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. Comparison of micrometer sized and nanosized magnetic particles for cell labeling :
Magnetic resonance imaging (MRI) has been used globally as a noninvasive tool for
investigating human anatomy and pathological conditions. Nanosized particles of iron oxide
(NPIO) has been applied extensively as contrast medium for MRI. Recently, micrometer
sized particles of iron oxide (MPIO) has also been demonstrated the feasibility for cell
labeling to monitor immune response. In this study, we compared the cellular labeling
efficiencies of these two kinds of magnetic particles. The NPIO exhibit stronger saturation
magnetization and produce more MRI signal change. On the contrary, MPIO revealed better
particle uptake ability than NPI1O in incubated cells. Microscopically, both MPIO and NPIO
were located in the cytoplasm but not in the cell nucleus. On MRI examination, MPIO
labeled cells showed more pronounced signal change compared to NPIO labeled cells. We
conclude that MPI1O is more efficacious in cell labeling than NP10O. Our results give some
useful information for development and improvement to facilitate its MRI applications on
stem cell trafficking, evaluation of transplantation rejection and monitoring immune
responses. (The results has been published: Jong-Kai Hsiao*, Ming-Fong Tai*, Chung-Yi
Yang, Shin-Tai Chen, Jaw-Lin Wang, Huan-Chiu Ku, and Hon-Man Liu*, 2007: IEEE
Transactions on Magnetics, 43, pp2421-2423.).

. Magnetic Nanoparticle Labeling Mesenchymal Stem Cells without Transfection Agent:
Cellular Behavior and Capability of Detection with Clinical 1.5T Magnetic Resonance
at the Single Cell Level (Jong-Kai Hsiao, Ming-Fong Tai, Hung-Hao Chu, Shin-Tai Chen,
Hung Li, Dar-Ming Lai, Sung-Tsang Hsieh, Jaw-Lin Wang, Hon-Man Liu, Magnetic
Resonance in Medicine, 58, pp.717-724, 2007.): This work was to evaluate the efficacy of
labeling human mesenchymal stem cells (hMSCs) by ionic superparamagnetic iron oxide
(SP10) without a transfection agent and verifying its capability to be detected with clinical
1.5 T magnetic resonance (MR) at the single-cell level. Human hMSCs (hMSCs) were
successfully labeled with Ferucarbotran, a clinically used ionic SPIO, without aid of a
transfection agent. The labeling efficiency of hMSCs was determined by iron content



measurement spectrophotometrically, and the influence of labeling on cell behavior was
ascertained by examination of cell viability using the trypan blue exclusion method, cell
proliferation analysis using MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5- diphenyltetrazolium
bromide) assay, mitochondrial membrane potential (MMP) change, differentiation capacity,
and reactive oxygen species (ROS) production measured by dichlorofluorescein diacetate
(DCFDA) fluorescent probe. Labeled hMSCs were scanned under 1.5 T MRI with
three-dimensional (3D) and twodimensional (2D) T2-weighted gradient echo (GRE) pulse
sequences. Human hMSC labeling without transfection agent was efficient. The iron content
in hMSCs was 23.4 pg Fe/cell. No significant change was found in viability, proliferation,
MMP change, ROS production, or differentiation capacity. About 45.2% of the hMSCs
could be detected using 1.5 T MRI at the single cell level with 3D GRE and four repetitions.
Our labeling procedure is simpler, and efficacy is acceptable and comparable to other
methods reported. No significant cellular behavior change was found in the labeled hMSCs.
With proper MR pulse sequence, the labeled hMSCs can be detected at a single level. The
results supply useful data for the future in vivo study on the clinical application.

. Cellular Behavior Change of Macrophage after Exposure to Nanoparticles (J.-K. Hsiao,
T.-1. Weng, M.-F. Tai*, Y.-F. Chen, Y.-H. Wang, C.-Y. Yang, J.-L. Wang, and H.-M. Liu*, J.
Nanosci. Nanotechnol. 9, pp.1388-1393, 2009.): Magnetic nanoparticles (MNPs) are few of
the nanoparticles used clinically. When MNPs are delivered into human body, they are
ingested by macrophages. We evaluated the cellular response of macrophage after MNPs
loading. In face of stimulation by lipopolysaccharide, a strong stimulant derived from
bacterial cell wall, MNPs loaded macrophage exhibited decreased phagocytic activity and
decreased generation of cytokines such as TNF-o, IL-1 whereas increased nitric oxide
generation was noticed. Although these changes might decrease bactiericidal activity, it also
alleviates the risk of sepsis, a life threatening phenomenon in infection patients. The finding
has significant implications on nanoparticle based targeted drug delivery.

. Labeling of human mesenchymal stem cell: Comparison between paramagnetic and
superparamagnetic agents (Chung-Yi Yang, Ming-Fong Tai*, Shin-Tai Chen, Yi-Ting
Wang, Ya-Fang Chen, Jong-Kai Hsiao*, Jaw-Lin Wang and Hon-Man Liu*, 2009:, J. Appl.
Phys., 105, 07B314, 2009): Paramagnetic and superparamagnetic substances are used to
trace stem cell in living organisms under magnetic resonance imaging (MRI). We compared
paramagnetic and superparamagnetic iron oxide (SPIO) substance for their labeling
efficiency by using clinically widely used gadolinium chelates and iron oxide nanoparticles.
Without the aid of transfection agent, human mesenchymal stem cells were labeled with
each agent separately in different concentration and the optimized concentration was
determined by maintaining same cell viability as unlabeled cells. Iron oxide nanoparticle
labeling has a detecting threshold of 12 500 cells in vitro, while gadolinium chelates
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labeling could be detected for at least 50 000 cells. In life animal study, we found there is an
eightfold sensitivity in cells labeled with iron oxide superparamagnetic nanoparticles;
however, the magnetic susceptibility artifact would obscure the detail of adjacent anatomical
structures. We conclude that labeling stem cells with superparamagnetic substance is more
efficacious. However, the cells labeled by superparamagnetic nanoparticles might interfere
with the interpretation of anatomical structure. These findings would be beneficial to
applications of magnetic substances toward stem cell biology and tissue engineering.

Direct labeling of hMSC with SPIO: the long-term influence on toxicity, chondrogenic
differentiation capacity, and intracellular distribution: Chung-Yi Yang, Jong-Kai Hsiao,
Ming-Fong Tai, Shin-Tai Chen, Hui-Ying Cheng, and Hon-Man Liu, 2010:”, Molecular
Imaging and Biology, V13, N3, PP.443-451, 2010): This study was to evaluate the long-term

cellular toxicity, labeling efficiency, chondrogenic differentiation capacity, and intracellular
distribution following direct SPIO nanoparticle labeling of hMSCs in the absence of
transfection agents. The hMSCs were incubated with a SPIO, Ferucarbotran, at
concentrations of 0, 1, 10, and 100 pg Fe/ml for 24 or 72 h. The cell granularity and size
change, reactive oxygen species generation, and mitochondria membrane potential were
measured by flow cytometry. The differentiation capacity of the cells into chondrocytes was
determined by Alcian blue and Safranin-O staining, immunocytochemical analysis, and
reverse transcription polymerase chain reaction. Results: The intracellular distribution of the
internalized particles was visualized via confocal microscopy. No significant difference was
found in the toxicity of labeled cells relative to controls. Successful chondrogenesis of
Ferucarbotran-labeled hMSCs was confirmed. The intracellular SPIO nanoparticles were
located within the lysosomes. Conclusions: In conclusion, we have demonstrated the
feasibility of direct labeling with Ferucarbotran without impairment of cellular function,
toxicity, or inhibition of differentiation capacity. Furthermore, lysosomal metabolism takes
place after intracellular uptake of Ferucarbotran.

Mechanism of Cellular Uptake and Impact of Ferucarbotran on Macrophage
Physiology (Chung-Yi Yang, Ming-Fong Tai, Chih-Peng Lin, Chen-Wen Lu, Jaw-Lin
Wang, Jong-Kai Hsiao and Hon-Man Liu, PLoS ONE, V6, issue 9, e25524, 2011): SPIO
nanoparticles are contrast agents used for magnetic resonance imaging. Ferucarbotran is a
clinically approved SP10-coated carboxydextran with a diameter of about 45-60 nm. We
investigated the mechanism of cellular uptake of Ferucarbotran with a cell model using the
murine macrophage cell line Raw 264.7. We observed a dose-dependent uptake of these
SPIO particles by spectrophotometer analysis and also a dose-dependent increase in the
granularity of the macrophages as determined by flow cytometry. There was a linear
correlation between the side scattering mean value and iron content (P,0.001, R2 = 0. 8048).
For evaluation of the endocytotic pathway of these ingested SPIO particles, different
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inhibitors of the endocytotic pathways were employed. There was a significant decrease of
side scattering counts in the cells and a less significant change in signal intensity based on
magnetic resonance in the phenylarsine oxide-treated macrophages. After labeling with
SPIO particles, the macrophages showed an increase in the production of reactive oxygen
species at 2, 24, and 48 h; a decrease in mitochondrial membrane potential at 24 h; and an
increase in cell proliferation at 24 h. We concluded that Ferucarbotran was internalized into
macrophages via the clathrin mediated pathway and can change the cellular behavior of
these cells after labeling.

B. RuSr,RCu,0g ¥ SmFeAsOFy B& & % 7

1. Anisotropic Magnetic & Superconducting Properties of Aligned Weak-ferromagnetic
Superconductor RuSr,GdCu,0Og (H. C. Ku*, B. C. Chang, C. H. Hsu, Y. F. Chen, and M.
F. Tai, J. Phys.: Conf. Ser. 150, pp.052131-052134, 2009): The RuSr,GdCu,0s Ru-1212
cuprate is a weak-ferromagnetic superconductor with a magnetic ordering of Ru moments
at Ty(Ru) = 131 K, a superconducting transition in the CuO2 layers at T, = 56 K, and a low
temperature Gd antiferromagnetic ordering at Ty(Gd) = 2.5 K. The c-axis aligned powder
can be achieved at room temperature using the field-rotation method where the tetragonal
c-axis is perpendicular to the aligned magnetic field Ba and along the rotation axis. The
anisotropic temperature dependence of magnetic susceptibility for the aligned powder
down to 2 K indicates weak anisotropy with y. > yapat room temperature due to strong
anisotropic Gd contribution and y. < ya» below 185 K where strong Ru anisotropic
short-range exchange interaction overtakes the Gd contribution. Anisotropic diamagnetic
superconducting intragrain shielding signal of aligned microcrystalline powder-in-epoxy
below vortex lattice melting temperature at 39 K in 1-G field is much weaker than the
intergrain polycrystalline bulk sample signal due to the small grain size (d ~ 1-10 #m), long
penetration depth (,Aap ~ 0.6 um, Ac ~ 2 pm) and the two-dimensional (2D) character of
CuO;, layers.

2. Anisotropic Microcrystalline Powder Alignment of the Weak-ferromagnetic
Superconductor System RuSr,RCu,Og (R = Pr, Nd, Sm, Eu, Gd, GdgsDyos) (B. C.
Chang, C. H. Hsu, M. F. Tai, Y. Y. Hsu, and H. C. Ku, J. Phys.: Conf. Ser. 150,
p.052033-p.052037, 2009): The powder alignment method is used to investigate the
anisotropic physical properties of the weak-ferromagnetic superconductor system
RuSr,RCu,0Og. Due to weak magnetic anisotropy of this tetragonal system, partially c-axis
aligned microcrystalline powder (diameter ~ 1-10 um) in epoxy can be obtained only for R
= Eu and Gd through the field-rotation powder alignment method where c-axis is
perpendicular to the aligned magnetic field B; = 0.9 T and parallel to the rotation axis. For
smaller rare earth compound R = GdgsDyo s, powder alignment can be achieved using the
simple field powder alignment method where c-axis is partially aligned along the aligned



magnetic field. No powder alignment can be achieved for larger rare earths R = Pr, Nd or
Sm due to the lack of magnetic anisotropy in these compounds. We have discussed the
aligned mechanism of powder at room temperature using the spin-orbital-related
anisotropic paramagnetic susceptibility and the low temperature anisotropic physical
properties of RuSr,RCu,0s.

3. Angular dependence of x-ray absorption spectrum for field-aligned iron-based
superconductors (B. C. Chang, Y. B. You, T. J. Shiu, M. F. Tai, H. C. Ku*, Y. Y. Hsu, L. Y.
Jang, J. F. Lee, Z. Wei, K. Q. Ruan, and X. G. Li, Phys. Rev. B 80, P.165108-165111, 2009):
Anisotropic Fe K-edge and As K-edge X-ray absorption near edge spectrum (XANES)
measurements on superconducting (T, = 52 K) (Smg.gsLag os)FeAs(OogsFo.15) field-aligned
microcrystalline powder are presented. The angular dependence of Fe pre-edge peak
(dipole transition of Fe-1s electrons to Fe-3d/As-4p hybrid bands) relative to the tetragonal
ab-plane of aligned powder indicates larger density of state (DOS) along the c-axis, and is
consistent with the LDA band structure calculation. The anisotropic Fe K-edge spectra
exhibit a chemical shift to lower energy compared to FeO which are closely related to the
itinerant character of Fe**-3d® orbitals. The anisotropic As K-edge spectra are more or less
the mirror images of Fe K-edge due to the symmetrical Fe-As hybridization in the FeAs
layer. Angular dependence of As main peak (dipole transition of As-1s electrons to higher
energy hybrid bands) was observed suggesting character of As-4d ey orbitals.

4. Anisotropic Structural & Magnetic Properties of the Filed-Aligned Superconducting
System SmFeAsO;.4Fx (x =0, 0.1, 0.2, 0.25 and 0.3) (Y. B. You, T. K. Hsiao, B. C. Chang,
M. F. Tai, Y. Y. Hsu, H. C. Ku*, Z. Wei, K. Q. Ruan, and X. G. Li, J. Phys.: Conf. Ser.
V273, 012109, 2011):
Anisotropic structural and magnetic properties of the field-aligned superconducting system
SmFeAsO;xFx (x = 0, 0.1, 0.2, 0.25 and 0.3) are reported. Due to the Fe spin-orbital
related anisotropic exchange coupling, all the tetragonal microcrystalline powders in epoxy
were aligned at room temperature using the field-rotation method where the tetragonal
ab-plane is parallel to the magnetic alignment field B, of 0.9 T and the c-axis parallels to the
rotating axis. Anisotropic magnetic properties are studied through low temperature magnetic
measurements along the c-axis and paralleled to the ab-plane of aligned samples in both
zero-field-cooled (ZFC) and field-cooled (FC) modes. The under-doped compound (x = 0.1)
is not superconducting with an antiferromagnetic Néel temperature Ty ~ 40 K, while the two
optimum-doped compounds (x = 0.2 and 0.25) show high superconducting transition
temperatures T, of 49K and 50K, respectively. The variation of anisotropic structural and
magnetic properties for this system are discussed and compared with the previously reported
52 K anisotropic superconductor Smg gsLag:osFeASOg-gsFo 15.

C. ##§ i ihpL:

1. Transport and magnetic properties of Mn-doped Mgln,xO4 (M. W. Lee*, M. F. Tai, S.



H. Chiou, 2008: J. of Alloys and Compounds, 461 (2008) 316-320.): Transport and
magnetization of Mg(In,.xMny)O,4 polycrystalline pellets (0 < x < 0.55) have been
measured from 2 to 300 K. The doping MgIn,O, with Mn results in an increase in
electrical resistivity and a decrease in electron concentration. The electrical resistivity
increases with decreasing temperature throughout the temperature range and
variable-range hopping is observed at low temperatures. The diamagnetic pure Mgin,O4
changes to paramagnetic after doping. The paramagnetism of the doped samples obeys the
Curie-Weiss law. The magnetic-field dependence of the magnetization of the doped
samples can be well described by the Brillouin function.

Photovoltaic Performance of New-Structure ZnO-nanorod Dye-Sensitized Solar Cells
(M. H. Lai*, M. W. Lee, Gou-Jen Wang and M. F. Tai, 2011:, Int. J. Electrochem. Sci, V6,
pp.2122-2130, 2011): Currently, the photoelectrode of nanorod-based dye-sensitized solar
cells (DSSCs) consists of nanorods grown on a transparent conducting layer (TCO)
substrate. This work presents a new structure for nanorod DSSCs. ZnO nanorods and a ZnO
film were cogrown using a one-step chemical-vapor deposition method. The ZnO film
functioned as the TCO of the DSSC. The ZnO nanorod/ZnO film structure was sensitized
with D149 or N719 dye and assembled into a DSSC. Two notable features in this new
DSSC structure are: (1) the junction between the TCO film and the nanorods is completely
eliminated; (2) the TCO and the photoelectrode are made of the same material. Testing
showed that under AM1.5 illumination, a short current density of 15.7 mA/cm? and a power
conversion efficiency # of 1.82% can be achieved. The # is more than two times higher than
the # reported earlier for ZnO-nanorod DSSCs with the same structure.

Growth of ZnO nanorods on ordinary glass substrate using chemical vapor
deposition without catalyst: ZnO has some special optical properties, such as high UV
emission and field emission. Previous works mainly investigated the growth technologies
of ZnO nanorods on silicon substrates. In this study, we have developed a rather simple
and economic chemical vapor deposition technique to successfully grow well-aligned ZnO
nanorods on ordinary glass without using catalyst. We heated Zn powder at 600°C and
glass substrate temperatures at 450 ‘C under a flowing Ar gas (~2 torr). The distance
between Zn metallic powder and glass substrate was set to ~2 cm. Our experimental
results showed that the morphologyies of our ZnO nanorods are controlled by the process
parameters of both reaction time (20-40 min) and the Ar flowing rate (50-500 sccm).
X-ray diffraction patterns show only a rather sharp diffraction peak of (0002) plane. The
result indicated that our ZnO nanorods have hexagonal structure and exhibit a perfect
orientation. The scanning electron images of our ZnO nanorods showed a well-aligned
configuration with an aspect-ratio of 60 when the growing times of ~30 min and a Ar
flowing rate of ~400 sccm. Room-temperature photoluminescence measurements appear
that ZnO nanorods exhibit strong ultraviolet (UV) emission at 385nm and reduce the



emission of green light.
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