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ABSTRACT

This paper describes the direct precipitation of magnetite on the surface of dextran as a
method to improve the efficiency of this polymer in delivering antibiotics in active
forms. FT-IR, SEM, XRD and ir vitro biological assay were used to characterize the
structure, composition, and the capacity of the magnetic polymeric microspheres to
improve the antimicrobial activity of some antistaphylococcal and apntipseudomonal
drugs. Our results demonstrated that the magnetic dextran microspheres could be used as
macromolecular carriers for large-spectrum antibiotics, particularly for those with small,
polar molecules belonging to penicillins, aminoglycosides, rifampicines and quinolones
classes. The obtained results are suggesting that the size and the electric charge of the
active drugs are influencing the specific interactions between the drug carrier and the
active substance.
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1. INTRODUCTION

In the last years, magnetic nanoparticles have found an increasing interest in biomedical and

engineering applications [1,2,3]. The reactivity of iron oxide particles has been shown to greatly
increase as their dimensions are reduced, and they may undergo rapid biodegradation when they are
directly exposed to the biological system [4,5]. Magnetic materials are used for delivering the drug
carrier, represented by inorganic materials (ussualy magnetite, maghemite, cobalt ferrite, chromium
dioxide) [6, 7] or polymers [8, 9, 10], to the specific site. Thermal stability, resistance to solvents
and microbial attack, ease of manufacture and excellent shelf life make inorganic materials ideal
supports. But they have limited functional groups for selective binding [11,12]. The substances with
biological activity are thus connected to the magnetite core through an organic or polymeric shell.
The shells are biocompatible in general [13] or possess active groups which can be conjugated to
biomolecules [ 14]. Dextran is a polysaccharide and has many significant biological advantages such
as being biodegradable, biocompatible and bioactive. Dextran is water soluble, inert in biological
systems and does not influence cell viability [ 15,16]. This paper describes the direct precipitation of
magnetite on the surface of dextran as a method to improve the efficiency of dextran in delivering
antibiotics in active forms. FT-IR, SEM, XRD and in vitro biological assay were used to characterize
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the structure, composition, and capacity of the magnetic microspheres to improve the activity of
some usual antibiotics against S. aureus and P. aeruginosa reference strains.

2. EXPERIMENTAL SECTION

2.1. Preparation of magnetic microspheres. Magnetic iron oxide particles are usually prepared by
wet chemical precipitation from aqueous iron salt solutions by means of alkaline media, like NH;
[17]. In the present paper, magnetic microspheres were prepared by a modified precipitation method.
Five grams of dextran were dispersed in a known volume of distilled-deionized water, corresponding
to a 1.00% (w/w) solution, under stirring at room temperature. Then, 8 mL of a basic aqueous
solution consisting of 28% NH; were added to dextran solution. After these, 200 mL FeSO./FeCl;
(1.25/0.625-w/w) were dropped under permanent stirring up to pH = 8, leading to the formation of a
black precipitate. The product was repeatedly washed with methanol and subsequently dried in oven
at 60 °C until reaching a constant weight.

2.2. FT-IR analysis. A Nicolet 6700 FT-IR spectrometer (Thermo Nicolet, Madison, WI) connected
to the software of the OMNIC operating system (Version 7.0 Thermo Nicolet) was used to obtain
FT-IR spectra of hybrid materials. The samples were placed in contact with attenuated total
reflectance (ATR) on a multibounce plate of ZnSe crystal at controlled ambient temperature (25°C).
FT-IR spectra were collected in the frequency range of 4,000-650 cm™ by co-adding 32 scans and at
a resolution of 4 cm™ with strong apodization. All spectra were rationed against a background of an
air spectrum. After every scan, a new reference air background spectrum was taken. The plate was
carefully cleaned by wiping with hexane twice followed by acetone and dried with soft tissue before
filling in with the next sample. The spectra were recorded as absorbance values at each data point in
triplicate.

2.3. Scanning Electron Microscopy. The magnetic microspheres were assessed by SEM analysis
that was performed on a HITACHI S2600N electron microscope, at 15 keV, in primary electrons
fascicle, on samples covered with a thin silver layer.

2.4. X-Ray Difractometry. X-ray diffraction analysis was performed on a Shimadzu XRD 6000
diffractometer at room temperature. In all the cases, Cu Ka radiation from a Cu X-ray tube (run at 15
mA and 30 kV) was used. The samples were scanned in the Bragg angle 26 range of 10-80.

2.5. The assay of the antimicrobial activity of the magnetic microspheres. An adapted diffusion
method was used in order to assess the potentiator effect of the magnetic microspheres on the
antimicrobial actitivity of VA (vancomycin), DA (clindamycin), AZM (azithromycin), OX
(oxacyllin), SXT (trimethoprim/sulfamethoxazole), RA (rifampicin), OFX (ofloxacin), TE
(tetracycline), P (penicillin), CIP (ciprofloxacin), GM (gentamicin), TZP (piperacillin/tazobactam),
FEP (cefepime), ATM (aztreonam), CAZ (ceftazidim) and PRL (piperacillin) against S. aureus
ATCC 25923 and P. aeruginosa ATCC 27853 strains. The tested antibiotics have been chosen
according to CLSI reccomandations. Standardized antibiotic discs have been placed on the Mueller
Hinton agar medium distributed in Petri dishes previously seeded with a bacterial inoculum with a
density corresponding to the 0.5 McFarland standard. Five uL of the stock solutions of the dispersed
magnetic micropsheres were spoted over the antibiotic disks. The plates were incubated 24h at 37°C,
and the inhibition zones diameters for each antibiotic, after the addition of the tested microsphere
suspensions were quantified and compared with the growth inhibition zones obtained for the
respective antibiotics.
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3. RESULTS SECTION
The XRD pattern (figure 1) of the synthesized composite material proves the formation of Fe;Oy4; the
most important peaks of magnetite being centered at 20 = 30.08, 35.43, 43.05, 53.41, 56.94 and
62.62°. Based on the lack of additional peaks it can assume that magnetite is the unique crystalline
phase from the composite material.
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Figure 1: XRD pattern of dextran/Fe;O4

FT-IR spectrum of dextran and magnetic microspheres are presented in Figure 2. The absorbance
band in the region of 3300 cm™ was due to the hydroxyl stretching vibration of the polysaccharide
[18]. The band in the region of 2915 cm™ was due to C—H stretching vibration and the one in the
region of 1635 cm’ to carboxyl group [19]. The main characteristic bands found in the spectra of
dextran at 1003 cm™ are due to valent vibrations of C—O and C—C bonds and deformational
vibrations of the CCH, COH and HCO bonds. The presence of the peak at 1003 cm™ is due to the
great chain flexibility present in dextran around the o(1—6) glycosidic bonds as shown by Shingel

[20]. FT-IR spectral analysis of magnetic microspheres confirmed the all above mentioned data.
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Figure 2: FT-IR spectrum of dextran (red line) and magnetic microspheres (blue line)

The morphology and size of the magnetic microspheres were investigated using SEM (Fig. 1 a, b, ¢).
The magnetic microspheres are well shaped spheres with a rather rough surface. Fig. 1(d) shows the
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surface of the microspheres, and it can clearly be seen that Fe;O4 particles have been deposited on
the surface of the microspheres. The size of the magnetic microspheres ranges between 50 and 80

Y =500 100um 3 10003 wD2T7.6mm 15.0kV =5 .0k

Figure 3: SEM micrographs of magnetic microspheres
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Figure 4: The growth inhibition zone diameters (mm) obtained for the tested antibiotics in the presence of
DEX/Fe;0, on the S. aureus ATCC 25923 strain

The magnetic dextran microspheres slighlty improved the antimicrobial activity of the majority of
anti-staphylococcal drugs, excepting ofloxacin for which the zone diameter was not changed and
tetracycline, whose activity was slighlty decreased by the addition of magnetic dextran microspheres
(figure 4). The most significant improvement of the antimicrobial activity, highlighted by the
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enlargement of the growth inhbition zones with 20% was obtained for clindamycin and rifampicin.
These results are demonstrating the specific interaction of the proposed delivery system with
different antibiotics, and the necessity to develop ,,personnalized” drug carriers for different
therapeutic substances.
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Figure 5: The growth inhibition zone diameters (mm) obtained for the tested antibiotics in the presence of
DEX/Fe;0,4 on the P. aeruginosa ATCC 27853 strain

Concerning the antipseudomonal drugs, an increased antimicrobial activity in the presence of
the magnetic dextran nanospheres was noticed for ciprofloxacin, gentamycin and piperacillin, for
which the zone inhibition diameters have significanlty increase with 4, 5 and repectively 7 mm (Fig.
5). Surprinsingly, although the piperacillin was the most improved antibiotic, the microspheres
suspension inhibited the activity of piperacillin, in combination with tazobactam, these results
suggesting that the molecular and the antibiotic conformation are influencing the specific
interactions between the drug carrier and the active substance.

Taken together, the antibiotics positively influenced in their biological activity by the
magnetic dextran microspheres suspension were: clindamycin, rifampicin, ciprofloxacin, gentamycin
and piperacillin. The majority of these antibiotics are small, polar molecules with large-spectrum
antimicrobial activity. Out of these antibiotics, clindamycin, rifampicin and ciprofloxacin are also
acting against intracellular pathogens, which are difficult to destroy and leaving the host cells intact.
One of the major challenges of drug delivery research field is to design conjugates able to target and
to deliver into the infected cells in an active form [*',*’]. Dextran microspheres could act as
macromolecular carriers for the small molecules antibiotics and induce the endocytosis of the drug
by the target cell via a specific receptor and, following this first step, subcellular distribution of the
drug to sites where the microbial cells are localized. However, in order to demonstrate this
hypothesis, the present results, proving the in vitro efficacy of the different antibiotics associated
with magnetic dextran must be completed with the in vivo assessment of the efficacy of these
conjugates against intracellular bacterial pathogens.

4. CONCLUSIONS

Our results demonstrated that the magnetic dextran microspheres could be used as
macromolecular carriers for large-spectrum antibiotics, especially for those with small, polar
molecules belonging to penicillins, aminoglycosides, rifampicines and quinolones classes. The
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obtained results are suggesting that the size and the electric charge of the active drugs are influencing
the specific interactions between the drug carrier and the active substance.

5. ACKNOWLEDGMENT

The authors acknowledge the financial support offerred by the National Research projects Human
Resources 135 (Contract No. 76/2010), Ideas (Contract no. 154/2011)

6. REFERENCES

[1] Ficai D., Ficai A., Alexiec M., Maganu M., Guran C., Andronescu E., Amino-functionalized
Fe;04/Si0,/APTMS nanoparticles with core-shell structure as potential materials for heavy metals removal,
Rev. Chim. (Bucharest), 62, 622-625, 2011.

[2] Andronescu E., Ficai M., Voicu G., Manzu D., Ficai A., Synthesis and characterization of collagen/
hydroxyapatite — magnetite composite material for bone cancer treatment, J. Mater. Scie-Mat. Med., 21, 7,
2237-2242, 2010.

[3] Manzu D., Ficai A., Voicu G., Vasile B.S., Guran C., Andronescu E., Polysulfone based membranes with
desired pores characteristics, Materiale Plastice, 47, 1,24-27, 2010.

[4] Lacava L.M., Lacava Z.G.M., Da Silva M.F., Silva O., Chaves S.B., Azevedo R.B., et al., Magnetic
resonance of a dextran-coated magnetic fluid intravenously administered in mice , Biophys. J., 80, 2483—6,
2001.

[5] Babes L., Denzoit B., Tanguy G., Le Jeune J.J., Jallet P., Synthesis of iron oxide nanoparticles used as
MRI contrast agent: a parametric study, J. Colloid. Interface. Sci., 212, 474-82, 1999.

[6] Cabuil V., Preparation and properties of magnetic nanoparticles, Hubbard, A.T. (Ed.), Encyclopedia of
Surface and Colloid Science. Marcel Dekker Inc., New York, pp. 4306-4321, 2002.

[7] Mihaiescu D.E., Grumezescu A.M., Mogosanu D.E., Traistaru V., Balaure P.C., Buteica A., Hybrid
organic/inorganic nanomaterial for controlled cephalosporins release, Biointerface Res. Appl. Chem., 1, 2,
041-047, 2011.

[8] Mihaiescu D.E., Grumezescu A.M., Balaure P.C., Mogosanu D.E., Traistaru V., Magnetic scaffold for
drug targeting: evaluation of cephalosporins controlled release profile, Biointerface Res. Appl. Chem., 1, 5,
191-195, 2011.

[9] Grumezescu A.M., Andronescu E., Ficai A., Saviuc C., Mihaiescu D., Chifiriuc M.C., Deae-
cellulose/Fe;O4/cephalosporins hybrid materials for targeted drug delivery, Revista Romana De Materiale-
Romanian Journal Of Materials, 41, 4, 383-387, 2011.

[10] Yang J., Park S.-B., Yoon H.G., Huh Y.-M., Haam S., Preparation of poly-caprolactone nanoparticles
containing magnetite for magnetic drug carrier, International Journal of Pharmaceutics, 324, 185-190, 2006.
[11] Denkbas E.B., Kilicay E., Birlikseven C., et al., React. Funct. Polym., 50, 225, 2002.

[12]Xia Z., Wang G., Tao K., Li J., Preparation of magnetite—dextran microspheres by ultrasonication, J.
Magnet. Mag. Mat., 293, 1, 182-186, 2005.

[13] Grumezescu A.M., SaviucC., Holban A., Hristu R., Croitoru C., Stanciu G., Chifiriuc C., Mihaiescu D.,
Balaure P., Lazar V, Biointerface Res. Appl. Chem, Magnetic chitosan for drug targeting and in vitro drug
delivery response, 1, 5, 160-165, 2011.

[14] Arias J.L., Gallardo V., Gémez-Lopera S.A., Plaza R.C., Delgado A.V., J. Controlled Release, 77, 309,
2001.

[15] Pitarresi G., Palumbo F.S., Giammona G., Casadei M.A., Moracci F.M., Biodegradable hydrogels
obtained by photocrosslinking of dextran and polyaspartamide derivatives, Biomaterials, 24, 4301-4313,
2003.

[16] Hong R.Y., Li J.H., Qu J.M., Chen L.L., Li H.Z., Preparation and characterization of magnetite/dextran
nanocomposite used as a precursor of magnetic fluid, Chem. Eng. J., 150, 572-580, 2009.

[17] Ficai D., Ficai A., Vasile B.S., Ficai M., Oprea O., Guran C., Andronescu E., Synthesis of rod-like
magnetite by using low magnetic field, Digest J.f Nanomat. and Biostr.s, 6, 3, 943-951, 2011.

[18] Liu C., Lin Q., Gao Y., Ye L., Xing Y., Xi T. Characterization and antitumor activity of polysaccharide
from Strongylocentrotus nudus eggs, Carbohydrate Polymers, 67,313-318, 2007.

337



Ecaterina Andronescu, Alexandru Mihai Grumezescu, Anton Ficai, Irina Gheorghe, Mariana Chifiriuc, Dan
Eduard Mihaiescu, Veronica Lazar

[19] Cao W., Li X-Q., Liu L., Yang T-H., Li C., Fan H-T., et al., Structure of antitumor polysaccharide from
Angelica sinensis (Oliv) Diels. Carbohydrate Polymers, 66, 149-159, 2006.

[20] Shingel K. 1., Determination of structural peculiarities of dextran, pullulan and c-irradiated pullulan by
Fourier-transform IR spectroscopy, Carbohydrate Research, 337, 1445-1451, 2002.

[21] De Duve C., de Barsy T., Poole B., Trouet A., Tulkens P., Lysosomotropic agents, Biochem. Pharmacol.,
23,2495-2531, 1974.

[22] Roseeuw E., Coessens V., Balazuc A.-M., Lagranderie M., Chavarot P., Pessina A., Neri M.G.,
Schacht E., Marchal G., Domurado D., Synthesis, Degradation, and Antimicrobial Properties of Targeted
Macromolecular Prodrugs of Norfloxacin, Antimicrob. Agents Chemother., 47, 11, 3435-3441, 2003.

338



	1. INTRODUCTION_________________________________________
	In the last years, magnetic nanoparticles have found an increasing interest in biomedical and engineering applications [3F ,4F ,5F ]. The reactivity of iron oxide particles has been shown to greatly increase as their dimensions are reduced, and they m...
	2. Experimental section________________________________
	3. Results section_______________________________________
	Taken together, the antibiotics positively influenced in their biological activity by the magnetic dextran microspheres suspension were: clindamycin, rifampicin, ciprofloxacin, gentamycin and piperacillin. The majority of these antibiotics are small, ...
	4. Conclusions___________________________________________


