). When the
amount increased over 2 mg, morethan 1 mL eluting
solvent must be added to ensure all PZFX can be
desorbed, and it might dilute the analytesin solvent
correspondingly. Therefore, theamount of MATPwas
chosenas2mg.

Optimization of the extraction time

The optimization of extraction time was to get
the best extraction efficiency and the shortest ex-
traction time. Extraction timefrom 5 min to 40 min
range with the interval 5 min was considered. The
results are showed in the following Figure 4 it is
clearly seen that, on the premise of the high fluores-
cence intensity, 10 min can be regarded as the best
extractiontime,

Optimization of extraction temperature

For all the analytical methods of separation and
enrichment, we alwayswant to finish the extraction
in the most close to room temperature conditions,
and at the same time, achieve the compl ete extrac-
tion. From the experimental resultsthe fluorescence
intensity did not change significantly inthetempera-
ture range of 20-80 °C. So, in order to simplify the
experiment, the extraction was conducted at room
temperature.

Influence of desor ption solvent type
It isnecessary to use solvent to elute the analyte
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Figure 2 : The influence of the pH value of the solution
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Figure 4 : The influence of extraction time

from MATP particles before fluorimetric determi-
nation, so the suitable solvent isindispensablewhich
can el utethe adsorbed anaytesasmuch as possibl e.
Five types of eluting solvent with Ca*, Fe**, Mn?,
Co?, and AlI®*" were selected. Asaresult (Figure 5),
the eluting solvent with aluminum ions showed the
highest fluorescence intensity. Therefore, it is opti-
mum to choosethe duminumionsasthe appropriate
eluting solvent in the following work. On the other
hand, SDS can improve the desorption efficiency.
So the mix of Al**and SDS was selected as the des-
orption solvent.

Optimization of the desorption solvent concen-
tration

The concentration of SDS, which is a part of
desorption solvent and an important factor for ana-

Iytical condition, influencethe desorption efficiency
directly. The influence of SDS was investigated in
the 12 g/L—40 g/L range on the desorption efficiency,
and found the best desorption efficiency occurredin
40 g/L under the same extraction conditions (Figure
6). Besides, we also found that when the concentra-
tion of SDS exceeds this value, the SDS cannot be
dissolved. For the influence of aluminium ionsin
the 0.0002-0.0016 mol/L range was also studied.
Therefore, for the overall consideration of sensitiv-
ity and linear range, the optimum value for the con-
centration for SDS and aluminium ions are 40 g/L
and 0.0006 mol /L respectively.

Optimization of desor ption solvent volume

In order to decrease the dosage of desorption
solvent and analysisthetarget object to the max ex-
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Figure 6 : The influence of concentration of SDS

tent, the influence of the mixed solution of 1 mL
0.0004 mol/L AICI, and 20 g/L SDSwith six differ-
ent volume was investigated. As can be seen form
thefollowing Figure 7, theintensity of fluorescence
decrease with theincrease of the volume of anal yti-
cal agent. Therefore, the volume of the mixed solu-
tion can bechosenas1 mL.

I nfluence of desor ption time

Theinfluence of desorption time on the anal yti-
cal efficiency can be observed inthe following Fig-
ure 8. It can be seen that the fluorescence intensity
reaches the max value at 7 min and extending the
analytical time on the basis of 7 min did not play a
good effect. Besides, when the analytical timeis 3
min, ahigh anaytica efficiency also can be achieved.
Therefore, in order to balance the analytical effi-

ciency and the analytical time, 3 minisbest.
Theexcitation and emission spectra

The excitation and emission spectra of PZFX
after extraction areinvestigated. The excitation and
emission wavelength locate at 248 nm and 389 nm,
respectively. At the same time, the excitation and
emission spectraof samplewith only buffered solu-
tion were determined after MATP extraction. It can
concludethat the buffered solution hasnoinfluence
on the measured spectra. Therefore, we usethe men-
tioned wavel engths as the excitation and emission
spectrafor PZFX.

Analytical performance

Under the optimized conditions, aseriesof stan-
dard solution containing PZFX with an different con-
centration levelswere prepared to establish the cali-
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bration curve, and satisfactory correlation coeffi-
cient of 0.9997 was obtained in the concentration
range of 2-36 ng mL, which indicated a good lin-
ear. According to the IUPAC method, the lower de-
tection limit of this method are calculated by
LOD=KS /S whereKis3, S isthe standard devia-
tion of blank sample, and Sis the slope of the stan-
dard curve. Therelative standard deviations (RSD)
of thismethod was 2.32%. Comparing the proposed
method with others(listed in TABLE 1), it can eas-
ily seen that the limit of detection islower.

Interference

An evaluation of the interference of MATP ex-
traction on the PZFX and the selectivity of themethod
was conducted by i nvestigating the coexisting mate-
rials with PZFX from the biological samples. The

tolerance limit was defined as the concentration of
the added interfering substance that cause | ess than
+5% relative error in the determination of the drug.
Aliquots of agueous sol utions containing 20 ng'mL-
1 PZFX and certain amounts of other chemical spe-
cieswereobtained, and the proposed procedurewas
followed to study the selective separation and de-
termination of the drug. Theresults show that 1000-
fold Na', K*, Cu*, C&*, Mn¥, Fe*, Sn*, Al*,
so,, PO, CI,, Ssi0*, NO,, C,0,*, NO,,
CH.COQC, CIO,, F, Br, H,PO,, glucose, alactose,
L-glutamic acid, urea, and citric acid, and 500-fold
CO/, Cr,0,, I, Zn*, Fe*, and MnO, did not inter-
fere with the determination, indicating the high se-
lectivity of the proposed method.

Analysisand applications
—— Analytical CHEMISTRY

A Judian Jowrual



190 Extraction of pazufloxacin mesilate using magnetic attapulgite clay nanoparticles prior ACAIJ, 16(5) 2016

Full Peper —==—
TABLE 1 : Comparison with other proposed methods
Linear range ) o Limit of detection RSD (%)
Methods 4 Correlation coefficient 4 4
(ngmL™) (ngmL™) (n=11,c=100 ng mL ™)
CE-ECL 20-10,000 0.9968 4.0 4.28
HPLC-FL 20-5,000 0.9969 10 5.49
MISPE-CL 2.5-250 0.9991 0.7 3.7
MIPs-CA 5-5,000 0.9901 1.8 5.3
Thiswork 2-36 0.9997 0.27 2.32

CE-ECL: capillary electrophoresis with electrochemiluminescence detection; HPLC-FL: high-performance liquid chromatogr a-
phy (HPLC) method with fluorescence detection; MISPE-CL: molecularly imprinted polymer solid-phase extraction (M|SPE)
with flow-injection chemiluminescence; M1Ps-CA: molecularly imprinted polymers technology and capacitive transducer tech-
nology.

TABLE 2 : Fluorimetric determination of the drug in spiked urine and spiked plasma (n=5)

Spiked urine Spiked plasma
Sample Amount added Amount found Recovery(%) Amount added Amount found Recovery(%)
(ngmL™) (ngmL™) +8.D.° (ngmL™) (ngmL™) +8.D.°
5 4.84 96.8+2.12 5 511 102.2+2.21
PZFX 10 9.79 97.9+2.37 10 19.01 95.1+2.35
20 19.78 98.9+2.23 20 19.75 98.76+1.92
2 Average of five determination
The measurement with the additional standard
urinesamples CONCLUSIONS

2 mL fresh urine from a healthy volunteer (no
any drugsfor nearly one week) was mixed the stan-
dard PZFX with 0.1 mL by centrifuging for 10 min
in acentrifuge tube. 1 mL supernatant liquid of the
sample was taken to measure the concentration of
drugs. The process repeated for three times to en-
surethe accuracy. Theresultsislisted in TABLE 2.
It can be seen that the average recovery is in the
range of 96.88 % to 98.9 %.

The measurement with the additional standard
plasmasamples

Similarly, 1.0 ml plasmawas mixed uniformly
with the 0.1 mL standard solution by volution for 3
min. After that, 9 mL acetonitrile was mixed to wipe
out the proteinin the plasma. Take 5 mL supernatant
liquid after the solution was centrifuged for 10 min
at aspeed of 3500 rpm to measure the concentration
of the drug for five times. The average recovery
among 95.1%-102.2%. The result is listed in
TABLE 2.

In conclusion, the MATP was successfully fab-
ricated with high quality which was used to mag-
neti c solid-phase extraction experiment. Combined
with the fluorescence spectrophotometer, amethod
of enrichment PZFX was built in urine and plasma.
It provides a ssimple, fast method with no organic
solvent, high sensitivity, and repeatability. The ad-
ditional experiments of urine and plasma verify a
good accuracy and precision for the PZFX in the
biological samplesby MATP extraction method.
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