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Abstract
We have developed a facile and simple method to synthesize magnetic microspheres and delivery of
them into living cells. Visualization of endocytosis was done via optical and electron microscopy.
Magnetic microspheres were produced using an ultrasonic spray pyrolysis (USP) technique and were
analyzed using XRD, SEM, (S)TEM, and SQUID. Cellular experiments were conducted using two
mammalian cell lines. Key in the visualization process is the use of PDMS (poly(dimethylsiloxane)
as the substrate of cell growth.
Synthesis, Characterization, and Endocytosis of Microspheres
USP has been employed to create multitude of materials from fluorescent nanoparticles to porous
microspheres both from our group [1] and others [2]. Microphotograph of the ultrasonic fountain is
given in Fig. 1 and the fine mist droplets created are approximately 5-6 micron in size. The precursor
used for this study is comprised of Ti(IV) bis(ammonium lactato) dihydroxide and Co(OAc)2 (5:1
ratio, 0.6 M, 1 L/min Air, 850 °C). USP afforded the oxide and heat treatment of the oxide
microspheres under 5% hydrogen (95% nitrogen) gas at 600 °C afforded magnetic microspheres.
SEM and TEM analysis (Fig. 2) shows the appearance of nanoparticle cobalt on the surface of the
microspheres. XRD (Fig. 3) analysis revealed that prior to heat treatment the oxide microspheres
were a composite of cobalt oxide (Co3O4), cobalt titanate (CoTiO3), rutile and anatase titania
(majority). After reduction at 600 °C, however, Co3O4 disappeared and cobalt (Co metal) peaks
appeared. Magnetic characterization (SQUID, Fig. 4) clearly shows the presence of ferromagnetic
cobalt.
For cell experiments, HEK293 (human kidney) and SHSY5Y (human neuroblastoma) cells were
incubated with magnetic microspheres for a day. Optical/confocal microscope images clearly shows
the endocytosized microspheres inside the cytosol. The particles did not penetrate into the nucleus
and that was confirmed upon SEM of the cells grown on PDMS (Fig. 5, 6). First, PDMS was cured
inside 96 or 24 well plates. Second, cells were incubated with magnetic microspheres. Third, optical
microscope images were taken with the media present since PDMS is transparent. Fourth, SEM of
cells was done after the removal of cell media and the dehydration of each PDMS substrate.
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Fig. 1. Ultrasonic Spray Pyrolysis. (a) Ultrasonic
fountain. (b) USP setup.
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Fig. 4. Magnetic responses (298K) for before
(paramagnetic) and after (ferromagnetic) heat
treatment.
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Fig. 5. Schematic of PDMS stages inside
incubator well plates.

Fig. 2. Electron Micrographs. (a,b) SEM of
microspheres before (left) and after (right) heat
treatment. (c,d) TEM of a, b.
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Fig. 3. XRD patterns for (a) before heat treatment
and (b) after heat treatment. (* = Co3O4, ** = Co
metal, a = anatase, r = rutile)

Fig. 6. Microscope images. (a,c) optical and
SEM of SHSY5Y cells. (b,d) optical and SEM
of HEK293 cells.

