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Dedication
Victor S. Lin
(1966-2010)
We dedicate Particles 2010 to the memory of Victor S. Lin,
who would have presented invited paper No. 122, and to
the memory of those other of our colleagues who have
passed while pursuing the advancement of science.
With the deepest sadness, we announce that our colleague, Victor Lin, passed away
May 4th after a brief illness. Victor had been a professor of Chemistry at Iowa State
University since 1999 and an Ames Laboratory scientist since 2001. He was the
leader of the Ames Laboratory’s catalysis program, and our program director for
Chemical and Biological Sciences. He was one of our most brilliant scientists and
innovators. Our loss is great, but not nearly so great as his family’s: his wife and his
two sons have our sincerest sympathy.
A public memorial service was held May 14 at 4 p.m. in room 1148 of the Gerdin
Business Building on the campus of Iowa State University.
Victor Lin joined the Ames Laboratory in 2001, having become a member of the
chemistry faculty at Iowa State University in August of 1999. In July of 2007, he
became director of IPRT’s Center for Catalysis and a month later took over as
program director for the Chemical and Biological Sciences program at Ames
Laboratory, replacing Ed Yeung. He held both those positions and was a professor
of chemistry at ISU at the time of his death at the age of 43.
Lin was born in Taiwan and received his bachelor’s degree in chemistry from
National Chung-Hsing University, Taichung, Taiwan. He came to the United States
for graduate studies, receiving his Ph.D. in chemistry from the University of
Pennsylvania in 1996. He served as a postdoctoral fellow at The Scripps Research
Institute in La Jolla, Calif., before coming to Iowa State.
His research at Ames Laboratory focused on the design of multifunctionalized
heterogeneous catalysts with unique nanoporous structures and high selectivity for
many industrially important reactions. He successfully demonstrated using such
catalysts in the production of bio-diesel fuels, which also led to the founding of a
company, Catilin, to bring the technology to market. Lin was also investigating the
use of the technology for drug delivery, the production of ethanol from syngas and
for harvesting bio-oils from algae.
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Lin’s research efforts resulted in three patents and 10 patent applications. He
published 58 journal articles during his tenure at Iowa State and his published
papers have been cited more than 2,500 times in the work of other researchers. He
was also recognized for his research work with a National Science Foundation
CAREER Award, an ISU College of Liberal Arts and Sciences Award for Early
Achievement in Research, an Outstanding Technology Development Award from the
Federal Laboratory Consortium and the ISU Award for Mid-Career Achievement in
Research. In March, he was named the second John D. Corbett Professor in
Chemistry and was to have begun this professorship in June. It was announced on
April 30 that Lin was to receive the LAS Award for Achievement in Intellectual
Property at the college’s fall convocation.
As a teacher and mentor, he advised 12 post-doctoral associates, 29 graduate
students and seven undergraduates. He also served as a mentor for Ames Lab’s
Science Undergraduate Laboratory Internship program, sponsored by the
Department of Energy.
A respected scientist in his field, Lin was
an invited speaker for more than 100
seminar presentations and delivered more
than a dozen contributed lectures and
presentations at major chemistry
conferences. He was a member of the
American Chemical Society, the American
Institute of Chemical Engineers, the
Materials Research Society, the American
Association for Advancement of Science,
Sigma Xi, and a Visiting Professor of the
Catalysis Research Center, Hokkaido
University, Sapporo, Japan (2008).
A Facebook page remembering Lin has
been established by several of his
chemistry graduate students. Friends and
colleagues are encouraged to share
photos, comments and memories. The site
can be found at:
http://www.facebook.com/group.php?gid=1
19753638049329.
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Sponsors

Particles Conference
http://nanoparticles.org/

European Association of Pharma
Biotechnology
http://www.eapb.org/

InForm
http://www.nanoformulation.eu/
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Corporate Sponsor
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International Organizing Committee
T. L. Andresen (Denmark)
J. M. Asua (Spain)
D. Burgess (USA)
K. Caldwell (Sweden)
R. Duncan (UK)
M. El-Sayed (USA)
N. Garti (Israel)
K. Johnston (USA)
H. Kawaguchi (Japan)
J. H. Kim (Korea)
S. Margel (Israel)
H. Moehwald (Germany)
B. Moudgil (USA)
R. Mueller (Germany)
F. Nielloud (France)
T. Nilsen (USA)
D. Poncelet (France)
M. C. Roco (USA)
P. Rogueda (UK)
J. L. Salager (Venezuela)
S. Simoes (Portugal)
P. T. Spicer (USA)
S. Svenson (USA)
J. Texter (USA), General Chair
D. Thompson (USA)
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PlasmaChem Prize - For Best Poster!
PlasmaChem GmbH
Rudower Chaussee 29
D-12489 Berlin, Germany
+49 (0) 30/6392-6313
http://www.plasmachem.com/

Particles 2009 – Berlin

Sune M. Christensen (University of Copenhagen, far left), winner of the PlasmaChem Prize
for best poster, with John Texter (far right) presenting Certificate and $500 Cash Award
and judges Thorsten Brandau (Brace GmbH, left), Louis Doorn (Givaudin, middle), and
Gleb Sukhorukov (Queen Mary College, right).

Particles 2008 - Orlando

Sunday Night - Erhan Altinglu (Penn State),
Sunday winner of the PlasmaChem Prize,
with Melanie Martin presenting $500 cash
award and surrounded by judges Alamgir
Karim (far right), Esko Kauppinen (next),
and Ian Morrison (far left).

Monday Night - Sanjay Mishra (Memphis),
Monday winner of the PlasmaChem Prize,
surrounded by judges J. Adin Mann
(presenting $500 cash award), Ray Mackay
(rear), and Jim Adair (left).

9

Exhibitors

Beckman Coulter, Inc
250 S. Kraemer Boulevard
PO Box 8000
Brea, CA 92821, USA
714 – 961 – 4223
http://www.beckmancoulter.com/

Biolin Scientific, Inc
808 Landmark Drive, Suite 124
Glen Burnie, MD 21061, USA
877 – 773 – 6730
http://www.biolinscientific.com/
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Brookhaven Instruments Corporation
750 Blue Point Road
Holtsville, NY 11742, USA
631 – 758 – 3200
http://www.bic.com/

CPS Instruments, Inc
311 Society Place
Newtown, PA 18940, USA
215 – 860 – 4540
http://www.cpsinstruments.com/
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ChemImage Corp
7301 Penn Ave
Pittsburgh, PA 15208, USA
412 – 241 – 7335
http://www.chemimage.com/

CytoViva, Inc
300 North Dean Road
Suite 5 – PMB 157
Auburn, AL 36830, USA
334 – 737 – 3133
http://www.cytoviva.com/
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Formulaction, Inc
PO Box 178
Wynnewood, PA 19096, USA
610 – 649 – 1650
http://www.formulaction.com/

Inotech Biosystems International, Inc
15713 Crabbs Branch Way
Derwood, MD 20855, USA
301 – 670 – 2850
http://www.inotechintl.com/

Izon Science Limited
PO Box 20189, Bishopdale
Christchurch, Canterbury, 8543, NEW ZEALAND
+64 3 3574270
http://www.izon.com/
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LS Instruments GmbH
9311 Monroe Road, Suite 1
Charlotte, NC 28270-1483, USA
704 – 841 – 2117
http://www.lsinstruments.ch/

Micromeritics Instrument Corporation
4356 Communications Drive
Norcross, GA 30093, USA
305 – 606 – 1930
http://www.micromeritics.com/

Microtrac Inc
148 Keystone Drive
Montgomeryville, PA 18936, USA
727 – 507 – 9770
http://www.microtrac.com/
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Nano Discovery Inc
12565 Research Pkwy, Suite 300
Orlando, FL 32826, USA
407 – 770 – 8954
http://www.nanodiscoveryinc.com/

NanoImaging Services
10931 N. Torrey Pines Rd., #108
La Jolla, CA 92037, USA
888 – 675 – 8261
http://www.nanoimagingservices.com/
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NanoSight Ltd
6660 N. High Street, Suite 2A
Worthington, OH 43085, USA
614 – 987 – 0045
http://www.nanosight.com/

Ocean NanoTech
2143 Worth Lane
Springdale, AR 72764, USA
479 – 751 – 5500
http://oceannanotech.com/
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Particle Sizing Systems
8203 Kristel Circle
Port Richey, FL 34658, USA
727 – 846 – 0866
http://www.pssnicomp.com/

Postnova Analytics Inc
230 South 500 East, Ste 120
Salt Lake City, UT 84102, USA
801 – 521 – 2004
http://www.postnova.com/
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Quantachrome Instruments
1900 Corporate Drive
Boynton Beach, FL 33426, USA
561 – 731 – 4999
http://www.quantachrome.com/
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General Program Schedule
Saturday, May 22
(0900 – 2000) Registration – Registration is outside of the Horizons Ballroom, at the
top of the lobby staircase
(1800 – 2000) Opening Informal Reception & Exhibition (Horizons Ballroom)
Sunday, May 23
(0700 – 2000) Registration
(0800 – 0850) Plenary 1 (Horizons Ballroom)
(0900 – 1230) Technical Sessions: A1 (Rock Lake), B1 (Park Lake), C1 (Sandy
Lake), D1 (Spring Lake), and E1 (Bay Lake)
(1135 – 1200) Special Presentation (Bay Lake)
(1200 – 1400) Luncheon/Exhibition (Horizons Ballroom)
(1400 – 1755) Technical Sessions: A2 (Rock Lake), B2 (Park Lake), F1 (Sandy
Lake), G1 (Spring Lake), and H1 (Bay Lake)
(1725 – 1750) Special Presentation (Bay Lake)
(1800 – 2000) Poster Session (P1)/Reception/Exhibition (Horizons Ballroom)
Monday, May 24
(0730 – 2000) Registration
(0800 – 0850) Plenary 2 (Horizons Ballroom)
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(0900 – 1230) Technical Sessions: A3 (Rock Lake), I1 (Spring Lake), C2 (Park Lake),
G2 (Sandy Lake), and J1 (Bay Lake)
(1200 – 1400) Luncheon/Exhibition (Horizons Ballroom)
(1400 – 1730) Technical Sessions: A4 (Rock Lake), I2 (Spring Lake), F2 (Park Lake),
G3 (Sandy Lake), and H2 (Bay Lake)
(1700 – 1725) Special Presentation (Bay Lake)
(1800 – 2000) Poster Session (P2)/Reception/Exhibition (Horizons Ballroom)
Tuesday, May 25
(0700 – 2000) Registration
(0800 – 0850) Plenary 3 (Horizons Ballroom)
(0900 – 1230) Technical Sessions: A5 (Rock Lake), K1 (Sandy Lake), L1 (Bay Lake,
and G4 (Spring Lake)
(1200 – 1400) Luncheon/Exhibition (Grand Ballroom D)
(1400 – 1730) Technical Sessions: A6 (Rock Lake), M1 (Bay Lake), F3 (Sandy
Lake), and G5 (Spring Lake)
(1755) Conference Ends
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Maps of Meeting Spaces

(Lower) View of hotel entrance, lobby, path to breakout rooms from lobby
staircase (down from Horizons Ballroom), rear pool, and lake (bottom to top),
and (upper) exploded view of breakout rooms.
21

Horizons Ballroom accessed via Lobby Staircase for conference registration,
plenary sessions, luncheons, and receptions/poster sessions. Hotel
restaurant opposite ballroom entrance (out of view at bottom of figure).
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Technical Program
Sunday, May 23, 2010, Morning
Plenary 1 (Sunday 0800-0850, Horizons Ballroom)
Session Chair: Andrew Lyon, Georgia Tech
0800 1. Haruma Kawaguchi; Stimuli responsive coloring particles
Session A1 (Sunday 0900-1210, Rock Lake) Nanoparticle & Hydrogel
Synthesis
Session Chair: Todd Krauss
0900 2. Atsushi Takahara; Keynote - Characterization of liquid marbles coated
with hydrophobic fluoropolymer microparticles
0930 3. Jean-Francois Berret; A versatile approach for the fabrication of
magnetofluorescent nanorods
0945 4. Gan-Moog Chow; Size and interface effects of upconversion sodium
yttrium fluoride (NaYF4) nano-phosphors
1010 Break
1030 5. Jesus Santamaria; Gold-silica hybrid nanoparticles for drug delivery and
near-infrared hyperthermia
1055 6. Yukio Nagasaki; Nitroxyl radical-containing nanoparticles for ischemia
reperfusion injury
1120 7. Alexander Couzis; Supramolecular paths for the synthesis of composite
hollow particles
1145 8. Jianjun Cheng; Controlled formulation of polymeric nanoparticles for in vitro
and in vivo drug delivery
1210 End of Session
Session B1 (Sunday 0900-1220, Park Lake) Characterization
Session Chair: Dave Nicoli
0900 9. Bob Carr; Keynote - Simultaneous real-time multiparameter analysis of
bionanoparticles in liquids
0930 10. Ian Block; Particle characterization in turbid systems using 3D
cross-correlation techniques
0945 11. Mark Bumiller; Image analysis as a tool for particle characterization in the
pharmaceutical industry
1010 Break
1030 12. Hilde Jans; Dynamic light scattering as a powerful tool for gold
nanoparticle characterization and biomolecular binding studies
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Technical Program
1045 13. Judith Kuntsche; Asymmetrical flow field-flow fractionation for the
characterization of lipid-based colloidal formulations
1110 14. Giacomo Perfetti; X-ray tomography and image analysis as
complementary methods for morphological characterization and coating
thickness measurement of coated particles
1125 15. Hyonchol Kim; Non-amplified quantitative detection of target biomolecules
using metal nanoparticle probe set and FE-SEM
1150 16. Byron Cheatham; In vitro hyperspectral imaging of nanoparticles in live
cells
1205 17. Johannes H. Kindt; Quantitative nanoscale mapping of topography and
surface mechanical properties
1220 Session Ends
Session C1 (Sunday 0900-1225, Sandy Lake) Gene and siRNA Delivery
Session Chair: Martin Woodle
0900 18. David H. Thompson; Keynote - Construction of a novel bioresponsive
vector system based on beta-6-amino-cyclodextrins and PEG-polyvinyl
alcohol)-adamantine host:guest interactions
0930 19. Yong Wang; The development of gold nanoparticles as a functional
delivery system for islet transplant
0945 20. Yoshiki Katayama; New gene regulation delivery system using
intracellular-responsive artificial gene regulator/gene complex for cell-specific
therapy and imaging
1010 Break
1030 21. Robert J. Lee; Targeted nanoparticles for oligonucleotide delivery
1055 22. Laurence Navailles; Anionic nucleotide-lipids for in vivo DNA transfection
1120 23. Jon Preece; Nanoparticulate dual intracellularly degradable peptide
vectors for gene delivery
1145 24. Yasuhiko Tabata; Nanoparticles technology to genetically manipulate the
biological functions of stem cells
1210 25. John Texter; New nanofluid particles for gene delivery
1225 End of Session
Session D1 (Sunday 0900-1225, Spring Lake) Triggered Release
Session Chair: Thomas Andresen
0900 26. Kenji Kono; Keynote - Design of multifunctional nanovesicles for
temperature-sensitive drug release and imaging
0930 27. Mark W. Grinstaff; Expansile nanoparticles: Synthesis, characterization,
and in vivo efficacy of an acid-responsive polymeric drug delivery system
0955 28. J. Andrew Mackay; Genetically engineered polypeptosomes
1020 Break
1040 29. Samir Mitragotri; Keynote - Red blood cell-mimetic synthetic particles
1110 30. Robin L. McCarley; Redox-responsive liposome-based delivery systems
1135 31. Jinming Gao; Micellar nanomedicine for cancer imaging and therapy
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Technical Program
1200 32. Christophe Schatz; Engineering the surface of magnetic nanoparticles by
adsorption of double hydrophilic block copolymers
1225 End of Session
Session E1 (Sunday 0900-1200, Bay Lake) General Papers
Session Chair: Robert Delong
0900 33. John Volckens; Keynote - Development of a system for direct,
particle-to-cell deposition at the air-liquid interface in vitro
0930 34. Kerri-Ann Hue; Targeted extraction of hydrophobic mycotoxins using
modified montmorillonite clays
0945 35. Johannes Kluge; Pharmaceutical micro- and nano-composites by
supercritical CO2 extraction of emulsions
1010 Break
1030 36. Tommy Horozov; Particle assisted photolighography: Principles and
applications
1055 37. Jonghwi Lee; Structures from electrohydrodynamic jetting and their
assembly
1120 38. Yakov Rabinovich; Role of diffusion kinetics in capillary phenomena
Special Presentation (Bay Lake)
1135 39. Nily Dan; Interfaces Initiatives in the NSF Biology Directorate
1200 End of Session
Sunday, May 23, 2010, Afternoon
Session A2 (Sunday 1400-1755, Rock Lake) Nanoparticle & Hydrogel
Synthesis
Session Chair: Sonke Svenson
1400 40. Ravi Bellamkonda; Multifunctional imaging nanocarriers for angiography
and personalized medicine
1425 41. Elena Dormidontova; Nanoparticle targeting design optimization by
computer simulations
1450 42. Sonke Svenson; Polymeric nanoparticles of camptothecin "Â€Â“ Early
clinical development of IT-101
1515 43. Robert O. Williams III; Formulation and characterization of itraconazole
nanoparticles made by advanced evaporative precipitation into aqueous solution
1540 Break
1600 44. Brian Windsor; Benefits of nanostructured compositions made by rapid
freezing to drug delivery
1625 45. Artur Cavaco-Paulo; Protein based nano- and microspheres for medical
applications
1640 46. Yu Huang; Specific peptide mediated nanoparticle sysnthesis
1705 47. Srinivas Sridhar; Nanoplatforms for nanomedicine
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Technical Program
1730 48. Satoshi Sakamoto; Development of highly functionalized magnetic beads
applicable to drug discovery research
1755 End of Session
Session B2 (Sunday 1400-1745, Park Lake) Characterization
Session Chair: Bob Carr
1400 49. David F. Nicoli; New focused-beam SPOS technology reaches below 0.15
µm for challenging particle size applications in biotechnology
1425 50. David Driscoll; Stability of injectable emulsions: Mean droplet diameter vs.
the large-diameter tail
1450 51. Scott C. Brown; Tissue culture AFM probes, pleural space tribology and
the pathogenesis of pneumothorax
1505 52. Mark A. Poggi; Quantifying in situ changes of nanoscale interactions
using quartz crystal microbalance with dissipation monitoring
1520 53. Sam Yu; Novel techniques for nanoparticle analysis and characterization:
Diagnostic, pharmaceutical and drug delivery applications
1535 Break
1555 54. Stephen Williams; New developments in magnetic field-flow fractionation
for the analysis of magnetic nanoparticles
1620 55. Yoann Lefeuvre; Laser microrheology for soft materials
1635 56. Nuttawut Lewpiriyawong; Dielectrophoretic characterization and
continuous separation of micro/submicron particles and cells in a PDMS-based
microfluidic device with silver-PDMS electrodes
1650 57. Clemens Helmbrecht; Continuous characterization and separation of
single particles by photophoresis
1705 58. Bieke Van de Broek; Thermo-optical properties of branched gold
nanoparticles for hyperthermia tumor treatment
1720 59. Maria Teresa Celis; Characterization of nano-dispersions
1745 End of Session
Session F1 (Sunday 1400-1750, Sandy Lake) Encapsulation & Controlled
Release
Session Chair: Christophe Lacroix
1400 60. Nily Dan; Keynote - Colloidosomes for cell encapsulation and drug
delivery: Tailoring transport and flux
1430 61. Dennis Bong; Designed molecular recognition at the lipid-water interface
1455 62. Mads H. Clausen; Novel lipid conjugated prodrugs for sPLA2 activated
liposomal drug delivery
1420 63. Atoosa Maleki; Thermoresponsive amphiphilic block copolymers for
sustained release of hydrophobic pharmaceuticals
1535 Break
1555 64. Parkson Chong; Bipolar tetraether liposomes: Physical properties and
applications
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Technical Program
1620 65. Amitav Sanyal; Colloidal microcapsules via directed slf-assembly at the
liquid-liquid interface
1645 66. Elka Touitou; Drug delivery applications with ethosomes
1710 67. Jonathan R. Howse; Templated vesicle formation and propelled vesicles
for enhanced delivery
1735 68. Daniel Klinger; Novel photodegradable crosslinkers for the preparation of
light sensitive microgels
1750 End of Session
Session G1 (Sunday 1400-1715, Spring Lake) Diagnostics & Imaging
Session Chair: Shlomo Margel
1400 69. Ulrich Wiesner; Keynote - C Dots: Fluorescent core-shell silica
nanoparticles for bioimaging and nanomedicine
1430 70. Clémence Sicard; Gold production by silica-entrapped photosyntheitic
organisms: A "living" bio-hybrid material
1445 71. Sandra Rosenthal; Lipid rafts modulate membrane mobility of serotonin
transporters in living serotonergic neurons revealed by single quantum dot
1510 72. Qun Huo; NanoDLSay for broad-based immunoassays
1535 Break
1555 73. Wolfgang Parak; Keynote - Ion sensing and delivery with nano- and
microparticles
1625 74. Si-Shen Feng; Nanoparticles of biodegradable polymers for cancer
detection and treatment at its earliest stage
1650 75. Eric K. Dufek; Surface enhanced Raman scattering as a readout strategy
for immunodet
1715 End of Session
Session H1 (Sunday 1400-1750, Bay Lake) Toxicology
Session Chair: Kenji Yasuda
1400 76. Kazunari Akiyoshi; Keynote - Development of new protein delivery
system by nanogel engineering
1430 77. Roberta Brayner; Impact of physico-chemical characteristics of
nanomaterials interactions with photosynthetic microorganisms in terms of
ecotoxicity toxico
1455 78. Xi Guang Chen; A novel chitosan antibacterial dispersion system with
nanotechnology The effects of particle size, coating, and reactivity on cell function
1510 79. Lucienne Juillerat; Transport of nanoparticles across cellular barriers, the
examples of the blood-brain and the digestive barriers
1535 Break
1555 80. Gerhard Pütz; CARL and kinetic targeting: A backdoor approach to
diminish toxicity of liposomal doxorubicin
1620 81. Juergen Schnekenburger; Method of standardizaton and comparative in
vitro testing of 23 engineered nanoparticles
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Technical Program
1645 82. Marc Schneider; Chitosan/PLGA particles for drug delivery and their
cytotoxic profile
1710 83. Megan Hahn; Cellular applications and effects of nanomaterials
Special Presentation (Bay Lake)
1725 84. Lucienne Juillerat; NanoImpactNet - An EU FP7 Network
1750 End of Session
Sunday, May 23, 2010, Evening
Poster Session P1 (Sunday, 1800-2000, Horizons Ballroom)
Session Chair: John Texter, Eastern Michigan University
Nanoparticles & Hydrogels
228. Muriel Subirade; Chitosan nanoparticles inside alginate microparticle for oral
delivery of Clostridium botulinum toxin immunoglobulin
229. Muriel Subirade; Study of beta-lactoglobulin as a potential carrier of folic acid
230. Keith P. Johnston; Low viscosity highly concentrated dispersions of stable
submicron IgG protein particles formed by swift freezing
231. Teppei Kikuchi; Preparation of water-based magnetite suspension for
biomedical application
232. Sanjay R. Mishra; A green hydrothermal synthesis of
magnetic-photoluminescent carbon coated tellurium nanostructures
233. Peyman Moslemy; Non-invasive delivery of biodegradable drug-containing
nanoparticles by ocular iontophoresis
234. Makato Murakami; Fabrication of surfactant free nanocolloid solution by using
ultrafast laser ablation
235. Jessie Desbiens; Synthesis and characterization of polymer nanoparticles
doped with a luminescent europium complex and silver nanoparticles
236. Astha Malhotra; Microemulsion synthesis of buffer-stable chitosan-PGA hybrid
nanoparticles for biomedical applications
Cancer Therapy
237. Dabatosh Majumdar; Nanotechnology based targeted cancer prevention and
therapy
238. Wei Wei; Galactosylated nanocrystallites of insoluble anticancer drug for liver
targeting therapy
239. In-Hyun Lee; A duplex oligodeoxynucleotide-dendrimer bioconjugate as a novel
delivery vehicle of doxorubicin for in vivo cancer therapy
240. Kimberly Ann V. Zubris; Efficacy of paclitaxel-eluting expansile nanoparticles
inbreast cancer
241. Kimberly Ann V. Zubris; Paclitaxel-loaded nanoparticles prevent malignant
peritoneal mesothelioma in vivo
242. Frederic Bouyer; Synthesis of silica nanoparticles for controlled delivery of
anticancer drugs
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Technical Program
243. Xiang-Hong Peng; Reducing non-specific toxicity of cisplatinin head and neck
cancer by targeted therapy using cisplatin-heparin-folic acid nanoparticles
244. Gwi-Moon Seo; Proteome analysis after attenuation of mouse melanomas by
stem cell targeted magnetic hypothermia
Characterization
245. Robert L. MacCuspie; Surface characterization of gold and silver nanoparticles
to predict fate and behavior in biomedical applictions
246. Mohsen Soleiman; Reversible pH-induced microphase separation probed by
fluorescence resonance energy transfer in polymer-polymer composite nanopartiles
247. Kerri-Ann Hue; Particle size and density measurement using
ultra-high-resolution mass sensors
Photodynamic & EM Therapy
248. Raja Shekar Rachakatla; An in vivo experimental study of mouse melanoma
therapy by neural stem cell-targetted magnetic hyperthermia
249. Sivasai Balivada; Homing studies of monoytes, endothelial cells, andrat
umbilical cord cells loaded with Fe/Fe3O4 core/shell magnetic nanoparticles in a
subcutaneous mouse melanoma model
250. Martina Koneracka; Interaction of magnetic fluids with amyloid aggregates
251. Vlasta Zavisova; Magnetic nanospheres carrying anticancer drug
252. Ran Ji Yoo; Radiosensitizing effect of paclitaxel-loaded pH-sensitive block
copolymer micelles
253. Seong-Yun Jeong; Radiosensitization effects of polymeric
nanoparticle-sirolimus on human cancer cells
254. Jinesh Shah; Nanostructured core-shell ferrites as a magnetic carrier for
targeted drug delivery and biomedical applications
Surface Modification
255. Joel Zazyczny; Cyclic azasilanes: Vapor phase functionalization of
nanoparticles
256. Rasmus I. Joelck; Quantification of liposome functionalization by a fluorogenic
1,3-dipolar cycloaddition reaction
257. Jussi Rytkönen; Biodistribution of PEGylated and algiante/chitosan shielded
nanoparticles
258. Ammar T. Qureshi; Bacterial biofilm reduction using silver nanocomposites on
orthopedic implants
259. Kristina Eleršič; Adhesion of streptavidin onto magnetic beads
Encapsulation & Controlled Release
260. Martin Loew; Controlled release in time and space: Assembly of
nanocontainers on a carrier system via DNA hybridization
261. Erhan I. Altinoğlu; Tailoring calcium phosphate nanoparticles for in vivo imaging
and drug delivery applications
262. Mark A. Bewernitz; Generation of “soft-hard” core-shell particles for controlled
release
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Technical Program
263. Joohee Jung; Development of low immunogenic bio-nanocapsules
264. Hakan Kaygusuz; Controlled release of proteins from doped alginate hydrogels
265. Michal Pellach; The encapsulation of hydrophobic light-emitting dyes and
amphiphilic fluorescein into polystyrene microspheres of narrow size-distribution
Diagnostics & Imaging
266. Hong Yan Liu; Generation of multi-color monovalent quantum dots for tumor
marker profiling
267. Adam Shuhendler; Stealth solid lipid nanoparticles encapsulating lead selenide
quantum dots for whole animal near infrared fluorescence imaging
268. Shivang R. Dave; Development of highly luminescent robust quantum
dot-based reporter barcodes for ultrasensitive detection of cancer biomarkers
269. Y. Andrew Wang; Uptake of quantum dots by plants
270. Oscar J. Santiesteban; Small-molecule-conjugated nanosensors for the
sensitive detection of toxins via magnetic relaxation
271. Ariane Beaupré; Development of lanthanide ion-based luminescent
nanoparticles
272. Xiaoge Hu; Modification of gold nanorods as stable contrast agents
273. Xuan Zhang; Ultra-small Au nanoparticles in cells
274. Thomas R. Morris II; Synthesis and characterization of zinc blend luminescent
nanoparticles
Monday, May 24, 2010, Morning
Plenary 2 (Monday 0800-0850, Horizons Ballroom)
Session Chair: Gleb Sukhorukov (Queen Mary College)
0800 85. Helmuth Möhwald; Nanocarriers with controlled release for materials and
biosciences
Session A3 (Monday 0900-1225, Rock Lake) Nanoparticle & Hydrogel
Synthesis
Session Chair: Kui Yu
0900 86. Chuan-Jian Zhong; Keynote - Magnetic and core-shell nanoparticles for
probing and delivering biomolecules
0930 87. Si Amar Dahoumane; Bio-controlled synthesis of gold nanoparticles using
micro-algae as bioreactors: Control of size and shape and reaction kinetics
0945 88. Brian Amsden; BMP-6 release from stericly stabilized microspheres
prepared from low melting point poly(caprolactone-co-trimethylene carbonate)
1010 Break
1030 89. Luis Brito; TLR agonists in nanoemulsions for adjuvant delivery
1055 90. Todd Krauss; Insights into synthesis of ultra-small semiconductor
quantum dots
1120 91. Steve Little; Polymeric particles as a platform for biomimetic drug delivery
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Technical Program
1145 92. Carmen Gruber-Traub; Biomimetic particles: Concept, design and
applications in biotechnology and biomedicine
1210 93. Hadas Skaat; Synthesis and characterization of magnetic core-shell
nanoparticles for inhibition or acceleration of insulin and amyloid-beta fibril formation
1225 End of Session
Session I1 (Monday 0900-1200, Spring Lake) Targeting
Session Chair: Si-Shen Feng
0900 94. Omid Farokhzad; Keynote - Multifunctional polymeric nanoparticles for
medical applications
0930 95. Kate Fitzgerald; Neutrally charged nanospheres as potential candidates
for cardiovascular targeting
0945 96. Zhuo (Georgia) Chen; Ligand specific therapeutic nanoparticles for head
and neck cancer targeting
1010 Break
1030 97. Volkmar Weissig; Mitochondria-targeted anticancer chemotherapy
1055 98. Stefano Leporatti; Nanocarriers for cancer therapy
1110 99. Jin Zhong Zhang; Photothermal ablation therapy of cancer with plasmonic
metal nanostructures: A case study using hollow gold nanospheres for carcinoma
and melanoma
1135 100. Tamara Minko; Nanotechnology strategies to overcome limitations in
cancer treatment
1200 End of Session
Session C2 (Monday 0900-1200, Park Lake) Gene and siRNA Delivery
Session Chair: David Thompson
0900 101. Francesco Stellacci; Keynote - Cell membrane penetrating particles for
RNA delivery
0930 102. Marc Abrams; Optimizing a lipid-based vehicle for siRNA delivery to liver
0955 103. Barbara Geusens; Flexible nanosomes (secosomes) enable efficient
siRNA delivery in cultured primary skin cells and in the viable epidermis of ex vivo
human skin
1020 Break
1040 104. Martin Woodle; Keynote - Tissue targeted siRNA nanoparticle
therapeutics: The next "antibody"
1110 105. Chrsitopher Levins; Combinatorial synthesis of materials for nanoparticle
based siRNA therapeutics
1135 106. Zheng-Rong Lu; Targeted multifunctional siRNA delivery systems
1200 End of Session
Session G2 (Monday 0900-1210, Sandy Lake) Diagnostics & Imaging
Session Chair: Uhlrich Wiesner
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0900 107. Heinrich Hofmann; Keynote - SPION as a diagnostic tool at the
molecular level
0930 108. Lionel Maurizi; New method of SPION synthesis: In vitro and in vivo
biological applications as an MRI contrast agent
0945 109. Thomas L. Andresen; Nanoparticles for in vivo imaging
1010 Break
1030 110. Lily Yang; Theranostic nanoparticles for targeted therapy and imaging of
breast and pancreatic cancers
1055 111. David Cliffel; Epitope mapping of protein binding domains using
nanoparticle display
1120 112. Tokuji Miyashita; Hybrid nano assemblies of polymer nanosheets with
metal nanoparticles
1145 113. Shlomo Margel; Engineering of new iron oxide and iodinated
nanoparticles for biomedical applications: Florescence, MRI & CT contrast agents,
cancer therapy and diagnostics and therapy of neurodegenerative disorders
1210 End of Session
Session J1 (Monday 0900-1150, Bay Lake) Inhalation
Session Chair: Philippe Rogueda
0900 114. Philippe Rogueda; Keynote - The rheology of solid fine particles
0930 115. Oksana Olkhovyk; An ingredient-specific particle size characterization of
dry powder inhaler with two APIS
0945 116. Kunn Hadinoto; Antibacterial efficacy of inhalable antibiotic-loaded
nanoparticles against biofilm infections by respiratory pathogens
1010 Break
1030 117. Robert Sievers; Keynote - Safer delivery of nanoparticles and
microparticles of vaccines and pharmaceuticals
1100 118. Albert Mihranyan; Fractal roughness of particles - New insights
1125 119. Jim Talton; Nanotherapeutics inhaled and nasal dry-powder platform
technologies
1150 End of Session
Monday, May 24, 2010, Afternoon
Session A4 (Monday 1400-1730, Rock Lake) Nanoparticle & Hydrogel
Synthesis
Session Chair: Heinrich Hofmann
1400 120. L. Andrew Lyon; Keynote - Designed core/shell nanogels for controlled
release
1430 121. Frank Scheffold; Brushlike interactions between thermoresponsive
microgel particles
1445 123. Matthew Yates; Hydrogel nanoparticles as carriers for peptides and
proteins
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1510 124. Paul Russo; Polypeptide-silica particles: Hierarchy in structure and
function
1535 Break
1555 125. Heiko Schiffter; Biodegradable nanoparticles for drug delivery prepared
by a new spray-drying process
1610 126. Afsaneh Lavasanifar; Engineered polymeric micelles for overcoming
drug resistance in cancer
1635 127. Anna-Lena Kjøniksen; Thermosensitive
hydroxyethylcellulose-graft-poly(N-isopropylacrylamide) nanoparticles
1650 128. Daniel Crespy; Nanparticles from miniemulsion relevant for biomedical
applications with different chemistry, sizes, and shapes
1705 129. Shirui Mao; Polymeric micelles as carriers for peroral administration of
hydroxycamptothecin
1730 End of Session
Session I2 (Monday 1400-1740, Spring Lake) Targeting
Session Chair: Volkmar Weissig
1400 130. Roger M. Leblanc; Keynote - Inhibition of amyloid fibrillation by
conjugated quantum dots
1430 131. Mika Lindén; Cell-specific delivery of active cargo to cancer cells using
mesoporous silica as carriers
1455 132. Sangyong Jon; Aptamer-mediated drug delivery for prostate cancer
therapy
1520 133. Seong-Yun Jeong; Preclinical evaluation of Au nanoparticle containing
beta-lapachone for radiosensitization
1545 Break
1600 134. Xiao Yu (Shirley) Wu; Harnessing the synergy of drug combination and
nanocarrier to overcome multidrug resistance in breast cancer
1625 135. Cecelia Sahlgren; Nanotechnolgy for targeted control of signaling
pathways in cancer and stem cell differentiation
1650 136. Hideo Sawada; Preparation and applications of fluoroalkyl end-capped
oligomer/silica nanocomposites possessing a potent and selective anti-HIV-1 activity
1715 137. Glyoong Tae; Functionalized Pluronic-PLGA nanoparticles for growth
factor delivery and tumor targeting
1740 End of Session
Session F2 (Monday 1400-1750, Park Lake) Encapsulation & Controlled
Release
Session Chair: Kenji Kono
1400 138. Christophe Lacroix; Keynote - New in vitro intestinal fermentation
models with immobilized human fecal microbiota for diet and drug assessment
1430 139. Anuj Chauhan; Extended opthalmic drug delivery from contact lens
containing particles and barriers
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1455 140. Erhan Altinoglu; Simultaneous near infrared diagnostic imaging and
photodynamic therapy of cancer
1510 141. Shun’chi Kuroda; Bio-nanocapsules for the in vivo pinpoint delivery of
nucleic acids and drugs
1535 Break
1555 142. Anja Kroeger; Functionalized and tunable nanoparticles for biomedical
applications and their interactions with cells
1610 143. Wei Wei; Preparation of hierarchical hollow CaCO3 particles and their
application as anticancer drug carrier
1625 144. Thomas Scheibel; Spider silk submicroparticles for controlled drug
delivery
1650 145. Pilar Rivera Gil; Intracellular processing of proteins mediated by
biodegradable polyelectrolyte capsules
1705 146. Guanghi Ma; Preparation of uniform-sized microspheres and
microcapsules for drug delivery
1720 147. Uta Riebetanz; Cell-penetrating peptide as surface layer for fast
endocytotic uptake of colloidal microcarriers by cells
1735 148. Emilia Pisani; Sustained release nanoparticles for oral administration of
irinotecan
1750 End of Session
Session G3 (Monday 1400-1725, Sandy Lake) Diagnostics & Imaging
Session Chair: Wolfgang Parak
1400 149. Vince Rotello; Keynote - Protein, bacteria, and mammalian cell sensing
using particle-polymer complexes
1430 150. Swadeshmukul Santra; Ultra-small chitosan based fluorescent and
paramagnetic nanoparticles for biomedical applications
1455 151. Carsten Gellermann; ORMOBEAD"Â® RARE "Â€Â“ First generation of
luminescent nanoparticles for biomedical applications
1510 152. Marcus Yaffee; 3D quantitative analysis of new bacteria-specific
nanoprisms
1535 Break
1555 153. Mizuo Maeda; Non-cross-linking aggregation of DNA-carrying
nanoparticles for ion, chemical and gene sensing
1620 154. Ching-An Peng; Rapid antiviral assay using QD-tagged virus as imaging
nanoprobe
1635 155. Rex Hjelm; The role of particles in polymer composite properties
1700 156. Niagara Muhammad Idiris; Upconverting fluorescent nanoparticles for
imaging and photodynamic therapy
1725 End of Session
Session H2 (Monday 1400-1725, Bay Lake) Toxicology
Session Chair: Roberta Braynor
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1400 157. Wendel Wohlleben; Keynote - Characterization and biophysics of
particles in the dawn of nanotechnology regulation
1430 158. Tzung Hsiai; Variations in chemical compositions of ultra fine particles
differentially regulate vascular pro-inflammatory states
1455 159. Qunwei Zhang; The role of hypoxia inducible factor 1ÃŽÂ± in MMP-2
and MMP-9 production by human monocytes exposed to nickel nanoparticles
1520 160. Anil K. Suresh; Toxicity evaluation of engineered nanoparticles on
Gram-negative and Gram-positive bacteria
1535 Break
1555 161. Hussain Saber; Cytotoxicity of nanoparticles based on their unique
physicochemical properties
1620 162. Hicham Chibli; InP and CdSe quantum dots: Synthesis, conjugation, and
cytotoxicity
1635 163. Paolo Caliceti; Gold nanoparticles: Perspectives and opportunities for
nanomedicine
Special Presentation (Bay Lake)
1700 164. Philippe Rogueda; InForm: Integrating the Nanoscale in Formulations
1725 End of Session

Monday, May 24, 2010, Evening
Poster Session P2 (Monday, 1800-2000)
Session Chair: John Texter, Eastern Michigan University
Nanoparticles & Hydrogels
275. Y. Andrew Wang; Quantum dots for bioscience
276. Y. Andrew Wang; Iron oxide nanocrystals for bioscience
277. Stephanie Bosselmann; Formulation and characterization of itraconazole
nanoparticles made by advanced evaporative precipitation into aqueous solution
278. Stephanie Bosselmann; Enhanced stability of amorphous ketoprofen made by
rapid freezing through the deposition of hydrophobic plasma-polymerized films
279. Hung Pham; Polymer nanoparticles as nanoformulation agents
280. Zifu Li; Preparation and application of microgel-stabilized high inernal phase
emulsions
281. Sheng Qi; An investigation into the effect of the addition of hydrophilic polymers
on the physicochemical properties of self-emulsifying drug delivery systems for
poorly water-soluble drugs
General Papers
282. Gregory R. Hayes; Design and fabrication of nanoparticle enabled mesoscale
surgical instruments
283. Igor Zhitomirsky; Colloidal processing of nanoparticles and composites for
biomedical applications
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284. Xiaoling Wei; Interactions between a silica particle and a hydrophilic surface in
a thermoresponsive triblock copolymer solution
285. Yoon Kyun Hwang; A substitution method of skin permeation systems by
polymeric membranes
286. Tawatchai Charinpanitkul; Removal of aqueous dye pollutants using carbon
nanoparticles synthesized by co-pyrolysis method
287. Hye Sung Kim; Corrosion resistance properties of CaO-SiO2: Nanocomposites
on Mg alloys by a sol-gel dip coating technique
288. Trevor Goff; Effect of silicate doping on dissolution of calcium phosphate
nanoparticles
289. Songtao Yang; Using nanoparticles as flotation collectors
Toxicity
290. Regine Hedderich; Health related aspectsof nanomaterials
291. Amra Tabakovic; Cytotoxicity of calcium phosphosilicate nanoparticles in
human cancer cells: Effects of surface functionaities and particle size
292. Lian-Yan Wang; Effects of particle size in macrophage responses
293. Mi Young Lee; Gene expression profiling of aluminum nanoparticle toxicity in
human neruoblastoma cells
294. Mi Young Lee; Airborne nanoparticle-induced differential protein expression
profile of human bronchial epithelial cells
295. Z. Q. Chu; Cellular uptake and cytotoxicity of silica nanoparticles
296. Lionel Maurizi; Titanate nanotubes as new carriers in the field of cardiovascular
diseases: Synthesis, functionalization, internalization and toxicity
297. Jean-Francois Berret; Interactions between sub-10 nm iron and cerium oxide
nanoparticles and 3T3 fibroblasts: the role of the coating and aggregation state
siRNA & Gene Delivery
298. Deepa Bedi; siRNA delivery into cancer cells by phage-fusion proteins
299. Paige K. Brown; Antisense silver nanoscale drug delivery system for
photoactivated gene silencing
300. Olisa Pinto; Encapsulation of RNA in calcium phosphosilicate nanosomposite
particles for cancer treatments
301. Phei Er Saw; Efficient liposomal nanocarrier-mediated oligodeoxynucleotide
delivery involving dual use of a cell-penetrating peptide as packaging and
intracellular delivery agent
302. Meenakshi Malhotra; Surface functionalized chitosan nanoparticles for gene
delivery
Powder & Inhalation
303. Heiko Schiffter; Spray freeze drying of proteins and vaccines: A thorough
investigation of drug stability during nano- and microparticle manufacture
304. Buket Aksu; Optimization studies for making free-flowing compactable powder
and granule containing ramipril with high concentration of HPMC at 60ºC and 0.5%
humidity
305. Hongshi Yu; Enabled formulations for inhaled programs in lead optimization
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Encapsulation & Controlled Release
306. Ajay J. Khopade; Novel vesicles of paclitaxel
307. Han Do Ghim; Protection of functional foodstuff-driven colorants from
environment by isolation with silica nanocapsules - A model study
308. Erik Rytting; In vitro and in vivo performance of biocompatible
negatively-charged salbutamol-loaded nanoparticles
309. Mei Han Ng; Encapsulated palm tocotrienols for targeted delivery
Diagnostics & Imaging
310. Jinho Park; Amphiphilic polymer coated SPION with antibiofouling properties
for MRI cancer imaging
311. Matthieu F. Dumont; Surface modified gadolinium phosphate nanoparticles as
MRI contrast agents
312. Ja Young Park; Paramagnetic ultrasmall gadolinium oxide nanoparticles as
advanced T1 MRI contrast agents
313. Myung Ju Baek; Water soluble and Mn(II) ion surface doped ultrasmall
gadolinium oxide nanoparticles for a highly sensitive T1 MRI contrast agent
314. Dongkyu Kim; A drug loaded aptamer-gold nanoparticle bioconjugate for
combined CT imaging and therapy of prostate cancer
315. Fernanda Sousa; Coated nanogold and the brain - A multimode microscopy
distribution study from mouse to cell
316. Myriam Moussaoui; Use of ZnS nanopowders for bioapplications
317. Myriam Moussaoui; Use of ZnS nanoparticle emissions for cell labeling
Tuesday, May 25, 2010, Morning
Plenary 3 (Tuesday 0800-0850, Horizons Ballroom)
Session Chair: Vincent M. Robello, University of Massachusetts, Amherst
0800 165. James H. Adair; Superparamagnetic particles for diagnostic and
Therapeutic applications
Session A5 (Tuesday 0900-1215, Rock Lake) Nanoparticle & Hydrogel
Synthesis
Session Chair: Hong Yang
0900 166. Horacio Cabral; Keynote - Supra-molecular structures as nanocarriers
for drug delivery - Challenges to smart molecular therapy
0930 167. Ulyana Angel; Applications of sonochemically produced proteinaceous
microspheres
0945 168. Nguyen TK Thanh; Recent developments in the synthesis of magnetic
nanoparticles for biomedical application
1010 Break
1030 169. Kui Yu; Development of photoluminescent colloidal semiconductor
nanocrystals aiming at bio-oriented applications
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1055 170. Lian-Yan Wang; Preparation and application of alginate-chitosan
microspheres with narrow size distribution for oral delivery of insulin
1110 171. Stephan Barcikowski; Design of individual gold
nanomarker-bioconjugates by laser ablation without chemical precursors or ligand
exchange
1135 172. Andreas Taubert; Multifunctional metal nanoparticles - Synthesis,
self-assembly, and biological response
1200 173. Jie Wu; Preparation of uniform-sized quaternized chitosan micro- and
nano-spheres by combining membrane emulsification and thermal-gelation
1215 End of Session
Session K1 (Tuesday 0900-1215, Spring Lake) Surface Modification
Session Chair: Roger Leblanc
0900 174. J. Manuel Perez; Keynote - Polymer-coated cerium oxide nanoparticles
as potential targeted radical scavenging nanoagent
0925 175. Jacqueline Lessig; Phagocytotic competence of differentiated U937 cells
for colloidal drug delivery systems in immune cells
0945 176. En-Tang Kang; Nanostructured functional particles via atom transfer
radical polymerization
1010 Break
1030 177. Hedi Mattoussi; Design of modular multifunctional ligands and their use
for nanoparticle synthesis and coupling to biomolecules
1055 178. Tom Dziubla; Controlling biocompatibility of nanoparticles through the
application of antioxidant polymers
1120 179. Koon-Gee Neoh; Surface modification of magnetic nanoparticles for
biomedical applications
1145 180. Tanmay Lele; Nanorods for preventing normal and tumor cell adhesion
1200 181. Ale Närvänen; Biofunctionalization of mesoporous silicon nanoparticles
for targeted peptide delivery
1215 End of Session
Session L1 (Tuesday 0900-1155, Bay Lake) Vaccine Delivery
Session Chair: Russell Mumper
0900 182. Ben Maynor; Keynote - PRINT technology - A versatile platform for
delivery of particle therapeutics and vaccines
0930 183. Mitsuru Akashi; Development of new protein delivery system by nanogel
engineering
0955 184. Thierry Delair; Colloidal chitosan: Toward new vaccine adjuvants
1020 Break
1040 185. Russell Mumper; Nanoparticles as multi-epitope HIV protein subunit
vaccine delivery systems
1105 186. Aliasger K. Salem; Biodegradable polymeric particles that co-deliver
antigens and adjuvants
1130 187. Abhinav Acharya; Parallel particle production and cellular arrays for
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particle-vaccine development and optimization
1155 End of Session
Session G4 (Tuesday 0900-1210, Sandy Lake) Diagnostics & Imaging
Session Chair: Vince Rotello
0900 188. Keith P. Johnston; Keynote - Controlled assembly of biodegradable
multifunctional nanoclusters for biomedical imagin and therapy
0930 189. Chantal Paquet; Clusters of superparamagnetic nanoparticles
enapsuated in a polymer hydrogel for MRI imaging
0945 190. Xiaohu Gao; Imaging and therapy with multifunctional nanoparticles
1010 Break
1030 191. Naoto Oku; PET imaging for the development of DDS pharmaceutics
1055 192. Ya Ping Sun; Fluorescent carbon dots for bioimaging and beyond
1120 193. Evan Unger; Perfluorocarbon microbubbles and nanodroplets for oxygen,
drug, gene delivery and sonothrombolysis
1145 194. Hiroyuki Wada; Preparation of long afterglow nanoparticles for
bioimaging
1210 End of Session
Tuesday, May 25, 2010, Afternoon
Session A6 (Tuesday 1400-1720, Rock Lake) Nanoparticle & Hydrogel
Synthesis
Session Chair: Horacio Cabral
1400 195. Hong Yang; Keynote - Engineered nanostructures for biological
applications
1430 196. Rita El-khouri; Continuous preparation of gold nanoparticles
1445 197. Robert DeLong; Biomolecular and stabilizing interactions of Au, MnO
and ZnO nanomaterials with DNA, RNA and proteins
1510 198. Andreas Hütten; Magnetic particles: From sensor to microfluidic
applications
1535 Break
1555 199. Roongnapa Suedee; Nanoparticle-on-microsphere molecularly
imprinted polymers as drug delivery systems
1620 200. Tomoaki Hino; Improvement of dissolution property of poorly water
soluble drugs by adsorption on the surface of curdlan particles
1635 201. Manish Arora; Biocompatible micro and nano-particles for controlled
cavitation inception in water and procine blood
1650 202. Nurettin Sahiner; Post modification of hyaluronic acid based particles
and composites for biomedical applications
1705 203. X. F. Zhang; Synthesis of mesoporous silica nanopartilces coupled with
Fe3O4 or Fe3O4-Au cores as drug carriers
1720 End of Session
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Session M1 (Tuesday 1400-1710, Bay Lake) Oral & Transdermal Delivery
Session Chair: Edgar Acosta
1400 204. Özgen Özer; Keynote - Advances in developing dermal formulations of
corticosteroids via lecithin-chitosan nanoparticles
1430 205. Sheng Qi; An investigation into the interaction of a pharmaceutical
water-soluble polymer with bio-relevant
1445 206. Krassimir Velikov; The effects of droplet size on the kinetics of in vitro
lipolysis of lipid-based delivery systems
1510 207. Masahiro Goto; Transdermal protein delivery using a nano-coating
technique for biomolecules
1535 Break
1555 208. Edgar Acosta; Self emulsifying and microemulsifying oral delivery
systems
1620 209. Jean-Christophe Jacquier; Carrageenan microgels as responsive
nutraceutical delivery systems
1645 210. Muriel Subirade; Food protein-based material as oral delivery vehicles
for nutraceutical products
surfactants
1710 Session Ends
Session F3 (Tuesday 1400-1735, Sandy Lake) Encapsulation & Controlled
Release
Session Chair: Thomas Scheibel
1400 211. Gleb Sukhorukov; Keynote - Intracellular delivery of polyelectrolyte
capsules for on-site sensing and manipulation
1430 212. Eric Simone; Filamentous therapeutic enzyme encapsulating polymer
nanocarriers
1455 213. To Ngai; Stimulus-sensitive particles at liquid interfaces: Self-assembly
and stabilizing properties
1510 214. Paula Pescador; Nucleolipid-based microtubes for storage and delivery
of bioactive compounds
1525 215. Kosta Ladavac; Foam-templated functional particles
1540 Break
1600 216. Frank Boury; Calcium carbonate microparticles formulated in
supercritical CO2: Application for protein encapasulation
1625 217. Dara Van Gough; Size selection: Programming access to encapsulated
biomolecules in mesoporous hollow spheres
1650 218. Jennifer S. Hong; Microfluidic directed assembly of liposome-hydrogel
hybrid nanoparticles
1705 219. Aysegul Aygun; Stability and controlled release mechanisms of biocides
encapsulated in liposomes
1720 220. Viviana Vergaro; Halloysite nanotubes and nanocolloids: High payload
drug nanocarriers
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1735 End of Session
Session G5 (Tuesday 1400-1655, Spring Lake) Diagnostics & Imaging
Session Chair: Keith Johnston
1400 221. Gang Ho Lee; Ultra small metal oxide nanoparticles for molecular T1 MR
imaging
1425 222. Anthony McGoron; Multimodal drug delivery for imaging and therapy of
cancer using PLGA nanoparticles
1450 223. Eva Marie Harth; Functional soft nanosponges for single combination
therapy and imaging
1515 224. Charalambos Kaittanis; From rational design to probe optimization - The
role of nanoparticle valency in single cancer cell detection with magnetic relaxation
1530 Break
1550 225. Lars Kilaas; Inexpensive methods for producing magnetic and
non-magnetic particles and their use in bio and pcetroleum related applications
1615 226. Ozana Onaca; Polymer nanoreactors for biosensing and controlled
delivery of drugs
1640 227. Ahmed Ibrahim Ali Abdelrahman; Metal-encoded microspheres for mass
cytometry: Standards and multiplexed bioassays platforms
1655 End of Session
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Abstracts of Oral Program
Pleanary 1
STIMULI-RESPONSIVE COLORING PARTICLES
Haruma Kawaguchi, Faculty of Engineering, Kanagawa University,
Rokkakubashi, Kanagawa-ku, Yokohama, 221-8686 JAPAN;
haruma@kanagawa-u.ac.jp

1

We prepared and characterised several stimuli-responsive coloring particles.
Preparative methods include miniemulsion polymeerization, seeded
polymerization, and polymer molecule-assembling in the presence of coloring
materials. Inclusion of coloring materials in polymer particle improved stability and
durability of the materials in the dispersion.
Stimuli-responsive properties of particles were brought about by coloring
materials themselves such as chromophore and FRET (fluorescent resonanse
energy transfer) components, and/or carrier particles. The dispersion of particles
containing chromophore & fluorescent molecules changes its color when the
dispersion was UV-irradiated.
Poly(N-isopropylacrylamide) (PNIPAM) is a representative polymer having
temperature sensivtivity and, so, employed for the preparation of donor &
acceptor-containing hybrid particles whose color changed when the temperature
of the dispersion was changed.
Session A1 – Keynote Paper
CHARACTERIZATION OF LIQUID MARBLES COATED WITH
HYDROPHOBIC FLUOROPOLYMER MICROPARTICLES
Daisuke Matsukuma1, Hirohmi Watanabe1 and Atsushi Takahara1,2
1
JST, ERATO, 2 IMCE, Kyushu University, Fukuoka, Japan
takahara@cstf.kyushu-u.ac.jp

2

Liquid marbles are formed by encapsulating high surface tension liquids with
micro- or nanometer sized hydrophobic particles. Liquid marbles are also found
naturally, for example, aphids convert honey droplets into marbles. The authors
prepare poly[2-(perfluorooctyl)ethyl acrylate] (PFA-C8) microparticles by a
self-organized precipitation method. This is a simple method for preparation of
polymer particles by the evaporation of a good solvent from a polymer solution
containing a poor solvent. X-ray diffraction and contact angle measurements
revealed that PFA-C8 film showed high crystallinity and extremely low surface
energy compared with that of conventional polymers. It is expected that PFA-C8
microparticles can spread over high surface tension liquid in order to minimize the
interfacial energy and improve the droplet stability. It was revealed that
crystalline PFA-C8 particles were effective for stable enwrapping of various liquid
droplets such as water and ionic liquids. Liquid merble thus obtained showed
smooth sliding behavior on water and other high surface energy solid surfaces as
well as rubber-ball like deformation.
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A1 – Contributed Paper
A VERSATILE APPROACH FOR THE FABRICATION OF
MAGNETOFLUORESCENT NANORODS
Jérôme Fresnais1, Eléna Ishow2, Olivier Sandre1 and Jean-François
Berret3
1
UPMC Université Paris VI – Laboratoire de Physico-chimie des
Electrolytes, Colloïdes et Sciences Analytiques UMR 7195 CNRS 4
place Jussieu, 75252 Paris Cedex 05 (France); 2 Laboratoire de
Photophysique et Photochimie Supramoléculaires et
Macromoléculaires, UMR CNRS 8531, ENS Cachan, 61 Avenue du
Président Wilson, 94235 Cachan (France); 3 Matière et Systèmes
Complexes, UMR 7057 CNRS Université Denis Diderot Paris-VII
Bâtiment Condorcet 10 rue Alice Domon et Léonie Duquet, 75205
Paris (France); jean-francois.berret@univ-paris-diderot.fr

3

We have developed an easy and versatile route for the fabrication of anisotropic
magneto-fluorescent nanoobjects. The reported system involved the association
of 7 nm iron oxide nanoparticles and 180 nm fluorescent organic nanospheres
using charged polymers as gluing agents. In this process, 1 - 50 µm long
superparamagnetic nanostructured rods with the bimodal attributes were
generated. The hybrid architectures maintained the superparamagnetic properties
of the initial constituents, as evidenced by their in-phase response to an external
rotating magnetic field. Fluorescence could be produced from the embedded
nanospheres which kept emitting in the visible region, far from the strong
absorption band of iron oxide.
Session A1 – Invited Paper
SIZE AND INTERFACE EFFETCS OF UPCONVERSION SODIUM
YTTRIUM FLUORIDE (NaYF4) NANOPHOSPHORS
Gan Moog Chow, Department of Materials Science and Engineering,
National University of Singapore, Kent Ridge 117574, Singapore;
msecgm@nus.edu.sg

4

Near infrared (NIR)-to-visible upconversion (UC) nanoparticles have potential
applications in bio-imaging. Most recent work on UC nanoparticles has been
focused on NaYF4: Yb, Er, which is one of the most efficient UC materials with low
phonon energy. The emission intensity of these UC nanoparticles is however
significantly reduced compared to their bulk counterparts. In this talk, an overview
of our recent work on NaYF4 nanoparticles is presented. NaYF4: Yb, Er / NaYF4 /
polymer (core/shell/shell) nanoparticles showed enhanced UC fluorescence. The
emission intensity of NaYF4: Yb, Er / NaYF4 / silica (core/shell/shell) nanoparticles
increased by 15 times compared to that without the intermediate undoped NaYF4
shell. The critical shell thickness of undoped NaYF4, prevention of non-radiative
transfer and undesirable dopant surface segregation were studied. The effects of
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microstructures and interfaces on emission intensity of these UC nanoparticles
were also investigated.
A1 – Invited Paper
GOLD-SILICA HYBRID NANOPARTICLES FOR DRUG DELIVERY
AND NEAR-INFRARED HYPERTHERMIA
C. Yague, M. Arruebo, J. Santamaria
Nanoscience Institute of Aragon. University of Zaragoza. 50018
Zaragoza. Spain; jesus.santamaria@unizar.es

5

With conventional methods of drug administration it is often difficult to control the
rate of drug release, or the dose received at non-target locations. Because of this,
drug delivery systems based on nanoparticles are being actively investigated as a
way to increase the efficiency and selectivity of therapeutic efforts. Especially
promising are nanoparticle systems where the rate of drug release can be
controlled by means of external stimuli. With this objective in mind, we have
developed core-shell silica-gold nanoparticles which can be remotely heated by
means of near-infrared (NIR) radiation. The synthesis of the gold shell was initially
developed on nonporous silica cores to obtain NIR-absorbing hybrid
nanoparticles. An efficient NIR radiation absorption could be observed for
particles of different relative core/shell dimensions. The synthesis method was
then optimized to produce porous silica cores with the appropriate particle and
pore size dimensions. Ibuprofen was loaded in the porous structure of the silica as
a model drug, and its release was followed as a function of time, together with
temperature. The particles were loaded in a NIR transparent container and placed
in the path of an 800 nm laser. Upon switching on the laser, a rapid increase of
the rate of drug release could be observed, together with an increase of the
temperature of the surrounding fluid (which was essentially NIR-transparent and
therefore heated through contact with the irradiated nanoparticles). When the
laser was switched off, both the temperature and the release rate returned to their
baseline levels.
Session A1 – Invited Paper
NITROXYL RADICAL-CONTAINING NANOPARTICLES FOR
ISCHEMIA REPERFUSION INJURY
Yukio Nagasaki, Graduate School of Pure and Applied Sciences,
Graduate School of Comprehensive Human Sciences, Tsukuba
Research Center for Interdisciplinary Materials Science, Tsukuba
Advanced Research Alliance, University of Tsukuba and Satellite
Laboratory of International Center for Materials Nanoarchitechtonics,
Ten-noudai 1-1-1, Tsukuba, Ibaraki 305-8573, Japan,
yukio@nagalabo.jp

6

Reactive oxygen species (ROS) are known to play versatile roles on the occasion
of many important events. However, excessive production of ROS causes
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significant adverse effect to living body. Such oxidative stresses must be
controlled appropriately. For example, arterial re-canalizations achieved by
thrombolysis and intravascular intervention are main treatment strategies to
restore blood supply in ischemic stroke and heart attack. However, reperfusion
has a dilemma of ischemia-reperfusion injury caused by ROS, which is produced
after a long ischemic period and can extend a damaged area. Therefore,
protection of organs affected by ROS has been perused not to cause the larger
damaged area than that associated with the arterial occlusion. It is known that
stable nitroxyl radical such as 2,2,6,6-tetramethylpiperidin 1-oxyls (TEMPO)
reacts effectively with ROS compounds. However, these compounds have not
been applied clinically because they were inactivated due to the acute reduction
by anti-oxidant systems such as catalase, glutathione peroxidase in vivo. In order
to overcome poor bioavailability and biocompatibility, we developed a novel
core-shell type nanoparticle containing nitroxyl radicals, amino-TEMPO, and
named radical-containing-nanoparticle (RNP). RNP formed a micelle possessing
amino-TEMPO in the core under the physiological conditions, and demonstrated
high performances of the prolonged blood circulation time by the
compartmentalization of TEMPO into the micelle and pH-sensitivity to help
TEMPO radicals act as antioxidant due to the collapse of nanoparticle in low pH
condition such as ischemic-tissue in vivo. The preparation, physicochemical and
biological characterization and anti-oxidant properties against
ischemia-reperfusion injury will be summarized in this paper. The author would
like to express his sincere appreciation to Professors H.Matsui, A.Matsumura,
K.Suzuki, Drs. T.Mamiya, Mr.Marushima, (Medical School of University of
Tsukuba), A.Hirayama,(Tsukuba Tech. University), Dr.H.Tsurushima (AIST),
Dr.K.Toh, D.Miyamoto and Mr.T.Yoshitomi (TIMS, University of Tsukuba) for their
collaboration.
Session A1 – Invited Paper
SUPRAMOLECULAR PATHS FOR THE SYNTHESIS OF
COMPOSITE HOLLOW PARTICLES
Spyridon Monastiriotis and Alexander Couzis, Department of
Chemical Engineering, The City College of New York, New York, NY
10031, USA;Couzis@ccny.cuny.edu

7

Hollow and porous micro/nanostructures are of great interest in many current and
emerging areas of technology; their interior space can be used for storage, or a
reaction chamber that can encapsulate various substances, and the shell
structure contains paths affording control release systems. As a result these
materials have had great impact in many technological areas such as the
encapsulation and controlled release of substances (e.g., drugs, genes, dyes,
inks, cosmetics, pesticides, food stuffs), protection of biologically active species,
removal of pollutants, catalysis, and sensing.
Hollow silica nanospheres were synthesized using a two-step sacrificial
templating technique. The template used consisted of equilibrium catanionic
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vesicles formed from mixtures of Cetyltrimethylammonium Bromide (CTAB) and
Sodium Perfluorooctanate (FC7). Tetramethoxysilane (TMOS) under acid
conditions was used as the precursor for the formation of the hollow silica
spheres. The acidic pH conditions do not offer an operating window that prevents
homogeneous nucleation and gel formation of the silicate species in the bulk. We
find that by introducing a second processing step, under conditions close to the
Stöber synthesis, we can minimize the gel in the bulk. This second step, leads to
the rapid condensation of the free silicate species resulting in two distinctly
different particle sizes: (a) hollow silica shells with an average diameter in the
range of 80-100nm; and (b) solid silica beads with an average diameter in the
range of 500-600nm.
A1 – Invited Paper
CONTROLLED FORMULATION OF POLYMERIC NANOPARTICLES
FOR IN VITRO AND IN VIVO DRUG DELIVERY
Jianjun Cheng, Department of Materials Science and Engineering,
University of Illinois at Urbana-Champaign, 201 MSEB, 1304 West
Greet StreetUrbana, Illinois, USA; jianjunc@illinois.edu
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Polymeric nanoparticles are promising carriers for the delivery of
chemotherapeutics for cancer therapy because they are able to carry large
payload of therapeutic modality, extravasate leaky tumor vasculature, and
mediate sustained drug release in tumor tissues. Of a handful of nanoparticulate
carriers being studied, polymeric nanoencapsulates are particularly attractive
because they can be readily prepared through the co-precipitation of hydrophobic
polymers and small molecule drugs in a process called nanoprecipitation.
However, nanoencapsulates typically have significant drug burst release, low
drug loading and uncontrollable drug encapsulation efficiency. To address these
issues, we developed nanoconjugation technique to allow controlled formulations
of sub-100 nm, mono-modal nanoconjugates with definable drug loading,
quantitative drug loading efficiency and controlled release profiles.
Nanoconjugates were prepared through drug-initiated ring-opening
polymerization followed by nanoprecipitation. In the first step, hydroxyl-containing
therapeutic agents were used as initiators to initiate living polymerization of cyclic
ester monomers (e.g., lactide), and resulted in polyester-drug conjugates. In the
second step, the precipitation of the polyester-drug conjugates gave rise to the
desired polyester-drug nanoconjugates. Using paclitaxel as a model drug, we
formulated paclitaxel-polylactide nanoconjugates with 100% drug incorporation
efficiency and up to 37% drug loading. This new type of nanoparticles showed
high cancer targeting capability when cancer-specific aptamer ligands were
conjugated to the surface of nanoconjugates.
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Session B1 – Keynote Paper
SIMULTANEOUS, REAL-TIME, MULTI-PARAMETER ANALYSIS OF
BIONANOPARTICLES IN LIQUIDS
Bob Carr1, Duncan Griffiths2, Andrew Malloy1, Jonathan Smith1,
Jeremy Warren1, Jim Munhall3, Patrick Hole1
1
NanoSight Ltd., Minton Park, Amesbury, Salisbury, SP4 7RT, UK;
2
NanoSight USA West, 3027 Madeira Ave. Costa Mesa, CA 92626;
3
NanoSight USA East, 6660 N. High Street, Worthington, Ohio
bob.carr@nanosight.com
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A new nanoparticle sizing and characterization technique is described allowing
nanoparticles in a suspension to be individually but simultaneously detected and
analysed in real time using a laser-based microscope system. The technique
uniquely allows the user a simple and direct qualitative view of the sample under
analysis and from which an independent quantitative estimation of sample size,
size distribution and concentration can immediately be obtained at a size range
from 10nm up to 2000nm.
Nanoparticles of all types and in any solvent/buffer can be detected, sized and
counted through video-based tracking of their Brownian motion when illuminated
by a specially configured laser beam.
Novel technical advances in the technique will be described which allow each
particle to be simultaneously analysed not just in terms of its size but also light
scattering power (mass/refractive index) and fluorescence from which 3D plots of
size vs concentration vs. light scatter or fluorescence can be produced. This
ability of 3D representation gives the technique similar technical capability to a
flow cytometer but at a size range over an order of magnitude smaller and at a
fraction of the cost. Application of this to biological samples (e.g. in the loading of
liposomal or other drug delivery microparticles) as well as with standard
fluorescently labeled particles and quantum dots will be described.
Examples of analyses of a wide range of sample types will be shown including
nano-emulsions from pharmaceutical and clinical applications and liposomal,
PLGA, metal oxides, magnetic. nano-ceramics, pigments and coating
nanoparticles. Novel applications of the technique will be described including:
1) The ability to measure concentration of nanoparticles down at this size
range also enables a rapid measurement of total virus particles. Traditional
methods such as qPCR and plaque assay take significant time and are not
able to measure all virus particles present. A good qualitative
understanding of degree of aggregation is also obtained crucial to
understanding delivered titre.
2) Engineered nanoparticles are typically polydispersed, if not in
manufacture, then invariably by the time they interact with the real World.
The ability to characterize the state of these nanoparticles with a good
understanding is critical to the assessment and understanding of toxicology
data.
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3) Aggregates of protein suspensions used for drug delivery can lead to an
immune response to the drug being triggered, making the characterization
of these aggregates crucial. The ability to identify and accurately size
aggregates at a low concentration in a multitude of protein monomer, make
this technique ideal for this sort of measurement.
Finally, engineering advances to the technique allowing for the controlled dilution
and temperature control of the sample in a much more automated and
rapid-throughput system will be described.
Session B1 – Contributed Paper
PARTICLE CHARACTERIZATION IN TURBID SYSTEMS USING 3D
CROSS-CORRELATION TECHNIQUES
Ian D. Block, Peter Schurtenberger and Frank Scheffold,
Department of Physics, University of Fribourg, Fribourg, Switzerland
LS Instruments GmbH, Fribourg, Switzerland
ian.block@unifr.ch
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Accurate particle characterization using static light scattering (SLS) and dynamic
light scattering (DLS) techniques requires information gathered from single
scattering events. In order to make measurements in the single-scattering
regime, samples are typically highly diluted, especially when dealing with large
particles and/or those having a high refractive index contrast. It is often labor
intensive to achieve and verify adequate dilution and in many cases, sample
dilution is not an option as the particle structure or dynamics of interest are a
function of concentration. Several approaches to the problem have been
developed to extract single-scattering information from the measurement of turbid
samples. We explore the latest developments of one powerful method for
multiple scattering supression known as 3D cross-correlation. This technique
involves the use of two light scattering experiments performed simultaneously on
the same sample volume. From the cross-correlation of each measurement, one
can extract the single-scattering information common to both. We measure the
dynamic and angular-dependent scattering intensity of turbid colloidal
suspensions using 3D cross-correlation DLS and SLS techniques. We
demonstrate the ability to accurately extract hydrodynamic radii (Rh) and radii of
gyration (Rg) even in strongly scattering samples with an optical transmission of
around 1%. Finally, we show robust and accurate DLS and SLS measurements
performed at elevated temperatures up to 140 ºC, enabling further application
possibilities of the 3D cross-correlation technology.
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Session B1 – Invited Paper
IMAGE ANALYSIS AS A TOOL FOR PARTICLE
CHARACTERIZATION IN THE PHARMACEUTICAL INDUSTRY
Mark Bumiller,HORIBA Instruments, Westborough, MA 01581, USA;
mark.bumiller@horiba.com

11

Image analysis tools used for particle characterization in the pharmaceutical
industry are typically split between dynamic and static approaches. With dynamic
image analysis the particles are flowing in front of the camera(s) during the
analysis and are not typically uniformly oriented. With static image analysis the
particles sit on a slide on an automated stage that moves the sample during the
analysis. Particles sitting on a slide are typically oriented so that the maximum two
dimensional projected area faces the camera. In both cases images are captured
by a digital camera and software assigns various size and shape parameters to
the particles analyzed. Data interpretation from these two approaches requires
insight both due to particle orientation and the lack of complete standardization for
the size and shape parameters used. Image analysis is becoming more
widespread in the pharmaceutical industry for reasons including the desire to
obtain morphology data, higher resolution capabilities compared to light scattering
techniques, and the acceptance of microscopy as the referee technique.
Session B1 – Contributed Paper
DYNAMIC LIGHT SCATTERING AS A POWERFUL TOOL FOR GOLD
NANOPARTICLE CHARACTERIZATION AND BIOMOLECULAR
BINDING STUDIES
Hilde Jans1,2, Karolien Jans1,2, Bieke Van de Broek1,2, Guido Maes2,
Gustaaf Borghs1, Liesbet Lagae1 and Qun Huo3
1
IMEC, Functional Nanosystems, Leuven, Belgium; 2K.U.Leuven,
Department of Chemistry, Leuven, Belgium, 3Nanoscience Technology
Center, University of Central Florida, Orlando, Florida,
hilde.jans@imec.be
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Gold nanoparticles (GNPs) have attracted enormous attention in recent years for
both biosensor and bioassay development. These sensors and assays are mostly
based on the surface plasmon resonance absorption property to address
biomolecular detection. Conversely, GNPs are extraordinary light scatterers at or
near their surface plasmon resonance wavelength. As such, Dynamic Light
Scattering (DLS) is an excellent analytical tool to study colloids in a liquid
environment. DLS has been used routinely to measure the hydrodynamic
diameter of nanoparticles. In this study we go beyond this limited use of DLS.
Firstly, we demonstrates that DLS is a very convenient and powerful tool for
characterizing stabilizing coatings, e.g. mercapto alkanes. Furthermore, DLS
allows to distinguish coatings according to their stabilizing properties and
hydrodynamic diameter. Secondly, we proved that DLS is suited for investigating
GNP bioconjugation and biomolecular binding studies. Hereto, the conjugation
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process between protein A and GNPs, under different experimental conditions,
and the quality as well as the stability of the prepared conjugates were monitored
and characterized systematically. Furthermore, the specific interactions between
protein A-conjugated GNPs and a target protein, human IgG, was monitored
in-situ by measuring the average particle size change of the assay solution. The
obtained results were verified by complementary techniques such as UV-Vis
absorption spectroscopy, zeta potential measurements, Dot blot analysis and
SPR measurements.
For the fist time, we demonstrated that DLS is able to directly and quantitatively
measure the binding beween a protein-conjugated GNP and a target analyt in
solution.
Session B1 – Invited Paper
ASYMMETRICAL FLOW FIELD-FLOW FRACTIONATION FOR THE
CHARACTERIZATION OF LIPID-BASED COLLOIDAL FORMULATIONS
Judith Kuntsche
Department of Pharmaceutical Technology and Biopharmaceutics,
Martin-Luther-University Halle-Wittenberg, Halle/Saale, D-06120, Germany;
judith.kuntsche@pharmazie.uni-halle.de
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Among the large family of field-flow fractionation techniques, asymmetrical flow
field-flow fractionation (A4F) is most commonly used due to its high versatility. In this
technique, the sample is partitioned depending on size by a cross flow applied
perpendicularly to the main flow in the separation channel. Comparatively small
molecules up to particles with a diameter of about 1 µm can be analyzed whereas the
lower limit is determined by the molecular weight cut off of the membrane (i.e. 5 kDa)
used as accumulation wall in the separation channel. When the fractionation system is
coupled with multi-angle laser light scattering (MALLS), information about the molar
mass and/or size of the colloids at each elution time is provided thus allowing accurate
determination of molar mass and size distributions of even heterogeneous samples. In
addition, sample fractions with high homogeneity in size can be obtained by collecting
the eluting sample.
After short introduction of the A4F separation principle and size determination by
MALLS, results of various A4F/MALLS investigations on lipid-based colloidal
formulations (e.g. liposomes and fat emulsions) shall be presented. Mixtures of
polymeric standard nanoparticles have also been analyzed to verify the separation
capacity under applied cross flow conditions. In addition to the evaluation of the
influence of different fractionation conditions (cross flow conditions, carrier liquid,
injected sample mass, etc.) and size determinations by A4F/MALLS in comparison to
conventional particle sizing methods like dynamic light scattering and laser diffraction
with sub-micron instrumentation, collected sample fractions were analyzed in further
detail to elucidate the prospects of preparative A4F.
The results illustrate the broad range of applications of A4F/MALLS for the
characterization of lipid-based colloidal formulations together with the high
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reproducibility of these measurements but disclose also some difficulties and
limitations.

Session B1 – Contributed Paper
X-RAY TOMOGRAPHY AND IMAGE ANALYSIS AS COMPLEMENTARY
METHODS FOR MORPHOLOGICAL CHARACTERIZATION AND COATING
THICKNESS MEASUREMENT OF COATED PARTICLES
Giacomo Perfetti, Elke Van de Casteele, Bernd Rieger, Willem J. Wildeboer,
Gabrie M.H. Meesters, NanoStructured Materials group, ChemE, Delft
University of Technology, Julianalaan 136, 2628BL Delft, Netherlands;
g.perfetti@tudelft.nl

14

Because of the functionality of controlled release tablet coatings, it is desirable to have a
rapid means of optimizing coating conditions and predicting the performance of a batch,
prior to exhaustive lab analysis. The purpose of this study was to evaluate the film coating
thickness, the shell structure, the uniformity, density and porosity and surface
morphology of coated pellets using X-Ray Micro Tomography and Image analysis. The
tablet cores, Sodium Benzoate, Purox®, and Microcrystalline Cellulose, MCC, were both
film coated with two aqueous solutions of hydroxypropyl methylcellulose, HPMC and one
Poly Vinyl Alcohol, PVA and the film coating was performed using an Prototype
pilot-scale top-spray fluidized bed coater. Three different amount of coating solution have
been sprayed (1-5-9 % w/w). The samples have been micro-focus illuminated by x-ray
source and a planar x-ray detector collects magnified projection images. Based on
hundreds of angular views acquired while the object rotates, a computer synthesizes and
reconstructs all the virtual binarised cross section slices (1 µm) through the object.
Morphological parameters of discreet coated particles are calculated either in direct 3D
based on a surface volume model, or in 2D from individual binarised cross section
images. Moreover a software based protocol has been developed in order to create
realistic visual 3D model for virtual visualization of the coating shell. X-ray
microtomography protocol could generate coating thickness distribution intra-particle and
inter-particle, which brought precious information such as coating thickness uniformity
and homogeneity and zero-coating spots. Furthermore, parameters such as density,
porosity and adhesion at the interfaces could be easily calculated. The virtual binarised
cross section slices obtained by x-ray tomography scanning are then computed and
analysed by means of image analysis technique and thus the coating thickness and
morphology parameters calculated and compared with reference values. Both the
structural characteristics and the coating thickness of the coated particles were
determined at different levels of detail using 2D and 3D approaches in the analysis. The
results indicate that by the use of X-Ray Tomography and a computational image
analysis the quantification of the labelled polymer characteristics of the coating structure
was extremely good. The robustness, the potential, and limitations of the X-Ray
Tomography are discussed based on experimental work. X-ray microtomography was
found to be an adequate tool for the quantification of the coating thickness and coating
quality of coated spherical particles. Regarding coating thickness measurements, good
agreement between the X-ray microtomography results and the reference values were
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seen for values of coating thicknesses above 1.5 µm whereas the image analysis
protocol tends to under-estimate the reference coating thicknesses especially for the
highest coating level. Small differences were found when comparing X-ray tomography
and image analysis protocols. Differences in coating thickness and structural parameters
were quantified as a function of type of coating agent, core particle used and coating level
applied.
Session B1 – Inivited Paper
PRODUCTION OF SIZE-CONTROLLED NANOSCOPIC
CAP-SHAPED METAL SHELL PROBES FOR NON-AMPLIFIED
QUANTITATIVE SINGLE-CELL GENOME/PROTEOME
MEASUREMENT
Hyonchol Kim1*, Hiroyuki Takei1,2 and Kenji Yasuda1,3**,
1
Kanagawa Academy of Science and Technology (KAST), Kawasaki,
213-0012, Japan; 2Faculty of Life Sciences, Toyo University, Oura,
Gunma 374-0193, Japan; 3Institute of Biomaterials and Bioengineering,
Tokyo Medical and Dental University, Chiyoda, Tokyo 101-0062,
Japan; *ykp-kim@newkast.or.jp; **yasuda.bmi@tmd.ac.jp
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Quantitative measurements of genome/prteome expression profiles in a cellular
system is a key to understand the mechanisms of living organisms, especially to
identify those phenotypical characters and epigenetic adaptation processes. The
in situ labeling of expressed biomolecules using a set of nanoparticles decorated
with target probes is one useful way to visualize amounts and spatial distributions
of the expressed molecules.
As one of key technologies in this measurement, a method of producing precisely
size-controlled metal nanoparticles is presented. Polystyrene spheres placed on a
substrate were used as a cast for the production of metal nanoparticles.
Diameters of the polystyrene spheres were processed into desired sizes by
oxygen plasma etching, and metal was deposited on the polystyrene spheres with
desired thickness by thermal evaporation. The polystyrene spheres were then
removed by UV-excited ozone oxidization reaction. The conformation of produced
metal particles was cap-shaped shell, and various metal shells were produced
using this method. Diameters of the obtained cap-shaped metal shells had a
distribution within 5% of the coefficient of variation. These particles can be used
as simultaneously applicable biological labels along with different-sized
nanoparticles in immuno-electron microscopy.
To evaluate labeling ability of produced "multi-color (i.e., different metal layer)"
nano-cap, probe DNAs were immobilized on the surface of nano-caps, and were
reacted with target DNAs attached on the DNA-chip. Numbers, spatial
distributions and element kinds of the reacted nano-cap labels were confirmed
with quantitative measurement of backscattered electron (BSE) intensity of a field
emission scanning electron microscopy (FE-SEM, we call this technology,
adaptive electon microscopy). The results indicated the difference of nano-cap
elements were identified as differences of intensities in BSE images obtained
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using FE-SEM. Our method would achieve simultaneous measurement of
exhaustive molecular expression in a single cell.
Session B1 – Contributed Paper
IN VITRO HYPERSPECTRAL IMAGING OF NANOPARTICLES IN
LIVE CELLS
James M. Beach and Byron J. Cheatham
CytoViva Inc., 300 North Dean Road Suite 5 Auburn, AL 36830 USA;
byron.chatham@cytoviva.com
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Two primary areas of nano-materials research for biological applications are the
development of nano-medicine constructs for targeted drug delivery and
measurement of potential toxicity of nano-materials. With both of these initiatives
it is important to understand how these nano-materials interact with live cells and
tissue. Today many imaging methods are utilized to better understand this
interaction between nano-particles and cellular structure. This includes
established techniques such as confocal microscopy and electron microscopy.
With each of these two techniques, powerful insight can be gained. However with
both, there are inherent limitations due to sample preparation requirements and
other issues. Specialized hyperspectral microscope technology has been
developed by CytoViva to address some of these limitations. This technique
utilizes novel patented darkfield based optics to create high signal to noise
images of nano-materials interacting with live cells and tissue. It also incorporates
hyperspectral imaging, which provides high spectral resolution, quantifying the
presence and location of these nano-materials as they interact with the biological
sample. This integrated imaging solution also supports the characterization of
nano-particles based on their chemical composition. Examples of the use of this
instrument with multiple applications will be presented.
Session B1 – Contributed Paper
QUANTITATIVE NANOSCALE MAPPING OF TOPOGRAPHY AND
SURFACE MECHANICAL PROPERTIES
Johannes H. Kindt, Shuiqing Hu, Ben Ohler, Chanmin Q. Su
Veeco Metrology, 112 Robin Hill Rd., Santa Barbara, CA 93117, USA;
jkindt@veeco.com
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Comprehensive characterization of pharmaceutical materials is critical to steer
development and arrive at the desired set of properties, and to ensure robustness
of the developed processes in production.
One area of characterization that is difficult to access with standard (bulk)
techniques, and poses somewhat of a blind spot, is the material surface and its
properties. When Pharmaceuticals are ground and processed in the form of
particles, the surface to volume ratio increases dramatically, and many bulk
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properties, such as flow-ability and cohesion, are dominated by the material
surface.
Atomic Force microscopy (AFM) is a well established tool to study material
surfaces, and is used routinely in materials characterization during development,
for example in the polymer industry.
Recent advances in AFM technology have now enabled quantitative mapping of
material surface properties relevant to pharmaceutical processing, such as
stiffness, adhesion, and dissipation, in addition to roughness. Coincidentally, the
same new technology has made the AFM much more robust and simpler to use.
We anticipate that these advances will help to integrate the AFM into the
Pharmaceutical suite of techniques for material characterization, and address an
area of characterization that is otherwise not well accessible: the properties of the
surface.
Session C1 – Keynote Paper
CONSTRUCTION OF A NOVEL BIORESPONSIVE VECTOR
SYSTEM BASED ON β-6-AMINO-CYCLODEXTRINS AND
PEG-POLY(VINYL ALCOHOL)-ADAMANTANE HOST:GUEST
INTERACTIONS
Deng Wei and David H. Thompson
Department of Chemistry, Purdue University, West Lafayette, IN
47907, USA; davethom@purdue.edu
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A self-assembling nucleic acid vector system comprised of cationic β-cyclodextrin
and poly(ethylene glycol)-poly(vinyl alcohol)-benzylideneadamantanate has been
developed. These host:guest components can be formulated in two different ways
with pDNA to produce 200 – 400 nm diameter nanoparticles that display
transfection efficiencies that are comparable to linear PEI, but with substantially
lower toxicity. The adamantyl groups on the pendant polymer have been attached
with acid-labile linkages that are capable of degrading within acidic endosomes of
cells that internalize these complexes. The performance of these non-covalent
polymers as pDNA and siRNA vectors will be described.
Session C1 – Contributed Paper
THE DEVELOPMENT OF GOLD NANOPARTICLES AS A
FUNCTIONAL DELIVERY SYSTEM FOR ISLET TRANSPLANT
Y. Wang, R. Vega, T Harvat, A Adewola, D Lee, D, Paushter, S Patel, J
Oberholzer*. Division of Transplantation, University of Illinois at
Chicago, Chicago, IL, USA; jober@uicedu
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Purpose. Islet transplantation has emerged as an alternative for T1D (type 1
diabetes). A long-standing goal is to develop highly efficient system for delivering
molecular cargos to islets. Islets are clusters of 1000-2000 cells and it is difficult to
deliver molecular cargos uniformly among the islet, with only the periphery being
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efficiently transfected. Viral and non-viral systems can compromise islet function,
pose potential oncogenic risks and increase immunogenicity. The
alkylthiol-terminated modified antisense DNA-AuNPs has been demonstrated with
superior features including resistance to nuclease degradation, high efficacy to
enter different cells without auxiliary agents and unique binding properties. We
hypothesized that AuNPs could serve as a unique delivery system for islets.
Methods. Cy5-labeled thiol-modified DNA was conjugated onto 13±1nm
citrate-stabilized NPs(~3nM DNA/1ml of 10nM colloid) and then transfection
efficacy was tested in rodent and human islets and impact on islet function was
evaluated using simultaneous measurement of insulin secretion, calcium signal,
and mitochondrial potentials. Transfected human islets were also transplanted into
nude mice for graft function.
Results. (1)confocal imaging showed high uptakes of AuNPs in rodent and human
islets including the core of islets. Flow cytometry indicated more than 98% AuNPs
positive cells.(2) islet functional assay demonstrated that the transfected islets
preserved biphasic insulin secretion, companied with normal mitochondrial
function and calcium signaling in response to glucose and KCL.(3) the
AuNP-transfected human islets reversed diabetes as efficiently as untransfected
controls (100% cure rate). A IPGTT showed similar graft function as control (AUC
of AuNP group = 14415 ± 3201.5 mg/dl vs. 12007.5 ± 2896.1 mg/dl of control,
P>0.05).(4) In vivo biodistribution indicated that islet cells had higher transfection
efficiency when compared to acinar cells although there is no observable
difference between islet cells.
Conclusions. This is the first time that the AuNPs delivery system has been
applied in islets with high efficacy of transfection and preserved normal islet
function. The development of AuNPs as functional in vivo and ex vivo system and
gene regulation is under investigation.
Session C1 – Invited Paper
NEW GENE REGULATION DELIVERY SYSTEM USING
INTRACELLULAR-RESPONSIVE ARTIFICIAL GENE
REGULATOR/GENE CPMPLEX FOR CELL-SPECIFIC THERAPY
AND IMAGING
Yoshiki Katayama
Faculty of Engineering, Kyushu University, 744 Motooka, Nishi-ku,
Fukuoka 819-0395, Japan; ykatatcm@mail.cstm.kyushu-u.ac.jp
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Cationic pepetide-polyer conjugates have been developed as artificial gene
regulators that can activate transgene transcription in response to target
intracellular signals. These regulators formed nano-particles with plasmid DNA
and suppressed the gene expression efficiently. However, when the peptide side
chains were phosphorylated or cleaved with target enzymes, the gene expression
recovered dramatically. We prepared some gene regulation systems responding
to various protein kinases or proteases which are closely related to diseases (e.g.
PK A, PKCα, I-κ-kinase, Src, HIV protease, caspase etc.). For example, PKCα
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responsive system realized functuion (proliferation activity) -based imaging of
cancer and suppressed tumor growth using reporter gene and therapeutic gene,
respectively, because the enzyme is activated in cancer cell specifically and
related to cancer malignancy. We have also developed an improved system by
changing the polymer backbone. The regulator improved the PKCα responsibility
and gene expression ability dramatically.
Session C1 – Invited Paper
TARGETED NANOPARTICLES FOR OLIGONUCLEOTIDE
DELIVERY
Robert J. Lee
College of Pharmacy, The Ohio State University, Columbus, OH, USA;
lee.1339@osu.edu
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Oligonucleotides, including antisense ODNs, siRNA, and miR mimetics can
specifically modulate gene expression and promising as targeted therapeutic
agents for human diseases. However, there is a substantial barrier to their clinical
application due to the need for better delivery systems. Targeted nanoparticles
can protect oligos from premature clearance and/or degradation and can
specifically deliver the oligos to target cells. We have evaluated several targeted
lipid-based nanoparticles for delivery of antisense ODNs and siRNA and explore
novel microfluidic methods for synthesizing the nanoparticles. These innovations
may promote the future clinical translation of targeted nanoparticles for diseases
such as cancer and leukemia.
Session C1 – Invited Paper
ANIONIC NUCLEOTIDE-LIPIDS FOR IN VIVO DNA TRANSFECTION
Salim Khiati,1, Nathalie Pierre,1, Soahary Andriamanarivo,1, Mark W.
Grinstaff,2, Nessim Arazam,3, Frédéric Nallet,3, Laurence Navailles,3,
and Philippe Barthélémy1
1
INSERM U869, Bordeaux, F-33076, France, Université, Victor
Segalen Bordeaux 2, Bordeaux, F-33076, France, 2Departments of
Biomedical Engineering, Metcalf Center for Science and Engineering,
Boston University, Boston, Massachusetts 02215 and 3Université
Bordeaux-1 CNRS, Centre de Recherche Paul Pascal, 115 avenue A.
Schweitzer, F-33600 Pessac, France ;
navailles@crpp-bordeaux.cnrs.fr
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A family of new anionic nucleotide based lipids featuring
thymidine-3′-monophosphate as nucleotide and 1,2- diacyl-sn-glycerol as lipid
moiety for in Vitro delivery of nucleic acids is described. The nucleotide lipids were
prepared in three steps starting from 1,2-diacyl-sn-glycerols and
2′-deoxythymidine-3′ phosphoramidite. Gel electrophoresis experiments show
that nucleotide-based lipid-DNA complexes are observed at Ca2+ concentration
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higher than 1 mM. The transfection experiments carried out on mammalian Hek
cell lines clearly demonstrate that the nucleotide moiety enhances the transfection
efficacy of the natural anionic DPPA and DPPG lipids. SAXS studies indicate that
the enhancement in transfection for nucleotide-based lipid formulations compared
to those of the abasic natural derivative (DPPA) is likely due to the presence of
the 2D columnar inverted hexagonal phase (HII) with a unit cell parameter a =
69.1 Å in the nucleotide lipid formulations. The cytotoxicity studies of lipoplexes,
evaluated against Hek cells using an MTS assay, revealed that palmitoyl
nucleotide derivative complexes were not toxic even after 4 h of incubation, thus
indicating that the anionic nucleotide lipids presented in this work offer an
alternative to cationic transfection reagents.
Session C1 – Invited Paper
NANOPARTICULATE DUAL INTRACELLULARLY DEGRADABLE
PEPTIDE VECTORS FOR GENE DELIVERY
Rujikan Nasanit,a Parvez Iqbal,a Mahmoud Soliman,b Neil Spencer,a
Stephanie Allen,b Martyn C. Davies,b Simon S. Briggs,c Leonard W.
Seymour,*c Jon A. Preece*a and Cameron Alexander*b
a
School of Chemistry, University of Birmingham, UK, B15 2TT; bSchool
of Pharmacy, University of Nottingham, Nottingham, UK, NG7 2RD;
c
Department of Clinical Pharmacology, Old Road Campus Research
Building, University of Oxford, Old Road, Oxford, UK OX3 7DQ;
j.a.preece@bham.ac.uk
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Nature employs a number of highly evolved strategies to package and process
nucleic acids into nanoscale dimensions. Proteins such as histones condense
DNA within a cell via the spatially-controlled display of protonatable peptide
side-chains. Viruses have developed responsive polymeric structures that
compact nucleic acids for transfer across cellular barriers then release the
‘foreign’ genetic material via specific biological triggers. For the delivery of nucleic
acids for therapy, ‘soft’ synthetic carriers that combine advantageous features of
natural DNA condensing agents, but without the infection and immune response
problems of viruses are needed. The most efficient synthetic gene delivery agent
for many applications is branched poly(ethyleneimine) (PEI), a polycation that can
transfect cells in vitro and in vivo. Unfortunately PEI exhibits unacceptable toxicity,
which arises in part from the combination of a non-degradable polymer backbone
and a residual high polycation content. We seek to utilise advantageous features
of both synthetic and biological gene carriers and report here the synthesis of
vectors with a combination of 3 key criteria to enhance gene delivery. These are
(i) peptide-side-chain functionality similar to natural DNA-binders, (ii) protonation
profile that varies with cellular environment, and (iii) bioresponsive degradation to
promote efficient and safe gene delivery. We further consider that a
biodegradation step could also be used, as in viruses, for DNA-release. We have
shown that the combination of sequence-varied polypeptide isomers linked by
cytosol-cleavable disulfides leads to biodegradable gene delivery vectors that are
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not only more active at transfection than current systems such as PEI and PLL,
but importantly are also much better tolerated by two different cell types.
Furthermore, the modulation of pKa through sequence variations leads to vectors
that, on the evidence of experiments carried out with lysosomal buffers and
intracellular reducing agents, may traffic to different cellular compartments. These
data suggest that the most effective RPC vectors are likely to act via the proton
sponge mechanism, escaping to the cytosol without encountering the lysosome.
Of most significance to this study was the finding that the highest transfection
efficiencies in both cell types were with a ‘poly(diblock)’ [CK4H4C]n polymer, which
was 4 orders of magnitude better than PLL and 100-fold better than PEI in bEND3
cells.
Session C1 – Invited Paper
NANOPARTICLE TECHNOLOGY TO GENETICALLY MANIPULATE
THE BIOLOGICAL FUNCTIONS OF STEM CELLS
Yasuhiko Tabata
Department of Biomaterials, Institute for Frontier Medical Sciences,
Kyoto University, 53 Kawara-cho Shogoin, Sakyo-ku, Kyoto 606-8507,
Japan; yasuhiko@frontier.kyoto-u.ac.jp
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As the third advanced medical therapy following reconstruction surgery and organ
transplantation, a new therapeutic trial based on the natural-healing potential of
body itself to induce tissues regeneration and repairing, has been recently
expected. To realize this regeneration therapy, there are two practical
approaches; cell therapy and tissue engineering. The tissue engineering is a
biomaterial technology or methodology to artificially create a local environment
which manipulates the proliferation and differentiation of cells for cell-induced
tissue regeneration. If cells and/or tissues can be acted by a key biosignaling
molecule (growth factor and gene) at the right site, the right time period, and
concentration, it is no doubt that they will initiate to physiologically function,
resulting in the natural induction of tissue regeneration and repairing. For
example, one of the biomaterial technologies to enhance the in vivo activities of
biosignaling molecules is drug delivery system (DDS). In this paper, our recent
results of DDS technology with nanoparticles to genetically augment and
manipulate the biological functions of stem cells will be presented.
Some non-viral carriers for gene transfection were prepared from polysaccharides
which can be biospecifically recognized by the asialoglycoprotein receptors of
cells. Spermine of a natural amine was chemically introduced into pullulan and
dextran to prepare the respective cationized polysacchardies. When the
cationized polysaccharide was mixed with plasmid DNA in aqueous solution, the
complex of nanometer-size particle was obtained. The plasmid DNA-cationized
polysaccharide complex of nanoparticle enhanced the level of gene expression
for mesenchymal stem cells (MSC) primarily isolated from the bone marrow of
aminals. For example, rat MSC were genetically engineered with the complex of
cationized polysaccharide and a plasmid DNA of anti-apoptotic protein. The MSC
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genetically engineered could enhance the in vivo efficacy in angiogenic therapy
for an animal model of cardiac infarction in contrast to the original cells. In
addition, a new cell culture system for gene transfection (subfection) was
technically improved. In the subfection system, MSC were cultured on the surface
of substrate which had been coated with the complexes and a cell adhesion
protein. The level of gene expression was enhanced and the time period was also
prolonged to a significantly great extent compared with those of the conventional
transfection system where the complex was added in the culture medium for gene
transfection. The subfection system enabled monkey MSC to efficiently
differentiate into dopaminergic neural cells with low cytotoxicity. The cationized
polysaccharide was also effective in augmenting the biological activity of small
interference RNA (siRNA). When MSC were treated with the complex of
cationized polysaccharide and a siRNA to specifically suppress a bone
differentiation gene, the bone differentiation of cells can be artificially reduced and
their adipose differentiation was promoted. This finding indicates that the DDS
technology with the siRNA-cationized polysaccharide complex could modify the
direction of cells differentiation.
Session C1 – Contributed Paper
NEW NANOFLUID PARTICLES FOR GENE DELIVERY
John Texter
School of Engineering Technology, Eastern Michigan University,
Ypsilanti, MI 48197, USA; jtexter@emich.edu
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Nanofluids are solvent-free viscous liquids composed of suitably surface
functionalized nanoparticles. Some few examples are uncharged, but the
majority of examples reported to date may be viewed as supramolecular ionic
liquids. The preparation of such nanofluids is in the initial stages, but applications
in producing new materials include magnetic fluids and novel resins, Such
nanofluids may be viewed as 100% concentrated dispersions (all nanoparticles –
no solvent). Previously reported nanofluids have been derived by surface
modifying core nanoparticles to produce a shell or corona that induces viscous
liquid behavior with apparently classical glass transition and melting transitions.
We can now show that direct auto-condensation of suitable alkoxysilanes produce
core-free nanoparticle nanofuids that exhibit apparent lambda transitions in heat
capacity centered around both a glass transition (Tg) and melting transition (Tm).
These nanoflluid nanoparticles may be synthesized as bulk condensation
products, and a recent example is illustrated in Fig. 1. Such nanofluid particles
bear a positive surface charge corona, compensated by soft PEO-based anionis.
They are highly soluble in water, and are well suited to absorb (byion exchange)
short DNA strands and siRNA fragments.
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Figure 1. TEM of nanofluid. The scale bar is 20 nm.

Session D1 – Keynote Paper
DESIGN OF MILTIFUNCTIONAL NANOVESICLES FOR
TEMPERATURE-SENSITIVE DRUG RELEASE AND IMAGING
Kenji Kono
Department of Applied Chemistry, Osaka Prefecture University, Sakai,
Osaka 599-8531, Japan; kono@chem.osakafu-u.ac.jp
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We developed highly temperature-sensitive liposomes by surface modification of
stable liposomes with thermosensitive polymers, which change their property from
hydrophilic to hydrophobic around 40oC. These liposomes retained drugs at
physiological temperature, but released them above the transition temperature of
the polymers. When the polymer-modified liposomes encapsulating doxorubicin
were administered intravenously to tumor-bearing mice and subsequently mild
heating at 43-45oC was applied to the tumor site, tumor growth was strongly
suppressed. In addition, the tumor-suppressing effect of the liposomes was
dependent on the timing of the heat application. Therefore, we attempted to
provide these liposomes with imaging function. We synthesized a dendron-based
lipid having Gd chelate residues and added the Gd-bearing lipid in the liposomes.
We found that Inclusion of Gd-bearing lipids provide the temperature-sensitive
liposomes with MR detection. We could follow accumulation of the
Gd-lipid-containing liposomes in the tumor with MRI. Accumulation of liposomes
in the tumor increased with time and reached a constant revel 8 h after their
administration. Also, liposome size affected their tumor accumulation efficiency.
We observed that mild heating 8 h after the administration of the liposomes
induced strong suppression of tumor growth. Both the temperature-sensitive
property and the imaging function might contribute increment of accuracy of
cancer chemotherapy.
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Session D1 – Invited Paper
EXPANSILE NANOPARTICLES: SYNTHESIS,
CHARACTERIZATION, AND IN VIVO EFFICACY OF AN
ACID-RESPONSIVE POLYMERIC DRUG DELIVERY SYSTEM
Mark W. Grinstaff
Departments of Biomedical Engineering and Chemistry, Boston
University, Boston, MA 02215, USA; mgrin@bu.edu
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Nanoparticles are finding increased uses in drug delivery applications as a means
to increase treatment efficacy and improve patient care. Here, we report
engineered polymeric nanoparticles that undergo a hydrophobic to hydrophilic
transition at pH 5 to afford swelling and rapid release of their contents. As our
clinical interest lies in the prevention of tumor recurrence following resection, the
nanoparticles were evaluated in both a model mimicking microscopic disease,
akin to residual occult tumor that can remain at the resection margin following
surgery, and a true recurrence model. Expansile nanoparticles were loaded with
paclitaxel, a poorly water-soluble anticancer drug, and were cytotoxic to a number
of different cancer cell lines. Paclitaxel loaded expansile nanoparticles (Pax eNP)
were evaluated in lung and mesothelioma in vivo animal models and were
superior in performance to the conventional drug delivery method for paclitaxel
using Cremophor EL/ethanol.
Session D1 – Invited Paper
GENETICALLY ENGINEERED POLYPEPTOSOMES
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J. Andrew MacKay, Siti Janib, Ara Moses, Martha Pastuszka, Guoyong
Sun, Vinod Valluripalli
Department of Pharmacology and Pharmaceutical Science, University of
Southern California, Los Angeles, CA 90033; jamackay@usc.edu.

Introduction. Genetically engineered polypeptides are monodisperse, can
robustly incorporate multiple functionalities, and are good platforms for arranging
biologically active moieties. A substantial research effort has focused on linking
bioactive peptides to the surface of nanoparticles. Our goal is the reverse,
whereby we functionalize peptides and proteins so that they themselves
self-assemble useful nanostructures. To drive self-assembly, we use a functional
motif derived from the human gene for tropoelastin, the elastin-like polypeptides
(ELPs). ELPs are water-soluble polymers that undergo a reversible phase
separation above a critical transition temperature, Tt. The ELP motif consists of
(Val-Pro-Gly-Xaa-Gly)n, where the identity of Xaa and n modulate the
phase-diagram with respect to numerous variables (temperature, concentration,
pH, ionic strength, etc.).
Methods. We optimized a recursive directional ligation protocol to generate
repetitive DNA sequences, which can encode any repetitive polypeptide up to
molecular weights of ~100 kD. Polypeptides were purified from bacterial lysates
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by addition of salt and heat to produce ELP aggregates, which are isolated by
centrifugation. Three libraries of ELPs with Xaa = serine, valine, and isoleucine
were characterized. For constant concentration and n, the
Tt, serine > Tt, valine > Tt, isoleucine.
Notation: ‘S96’ indicates an ELP block with Xaa = serine and n = 96 pentamers.
From these monoblock libraries, we produced two libraries of diblock copolymers:
1) with a [1:1] ratio of serine (hydrophilic) to isoleucine (hydrophobic) block; and 2)
with variable lengths of the serine block and a constant length of the isoleucine
block. Assembly of structures was assessed using UV-Vis optical density,
dynamic light scattering, fluorescence confocal microscopy, and transmission
electron microscopy.
Results. We identified a minimal molecular weight necessary for the
self-assembly of ELP micelles based on our isoleucine-serine [1:1] library.
I48-S48 and I96-S96 form large stable micelles above a critical micelle
temperature (25, 20 °C respectively), with diameters of ~40 and ~80 nm,
respectively. Shorter block copolymers (I18-S18, I24-S24, I36-S36) form
nanostructures with unstable diameters. Having identified new criteria necessary
to form stable ELP micelles, we developed a second block copolymer library
(I48-S72, I48-S48, I48-S36, I48-S24, I48-S18) to produce stable large diameter
nanostructures, polypeptosomes. While the I48-S48 continue to form micelles, the
I48-S36 and I48-S24 form large particles of a stable diameter (~1 mm). To adjust
particle diameter, these nanostructures were extruded through a polycarbonate
membrane with pores, which reduced their hydrodynamic diameter to near the
pore size (100 or 200 nm).
Discussion. The ELP phase transition can control self-assembly of peptide
nanostructures; furthermore, these structures have distinct advantages: 1) they
can be biocompatible and biodegradable; 2) even at high MW, they are
monodisperse and can be precisely encoded at the DNA level; 3) their phase
behavior enables efficient purification from cell extracts; and 4) synthetic ELP
genes may drive co-assembly of biologically active peptides, proteins, drugs, and
imaging agents. We are exploring the biophysics, cellular uptake, and
biodistribution for this class of micelles and polypeptosomes.
Session D1 – Keynote Paper
RED BLOOD CELL-MIMETIC SYNTHETIC PARTICLES
Nishit Doshi1, Alisar Zahr1, Srijanani Bhaskar2, Joerg Lahann2 and
Samir Mitragotri1
1
Department of Chemical Engineering, University of California, Santa
Barbara, CA, USA; 2Department of Chemical Engineering and Material
Science and Engineering, University of Michigan, Ann Arbor, MI, USA;
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Encapsulation of drugs in carriers offers numerous advantages including
sustained release, reduced side-effects and effective targeting to diseased
tissues. Synthetic carriers made from various materials, in particular polymers
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and lipids have been designed in the form of nanoparticles, liposomes and
micelles and are currently used in a few medical applications. A major limitation in
the use of synthetic carriers is their rapid clearance from the body by the
mononuclear phagocyte system, which is one of body’s innate modes of defense
against invading pathogens and other non-indigenous particulate matter. A
general strategy to reduce clearance of carriers has been to minimize the
interactions of carriers with the components of the mononuclear phagocyte
system by chemical modification such as grafting polyethylene glycol on the
surface or by reduction of particle size to the nano-scale.
We sought after an alternative strategy for carrier design that aims at mimicking
body’s own circulating cells in blood including red blood cells (RBCs) and
platelets. These cells possess unique physical and chemical properties in terms of
size, shape, flexibility and chemical composition, all of which are essential to its
biological function. Inspired by the unique ability of these cells to perform complex
tasks, we sought to design synthetic carriers that mimic the key structural and
functional attributes of biological cells.
Using polymeric particles as a template, synthetic red blood cells (sRBCs) were
fabricated using a modified layer-by-layer technique. sRBCs are ~ 7 micron in
size, biconcave discoidal in shape and are flexible. Similar to their natural counter
parts, sRBCs can flow through capillaries smaller than their own diameter. sRBCs
also have the ability to carry oxygen comparable to mouse blood which reflects
potential applications as synthetic blood cells. Heparin, an anti-coagulant was
loaded into these sRBCs and released in a controlled fashion over several days,
which illustrates the utility of these capsules in therapeutic drug delivery. Further,
they can also encapsulate imaging agents which can find great applications in
diagnostic imaging. These particles offer a new paradigm in the design carriers for
drug delivery, diagnostic and synthetic blood based applications.
Session D1 – Invited Paper
REDOX-RESPONSIVE LIPOSOME-BASED DELIVERY SYSTEMS
Nicole H. Carrier, Maria F. Mendoza, Jerimiah C. Forsythe, William C.
Silvers, Braja Ghosh, and Robin L. McCarley
Department of Chemistry, Louisiana State University, Baton Rouge, LA
70803-1084, USA; tunnel@LSU.edu
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Described here is a group of stimuli-responsive container molecules, based on
lipids, that have the ability to have their contents released to the environment
upon activation by redox stimuli. Redox activation leads to cleavage of chemical
moieties attached to the container lipids, and as a result, disassembly of the
container and the delivery of the container’s contents. Self-immolative
phospholipid vesicles based on a hydroquinone/quinone responsive moiety that
undergoes reductive cyclization and removal are investigated. These systems
release their responsive units in a fashion that allows for the programmed delivery
of the container’s contents, as indicated by time-lapse spectroscopy
measurements of guest release. Light scattering and transmission electron
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microscopy methods are used to probe the mechanism of liposome opening after
redox activation.
Session D1 – Invited Paper
MICELLAR NANOMEDICINE FOR CANCER IMAGING AND
THERAPY
Jinming Gao
Department of Pharmacology, Simmons Comprehensive Cancer
Center, University of Texas Southwestern Medical Center at Dallas,
Dallas, TX 75390, USA; jinming.gao@utsouthwestern.edu
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Theranostic nanomedicine has received great attention as an integrated platform
for drug delivery and diagnostic imaging applications. Considerable challenge
remains as how to incorporate multiple functions (e.g. cancer targeting, imaging
ultrasensitivity, controlled drug release) within such a small size confinement
(<100 nm). Supramolecular polymer micelles are emerging as a novel class of
delivery systems for hydrophobic anti-cancer drugs and imaging probes. In this
presentation, I will discuss the recent development of multifunctional micelles with
tumor targeting, MRI ultrasensitivity, and pH-sensitive release of drug molecules.
An off-resonance saturation (ORS) method is established to turn “ON” and “OFF”
MR imaging contrast, which significantly improves the imaging accuracy for
cancer detection. Responsive polymers will be presented to provide pH-activated
MR imaging and therapeutic delivery applications. The integrated functions in
theranostic nanomedicine hold considerable promise to achieve personalized
nanomedicine for cancer diagnostic and therapeutic applications.
Session D1 – Invited Paper
ENGINEERING THE SURFACE OF MAGNETIC NANOPARTICLES
BYADSORPTION OF DOUBLE HYDROPHILIC BLOCK
COPOLYMERS
S. Louguet, C. Schatz*, R. Epherre, E. Duguet, and S. Lecommandoux
Laboratoire de Chimie des Polymères Organiques, CNRS-UMR5629,
ENSCPB, University Bordeaux 1, 16, Avenue Pey-Berland, 33607
Pessac-Cedex, France ; schatz@enscpb.fr
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Magnetic nanoparticles are used in life sciences as contrast agents for imaging
applications as well as heating sources for hyperthermia. However, their lack of
stability in in vivo conditions, their potential toxicity and their poor targetability
must be improved through chemical modifications at their surface. Polymers and
copolymers have been widely used for nanoparticle coating either by covalent
chemistry or through physical adsorption involving weak interactions. The latter
method is preferred from the point of view of the biodegradability of the system.
Herein, we report on a new method to functionalize the surface of
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perovskite-based nanoparticles by adsorption of a double hydrophilic
poly(ethylene glycol)-block-polylysine (PEG-b-PLys) copolymer. A careful
investigation of the adsorption conditions by dynamic light scattering, adsorption
isotherms, microelectrophoresis, isothermal microcalorimetry titration and neutron
scattering allowed us to fully understand the behaviour of this copolymer at the
interface and to determine an experimental window where polysine blocks are
completely adsorbed and polyethylene glycol chains freely protruding in solution.
Interestingly, the conformation of the adsorbed block copolymer chains can be set
in a mushroom or brush conformation according to the chemical composition and
the molar mass of the copolymer. Polyethylene glycol chains were
end-functionalized by a targeting peptide and the potential of the modified
magnetic nanoparticles as contrast agents was assessed by MRI.
The physical entrapment of hydrophobic drugs within the adsorbed copolymer
layer was investigated as it may be of interest to have a colloidal system with both
imaging and therapeutic capabilities. Common techniques such as fluorescence
spectroscopy were carried out to evaluate the drug loading in the copolymer layer.
Lastly the co-adsorption of PEG-b-PLys and thermoresponsive copolymers was
explored from a fundamental point of view at first and then as a mean to trigger
the drug release when particles are heated by application of an alternative
magnetic field.
Session E1 – Invited Paper
DEVELOPMENT OF A SYSTEM FOR DIRECT, PARTICLE-TO-CELL
DEPOSITION AT THE AIR LIQUID INTERFACE IN VITRO
John Volckens1, Brie Hawley1, Lisa Dailey2, Robert J. Devlin1
1
Department of Environmental and Radiological Health Sciences,
Colorado State University; 2Clinical Research Branch, National Health
and Environmental Effects Research Laboratory, U.S. Environmental
Protection Agency; john.volckens@colostate.edu
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Exposure of cultured cells to aerosols is usually accomplished by collecting
particles on a solid matrix, extracting the particles from the matrix, suspending
them in liquid, and applying the suspension to cells grown on plastic and
submerged in medium. The objective of this work was to develop a more
physiologically and environmentally relevant model of particle deposition on
cultured human primary airway epithelial cells. We hypothesize that the
toxicology of inhaled particulate matter depends strongly on both the particulate
dispersion state and the mode of delivery to cells. Our exposure system employs
a combination of unipolar charging and electrostatic force to deposit particles
directly from the air onto cells grown at an air-liquid interface in a heated,
humidified exposure chamber. Normal human bronchial epithelial cells exposed
to several forms of particulate matter air pollution using this system expressed
increased levels of inflammatory biomarkers (HOX-1, COX-2, IL-8) at 1 hour
following exposure and relative to controls exposed to particle-free air. More
importantly, these effects are seen at particulate loadings that are 1-2 orders of
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magnitude lower than levels applied using traditional in vitro systems (i.e., filter
collection/extraction and syringe-solution delivery). This work has helped close
the gap that has typically separated the observed dose-response between in vitro
and in vivo models. Applications of this technology to drug delivery, nanoparticle
toxicology, infectious disease, and global health research are also discussed.
Session E1 – Contributed Paper
TARGETED EXTRACTION OF HYDROPHOBIC MYCOTOXINS
USING MODIFIED MONTMORILLONITE CLAYS
Kerri-Ann Hue and Hassan El-Shall
Particle Engineering Research Center, University of Florida,
Gainesville, FL, 32611 USA; kahue@pssnicomp.com
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Montmorillonite (MMT) clays are well known adsorbent materials. The inherent
hydrophillic nature and planar structure of these clays have allowed them to be
used for the in vivo binding and extraction of aflatoxin molecules in livestock.
However, MMT clays have not shown the same success with hydrophobic
mycotoxins such as Zearalenone (ZEN). Extraction amounts fall from >90% with
aflatoxin to <50% with ZEN. ZEN binds to oestrogen receptors in mammals and
amounts equal to 1ppm can cause hyperestrogenism in swine. Surface
modification of MMT clays was performed in order to allow for the binding and
extraction of hydrophobic mycotoxins. The natural charge imbalance present in
the interlayers and surfaces of montmorillonite clays make them excellent
candidates for modification by cationic surfactants. During cation exchange
reactions counterions such as Na+ and Ca++ can be replaced by cationic organic
species. This exchange reaction, depending on the hydrocarbon chain length of
the organic species will render the clays hydrophobic and expand the
intergalleries of the clay. This allows for the adsorption and sequestration of
hydrophobic mycotoxins within the galleries of the clay. MMT clays have been
modified with tricaprylmethylammonium chloride (TCMA), a cationic surfactant.
After modification, the organophilic clays were characterized using XRD, TGA,
and FTIR analytical techniques to determine the change in the fundamental
properties of the clays. In vitro ZEN extraction was determined using UV-Vis
spectroscopy and HPLC with fluoresence detection. The factors most important to
ZEN extraction was determined using statistical design of experiments (DOE).
Extraction of ZEN in amounts >95% was observed with the organophilic clays. In
addition, desorption studies were performed to determine any increase in toxicity
that might be caused by washing of the clays or by emersion into electrolytic
solutions.
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Session E1 – Invited Paper
PHARMACEUTICAL MICRO- AND NANO-COMPOSITES BY
SUPERCRITICAL CO2 EXTRACTION OF EMULSIONS
Johannes Kluge a, Gerhard Muhrer b and Marco Mazzotti a,
a
Institute of Process Engineering, ETH Zurich, CH-8092 Zurich, Switzerland;
b
Novartis Pharma AG, 4056 Basel, Switzerland; klugejo@ethz.ch,
marcom@ethz.ch
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The biocompatible and biodegradable polymer poly (lactic-co-glycolic) acid, PLGA,
represents an attractive and well-investigated delivery system for a wide range of
active pharmaceutical ingredients. Co-formulation of drug and polymer is often
achieved by micro-encapsulation involving an emulsion process, and in this context, it
has been shown that supercritical CO2 may be used as an effective solvent extracting
agent in a process called supercritical fluid extraction of emulsions, SFEE. The
process combines the favorable characteristics of a supercritical fluid process, i.e. high
product purity and mild operating conditions, with the advantages of an emulsion
process, i.e. tight control of particle size distribution.
Using the SFEE process, many hydrophobic drugs that are poorly soluble in water may
be readily encapsulated in PLGA. The so-obtained composite particles are interesting
for a number of innovative drug delivery concepts such as controlled release or drug
targeting. In this context, long-term stability of the drug-polymer co-formulation is an
important prerequisite for marketability with a sufficient shelf-life. While corresponding
test procedures are well-established, there is a lack of methods and also concepts to
approach more fundamentally the problem of drug-polymer compatibility.
In this work, a novel approach to this problem is presented, showing that solvent-free
PLGA nanoparticles as obtained by SFEE processing may be used to investigate the
equilibration of PLGA with crystalline ketoprofen (KET), a chiral molecule belonging to
the class of nonsteroidal anti-inflammatory drugs (NSAIDs). The method is used to
determine the solubility of KET in the PLGA polymer matrix, and from experimental
results a model has been derived that is able to describe well the equilibrium between
the drug and the polymer as a function of temperature and chirality.
The presented results are valuable from a fundamental point of view, since equilibrium
data involving a chiral crystalline drug and a pharmaceutical polymer have been
determined in detail for the first time. Further, the present findings allow for a number
of practically relevant conclusions with respect to the potential application of PLGA as
drug delivery system for KET, such as the level of drug that may be encapsulated in
the polymer without affecting product stability. Such data is essential for the design of
pharmaceutical products combining a maximized drug load with an extended shelf-life.
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Session E1 – Invited Paper
PARTICLE ASSISTED PHOTOLITHOGRAPHY: PRINCIPLES AND
APPLICATIONS
Baijia Tang, Jamie Helmore, Mika M. Kohonen and Tommy S.
Horozov
Surfactant & Colloid Group, Department of Chemistry, University of
Hull, Hull, HU6 7RX, United Kingdom; t.s.horozov@hull.ac.uk
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Photolithography is widely used in modern technology for micropatterning of solid
surfaces with applications in microelectronics, solar cells, microfluidics, etc. It
employs a thin layer of photosensitive polymer (photoresit) on the solid surface
which is illuminated through a mask with a predesigned pattern. The exposed
areas of the photoresist film change their solubility and can be removed/
preserved after development, thus transferring the pattern from the mask onto the
solid substrate. Solid particles (e.g. dust) are detrimental for the traditional
photolithographic process and their presence must be kept to the bare minimum.
In contrast, we present a novel photolithographic approach in which small solid
particles alone are used as a photosensitive material, thus playing an active role
in the image formation and pattern transfer onto the solid surface. The capabilities
of this approach for making complex patterns on a millimetre- to micrometre-scale
are demonstrated. The potential applications of such patterns in microfuidics, thin
layer chromatography and lab-on-a-chip technology are discussed.
Session E1 – Invited Paper
STRUCTURES FROM ELECTROHYDRODYNAMIC JETTING AND
THEIR ASSEMBLY'
Jonghwi Lee
Department of Chemical Engineering and Materials Science,
Chung-Ang University, 221 Heukseok-dong, Dongjak-gu, Seoul, Korea
156-756; jong@cau.ac.kr
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Encapsulation is important in many applications such as drug delivery,
electronics, membrane related area. For engineering inner components,
electrospinning method can use multi capillaries for the inner fluids. We
investigated the effects of molecular weight of a polymer, conductivity, syringe
pumping speed,etc. In theory, it should produce parallel inner fluid streams of
three individual fluids. But, we observed alternating encapsulation of samples in
this multi component electrospinning system. Tendancy of alternating
encapsulation depends on the various conditions of inner fluids such as
conductivity, molecular weight of polymers, etc. EJC, electrohydrodynamic jetting
of countercharged nozzles, was also investigated, which was based on the
neutralization phenomenon between electrospun nanofibers and eletrosprayed
droplets. Because the surfaces of the fibers and the droplets have opposite
charges, the two different materials uniformly combined each other. These
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methods has a potential application in different types of food or pharmaceutical
products where maximum protection or sustained release is required.
Session E1 – Contributed Paper
ROLE OF DIFFUSION KINETICS IN CAPILLARY PHENOMENA
Yakov Rabinovich, Scott C. Brown, Amit K. Singh, Brij M. Moudgil
Particle Engineering Research Center, University of Florida, PO
Box116135, Gainesville, FL, 32611-6135, USA;
YRabinovich@erc.ufl.edu
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Capillary forces significantly influence the flow, strength, and segregation
behavior of multiphase particulate systems. Understanding of the mechanism of
these forces and their quantification is important for numerous industrial
processes and products. Although time-dependant capillary phenomena appear
to be significant, only a handful of researchers have addressed kinetic aspects of
the evolution of capillary annuli that can largely impact the governing interaction.
The majority of research in this area has assumed that capillary forces appear
instantaneously between particle-surface contacts in humid environments. Hence,
major knowledge gaps and limited information exists describing the kinetics of
liquid annuli formation and consequently, the appearance of capillary forces. In
this fundamental study, the capillary force between a silica microsphere (~ 3 µm
radius) and a flat silica surface is investigated as function of dwell-in-contact time
using an Atomic Force Microscope. Theoretical formulae relating the growth of
the capillary meniscus radius to the diffusion of water vapor are also developed.
Experimentally it is shown that for relative humidity in the range 40-50%, the
capillary (detachment) force increases with dwell time, with characteristic time
near 10 s. The literature data for capillary force between ~2 cm mica cylinders
under 99% relative humidity suggests a semi-quantitative agreement between the
experimental and theoretical diffusion results indicating that the time-dependant
capillary force growth phenomena can be explained by restrictive diffusive
transport through micro-scale gaps. However, at reduced humidity and
considering interactions between nanoscale tips or even micron-scale colloidal
probes a difference of several decimal orders between the experimental
characteristic time and the value, predicted using bulk diffusion theory occurs.
Herein, we propose that significant deceleration of the liquid annulus formation in
nano-scale gaps as compared with the bulk diffusion theory can explain the
disparity and this phenomenon may also explain decreasing unconfined yield
stress upon shear in powder/liquid mixtures.
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Special Presentation
INTERFACES INITIATIVES IN THE NSF BIOLOGY DIRECTORATE
Nily Dan
Instrumental Development for Biological Research and Major Research
Instrumentation, Division of Biological Infrastructure, National Science
Foundation, 4201 Wilson Boulevard, Arlington, VA 22230, USA;
dbiiid@nsf.gov
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The recent National Research Council report, ‘A new biology for the 21st century’
stresses integration between biology and physics, chemistry, engineering,
computer science and mathematics. This presentation will describe some
initiatives, both long-term and new, to foster advancement of biological research
through integration with other fields. In addition, the talk would review the
structure of NSF’s Biology Directorate, programs, and components of successful
proposals.
Session A2 – Invited Paper
MULTIFUNCTIONAL IMAGING NANOCARRIERS FOR
ANGIOGRAPHY AND PERSONALIZED MEDICINE
E. Karathanasis1*, A. Annapragada2 and Ravi V. Bellamkonda1
1
Wallace H Coulter Department of Biomedical Engineering, Georgia
Institute of Technology and Emory School of Medicine; 2School of
Health Information Sciences, University of Texas at Houston, USA;
ravi@gatech.edu
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Non-invasive imaging of blood vessels with high resolution has profound
implications for angiography. Here, we report the design of long-circulating iodine
containing liposomal nanocarriers that enable high resolution imaging of blood
pool in live animals. These nanocarriers permit unprecedented spatial and
temporal resolution and alter the clearance route of the contrast agent enhancing
safety in individuals with diminished renal function.
In addition, due to their long-circulation half-life, iodine nanocarriers extravasate
and accumulate in areas of compromised microvasculature. Evidence to suggest
that the extravasation of iodine nanocarriers strongly correlates to expression of
VEGF, VEGF R1 and other angiogenic markers within tumors will be presented.
The ability to non-invasively quantify ‘angiogenesis’ in tumors has significant
implications to characterizing the degree of malignancy status of tumors. The
ability to non-invasively quantify angiogenesis in tumors also is indicative of
dosing of systemically administered drugs and evidence that suggests that it is
possible to predict which individual tumors will respond to clinically approved
chemotherapeutics will be presented. This is significant because it is a rare
instance of imaging nanocarriers enabling the prediction of responsiveness of
chemotherapy and enabling ‘personalized’ medicine. While the applications of
these imaging nanoprobes to tumors are clear, angiogenesis also plays a critical
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role in tissue healing and the very techniques described here lend themselves to
characterizing and quantifying angiogenesis in wounds/injuries non-invasively,
enabling a safe, personalized and longitudinal assessment of tissue status and
healing in live animals.
Acknowledgements. This work was funded by support from NIH (NCI), National
Science Foundation, Ian’s Friends Foundation and the Georgia Cancer Coalition
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Targeted drug delivery is a rapidly advancing field that promises to revolutionize
the way many diseases are treated. In particular, polymer nanoparticles
functionalized with ligands containing biorecognition moieties have shown great
potential as targeted drug delivery systems. The efficiency of nanoparticle
targeting depends on various parameters such as nanoparticle size, tethered
polymer density and chain length, degree of functionalization by ligands,
ligand-receptor binding energy. Using Monte Carlo simulations we systematically
studied the influence of these factors on nanoparticle targeting of cell surfaces
with mobile receptors of different density. By analyzing the separation
distance-dependent profiles for the average number of ligands bound to receptors
and the free energy of polymer layer-cell surface interactions the influence of
different design parameters of a polymer nanoparticle or polymer micelle on the
affinity of binding can be assessed. We found that an increase in the degree of
functionalization and energy of binding strongly improves the binding affinity of the
nanoparticles. At the same time the influence of nanoparticle core size, tether
length and density are far more complex. While achieving high affinity of a
nanoparticle to a cell surface is very important, the most essential characteristic
for practical applications is selectivity of targeting cells with overexpressed
receptors as opposed to low receptor density benign cells. A high affinity of a
nanoparticle to a cell surface does not necessary guarantee strong selectivity of
targeting, it can in fact diminish selectivity. The optimal design of the polymer
nanoparticle to achieve both high affinity and specificity, which can be used as a
framework for the rational design of nanoparticles in biomedical applications, will
be discussed.
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Introduction. Camptothecin (CPT) has potent broad-spectrum antitumor activity
by inhibiting type I DNA topoisomerase. However, CPT is water-insoluble and
unstable in vivo, whereas the water-soluble form is inactive and toxic. As a result,
irinotecan and topotecan, two water-soluble CPT analogs, have been developed
and are approved and marketed, but they are limited with less potent activity and
significant dose-limiting toxicities. In order to address both the solubility and
toxicity issues of CPT, a polymeric nanoparticle comprised of
cyclodextrin-polyethylene glycol-co-polymer conjugated to CPT (IT-101) has been
developed and is currently in Phase 1b clinical trial.
Results and Discussion. Upon synthesis, IT-101 self-assembles into
nano-particles of ~40 nm in diameter with ~10 % drug loading by weight.
Camptothecin is conjugated to the polymer in its active form, and its solubility is
increased >1000-fold. In preclinical studies, IT-101 exhibits prolonged and
sustained drug release from the conjugate over time, with an extended t½,
increased AUC, and decreased volume of distribution, compared to parent CPT
when administered in mouse, rat and dog. Prolonged circulation time of IT-101
also promotes enhanced drug localization in tumor relative to plasma and other
major organs, compared to parent CPT, consistent with the enhanced permeation
and retention anticipated from a nanoparticle. Taken together, the physical and
pharmacokinetic properties of IT-101 have resulted in significant antitumor activity
observed at well-tolerated dose levels that is consistently superior compared to
irinotecan across a broad range of xenograft models. In clinical studies to date,
IT-101 has been safely administered in at least one cycle to 20 patients, and 4 out
of 20 patients received six or more cycles of treatment at 18-27 mg/m2 per cycle.
Human PK data are consistent with the prolonged half-life and increased AUC
observed in preclinical studies. Clinical results seen thus far support a dosing
schedule of every other week. Stable disease has been observed in 4 out of 18
patients, including two non-small cell lung cancer patients, a renal cell cancer
patient and a pancreatic cancer patient. The study is on-going with continuing
enrollment for further dose-escalation.
Summary. Phase 1b data to date support the hypothesis that IT-101 can
overcome toxicities and DMPK challenges of CPT while maintaining its biological
activity.
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Introduction. ‘Evaporative precipitation into aqueous solution’ (EPAS) is a
particle engineering technology capable of producing micron-sized drug particles
stabilized by surfactants and/or polymers. Specifically, an organic drug/stabilizer
solution is sprayed into a heated aqueous solution through a custom-made
atomizing nozzle. Rapid evaporation of the volatile solvent leads to precipitation of
the drug in the form of suspended particles. In order to overcome disadvantages
associated with EPAS, we developed ‘advanced evaporative precipitation into
aqueous solution’ (AEPAS), a process that employs emulsions rather than
organic drug solutions and eliminates the need for a customized nozzle.
Purpose. The objective of the present study was to develop a process that
combines emulsion templating and EPAS for forming nanoparticles of the poorly
water-soluble drug itraconazole (ITZ).
Methods. ITZ and lecithin were dissolved in dichloromethane and emulsified with
PVP K17 aqueous solution via sonication. This O/W emulsion was then injected
into an aqueous solution maintained at 80°C. Suspended particles were
recovered by centrifugation and lyophilized using a benchtop tray lyophilizer. The
mean particle diameter (M50) of suspended as well as lyophilized particles
redispersed in water was determined by laser light scattering. DSC and XRD were
used to assess the amorphous nature of the composition. SEM gave information
about ITZ nanoparticle morphology. Furthermore, supersaturated dissolution
testing in acidic and neutral media was conducted.
Results. The M50 of suspended particles 20 min after injection of the emulsion
into the heated aqueous phase was determined to be 290 nm. However, after
redispersion of lyophilized ITZ particles in water the M50 increased to 4.73µm.
SEM pictures revealed micron-sized agglomerates of distinct nanoparticles. To
optimize the lyophilization process sucrose was added as a cryoprotectant at a
concentration of 2% (w/v) of the emulsion and the M50 after redispersion in water
was determined to be 240 nm. SEM confirmed discrete spherical particles
embedded into the sugar matrix. XRD and DSC analysis confirmed the
amorphous nature of ITZ particles. Dissolution testing revealed high and
sustained ITZ supersaturation levels at acidic as well as neutral pH.
Conclusions. AEPAS was shown to be an efficient technology for preparing
nanoparticles of the poorly water-soluble drug, ITZ. AEPAS particles have
immediate applications for oral, parenteral and pulmonary administration of water
insoluble drugs.
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Introduction. ‘Rapid Freezing’ (RF) is a particle engineering technology capable
of producing highly porous, amorphous, nanostructured forms of poorly-water
soluble APIs with improved dissolution rates and high supersaturation levels
relative to their crystalline state. Specifically, an organic drug/stabilizer solution is
exposed to a continuously refreshed and cryogenically cooled metal substrate
that allows for rapid freezing (100 - 1000 K/s), which results in virtrification and the
production of a frozen amorphous solid. This frozen solution is then lyophilized, to
remove all organic and aqueous solvents, to obtain the final desired amorphous
polymer stabilized drug formulation.
Purpose. The objective of the present study was to examine the ability of the RF
process to increase the in-vitro and in-vivo performance of poorly-water soluble
BCS class II APIs by preparing and testing nanostructured amorphous forms of
those compounds.
Methods. Solutions of both Tacrolimus (TAC) and Itraconazole (ITZ) were
prepared by dissolving these compounds separately, along with various
excipients and polymer stabilizers, in 60/40 mixture of acetonitrile and water at a 1
wt% total solids concentration. These solutions were then processed using rapid
freezing and subsequent lyophilization to obtain amorphous solid solution
compositions. After processing XRD, SEM, and BET were used to assess the
amorphous nature, morphology, and specific surface area of the compositions,
respectively. Supersaturated dissolution testing and small animal model testing
were also conducted to examine the performance of the RF processed
compositions and to compare then to the current marketed product.
Results. XRD testing confirmed the amorphous nature of the compositions and
SEM images indicate that the materials are composed of agglomerations of
primary nanoparticles. BET results for the RF processed compositions were in
the range of 55-62 m2/g which is much higher than the crystalline forms of TAC
and ITZ which are ~2 m2/g. Dissolution testing showed that both RF processed
TAC and ITZ were able to achieve high supersaturation levels with peak (C/Ceq)
values at 23 and 10000, respectively. Finally, in-vivo testing in a rodent model
also showed improvements in bioavailability with a greater than 200% increase in
AUC for ITZ and greater than 150% increase in AUC for TAC when compared to
current marketed oral products.
Conclusions. The RF technology was proven to be an effective technology for
improving the performance and bioavailability of poorly-soluble compounds.
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Furthermore, when compared to current marketed versions of oral ITZ and TAC,
RF processed compositions showed improved dissolution and higher
bioavailability in rodent model testing.
Session A2 – Contributed Paper
PROTEIN BASED NANO-AND-MICROSPHERES FOR MEDICAL
APPLICATIONS
Artur Cavaco-Paulo
University of Minho, Textile Engineering Department, P-4800-058
Guimaraes, Portugal; artur@det.uminho.pt
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Several proteins in a bi-solvent system were used for the formation of
micro/nano-spheres using high pressured chemical environments. Preliminary
results indicate that protein secondary structure is maintained and it can be
refolded to its native state using a physiological redox-buffer and/or a protein
disulphide isomerase enzyme. This methodology allows stabilizing protein in
nano/microsized particles formulation for further protein delivery for serial of
applications including medical. Interestingly those protein nanosized/microsized
particles present no toxicity even when the original soluble proteins are toxic in
living systems. Basic data on the understanding of particle formation mechanism
are shown, as well a range of applications especially in wound healing benefits.
Session A2 – Invited Paper
SPECIFIC PEPTIDE MEDIATED NANOPARTICLE SYNTHESIS
Yujing Li and Yu Huang
Department of Materials Science and Engineering, University of
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The physical and chemical properties of nanocrystals (NCs) strongly depend on
their sizes and morphologies. Crystal formation in nature is controlled in all
aspects, Crystal formation in nature is often controlled in all aspects, from
orientation, size, and shape to assembly, during which molecular recognition
properties of proteins or polypeptide motifs play a central role. In this talk we will
demonstrate a biomimetic approach to shape controlled Pt NC synthesis. We
showed that the peptide molecules selected with phage display technique could
be used to regulate the Pt NC growth kinetics therefore control the resulting NC
morphologies in aqueous solution at room temperature. By varying the peptide
concentration and shape, nearly spherical Pt NCs and Pt NCs of multipod
structures with different pod lengths could be rationally achieved. The shape
evolution studies of NCs suggested that the peptide molecules preferably bind
onto {110} facets, resulting in multipod structures with preferential pod growth
direction along <111> and <100>. It was also demonstrated that the facet-specific
selectivity plays a less important role with increasing peptide concentrations,
leading to the transformation of multipod to a nearly spherical morphology at high
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peptide concentrations. These studies demonstrated a potential pathway to
rationally synthesize NCs with selectively exposed facets with specific peptide
molecules, and therefore open up many new opportunities in nanocrystal design
and studies.
Session A2 – Invited Paper
NANOPLATFORMS FOR NANOMEDICINE
Sri Sridhar, Northeastern University, Physics Department, 110 Dana,
360 Huntington Avenue, Boston, MA 02115, USA; s.sridhar@neu.edu
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Biocompatible nanomaterials are key components of novel approaches to
addressing the major problems of modern medicine. A variety of nanoplatforms
have emerged that have resulted in dramatic developments in imaging, early
diagnosis and targeted delivery of therapeutics. Several varieties of
nanoplatforms: metal, semiconducting polymeric and magnetic nanoparticles,
liposomes, micelles, and nanoassemblies, have been developed that can enable
efficacious delivery of drugs, DNA or energy to localized sites such as tumors,
using targeting agents such as antibodies or guided navigation using magnetic
fields. The optical properties of these nanoparticles offer an attractive alternative
to the fluorophore-based staining and labeling of biological samples, and have
potential use in a wide range of biological and physical applications. Magnetic
nanoplatforms for theranostics combine multiple functionalities including imaging,
magnetic guidance to the disease site, delivery of the drug payload through
sustained as well as triggered drug release. Nanoporous coatings have been
developed for implants, cardiovascular stents and fiducials used in image guided
radio therapy. The non-erodable coatings show sustained release profiles that are
comparable to those from erodible polymer platforms, but without the problems of
delamination. A new doctoral program has also been established incorporating
new courses and interdisciplinary research in nanomedicine.
Supported by National Cancer Institute and the National Science Foundation
Session A2 – Invited Paper
DEVELOPMENT OF HIGHLY FUNCTIONALIZED MAGNETIC BEADS
APPLICABLE TO DRUG DISCOVERY RESEARCH
Satoshi Sakamoto and Hiroshi Handa
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To understand a pharmacological action of the drug, efficient isolation and
identification of drug target proteins by affinity purification is indispensable.
Hence, development of practical polymer-coated matrices available for affinity
purification has been demanded. So far, our research group has developed
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affinity latex matrices, which are highly dispersive 140-200 nm poly(glycidyl
methacrylate(GMA))-coated beads with copolymer of styrene and GMA as core.
We call the matrices as “SG beads” naming after styrene and GMA. SG beads
feature extremely low unspecific binding with protein. Use of SG beads allowed us
to conduct single step affinity purification in a short time, and we have isolated
and identified various target proteins toward commercially available drugs,
endocrine disrupters, and single strand DNAs and so on. With success of
development of SG beads as affinity matrices in hand, we next aimed at more
efficient target protein screening with affinity matrices, and then developed affinity
magnetic matrices containing magnetic iron oxide, ferrite. The affinity magnetic
matrices we have developed are 140-200 nm poly-GMA coated beads with
several ferrite nanoparticles as magnetic core, which are encapsulated by
copolymer of styrene and GMA. Naming after ferrite and GMA, we call the
matrices as “FG beads”. FG beads not only possess several features of SG
beads, but also show good magnetic responsibility. Then, by collaboration with
Tamagawa Seiki Co., Ltd., we developed automated target protein screening
machine taking advantage of magnetic collection of FG beads. In the conference,
we would like to introduce our high performance affinity matrices, SG beads and
FG beads, and the automated screening machine. In addition, as an analysis of
drug target proteins which are isolated and identified by use of our affinity
matrices, we would like to present elucidation of teratogenesis caused by
thalidomide through a target protein of thalidomide.
Session B2 – Invited Paper
NEW FOCUSED-BEAM SPOS TECHNOLOGY REACHES BELOW
0.15 µm FOR CHALLENGING PARTICLE SIZE APPLICATIONS IN
BIOTECHNOLOGY
David F. Nicoli, Particle Sizing Systems LLC, Santa Barbara, CA
93117, USA; dave@pssnicomp.com
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The technique of single-particle optical sensing (SPOS) has been recognized to
produce particle size distribution (PSD) results of high resolution and accuracy,
largely devoid of serious artifacts often produced by ensemble-based methods,
such as laser diffraction. As a result, SPOS is used increasingly to assess the
quality and stability of a wide variety of colloidal systems, such as injectable lipid
emulsions. Indeed, measurement of the “tail” of fat droplets (globules) larger than
2 microns (um) using the SPOS technique based on the light extinction (LE)
principle forms the basis of Part II of the USP <729> requirement for emulsion
manufacturers. Analysis of the large-droplet tail of the PSD can be extended to
lower sizes by combining the LE signal with the light scattering (LS) response,
called “LE+LS” (Pat.). However, effective detection/sizing of particles as small as
0.5-um using this approach requires extensive sample dilution to avoid particle
coincidences and excessive small-particle background scattering. A new SPOS
technique has recently been developed, using a focused laser beam to achieve a
much smaller active sensing zone, thereby extending the lower size limit to below
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0.6-um using the LE method and below 0.15-um for the LS method. Because the
incident laser beam profile is spatially highly non-uniform, novel signal inversion
methods are required to produce PSD results of acceptable resolution and sizing
accuracy. The resulting “FX-nano” sensor works at particle concentrations much
higher than conventional LE- or LS-based SPOS sensors: > 1 million/mL for the
LE method and > 10 million/mL for LS operation. This new analysis capability is
well suited for characterizing “tails” of macromolecular aggregates and emulsions.
Session B2 – Invited Paper
STABILITY OF INJECTABLE EMULSIONS: MEAN DROPLET
DIAMETER VS. THE LARGE-DIAMETER TAIL
David F. Driscoll, Stable Solutions LLC, Easton, MA 02375, USA;
ddriscoll@stablesolns.com
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The stability of injectable oil-in-water (o/w) mini-emulsions (typical mean size
range: 100 to 500 nm) is critical to their safety and efficacy. For nutritional
emulsions, the health risks include occlusion of the pulmonary microvasculature,
impaired plasma clearance, and/or oxidative stress and tissue injury to vital
organs such as the liver, from the abnormal deposition of large-diameter fat
globules during infusion. For drug emulsions, in addition to these risks, an
increasing population of large-diameter fat globules disrupts the homogenous
distribution of drug-loaded droplets, which might affect its efficacy and/or toxicity.
During instability (coalescence), for a one-log change in size (e.g., 0.5 µm  5
µm), there is a corresponding 3-log change in volume that would greatly alter the
distribution of drugs within the dispersion. This point assumes particular
importance for drugs with a narrow therapeutic index (therapeutic/toxic ratio).
Thus, any physical assessment of injectable o/w emulsions must include
assessment of both the mean droplet size (a qualitative manufacturing parameter)
and assessment of the large-diameter tail, especially > 5 µm (a quantifiable
stability parameter) that directly influences infusion safety. Pharmaceutical
recognition of these parameters has recently been adopted by the U.S.
Pharmacopeia for injectable oil-in-water mini-emulsions under Chapter <729>
entitled “Globule Size Distributions in Lipid Injectable Emulsions” that applies to
both drug and nutritional emulsions.
Session B2 – Contributed Paper
TISSUE CULTURE AFM PROBES, PLEURAL SPACE TRIBOLOGY
AND THE PATHOGENESIS OF PNEUMOTHORAX
Scott C. Brown, Yakov I. Rabinovich, Kamal Mohammed, Veena
Antony and Brij M. Moudgil
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Tools used in particle science and technology also have significance in biological
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environments. It is known that both mechanical and molecular stimuli can
significantly modulate cell surface expression and biological response. Sensitive
methods are required that can both mimic and sense biologically relevant
interactions to uncover basic methods in elusive diseases. To aid in the fulfillment
of this need, atomic force microscopy probes have been developed that can
emulate phenomena that occur in vivo. Living cell terminated probes have been
applied for simulating tribological interactions in the pleural space, and have led to
a new hypothesis for the cause of spontaneous pneumothorax, an erradic disease
that results in the sudden collapse of the lung. These probes also hold promise
for rapid identification of advanced biomaterials for future medical solutions and
much more.
Session B2 – Contributed Paper
QUANTIFYING IN-SITU CHANGES OF NANO-SCALE
INTERACTIONS OF NANOPARTICLES USING QUARTZ CRYSTAL
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Mark A. Poggia, Stoyan Smoukovb, Archana Jaiswala and Bartosz
Grzybowskib. a Biolin Scientific, Glen Burnie MD 21061, b Department of
Chemical and Biological Engineering, Northwestern University,
Evanston, IL 60208-3120, USA; mark.poggi@biolinscientific.com
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Currently there are many technologies that can study the bulk properties of
nanoparticles in solution (light scattering) as well as experimental methods that
allow one to visualize particles (microscopy or fluorescence). However, there are
few technologies that can provide real-time in-situ information regarding how
nanoparticles interact with other molecules or materials. Recently we have been
using the quartz crystal microbalance with dissipation monitoring technology
(QCM-D) to quantify the interaction of particles with surfaces and other materials
(biological and organic). We will first present recently published results that
address the effect of stagnant and dynamic motion of chemically modified
nanoparticles on their adsorption onto silica surfaces. We were able to follow the
real-time assembly (in liquid) of these chemically-modified particles. By
simultaneously quantifying the changes in surface mass and viscoelasticity during
the adsorption process, we were subsequently able to model the adsorption
characteristics of these particles. We will also discuss recent advances that have
been made in regards to using QCM-D to follow the assembly of biological
nanoparticles (such as cells, viruses and lipids).
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Izon Science has developed a novel, tunable nanopore technology platform for
rapid nanoparticle detection and analysis. Each nanopore (aperture) is formed in
thermoplastic polyurethane using controlled penetration by STM tungsten probes.
The particle sensing technology relies upon detection of transient changes in
aperture current as particles translocate through the aperture. Data is captured for
the degree of current change (blockade depth) plus the duration of the
translocation for each individual particle. The apertures can be dynamically
adjusted in real time by deformation of the urethane, enabling optimisation of the
aperture size for the particle set of interest. Material will be presented which
outlines the science, and the technology application of this approach.
Izon’s technology affords analysis of both charged and non-charged particles
through the application of electrophoretic and/or pressure forces to drive particles
through the aperture. The combination of these forces along with the wide range
of variables which can be manipulated (eg aperture size, electrolyte type and
concentration, pH, applied voltage) allow a broad set of particle characteristics to
be measured. Techniques will be discussed, and data shown, for analysis of
particle size and size distribution, shape, surface charge, concentration, and size
distribution for mutiple populations within a single sample. The unique scanning
capability of the nanopore offers high resolution of particle populations and
multi-dimensional analysis.
Important distinctions with existing light scattering techniques for particle
measurement will be drawn. In particular, for the analysis of polydispersed
samples or where there is a tendency to particle aggregation. Izon’s nanopore
platform enables rapid and direct measurement of mixed particle populations that
may exist within a sample. This offers a powerful cross-referencing capability to
other measurement techniques (eg DLS), as well as providing a more detailed
description of mixed populations with single-particle resolution.
Research utilizing this particle-detection platform in the context of its immediate
and wider applications to diagnostics and pharmaceutical/drug delivery will be
presented. In particular, the rapid, real-time detection and monitoring of
particle-particle interactions. Particle-biomolecule, functionalisation and
aggregation reactions will be discussed. By measuring real-time changes in the
particle translocation signal, changes in particle size, shape and/or surface
charge can be detected and quantified, providing valuable information on particle
interactions, including determination of the rates and yields of these events.
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Magnetic field-flow fractionation (MgFFF) is a member of the family of field-flow
fractionation (FFF) techniques that make use of a variety of different fields or field
gradients to separate and characterize macromolecules, nanoparticles, and larger
particles up to around 100 µm in diameter. Separation in FFF takes place within a
flow of suspending fluid in a thin channel, across the thickness of which the field
or field gradient is applied. Our implementation of MgFFF uses a quadrupole
electromagnet with a thin helical channel mounted axisymmetrically in the
aperture. The current to the electromagnet may be varied with time to obtain a
programmed magnetic field gradient decay during sample analysis. This is
essential for the analysis of polydisperse materials. The instrument has been
used to characterize magnetic nanoparticles, such as those used for cell labeling
and for targeted drug therapy. These nanoparticles are generally composite
materials consisting of magnetic cores with biocompatible coatings carrying
antibodies or therapeutic drugs. The cores may be composed of large numbers of
superparamagnetic magnetite nanoparticles of around 10 nm diameter. The
coatings stabilize the particles in suspension and also reduce the magnetic
dipole-dipole interactions between the particles in a magnetic field. Particles are
separated as they elute through the thin helical channel, and are detected at the
channel outlet. The mechanism of FFF, which exploits the opposition of
field-driven and diffusion-driven transport, causes the particles to elute from the
channel in times related to the strength of their interaction with the magnetic field
gradient. The established FFF theory allows the determination of the strength of
interaction of the particles as a function of their elution time from the channel.
MgFFF is capable of determining not only the mean magnetite mass per particle
but also the mass distribution of magnetite among the particles.
Session B2 – Contributed Paper
LASER MICRORHEOLOGY FOR SOFT MATERIALS
Christelle Tisserand, Laurent Brunel, Yoann Lefeuvre
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This work present a new technique of the passive microrheology for the study of
the microstructure properties of soft materials like emulsions, polymer
suspensions, colloids, gels, foams, etc. Our technology uses Multi Speckle DWS
(MS-DWS) set-up in backscattering with a video camera. It allows to measure the
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mean displacement of the microstructure particles in a spatial range between 0.1
and 100 nm and a time scale between 10-3 and 104 seconds. Also when the
particles move thanks to the Brownian motion, the Generalised Stokes Einstein
Relation given by Mason and Weitz can be applied to calculate the visco-elastic
moduli G’ and G’’ over a large frequency range. We offer also different easier
calculations like a fluidity index, an elasticity factor, a viscosity factor…This
technique allows to follow the evolution of the microstructure to analyse for
instance gelation, restructuration after shearing, stability, variation of the
viscoelastic properties versus temperature, pH, stability of emulsion, suspension.
This sensitive and robust method is easy to use thanks to the new instrument
Rheolaser Lab.
Session B2 – Contributed Paper
DIELECTROPHORETIC CHARACTERIZATION AND CONTINUOUS
SEPARATION OF MICRO/SUBMICRON PARTICLES AND CELLS IN
A PDMS-BASED MICROFLUIDIC DEVICE WITH SILVER-PDMS
ELECTRODES
Nuttawut Lewpiriyawong and Chun Yang
Department of Mechanical and Aerospace Engineering, Nanyang
Technological University, 50 Nanyang Avenue, Singapore 639798;
lewp0002@ntu.edu.sg	
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Dielectrophoresis (DEP) is widely used in separation of particles and cells in
microfluidic devices. Most DEP-based devices integrate metallic electrodes into
their glass/Si substrate to generate a nonuniform electric field. The device
assembly becomes complicated as the device requires a spacer as channel walls
and a cover with specific techniques to prevent liquid leakage. Soft lithography is
a convenient and low-cost method for the formation of PDMS-based devices.
However, due to the poor adhesion between the metal and PDMS, metallic
electrodes cannot be effectively integrated in a PDMS-based device. We present
a newly developed PDMS-based device that uses conducting PDMS as sidewall
electrodes for characterization and separation of particles and cells. The PDMS
cohesion strengthens the bond between the sliver-PDMS electrodes and
PDMS-based channel. The device assembly between the PDMS channel with
silver-PDMS electrodes and a glass substrate only requires oxygen plasma
treatment.
Fluorescent latex particles of 0.5 and 1.9 µm, Saccharomyces cerevisiae (yeast)
and E. coli (bacteria) were samples used in this study. The particles experience
negative DEP (nDEP) when the suspending medium is more polarized than
themselves. The nDEP forces the particles to move away from the high
electric-field-intensity region. Conversely, the particles experience positive DEP
(pDEP) when they are more polarized than the suspending medium. The pDEP
attracts the particles to the high electric-field-intensity region. At a crossover
frequency, when both particles and medium are equally polarized, DEP vanishes.
Experiments showed that the non-conducting latex particles of 1.9 µm in NaHCO3
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(11.3 µS/cm) exhibited nDEP between 10 kHz-80 MHz as the suspending
medium is more conductive than the particles. The 0.5-µm particles in the same
buffer exhibited pDEP between 0.5-1 MHz and nDEP between 10-80 MHz with
the crossover frequency of 3.5 MHz. As the particles become smaller, the effect of
a surface conductance increases, causing the particles to be more conductive
than the medium between 0.5-1 MHz.
DEP characterization of yeast and bacteria were conducted in NaCl (380 µS/cm)
and DI water (1.9 µS/cm), respectively. Yeast cells experienced pDEP between
100 kHz-40 MHz above which DEP vanished. Bacteria experienced pDEP
between 100 kHz-30 MHz and nDEP between 50-80 MHz with the crossover
frequency of 40 MHz. In addition, three sets of continuous separation were
performed. Particles of 0.5 µm and 1.9 µm in NaHCO3 (11.3 µS/cm) were
separated by pDEP and nDEP at 1 MHz, respectively. The separation of yeast
cells experiencing pDEP and 5 µm particles experiencing nDEP in NaCl (380
µS/cm) was achieved at 1 MHz. Bacteria in DI water were attracted to electrodes
by pDEP and separated from the 1.9-um particles which were pushed away from
electrodes by nDEP at 1 MHz. These proof-of-concept experiments showed the
potential of this device for a new kind of DEP-based microfluidic devices for
particle and cell separation.
Session B2 – Contributed Paper
CONTINUOUS CHARACTERIZATION AND SEPARATION OF
SINGLE PARTICLES BY PHOTOPHORESIS
Clemens Helmbrecht and Reinhard Niessner, Institute of
Hydrochemistry and Chair for Analytical Chemistry, Technische
Universitaet Muenchen, 81377 Munich, Germany;
Clemens.Helmbrecht@ch.tum.de
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Common techniques for the analysis of particle mixtures mainly focus on the
parameter particle size. The need for a precise determination of discrete particle
properties arises from numerous problems in chemistry, pharmacy, life science or
biology. The application of light-induced forces on particles suspended in a liquid,
e. g. hydrocolloids, offer the possibility of characterization and separation due to
optical properties such as refractive index or absorption.
At the µm-scale, inertia, gravitational and friction diminish and forces induced by
light become capable of manipulation or trapping of particles. In case of
transparent matter, optical forces arise from exchange of momentum between
photons from e.g. a laser and microparticles. The migration induced by light is
termed photophoresis (PP) and depends on the properties of the particle/fluid
system. As friction force and optical force balance at equilibrium, the particles
migrate on a stable pathway within the laser beam with constant velocity, the PP
velocity. Hence, the particle radius r or refractive index n of the particle can be
calculated on the basis of velocity distributions.
For the separation of colloidal mixtures, a setup in cross-flow configuration was
developed. The sample flow was applied perpendicular to the laser beam. By
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variation of the laser power or the cross-flow rate the sensitivity can be adjusted.
In that way we could show that PP is capable of separation of a colloid mixture
containing spherical polystyrene particles of 4.1 µm and 1.9 µm in diameter.
We demonstrated the feasibility of Photophoresis for the continuous
discrimination and separation of particles as a contact-free and label-free
technique based on optical forces. With a well characterized laser setup and
carrier liquid, the diameter and refractive index of single particles can be
calculated on the basis of the PP velocity. The gentle nature of the technique
allows characterization of delicate samples.
Session B2 – Invited Paper
THERMO-OPTICAL PROPERTIES OF BRANCHED GOLD
NANOPARTICLES FOR HYPERTHERMIA TUMOR TREATMENT
Bieke Van de Broek1,2,*, Didier Grandjean3, Hilde Jans1,2, Karolien
Jans1, Liesbet Lagae1, Guido Maes1, Gustaaf Borghs1
1
imec, Functional Nanosystems, Leuven, Belgium; 2K.U.Leuven,
Department of Chemistry, Leuven, Belgium; 3K.U.Leuven, Department
of Physics, Leuven, Belgium; bieke.vandebroek@imec.be
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Despite significant advances in the detection and treatment of cancer, the
development of novel therapies remains essential. A promising technique is the
destruction of solid tumors induced by nanoparticle based hyperthermia. Gold
nanoparticles are ideal candidates for this clinical application if their plasmon
absorption band is situated in the near infrared region of the electromagnetic
spectrum, the biological window. This can be obtained by tuning the nanoparticle
shape. Upon laser energy absorption the nanoparticles will generate heat to kill
tumor cells. However, using nanoparticles for tumor targeted therapy imposes
specific tissue targeting properties on the nanoparticles. Passive tissue targeting
can be achieved by taking advantage of the presence of the leaky vasculature at
the tumor site. Although passive targeting is interesting, the target specificity is
still very limited. The clinical dream, which is still far from reality, is to obtain
actively targeting nanoparticles which accumulate specifically in tumor cells.
In this study, the thermo-optical properties of branched gold nanoparticles upon
laser irradiation are unraveled using in situ X-ray absorption spectroscopy
(EXAFS) and a thermocouple. With this method the actual temperature increase
at the nanoparticle surface can be determined using the change of the
Debye-Waller term. In addition, to target specificity, these branched gold
nanoparticles are conjugated with the peptide PA22-2
(CSRARKQAASIKVAVSADR) which shows high affinity for telencephalin (TLN)
expressing tumor cells. The specific interaction of these actively targeted
nanoparticles with the tumor cells is demonstrated in vitro.
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Session B2 – Invited Paper
CHARACTERIZATION OF NANO-DISPERSIONS
Maria-T. Celis1*, Ana Forgiarini1, Laura Márquez1 and Luís. H. García
Rubio2
1
Lab. Polymers and Colloids (POLYCOL) and Lab. FIRP, Chemical
Engineering- Universidad de Los Andes, Mérida 5101-Venezuela;
2
College of Marine Science, University of South Florida, St.PetersburgFlorida, USA; celismt@ula.ve
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The result of any emulsification process, particularly the emulsion drop size,
depends on many factors, particularly those related to the stirring protocol.
However some emulsification processes, such as the so-called phase inversion
method take place with minimum stirring, and produce the nano-dispersions
20-500 nm range almost spontaneously, thus it has a considerable potential for
practical applications, i.e., these fine emulsions may be used for encapsulation of
oil-soluble bioactives, in skin care products and as colloidal drug carriers for
pharmaceutical applications. The information contained in the UV-vis spectrum
on scattering properties of the fine emulsions together with the optical properties
of the dispersed phase lead to the interpretation of the spectra in terms of the
droplet size and the distribution of this emulsificated systems. This research
reports on a technique to monitoring the droplet size distribution of the
nanoemulsions using spectroscopy. This particle characterization methodology is
based on a sampling and dilution strategy combined with spectroscopy methods.
The spectra quantitative interpretation is performed in the spectral range (300
-820 nm) leading to reliable estimated of droplet size populations in the nano-size
range. It is shown analyzes of nanoemulsions on transmission spectrum as a
function of the oil concentration and the HLB value of the emulsifier, on the droplet
size and distribution, and stability of the oil-in-water (O/W) emulsions attained by
the phase inversion method.
Session F1 – Keynote Paper
COLLOIDOSOMES FOR CELL ENCAPSULATION AND DRUG
DELIVERY: TAILORING TRANSPORT AND FLUX
Rachel Rosenberg and Nily Dan
Department of Chemical and Biological Engineering, Drexel University,
Philadelphia, PA 19104, USA; dan@coe.drexel.edu
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Recent studies suggest that coating microcapsules by a shell composed of
densely packed, impenetrable colloidal particles (so-called ‘colloidosomes’) can
be used to control permeability. However, data demonstrating this selectivity has
been largely qualitative. In this paper we examine, experimentally and
theoretically, the effect of colloidal particle size and the properties of the diffusing
component on transport through colloidal shells. We find that the presence of a
colloidal shell does indeed reduce the rate of transport of three model molecules:
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Aspirin, caffeine, and FITC-dextran. However, contrary to expectation, we find
that for all three molecules the reduction in transport rate is largely independent of
the dimensions of the particles composing the shell. These results are explained
using a simple diffusion model that accounts for the volume fraction and diameter
of the colloidal particles in the shell, and the size of the diffusing molecules.
Session F1 – Invited Paper
DESIGNED MOLECULAR RECOGNITION AT THE LIPID-WATER
INTERFACE
Dennis Bong
Department of Chemistry, The Ohio State University, Columbus, Ohio
43210, USA; bong@chem.osu.edu
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Our group applies the tools of organic synthesis to address fundamental
questions of membrane chemistry and biophysics through the use of novel
peptide and lipid structures at the lipid-water interface. We are in particular
interested in how lipid membrane activation results in membrane fusion, and we
are exploring this through the construction of synthetic membrane fusogens as
well as the deconstruction of native fusogens such as the HIV-derived fusion
peptide. Based on the observation that lipid membrane morphology is dependent
on surface hydration, we have designed lipid systems that are activated for fusion
by dehydration through lipid hydrogen bonding; we have further designed
membranes that are highly stabilized (deactivated) by a membrane-anchored
glycopolymer that protects against surface dessication and serum protein binding.
These molecular recognition and “anti-molecular recognition” systems are of
potential utility in new materials, bioengineering and drug delivery applications.
Session F1 – Invited Paper
NOVEL LIPID CONJUGATED PRODRUGS FOR SPLA2 ACTIVATED
LIPOSOMAL DRUG DELIVERY
Mads H. Clausen
Department of Chemistry, Technical University of Denmark, Kemitorvet
201, 2800 Kgs. Lyngby, Denmark; mhc@kemi.dtu.dk
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For some time we have been engaged in the development of novel
enzyme-triggered prodrugs for drug delivery targeting cancer. The liposomal
prodrugs take advantage of the EPR effect to localize to tumors and the
over-expression of secretory phospholipase A2 in cancer tissue. Compared to
conventional liposomal drug delivery systems, our prodrug-lipid conjugates have
a number of advantages. Firstly, the drugs are covalently linked to the lipids and
thus problems relating to leakage are circumvented, widening the therapeutic
window. Secondly, the lipophilic environment in the bilayer of the formulated
liposomes effectively shields the drugs from the aqueous environment in vivo and
thus the strategy enables the use of therapeutic agents with otherwise
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unfavorable pharmacokinetic properties.
We have offered different solutions to the prodrug design and have published
examples that include the use of capsaicin, chlorambucil and all-trans retinoic
acid as the cytotoxic agents. Currently, we are working with more potent agents
targeting nuclear receptors and structural proteins. The presentation will discuss
our various strategies and recent progress towards improved systems, including
chemical synthesis, enzyme activity and cytotoxicity.
Session F1 – Contributed Paper
THERMORESPONSIVE AMPHIPHILIC BLOCK COPOLYMERS FOR
SUSTAINED RELEASE OF HYDROPHOBIC PHARMACEUTICALS
Atoosa Maleki, Kaizheng Zhu, Anna-Lena Kjøniksen, Bo Nyström
Department of Chemistry, University of Oslo, P. O. Box 1033, Blindern,
N-0315 Oslo, Norway; atoosam@kjemi.uio.no
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Self-assembled nanostructures of amphiphilic block copolymers have received
considerable attention for applications in nanomedicine. A series of amphiphilic
block copolymers have been synthesized and characterized with the aid of
turbidimetry, dynamic light scattering, and rheology. The aqueous solutions of an
amphiphilic triblock copolymers (PNIPAAm-b-PEG-b-PNIPAAm) or positively
charged pentablock copolymers can undergo a temperature-induced transition. It
is shown that different lengths of hydrophilic or hydrophobic chains can have a
major impact on the association behavior of the polymer in solution. At raised
temperature, turbidity increases and the incipient rise of the turbidity with
increasing temperature takes place at lower temperatures when the hydrophilic
chains become shorter. The values of the apparent hydrodynamic radii indicate
the growth of big moieties at higher temperatures. The viscosity results show the
formation of association structures at elevated temperature, however, the
formation of large aggregates in the solution is reduced under the influence of
shear rate. A hydrophobic model drug, rifampicin, was loaded into the
nanoparticles in solution to study the encapsulation and releasing effect. The
results imply the potential use of the copolymers for controlled drug release.
Session F1 – Invited Paper
BIPOLAR TETRAETHER LIPOSOMES: PHYSICAL PROPERTIES
AND APPLICATIONS
Parkson L.-G. Chong
Department of Biochemistry, Temple University School of Medicine,
Philadelphia, PA 19140, USA; pchong02@temple.edu
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The polar lipid fraction E (PLFE) isolated from the thermoacidophilic archaeon
Sulfolobus acidocaldarius can form nano-scale unilamellar vesicles (~60-200 nm
in diameter). These PLFE liposomes are extraordinarily stable against
environmental stresses. PLFE liposomes exhibited an unusually low temperature
88

Oral Abstracts
sensitivity of proton permeation and dye leakage. The size of PLFE liposomes
remained unchanged for at least 6 months at 25-55oC in the absence of fusogenic
compounds such as Ca2+. At high [Ca2+] (> 12 mM), aggregation of PLFE
liposomes occurred, but it was accompanied by only a relatively low extent of
membrane fusion. The aggregation or fusion of PLFE liposomes was slow, on the
order of tens of minutes, as compared to the aggregation of negatively charged
monopolar diester liposomes at comparable Ca2+ and lipid concentrations (on the
order of seconds). PLFE liposomes also showed remarkable stability against
autoclaving, displaying only 4.3% carboxyfluorescein (CF) leakage in the
presence of 160 mM NaCl at pH 7.1. In the pH range 4-10, PLFE-based
liposomes were able to retain vesicle size, size distribution, and morphology
through at least six autoclaving cycles. By contrast, at the same pH range, most
conventional liposomes made of monopolar diester lipids and cholesterol or
pegylated lipids could not withhold vesicle size and size distribution against just
one cycle of autoclaving. The unusual stability of PLFE liposomes can be
attributed to tight and rigid lipid packing due to the presence of branched methyl
groups, tetraether linkages, and cyclopentane rings in the bidiphytanyl chains as
well as an extensive network of hydrogen bonds between the sugar and
phosphate residues exposed at the outer face of the PLFE liposomes. PLFE
liposomes exhibited two thermal-induced lamellar-to-lamellar phase transitions at
~47-50oC and ~60oC and a lamellar-to-cubic phase transition at ~74-78oC, all of
which involve small or no volume changes as revealed by pressure perturbation
calorimetry (PPC). Volume fluctuations in PLFE liposomes were found to be more
damped as compared to normal diester liposomes, as determined by molecular
acoustics (ultrasound velocimetry and densimetry) and calorimetry. These
physical properties together suggest that PLFE liposomes could be used as slow
drug release vehicles for targeted delivery (supported by NSF).
Session F1 – Invited Paper
COLLOıDAL MİCROCAPSULES VİA DIRECTED SELF-ASSEMBLY
AT THE LIQUID-LIQUID INTERFACE
Amitav Sanyal
Department of Chemistry, Bogazici University, Istanbul,34342, Turkey;
amitav.sanyal@boun.edu.tr
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Colloidal microcapsules have been fabricated at the oil-water interface using
molecular recognition between complementarily functionalized gold
nanoparticles. Water-soluble β-cyclodextrin capped gold nanoparticles and
organo-soluble adamantyl-functionalized gold nanoparticles are self-assembled
at the water-toluene interface via specific host-guest molecular interactions to
provide robust microcapsules. Multivalent interactions of complementary ligands
on the nanoparticle surface provide stability to these capsules. Stimuli-responsive
nature of the non-covalent assembly process is exploited to tune the
microcapsule size. Unlike covalently cross-linked microcapsules, the dynamic
bridging interactions can be used to manipulate the size of these capsules via
introduction of competing adamantane containing amphiphilic guest molecules.
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Session F1 – Invited Paper
DRUG DELIVERY APPLICATIONS WITH ETHOSOMES
Elka Touitou
School of Pharmacy, The Hebrew University of Jerusalem, Israel;
touitou@cc.huji.ac.il
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We have designed and investigated specially tailored vesicular systems, that we
have named ethosomes, for enhanced delivery of active agents into the deep
layers of the skin and across the skin. The systems were characterized by
31
P-NMR, TEM,SEM,CLSM and DLS.
This presentation will focus on the applications of ethosomes for dermal and
transdermal delivery of drugs in various diseases and conditions.
Efficient delivery of antibiotics was evidenced in animal models of deep skin
infections. Erythromycin ethosomal systems applied on the skin of ICR mice
innoculated with 107cfu S. aurues ATCC 29213 produced a complete eradication
of infection. The same erythromycin dose administrated in a hydroethanolic
solution did not improve the deep dermal and subcutaneous abscesses that
developed within five days following challenge.
In a clinical study on forty patients with mild to moderate acne vulgaris,
considerable improvement of the acneic condition, with a statistically significant
decrease in the number of comedones, pustules and total number of lesions was
measured for treatment with clindamycin ethosomal gel as compared to placebo.
Seventy-one percent of the patients indicated improvement of the condition with
no reports on worsening. Noteworthy, fourteen of seventeen participants, with a
history of previous topical treatment, preferred the clindamycin ethosomal gel
compared with prior commercial topical medications, based on its improved
tolerability and fewer side-effects.
Another clinical evaluation, in an office pilot study, showed that the PGE1
ethosomal gel applied on patients with erectile dysfunction, resulted in enhanced
penile rigidity and improved peak systolic velocity, without penile erythema or
other adverse events.
Two interesting applications of ethosomes are an ethosomal buspirone gel tested
in animal models for the treatment of menopausal syndromes and transdermal
ibuprofen ethosomal system for antipyretic effect.
In summary, ethosomes are safe delivery systems for design of efficient dermal
and transdermal dosage forms.
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Session F1 – Invited Paper
TEMPLATED VESICLE FORMATION AND PROPELLED VESICLES
FOR ENHANCED DELIVERY
Jonathan Howse1, Richard Jones2, and Tony Ryan3
1
Department of Chemical and Process Engineering; 2Department of
Physics, 3Department of Chemistry, University of Sheffield, Sheffield.
UK; j.r.howse@sheffield.ac.uk
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Unilamellar polymer vesicles are formed when a block copolymer self-assembles
to form a single bilayer structure, with a hydrophobic core and hydrophilic
surfaces, and the resulting membrane folds over and rearranges by connecting its
edges to enclose a space. The physics of self-assembly tightly specifies the wall
thickness of the resulting vesicle, but, both for polymer vesicles and
phospholipids, no mechanism strongly selects for the overall size, so the size
distribution of vesicles tends to be very polydisperse. We report a method for the
production of controlled size distributions of micrometre-sized (that is, giant)
vesicles combining the 'top-down' control of micrometre-sized features (vesicle
diameter) by photolithography and dewetting with the 'bottom-up' control of
nanometre-sized features (membrane thickness) by molecular self-assembly. It
enables the spontaneous creation of unilamellar vesicles with a narrow size
distribution that could find applications in drug and gene delivery, nano- and
micro-reactors, substrates for macromolecular crystallography and model
systems for studies of membrane function.
Results will also be presented on the autonomous propulsion of micron sized
particles which offer the potential for enhanced diffusion of materials along with
stratergies for targetted drug delivery through responses designed to mimic
chemotaxis.
Session F1 – Contributed Paper
NOVEL PHOTODEGRADABLE CROSSLINKERS FOR THE
PREPARATION OF LIGHT SENSITIVE MICROGELS
Daniel Klinger and Katharina Landfester
Max Planck Institute for Polymer Research, Mainz, Germany;
landfester@mpip-mainz.mpg.de, klinger@mpip-mainz.mpg.de
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Regarding controlled release applications from polymeric networks, a diffusion
controlled mechanism influences the release of embedded compounds out of the
gel. A specific molecular design of the network structure allows hereby the
incorporation of stimuli sensitive properties, thus enabling a controlled release by
external triggers. The respective sensitivity can be achieved by the utilization of
cleavable crosslinking points which represents a method for triggering the
complete decomposition of the network. Based on o-nitrobenzyl derivatives, two
classes of novel photolabile divinyl functionalized crosslinkers were synthesized
to build up photodegradable PMMA microgels as model compounds for possible
further controlled release applications. Free radical copolymerization of the
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crosslinking molecules with MMA in a miniemulsion polymerization process
yielded colloidal PMMA gel particles in the nanometer size range. Controlled
partial cleavage of crosslinking points was achieved by UV irradiation with l > 300
nm of the swollen latex dispersions in a good solvent and resulted in particles of
significantly increased volumes consisting of highly swollen networks. In addition,
complete particle disintegration was observed for irradiation with UV light of
shorter wavelengths. Different photolysis reactivity of the two classes of
synthesized crosslinkers was accomplished by systematic variation of the
molecular structure. Hereby, the actual rate constants for the photolysis in
solution were determined by kinetic HPLC measurements. Kinetic turbidity
measurements to monitor particle degradation revealed an influence of the
crosslinker structure on the degradation kinetics of the respective
photodegradable PMMA microgels in an analogue manner. Hence, new PMMA
microgels synthesized with different photo cleavable crosslinkers potentially offer
selective kinetically-controlled particle degradation. Furthermore, regarding the
systematic variation of the molecular structure of the crosslinkers, a partial
degradation of the gel particles not only results in a higher swollen morphology,
but also in the formation of formerly protected functional groups covalently bound
to the polymeric network, thus enabling further chemical modifications of the gel.
The specific performance of the synthesized microgels can be selectively
triggered by means of utilized UV light, wavelengths and intensities, thus
representing a great potential as a new light responsive nano-scaled materials for
controlled delivery applications.
Session G1 – Keynote Paper
C DOTS: FLUORESCENT CORE-SHELL SILICA NANOPARTICLES
FOR BIOIMAGING AND NANOMEDICINE
Ulrich Wiesner
Department of Materials Science and Engineering, Cornell University,
Ithaca, NY 14850, USA; ubw1@cornell.edu
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Fluorescent nanoparticles offer enormous scientific and technological promise as
labels and photon sources for a range of biotechnological and nanomedicine
applications such as biological imaging, sensor technology, and cancer targeting.
Many applications require size-controlled, monodisperse, bright nanoparticles that
can be specifically conjugated to biological macromolecules and targeted to
specific environments. As an alternative to single molecule fluorophores and
quantum dots, fluorescent silica-based particles derived through a modified
Stöber process hold particular promise since they are more biocompatible and are
water soluble, and silica chemistry is well established and extremely versatile.
The presentation will report on progress in the development of a novel class of
multifunctional silica-based fluorescent core-shell silica nanoparticles referred to
as Cornell dots or simply C dots. Results on C dot synthesis and characterization
are discussed and various life sciences applications are demonstrated with
developments towards labels for nanomedicine.
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Session G1 – Contributed Paper
GOLD PRODUCTION BY SILICA-ENTRAPPED PHOTOSYNTHETIC
ORGANISMS: A “LIVING” BIO-HYBRID MATERIAL
Clémence Sicard1,2, Roberta Brayner2, Jérémie Margueritat2, Alain
Couté3, Fernand Fiévet2, Jacques Livage1 and Thibaud Coradin1
1
LCMCP, UPMC- Paris 06; CNRS, Collège de France.
2
ITODYS, Université Paris Diderot ;CNRS, Paris
3
RDDM, Museum National d’Histoire Naturelle, Paris
clemence.sicard@univ-paris-diderot.fr
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An emerging class of new bio-hybrid materials, termed “living” materials, are
currently developed in which the biological activity of a living organism is
synergetically coupled to the properties of an inorganic material to introduce novel
functionalities. In this context, this project aims at designing original biosensors
based on the intracellular synthesis of gold colloids by photosynthetic organisms
immobilised within silica gels.
With this purpose, Klebsormidium flaccidum cells were encapsulated in silica
matrices through an aqueous route. One day after encapsulation, Au3+ solutions
were added to the gel supernatant. The entrapped cells retain their ability for gold
reduction and gold nanoparticles were observed by electronic microscopy within
the cell thylakoid membranes and at the cell surface. Nanoparticle formation was
followed by UV-visible studies of the surface plasmon resonance (SPR)
absorption band and occurred within a week. The cell membrane integrity was
controlled by photonic and transmission electron microscopy. Preservation of the
micro-algae photosynthetic activity showed that, when compared to cell
suspension, the encapsulation process protects the cell from lethal effects arising
from gold toxicity.
The presence of intracellular gold particles was observed to shift both the intensity
and energy of the chlorophyll fluorescence. This effect provides the basis for the
design of a fluorescent biosensor for environmental pollution monitoring.
Session G1 – Invited Paper
LIPID RAFTS MODULATE MEMBRANE MOBILITY OF SEROTONIN
TRANSPORTERS IN LIVING SEROTONERGIC NEURONS
REVEALED BY SINGLE QUANTUM DOT
Sandra Rosenthal
Department of Chemistry, Vanderbilt University, Nashville TN 37235
USA; Sandra.j.rosenthal@vanderbilt.edu
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The serotonin transporter (SERT) has been associated with several neurological
diseases including anxiety, major depressive disorder, and autism. However,
studies devoted to the question of the mechanism of membrane-associated
dynamic processes are still scarce. Recently, single molecule/particle tracking
has become a powerful tool for unraveling the dynamics of individual membrane
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proteins in living cells. We demonstrated the application of single quantum dot
imaging for real-time dynamic tracking of natively expressed SERTs in living
neurons. Step displacement-generated in-motion trajectories exhibit two distinct
populations: slow-diffusive and confined movement. Gentle cholesterol depletion
effectively decreased the confined movement population. Further trajectory
analysis revealed distinct diffusional behaviors. Together with dual-color labeling
of dye labeled lipid rafts and quantum dot labeled SERTs, our results strongly
suggest that SERT mobility is modulated by membrane cholesterol. Current
studies are underway to see if SERT motility is altered by genetic variants, such
as that linked to autism.
Session G1 – Invited Paper
NANODLSAY FOR BROAD-BASED IMMUNOASSAYS
Qun Huo
NanoScience Technology Center, University of Central Florida,
Orlando, FL 32826, USA; qhuo@mail.ucf.edu
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Gold nanoparticles scatter light intensely at their surface plasmon resonance
wavelength region. The light scattering cross section of a gold nanoparticle with a
diameter of 60 nm is 200-300 times stronger than a polystyrene bead of the same
size, and 4-5 orders of magnitude stronger than a strong fluorescence dye,
fluorescein. Dynamic light scattering (DLS) is a well established analytical
technique for particle size measurement and characterization. Due to the strong
light scattering intensity of gold nanoparticles, the detection limit of gold
nanoparticles by DLS can easily reach pM to fM range. By combining the strong
light scattering property of gold nanoparticles with the high sensitivity of DLS, we
developed a new one-step immunoassay technology, NanoDLSay, for
biomolecular analysis. Gold nanoparticles are conjugated with antibodies. When
the gold nanoparticle-antibody conjugates are mixed with a sample solution that
contains the antigen, the binding of antigen with the antibody causes gold
nanoparticle aggregation. Such an aggregation can be detected and quantified by
DLS and the antigen concentration in the sample can be subsequently revealed
from the particle size information of the assay solution. NanoDLSay is extremely
easy to conduct. The results can be obtained in as short as a few minutes and the
assay requires the use of minute amounts of samples (1-5 µL). So far we have
demonstrated a broad range of applications of NanoDLSay such as: (1) as a
general immunoassay for protein detection; (2) monitor nanoparticle
bioconjugation process and characterize the quality of the nanoparticle
bioconjugates; (3) monitor and study protein-protein interaction and protein
complex/aggregate formation; (4) antibody isotyping and quality control; (5) for
detection of other biomolecules, biotargets and chemical species.
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Session G1 – Keynote Paper
ION SENSING AND DELIVERY WITH NANO- AND
MICROPARTICLES
Wolfgang J. Parak
Fachbereich Physik und Wissenschaftliches Zentrum für
Materialwissenschaften (WZMW), Philipps Universität Marburg,
Renthof 7, 35037 Marburg, Germany;
wolfgang.parakl@physik.uni-marburg.de
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Nanomedicine nowadays is a popular key word in the media, though everyone
seems to associate it with different visions, hopes, and even fears. From the point
of view of a materials scientist it will be pointed out what new materials will be
possible, how they will be designed, and which properties they could offer for
diagnosis and treatment. It will be critically discussed that though sophisticated
materials with advanced novel properties will be available in the future, they do
not automatically match the requirements and demands of clinicians. The
discussion is centred around one example, multifunctional polyelectrolyte
capsules which might act as a "nano-submarine" for in vivo sensing and delivery,
which is used to highlight promising interfaces between both disciplines.
Session G1 – Invited Paper
NANOPARTICLES OF BIODEGRADABLE POLYMERS FOR
CANCER DETECTION AND TREATMENT AT ITS EARLIEST STAGE
Si-Shen Feng
Department of Chemical & Biomolecular Engineering and Division of
Bioengineering, National University of Singapore, Singapore 112576;
chefss@nus.edu.sg
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Nanomedicine will radically change the way we make drug and the way we take
drugs, which will make cancer and fatal diseases curable at its earliest stage. This
presentation demonstrates through a full spectrum of proof-of-concept research
how the model drugs such as Paclitaxel and Docetaxel and the model imaging
agents such as iron oxides (IOs) and quantum dots (QDs) can be formulated in
novel nanoparticles of biodegradable copolymers such as PLA-TPGS, which can
thus result in high drug encapsulation efficiency, high cellular uptake and
cytotoxicity, long half-life and large AUC, and desired biodistribution for controlled
and sustained imaging and chemotherapy. After conjugated with antibody probes
such as Herceptin, the NPs can also realize targeted chemotherapy and a
synergistic therapy with immunotherapy. We show that the Herceptin-conjugated
PLA-TPGS NPs could achieve 1.36-fold higher cellular uptake efficiency by the
SK-BR-2 cells which are of high HER2 expression while only 1.21-fold higher
cellular uptake was obtained for MCF-7 cells which are of moderate HER 2
expression than the nude NPs after 0.5 h cell culture, respectively. The
Cytotoxicity experiment demonstrated that judged by the SK-BR-3 breast cancer
cells in vitro, Docetaxel formulated in the Herceptin-conjugated PLA-TPGS NPs
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could achieve 1.635-, 2.152-, 1.605-fold higher therapeutic effects than Taxotere®
after 24, 48, 72 hour treatment respectively. Moreover, our in vivo experiments
showed that the PLA-TPGS NP formulation of Docetaxel could achieve 3.44-fold
higher therapeutic effect and 4.42-fold lower side effect in comparison with
Taxotere® at the same dose of 10 mg/kg as indicated by the larger
area-under-the-curve and better biodistribution. One dose for a 360 h effective
chemotherapy could be realized.
Session G1 – Invited Paper
SURFACE ENHANCED RAMAN SCATTERING AS A READOUT
STRATEGY FOR IMMUNODETECTION
Marc D. Porter and Eric J. Dufek
Departments of Chemistry, Chemical Engineering, Bioengineering, and
Pathology, and the Nano Institute of Utah, Salt Lake City, UT 84108,
USA; marc.porter@utah.edu
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Nanomedicine will radically change the way we make drug and the way we take
drugs, which will make cancer and fatal diseases curable at its earliest stage. This
presentation demonstrates through a full spectrum of proof-of-concept research
how the model drugs such as Paclitaxel and Docetaxel and the model imaging
agents such as iron oxides (IOs) and quantum dots (QDs) can be formulated in
novel nanoparticles of biodegradable copolymers such as PLA-TPGS, which can
thus result in high drug encapsulation efficiency, high cellular uptake and
cytotoxicity, long half-life and large AUC, and desired biodistribution for controlled
and sustained imaging and chemotherapy. After conjugated with antibody probes
such as Herceptin, the NPs can also realize targeted chemotherapy and a
synergistic therapy with immunotherapy. We show that the Herceptin-conjugated
PLA-TPGS NPs could achieve 1.36-fold higher cellular uptake efficiency by the
SK-BR-2 cells which are of high HER2 expression while only 1.21-fold higher
cellular uptake was obtained for MCF-7 cells which are of moderate HER 2
expression than the nude NPs after 0.5 h cell culture, respectively. The
Cytotoxicity experiment demonstrated that judged by the SK-BR-3 breast cancer
cells in vitro, Docetaxel formulated in the Herceptin-conjugated PLA-TPGS NPs
could achieve 1.635-, 2.152-, 1.605-fold higher therapeutic effects than Taxotere®
after 24, 48, 72 hour treatment respectively. Moreover, our in vivo experiments
showed that the PLA-TPGS NP formulation of Docetaxel could achieve 3.44-fold
higher therapeutic effect and 4.42-fold lower side effect in comparison with
Taxotere® at the same dose of 10 mg/kg as indicated by the larger
area-under-the-curve and better biodistribution. One dose for a 360 h effective
chemotherapy could be realized.
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Session H1 – Keynote Paper
DEVELOPMENT OF NEW PROTEIN DELIVERY SYSTEM BY
NANOGEL ENGINEERING
Kazunari Akiyoshi
Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental
University, 2-3-10 Kanda-surugadai, Chiyoda-ku, Tokyo 101-0062,
JAPAN; akiyoshi.org@tmd.ac.jp
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The control of the network nanostructure of hydrogels is still major challenges. In
order to further utilize the properties of nanogels as bulk hydrogel biomaterials,
we are developing technologies that utilize nanogels as building blocks to create
novel functional hydrogels that are structurally controlled at the nano-level.
Macrogels were obtained by chemically cross-linking of the nanogels as building
blocks. Acryloyl or methacryloyl group-modified cholesterol-bearing
polysaccharides(CHP) was synthesized as reactive nanogels. By using the
nanogels, nanogel-crosslinking nanoparticles, hydrogels, sheet film and
nanogel-coating materials were developed.
Many bioactive proteins, such as cytokines, are promising therapeutic agents.
However, it is clinically difficult to use most proteins as effective drugs because of
their very low stability and pleiotropic actions in vivo. To overcome these
difficulties, polymer hydrogels are being used to deliver appropriate amounts of
proteins to target sites in a desired time scale. There still remain problems with
trapping unstable proteins without denaturation in hydrogels and to control the
release of these proteins.
Biodegradable hydrogels (CHP-PEG) were obtained by mixing a nanogel solution
of acryloyl group-modified CHP with an aqueous solution of a 4-armed
poly(ethyleneglycol) (PEG) with a thiol group at the terminus. Hydrolysis of the
ester bond connecting the nanogel and the PEG chain resulted in degradation of
the hydrogels. The gel can be used as a new delivery system in which the
nanogel is released by hydrogel degradation. The nanogel cross-linking hydrogels
with chaperone- like activity are useful as controlled-release protein carriers such
as cytokine therapy and bone regeneration .
Session H1 – Invited Paper
IMPACT OF PHYSICO-CHEMICAL CHARACTERISTICS OF
NANOMATERIALS INTERACTIONS WITH PHOTOSYNTHETIC
MICROORGANISMS IN TERMS OF ECOTOXICITY
Roberta Brayner
ITODYS, 15 rue Jean de Baïf, Université Paris Diderot, 75205 Paris
cedex 13, France; roberta.brayner@univ-paris-diderrot.fr
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To produce unique products with novel properties we need to manipulate
materials at the nanoscale level. In the word, man-made nanoparticles and
materials are being rapidly produced in large quantities and it was shown, in the
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past ten years that nanomaterials have different toxicity profiles compared with
larger particles because of their small size and also their high reactivity. In this
moment, the toxicological and environmental effects of direct or indirect exposure
to these manufactured nanomaterials are not completely elucidated. The
physico-chemistry is essential to understanding the fate and behavior of
nanoparticles in the environment, as well as uptake and distribution within
organisms, and the interactions of nanoparticles with other pollutants. It has been
reported that when the particle size decreases, there is a tendency to increase the
toxicity, even if the same material is relatively inert in bulk form (e.g. SiO2, carbon
black, TiO2, ZnO). The nanoparticles, due to their nanoscale, shape and
consequently huge surface area, may interact more efficiently with biological
systems producing important toxicity. In addition, the surface area are directly
correlated to many others physico-chemical properties such as chemical
reactivity, surface adsorption ability, surface charge, etc. All these factors strongly
dominate nanotoxicological behavior in vivo. In addition, the toxicological impact
of nanoparticles depends also on the biological target used. In this new
multi-disciplinary field, there are many challenges ahead and some controversies,
but knowledge transfer from biology, toxicology, colloid chemistry, as well as
material and geological sciences, will enable to improve (nano)ecotoxicology
studies. The present work is focused on (i) the study of the physico-chemical
properties of some nanoparticles (TiO2, ZnO, CdS, Fe, CeO2, carbon
nanotubes…) prepared without and with protective agents before and after
contact with the culture media and also (ii) the study of the ecotoxic impact of
these nanoparticles on microorganisms.
Session H1 – Contributed Paper
A NOVEL CHITOSAN ANTIBACTERIAL DISPERSION SYSTEM
WITH NANOTECHNOLOGY
Xi Guang Chen*, Ke Xing, Xiao Jie Cheng, Cheng Sheng Liu
College of Pharmacy, The Ohio State University, Columbus, OH, USA;
xgchen@ouc.edu.cn
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A novel chitosan antibacterial dispersion system was prepared by oleoyl-chitosan
(O-chitosan) nanoparticles (OCNP), and the antibacterial activity against
Escherichia coli and Staphylococcus aureus was investigated. Results showed
that OCNP could be well distributed in nutrient broth and had strong antibacterial
activity. The minimum inhibitory concentrations (MICs) of OCNP ranged from
31.25 mg/l to 125 mg/l against E.coli. For S.aureus, the MIC of all samples was
125 mg/l. OCNP of low chitosan molecular weight (MW) appeared most effective
against E.coli. For S.aureus, the effect of chitosan MW on the antibacterial activity
of OCNP was not pronounced. E.coli was most susceptible to OCNP of
O-chitosan with degrees of substitution (DS) 5%, while no marked difference was
found among OCNP of O-chitosan with different DS against S.aureus. OCNP
exhibited the most pronounced antibacterial activity at pH 6.0 in the experimental
range. The integrity of bacterial cell membranes was destroyed when treated with
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OCNP. The outer membrane (OM) and inner membrane (IM) permeabilities assay
of E.coli were performed by determining the changes in the fluorescence of cells
treated with the fluorescent probe 1-N-phenylnaphthylamine (NPN) and release of
cytoplasmic β-galactosidase activity. The effect of lecithin and phosphate groups,
the conformation of membrane protein, internalization of fluorescein
isothiocyanate (FITC)-labeled OCS nanoparticles (FITC-OCSP) were observed
under fluorescence microscopy and DNA/RNA binding assay. The lecithin effect
showed that OCNP bound to cytoplasmic membrane phospholipids of S.aureus,
and phosphate groups played an important role. Fluorescence microscopy
observations demonstrated that the way OCNP entered bacteria varied against
strains. The gel-retardation experiment showed that OCNP bound strongly to
DNA/RNA and retarded their migration in the gels in a concentration-dependent
manner. These results indicate that OCNP exerts its antibacterial activity by
damaged the structures of cell membrane and putative binding to extracellular
targets such as phosphate groups or intracellular targets such as DNA and RNA.
Session H1 – Invited Paper
TRANSPORT OF NANOPARTICLES ACROSS CELLULAR
BARRIERS, THE EXAMPLE OF THE BLOOD-BRAIN BARRIER
Lucienne Juillerat-Jeanneret
University Institute of Pathology, CHUV-UNIL, University of Lausanne,
Switzerland; lucienne.juillerat@chuv.ch
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The appearance of nanoparticles, including therapeutic or imaging nanoparticles,
in the central nervous system is mandatory for drug delivery, but may also result
in detrimental effects to the brain. Only limited information exists concerning the
transport of nanoparticles across the blood-brain barrier. In the experiments
reported, the uptake and transport by brain-derived HCEC human endothelial
cells, and the cellular consequences of these interactions, were studied using iron
oxide nanoparticles (iron oxide core 9 nm) (USPIONPs), either uncoated, oleic
acid-coated or PVA/amino PVA-coated. The uptake (cell-associated iron and
TEM imaging) and cytotoxicity (MTT assay and ROS production) of the 3
USPIONPs were first determined in HCEC cell monolayers. Only uncoated and
PVA/aminoPVA-coated USPIONPs were taken up by HCEC cells, but only oleic
acid coated USPIONPs induced cytotoxicity. Both uncoated and oleic acid
-coated USPIONPs induced ROS production. The transport of the 3 UPSIONPs
across a confluent layer of HCEC cells grown on a semi-permeable polyester
membrane was studied in the absence or the presence of a rotating magnet.
Agglomerated uncoated USPIONPs were not transported across the empty
membrane, even in the presence of the magnet, whereas the transport of the 2
other USPIONPs was increased in the presence of the magnet. However, none of
the 3 USPIONPs were transported across the confluent HCEC cell layer, even in
the presence of the magnet. These results suggest that USPIONPs developed for
MRI do not access the central nervous system in the presence of an intact
blood-brain barrier. This work was supported by the Swiss National Science
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Foundation and the EC FP7 projects NanoTEST and NanoImpactNet.
Session H1 – Invited Paper
CARL AND KINETIC TARGETING: A BACKDOOR APPROACH TO
DIMINISH TOXICITY OF LIPOSOMAL DOXORUBICIN
Gerhard Pütz, Oliver Schmah, Jürgen Eckes, Martin J Hug & Karl
Winkler University Freiburg Medical Center, Freiburg, Germany,
Gerhard.puetz@uniklinik-freiburg.de
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Purpose. Using highly toxic drugs like chemotherapeutic agents, therapeutic
success is often limited by severe adverse effects. To lower the acute and chronic
cardio toxicity of doxorubicin, long circulating pegylated liposomes (e.g.
DOXIL®/CAELYX®) can be used as drug delivery systems. Thereby the toxic
profile of the encapsulated doxorubicin is shifted, but still severe side effects like
skin toxicities occur in a large number of patients. Due to the “enhanced
permeation and retention effect”, nanoscale particle based drug delivery systems
accumulate to some extent in tumor tissues, but only a very small portion (≤ 5%)
of the given dose reaches the target site. The overwhelming amount of a given
dose is needed only to build up a sufficient diffusion gradient from blood to tumor.
Accumulation within the tumor takes several hours, and when accumulation is
completed, still most of the administered liposomes are circulating in the plasma.
Finding a way to eliminate this circulating portion will lower the patients burden of
toxic agent and may diminish severe adverse effects during chemotherapy.
DOXIL®/CAELYX®, the most common liposomal chemotherapeutic agent, can
be eliminated by extracorporeal blood purification treatment originally designed
for lipoprotein apheresis. Based on this technique, a clinical pilot study was
initiated to evaluate the safety and efficacy of a scheduled extracorporeal
elimination of circulating nanoparticles (CARL, Controlled Application and
Removal of Liposomal chemotherapeutics).
Methods. For a pilot study Doxil/Caelyx® was used as liposomal
chemotherapeutic agent and double filtration plasmapheresis was used for
extracorporeal elimination of liposomes. Apheresis was conducted 44-48 h after
injection of liposomal doxorubicin. Elimination efficacy and safety profile were
evaluated with 12 Patients in neodjuvant treatment of breast cancer and second
line treatment of ovarian cancer. As secondary parameter side effects and quality
of life were evaluated.
Results. After 37 treatments in this ongoing study, these preliminary results were
found: 63% (± 8%) of circulating doxorubicin were eliminated by filtration of 1
plasma volume. When apheresis was started, ~73% (± 7%) of the total dose were
circulating, after apheresis was terminated, ~27% (± 7%) were left circulating.
Thus ~46% (± 8%) of the total dose were eliminated by apheresis. No leakage of
doxorubicin was detected during apheresis treatment. Apheresis was well
tolerated, and it took 2-3 h to complete elimination of 3 l plasma volume.
Response (>70% of tumor volume reduction) was seen in 8/9 patients who
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alreadycompleted the study. So far, no patient showed any skin toxicities
(hand feet syndrome/mucositis), not even grade 1.
Conclusions. Extracorporeal elimination of Caelyx® is safe and efficient. CARL
is very promising to diminish main dose limiting side effects seen with liposomal
doxorubicin. Since the extracorporeal elimination is based upon nanoparticle size,
this technique is well suited to reduce side effects of many different nanoparticle
carrier systems.
Session H1 – Invited Paper
METHOD STANDARDIZATION AND COMPARATIVE IN VITRO
TESTING OF 23 ENGINEERED NANOPARTICLES
Alexandra Krolll, Mike Pillukat, Daniela Hahn, Jürgen
Schnekenburger
Gastroenterological Molecular Cell Biology, Department of Medicine B,
Westfälische Wilhelms-Universität, 48149 Münster, Germany;
schnekenburger@uni-muenster.de
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Engineered nanoparticles display size-dependent material properties useful for
industrial and consumer applications. Risk assessment is restricted by available
in vivo experiments and due to a lack of standards for in vitro testing. We
characterized 23 nanoparticles with 9 different chemical compositions in cell
culture media, established maximum particle doses and standardized three
common in vitro toxicity assays to eliminate nanoparticle interference. We
analyzed nanoparticle effects on ten representative cell lines which showed a
significant cell type specific sensitivity. Only 6 nanoparticles induced oxidative
stress but did not influence viability. Cytotoxic effects could not be attributed to
specific material properties. Particle assay interference limited nanoparticle
concentrations to 10 µg cm-2, which far exceeds organ burdens of in vivo
inhalation experiments. The adaptation of in vitro toxicity tests to each type of
nanoparticle and the use of a panel of cell lines and endpoints allowed a reliable
cytotoxicity assessment of engineered nanoparticles.
Session H1 – Invited Paper
CHITOSAN/PLGA PARTICLES FOR DRUG DELIVERY AND THEIR
CYTOTOXIC PROFILE
Noha Nafee1, Claus-Michael Lehr2, and Marc Schneider3,
1
Alexandria University, Egypt 2Helmholtz-Institute for Pharmaceutical
Research, Saarland (HIPS) & Saarland University, 66123 Saarbrücken,
Germany 3Saarland University, Pharm. Nanotechnology, D-66123
Saarbrucken, Germany; Marc.Schneider@mx.uni-saarland.de
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The growing aim for application of nanoparticulate materials induces and
necessitates the investigation of their biocompatibility. The understanding of the
interactions of nanoparticles in biological media and the characterization under
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physiological conditions is still lacking. Our goal was therefore to evaluate the
possible toxicity aspects of a model system, chitosan-modified PLGA
nanoparticles, on different cell lines and relate them to the parameters affecting
the colloidal stability of the nanoparticles. The impacts of different factors such as
nanoparticle concentration, exposure time, chitosan content in the particles and
pH fluctuations on the cell viability were investigated.
The colloidal stability of the particles in cell culture media was was investigated by
measuring their size and charge with light scattering techniques as well as
visualizing the particles by scanning force microscopy (SFM) deposited from cell
culture media. A slight shift in the pH of the culture medium to the acidic side
allows the protonation of chitosan; thus the increased positive surface charge
induced membrane damage (~50% increase in LDH released).
Serum proteins in the culture medium form a protective shell around the particles;
such interaction influences the surface charge of the particles and was found to
be a function of chitosan content in the particles. In conclusion, there is an
undeniable impact of cell type, medium, presence/absence of serum on the
colloidal state of the particles that consequently influence their interaction with the
cells.
Session H1 – Contributed Paper
CELLULAR APPLICATIONS AND EFFECTS OF NANOMATERIALS
Megan A. Hahn, Scott C. Brown, Brij M. Moudgil, Particle Engineering
Research Center, University of Florida, Gainesville, FL 32611, USA;
mhahn@perc.ufl.edu
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Particles with sizes on the nanometer scale are permeating the fields of biology,
biochemistry, and medicine. Such nanomaterials are commonly fluorescent
species, whether the particle is a single fluorophore (e.g., quantum dot) or the
particle contains multiple emitters that are encapsulated within its matrix (e.g.,
dye-doped silica nanoparticle). The growth of near-infrared emitting materials has
been instrumental in imaging biological systems, where autofluorescence plagues
analysis in the visible region. Having various compositions, fluorescent
nanoparticles are currently being utilized in diverse applications, such as labeling
and tracking of cells or subcellular components; helping researchers elucidate
complex cellular mechanisms; and aiding doctors diagnose and treat diseases.
However, their potential benefits may be eclipsed by their risks of toxicity. We will
report our progress on using such nanomaterials for cellular labeling and identify
their effects on this biological system.
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Special Presentation
NANOIMPACTNET – AN EU FP7 NETWORK
Lucienne Juillerat-Jeanneret, University Institute of Pathology,
CHUV-UNIL, University of Lausanne, Switzerland;
lucienne.juillerat@chuv.ch
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Aims. NanoImpactNet aims to create a scientific basis to ensure the safe and
responsible development of engineered nanoparticles and nanotechnology-based
materials and products, and to support the definition of regulatory measures and
implementation of legislation in Europe. A better knowledge of the risks of
nanomaterials for health and the environment will form a solid basis to avoid
unnecessary damage and loss of investments; and allow for a sustainable
development of the nanotechnology industries and markets.
NanoImpactNet is an FP7 network that will:
• Facilitate collaboration between research projects
• Communicate results to stakeholders and their needs back to researchers
• Help implement the EU's Action Plan for Nanotechnology
Rationale. Recent technological advances allow the targeted production of
objects and materials in the nanoscale (smaller than 100 nm). Nanomaterials
have chemical, physical and bioactive characteristics, which are different from
those of larger entities of the same materials. Nanoparticles can pass through
body barriers. This is interesting for medical applications, but it raises concerns
about their health and environmental impact.
Nanotechnology is expected to revolutionize medicine, as nanoparticles are small
enough to enter individual cells and thus can act as carriers of therapeutic agents
or as contrast agents for the imaging of tissues and diseases. The information
technology and computer industries are also heavily dependent on
nanotechnology for many of their processes and products. Nanotechnology is
starting to be used in many consumer products to improve the surface properties;
the internal strength and durability of materials; the optical properties; or to reduce
the requirement for precious raw materials. Over 600 food and consumer
products are already listed in the database of the Woodrow Wilson Institute, which
is currently the largest inventory of consumer products with a declared link to
nanotechnology.
Despite recent advances in medical and toxicological research, it is still unclear
exactly how nanomaterials interact with biological targets and which parameters
of the nanomaterials drive these responses. Solid nanoparticles and nano-rods
(confined in two dimensions) in particular raise potential safety, health and
environmental concerns. There is evidence that some of these materials pass
through tissue barriers (including the blood-brain barrier) and cell membrane and
there have been reports of lipid oxidation, granulomatous tissue formation and
other adverse responses to interaction with nanoparticles and nanorods.
Little is known about the exposure of workers and consumers to nanomaterials,
and the effectiveness of existing health and safety measures for industrial

103

Oral Abstracts
processes and consumer products is disputed. This is a challenge for impact
assessment studies. Even less is known about the environmental fate and impact
of nanomaterials. Thus, there are clear knowledge-gaps that need to be
addressed as a European priority. Importantly, current environmental and health
regulations may not be adequate to prevent the safe environmental dispersion of
nanomaterials or to protect human health.
Objectives. By combining excellence in research with open communication,
NanoImpactNet aims to:
• Develop a framework for the (intermediate and final) critical evaluation of
methods, protocols and results of research supported by the FP5, and FP6
and FP7 programmes, as well as national funding agencies.
• Guide the development of best practice to ensure that studies are
comparable in terms of basic parameters such as particle type, cell types,
dispersion and characterisation protocols and appropriate testing
methodologies.
• Enhance scientific output through better cross-talk and coordination
between European scientists and research projects, identifying knowledge
gaps and research strategies to address them.
• Develop strategies to improve access of researchers to the health data that
presumably exists within industry.
• Provide active communication of the findings of the researchers to and with
major stakeholders, including policy makers, industries and SMEs, and the
public.
• Draw policy-relevant recommendations from the activities mentioned,
especially in terms of the occupational and public health and environmental
impact potentially associated with the findings of the studies.
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Plenary 2
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NANOCARRIERS WITH CONTROLLED RELEASE FOR MATERIALS
AND BIOSCIENCES
Helmuth Möhwald
Max Planck Institute, Science Park Golm, 14424 Potsdam, Germany;
moehwald@mpikg.mpg.de

Converting the electrostatic assembly of polyelectrolyte multilayers to coat
sacrificial colloidal templates one may obtain stable capsules with well-controlled
release and mechanics. Doping these capsules with nanoparticles they become
susceptible to remote release. In case of metallic nanoparticles as strong IR
absorbers this can be achieved by laser light because the film can be locally
melted and thus optoporated. Thus capsules can be brought at specific locations
inside cells where signal peptides are released to study their function. Inserting
ZnO nanoparticles into the capsule walls these become sensitive to ultrasound as
absorbers as well as defect creating actives.
Inserting redox active agents within and adsorbed to nanoparticles and these into
coatings one may release these agents in response to local variations of the
potential, typical for a corrosive defect. These defects can thus be annealed, and
one thus forms self-repairing coatings.
As a different type of drug carrier I will discuss nanoparticles coated by stimuli
sensitive polymer brushes (Copolymers of polyethylenglykol) or pH-sensitive low
molecular weight compounds (L-dopamine). Thus magnetic particles can be
made salt-, pH- and temperature sensitive and this will be shown to be useful for
biocompatible magnetic resonance imaging applications.
Session A3 – Keynote Paper
Chuan-Jian Zhong
Department of Chemistry, SUNY Binghamton, Binghamton, NY 13902,
USA; cjzhong@binghamton.edu
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The ability to create bio-functional magnetic nanoprobes is important for effective
probing and delivering biomolecules in biological systems. This paper describes
the findings of an investigation of the synthesis of magnetic core-shell
nanoparticles and the surface functionalization by proteins and spectroscopic
labels for the creation of bio-functional nanoprobes. Monodispersed Au
nanoparticles and Au/Ag-coated magnetic nanoparticles (e.g., Fe2O3, Fe3O4,
MnZn ferrite, etc.) were synthesized, and studied as model systems for surface
bio-functionalization and Raman labeling. The comparison of the SERS
characteristics obtained with different particle sizes (10-100 nm), and samples in
solution vs. on solid substrates have revealed important information on the
manipulation of the interfacial reactivity and spectroscopic signal of the
nanoprobes. The functionalized nanoprobes are shown to exhibit the desired
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functional properties for SERS detection of magnetically-separated reaction
products. These findings will be discussed in terms of interparticle distances,
“hot-spot” effects, and other nanostructural parameters for controlling the
interfacial interactions and reactivities of the magnetic functional nanocomposites
in bio-separation and spectroscopic probing.
Session A3 – Contributed Paper
BIO-CONTROLLED SYNTHESIS OF GOLD NANOPARTICLES
USING MICRO-ALGAE AS BIOREACTORS : CONTROL OF SIZE
AND SHAPE AND REACTION KINETICS
Si Amar Dahoumanea, Claude Yéprémianb, Chakib Djediatb, Thibaud
Coradinc, Jacques Livagec, Alain Coutéb, Fernand Fiéveta, Roberta
Braynera
a
ITODYS, Université Paris-Diderot, Paris, France; bLaboratoire de
Cryptogamie, Muséum National d’Histoire Naturelle, Paris, France;
c
CMCP, Université Pierre et Marie Curie / Collège de France, Paris,
France; sa.dahoumane@univ-paris-diderot.fr
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Natural strategies for the synthesis of nanomaterials are an important aspect of
nanotechnology today. Up to now, most of the synthetic preparation methods
reported rely heavily on organic solvents and the reducing agents used such as
hydrazine and sodium borohydride pose potential environmental and biological
risks. At present, to avoid environmental disasters, there is a growing need to
develop nontoxic procedures for synthesis and assembly of nanoparticles such as
biomimetic approaches for the growth of advanced materials. Biomineralization
processes often imply the formation of nanoparticles or nanocrystals, organized at
larger scales via the self-assembly properties of templating macromolecules. It
should be also possible to use the synthetic capabilities of living cells for the
design of new nanomaterials. In this work, we show that the common Anabaena
cyanobacteria, Klebsormidium flaccidum, Cosmarium impressunum green algae
and Euglena gracilis are able to form Au metallic nanoparticles with
well-controlled size and shape [1]. The metallic nanoparticles are synthesized
intracellularly, and naturally released in the culture medium where they are
stabilized by the exo-polysaccharides, allowing their easy recovery. The reaction
kinetics varies with the genera used.
Session A3 – Invited Paper
BMP-6 RELEASE FROM STERICALLY STABILIZED
MICROSPHERES PREPARED FROM LOW MELTING POINT
POLY(CAPROLACTONE-CO-TRIMETHYLENE CARBONATE)
Abby Sukarto and Brian Amsden, Department of Chemical
Engineering, Queen’s University, Kingston, ON Canada, K7L 3N6;
brian.amsden@chee.queensu.ca
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Bone morphogenic protein 6 induces the growth of cartilage, and the
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differentiation of mesenchymal stem cells towards the chondrocyte lineage. The
purpose of this study was to develop a delivery approach for this protein that
could be utilized in the articular space. Low molecular weight triblock copolymers
were prepared from ring-opening polymerization of caprolactone and trimethylene
carbonate utilizing 1000 Da poly(ethylene glycol) diol as an initiator. These
polymers are solid at temperatures below 10ºC and viscous liquids at 37ºC.
BMP-6 was first co-lyophilized with varying amounts of trehalose then prepared
as 5-8 µm particles and encapsulated into the triblock copolymers using an
electrospraying technique to form microspheres with an average diameter of
about 50 µm. The particle loading in the microspheres was varied from 1 to 10%,
with an encapsulation efficiency > 95%. The microspheres dispersed readily in
an aqueous solution of N-methacrylate glycol chitosan. The derivatized chitosan
was photocrosslinked to form a microsphere embedded gel. The BMP-6 release
rate increased as the trehalose content of the embedded particles increased, but
was relatively independent of the overall particle loading. Nearly linear release
was obtained, with release durations ranging from 40 to 70 days. The released
BMP-6 was highly bioactive.
Session A3 – Invited Paper
TLR AGONISTS IN NANOEMULSIONS FOR ADJUVANT DELIVERY
Luis Brito, Barbara C. Baudner, Jina Kazzaz, Manmohan Singh
luis.brito@novartis.com
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MF59® is a water-in-oil emulsion adjuvant that has been licensed in Europe for
seasonal and pandemic influenza. MF59® consists of 5% squalene, 0.5% tween
80 and 0.5% span 85 with a citrate buffer aqueous phase. Extensive safety data
has been generated and it has been shown to be very well tolerated in a number
of clinical trials. MF59® is known to increase the overall immune response of an
antigen. This work focused on adding the TLR4 agonist E6020 in the oil phase of
MF59 and testing it in an influenza model. E6020 contains lipid tails which allows
for incorporation into oil droplets. We also investigated the effect of co-delivery of
a TLR9 agonist CPG. The overall immune response was not increased with the
addition of E6020 or CPG, but the TH1 / TH2 balance was shifted more towards a
TH1 balance. This work illustrates the utility of addition of additional TLR agonists
into MF59® for shaping the immune response.
Session A3 – Invited Paper
INSIGHTS INTO SYNTHESIS OF ULTRA-SMALL SEMICONDUCTOR
QUANTUM DOTS
Christopher M. Evans and Todd D. Krauss, 120 Trustee Road,
Department of Chemistry, University of Rochester, Rochester, NY
14627-0216, USA; krauss@chem.rochester.edu
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We will present studies of the chemical reaction mechanism describing the
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general synthesis of metal chalcogenide semiconductor quantum dots including
the magic sized cluster regime. Colloidal semiconductor magic-sized clusters
(MSCs) are intermediate precursors to semiconductor quantum dots (QDs) that
have strongly molecular-like characteristics. PbSe MSCs are notably interesting
due to their simple synthesis in air at room temperature, small size, and versatile
solubility in both organic and aqueous environments. Importantly, their
fluorescence in the near-infrared (NIR) region of the spectrum with unexpectedly
excellent quantum yields of up to 90%, and good photostability, make PbSe
MSCs extremely intriguing for fundamental studies and highly attractive for
applications such as in vivo biological imaging. We also will present a complete
QD synthesis reaction mechanism that provides a comprehensive picture of how
simple organometallic molecules can be transformed into nanoscale
semiconductors comprising thousands of atoms. We have utilized these findings
to improve reaction yields for CdSe and PbSe QDs by over an order of
magnitude, while producing QDs of exceptional quality with respect to control over
size, size distribution, and fluorescence efficiency.
Session A3 – Invited Paper
POLYMERIC PARTICLES AS A PLATFORM FOR BIOMIMETIC
DRUG DELIVERY
Steven R. Little, Departments of Chemical Engineering,
Bioengineering, Immunology, and the McGowan Institute for
Regenerative Medicine, University of Pittsburgh, Pittsburgh, PA 15261,
USA; srlittle@pitt.edu
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Biodegradable controlled release formulations release drug through a
combination diffusion and degradation-based mechanisms. Due to the
complexity and interplay of these processes, new biodegradable systems are
predominantly developed using heuristic methodology, intending to successively
hone in on a requisite release profile for a specific drug. This often leads to
inaccurate representations of the desired release schedule, making it virtually
impossible to achieve the level of accuracy required to realize a plethora of salient
controlled release therapeutic formulations. We have recently published a
broadly applicable predictive model of controlled release for the most widely used
polymers. This model is singular in that accurate predications for many common
bulk and surface eroding systems (releasing practically any size drug) requires
the input of only 5 formulation properties that are easily obtained prior to first
fabrication. Consequently, the model can be solved in reverse, computing values
for design parameters from a pre-specified drug release profile (i.e. effectively
serving as a design tool to program a controlled release formulation to meet a
specific delivery requirement). Thus far, formulations have been designed to yield
a variety of release profiles and the resulting products remarkably match model
predictions on the first fabrication attempt. This simple demonstration of
proof-in-principle should not only motivate the design of many clinically relevant
controlled release formulations but also permit novel uses of controlled release
systems such as mimicking release behavior of certain molecules by cells and
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tissues (biomimetic drug delivery).
Session A3 – Invited Paper
BIOMIMETIC PARTICLES: CONCEPT, DESIGN AND
APPLICATIONS IN BIOTECHNOLOGY AND BIOMEDICINE
Carmen Gruber-Traub1, Achim Weber1,2, Thomas Hirth1,2, Guenter E.
M. Tovar1,2
1
Fraunhofer-Institute for Interfacial Engineering and Biotechnology,
Nobelstr. 12, 70569 Stuttgart, Germany, 2Institute for Interfacial
Engineering, University of Stuttgart, Nobelstr. 12, 70569 Stuttgart,
Germany; guenter.tovar@igvt.uni-stuttgart.de ,
achim.weber@igb.fraunhofer.de
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Living systems communicate by molecular recognition. This central principle of
the living world takes place at the contact sites of distinct objects such as single
macromolecules or highly complex supramolecular assemblies as which living
cells may be described. Molecular recognition capabilities are evoked at artificial
materials by the NANOCYTES-technology of the Fraunhofer IGB and the
University of Stuttgart by hierarchical structuring of matter. E.g. the biomimetic
nanoparticles described here, carry molecularly defined binding sites at their
surface.
These binding sites are either composed from biologically derived
macromolecules rendering a bio-hybrid nanomaterial or are composed of fully
synthetic receptors. Core-shell nanoparticles are particularly suited for this
purpose, e.g. to immobilise a specific protein or a protein complex at their shell
surface. A variety of therapeutically relevant compounds such as proteins
(cytokines, growth factors, etc.) have been encapsulated in or at such
nanoparticulate or microparticulate carriers.
Entirely synthetic molecularly recognising nanoparticles are also prepared by
chemical nanotechnology. A cooperative chemical reaction – molecular imprinting
– evokes the formation of specific molecular binding sites at the surface of
co-polymer nanoparticles. Such synthetic receptors may be employed e.g. as
specific absorbers to remove micropollutants from the drinking water cycle or as
functional units of a biosensor.
The talk will highlight the design and application of biomimetic nanoparticles
based on the structural concepts described above.

109

Oral Abstracts

Session A3 – Contributed Paper
SYNTHESIS AND CHARACTERIZATION OF MAGNETIC
CORE-SHELL NANOPARTICLES FOR INHIBITION OR
ACCELERATION OF INSULIN AND AMYLOID-β FIBRIL FORMATION
Skaat Hadas 1, Belfort Georges 2 and Margel Shlomo 1,*
1
Department of Chemistry, Bar-Ilan University, Ramat-Gan 52900,
Israel
2
Howard P. Isermann Department of Chemical & Biological
Engineering, Rensselaer Polytechnic Institute, Troy 12180, NY, USA;
shlomo.margel@mail.biu.ac.il
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Maghemite (γ-Fe2O3) magnetic nanoparticles of 15.0 ± 2.1 nm were formed by
nucleation followed by controlled growth of maghemite thin films on gelatin-iron
oxide nuclei. Uniform magnetic γ-Fe2O3/Poly(2,2,3,3,4,4,4-heptafluorobutyl
acrylate) (γ-Fe2O3/PHFBA) core-shell nanoparticles were prepared by emulsion
polymerization of the fluorinated monomer 2,2,3,3,4,4,4-heptafluorobutyl acrylate
(HFBA) in the presence of the maghemite nanoparticles. Kinetics of the insulin
fibrillation process in the absence and the presence of the γ-Fe2O3/PHFBA
core-shell nanoparticles were elucidated. A significant direct slow transition from
α-helix to β-sheets during insulin fibril formation is observed in the presence of the
γ-Fe2O3/PHFBA nanoparticles. This is in contradiction to our previous manuscript
illustrated that the γ-Fe2O3 core nanoparticles did not affect the kinetics of the
formation of the insulin fibrils and other previous publications that describe
acceleration of the fibrillation process by using various types of nanoparticles.
These core-shell nanoparticles may therefore be also useful for the inhibition of
conformational changes of other amyloidogenic proteins that leads to
neurodegenerative diseases such as Alzheimer's, Parkinson's, Huntington's, mad
cow and prion diseases.
In addition, we extend our study from insulin, which was chosen as a model
amyloidegenic protein, to amyloid-β (1-40) (Aβ40) protein involved in Alzheimer's.
For this study, γ-Fe2O3 nanoparticles containing the fluorescent probe fluorescein
(γ-Fe2O3-F) were prepared similar to the non-fluorescent γ-Fe2O3 nanoparticles,
substituting the gelatin for gelatin covalently bound to fluorescein isothiocyanate
(FITC). These fluorescent maghemite nanoparticles as multimodal imaging
agents have a great advantage due to the combination of the magnetic and
fluorescence imaging into one nanostructured system. The immobilizations of
peptides, known for their high binding affinity to Aβ aggregates e.g., Aβ40 and
LPFFD, onto the surface of the γ-Fe2O3-F nanoparticles (γ-Fe2O3-F-Aβ40 or
γ-Fe2O3-F-LPFFD) were accomplished. Kinetics of the Aβ40 fibrillation process in
the absence and the presence of different concentrations of the γ-Fe2O3-F-Aβ40 or
γ-Fe2O3-F-LPFFD nanoparticles were elucidated. These surface-modified
γ-Fe2O3-F nanoparticles, which selectively mark Aβ40 fibrils, promote or inhibit the
kinetics of the Aβ40 fibrillation process. This new technology gives us an additional
perspective on the amyloid assembly process model. In addition, it might enable
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the early detection of plaques using both MRI and fluorescence microscopy, and
therefore may be applied in in vivo Alzheimer's disease diagnosis studies.
Session I1 – Keynote Paper
MULTIFUNCTIONAL POLYMERIC NANOPARTICLES FOR MEDICAL
APPLICATIONS
Omid C. Farokhzad
Laboratory of Nanomedicine and Biomaterials, Department of
Anesthesiology, Brigham and Women’s Hospital and Harvard Medical
School , 75 Francis St, Boston, MA 02115, USA;
ofarokhzad@zeus.bwh.harvard.edu
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A variety of organic and inorganic materials have been utilized to generate
nanoparticles for drug delivery applications, including polymeric nanoparticles,
dendrimers, nanoshells, liposomes, nucleic acid based nanoparticles, magnetic
nanoparticles, and virus nanoparticles. The two most commonly used systems
are polymeric nanoparticles and liposomes. Controlled release polymer
technology has impacted virtually every branch of medicine, including
ophthalmology, pulmonary, pain medicine, endocrinology, cardiology,
orthopedics, immunology, neurology and dentistry, with several of these systems
in clinical practice today such as Atridox, Lupron Depot, Gliadel, Zoladex, Trelstart
Depot, Risperidol Consta and Sandostatin LAR. The annual worldwide market of
controlled release polymer systems which extends beyond drug delivery is now
estimated at $100 billion and these systems are used by over 100 million people
each year. Polymeric nanoparticles can deliver drugs in the optimum dosage over
time, thus increasing the efficacy of the drug, maximizing patient compliance and
enhancing the ability to use highly toxic, poorly soluble, or relatively unstable
drugs. These systems can also be used to co-deliver two or more drugs for
combination therapy. The surface engineering of these nanoparticles may yield
them “stealth” to prolong their residence in blood and the functionalization of
these particles with targeting ligands can differentially target their delivery or
update by a subset of cells, further increasing their specificity and efficacy. The
successful clinical translation of therapeutic nanoparticles requires optimization of
many distinct parameters including: variation in the composition of the carrier
system, drug loading efficiency, surface hydrophilicity, surface charge, particle
size, density of possible ligands for targeting, etc., resulting in a large number of
potential variables for optimization which is impractical to achieve using a low
throughput approach. More recently combinatorial approaches have been
developed to precisely engineer nanoparticles and screen multiple nanoparticle
characteristics simultaneously with the goal of identifying formulations with the
desired physical and biochemical properties for each specific application. The
goal of this talk is to summarize the key components required for creating
effective targeted nanoparticle conjugates. The structure and properties of various
targeting ligands, as well as the development and evaluation of therapeutic and
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imaging conjugates that take advantage of the unique properties of these of these
ligands will be discussed.
Session I1 – Contributed Paper
NEUTRALLY CHARGED NANOSPHERES AS POTENTIAL
CANDIDATES FOR CARDIOVASCULAR TARGETING
Kate Fitzgerald1, Biraja Dash2, Abhay Pandit2, William M Gallagher 1.
1
School of Biomolecular and Biomedical Science, UCD Conway
Institute, University College Dublin, Belfield, Dublin 4, Ireland, 2
Network of Excellence in Functional Biomaterials, National University
of Ireland, Galway, Ireland; kate.fitzgerald@ucd.ie
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Introduction. Nanotechnology has the potential to revolutionize the management
of cardiovascular disease. Controlled drug delivery and nanoparticle-based
molecular imaging agents already have an increased impact on cardiovascular
disease therapy and diagnosis. The aim of this study was to identify parameters
for chitosan-based nanospheres that would be consi
Methods. HUVEC (primary human umbilical vascular endothelial cells) and
UA-SMC (primary human umbilical artery smooth muscle cells) were seeded in 96
well plate, treated with a panel of FITC-labeled chitosan-based nanospheres
40µg/ml of varying size (100, 300, 500 and 1000nm), charge (neutral,
PEG-negative and negative) and incubated over a time course 6, 12, 24 and
48hrs. The relative fluorescence of nanosphere internalization was assessed
using In Cell Analyzer 1000 (GE Healthcare). Nanosphere adhesion assays were
performed under flow conditions (60 dyne/cm2) for 1 minute in Vena8 biochips
(Cellix Ltd) coated with collagen (fibrils from equine tendon), or VCAM-1 (vascular
cell adhesion molecule-1) and vwf (Human von Willebrand factor.
Results. Neutral charged nanospheres showed a significant increase of
internalization in HUVEC over time. PEGylation of the negative nanospheres
reduced their rate of internalization. Neither the negatively charged nanospheres
nor the nanospheres of larger size (300, 500 and 1000nm) were significantly
internalized into HUVEC or UA-SMC. Nanosphere interaction with proteins
associated with damaged blood vessels were assessed under defined shear
stresses. Neutral nanospheres adhered non-specifically to collagen fibers.
PEGylated neutral and negative nanospheres showed less non-specific binding
properties to collagen, vwf and VCAM-1.
Discussion and Conclusions. From the panel of 12 chitosan-based
nanospheres, we conclude that the 100nm PEG-neutral nanosphere would be the
most appropriate candidate to further target to cardiovascular conditions due to its
significant interaction with both cell types under static conditions and also their
ability to flow under defined shear stress resulting in limited non-specific adhesion
to collagen, vwf and VCAM-1.
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Session I1 – Invited Paper
LIGAND-SPECIFIC THERAPEUTIC NANOPARTICLES FOR HEAD AND
NECK CANCER TARGETING
Dong M. Shin and Zhuo (Georgia) Chen
Department of Hematology and Medical Oncology, Winship Cancer
Institute, Emory University, 1365C Clifton Road, Atlanta, Georgia 30322,
USA, dmshin@emory.edu,
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There are many challenges encountered by cytotoxic cancer drug delivery to cancer
patients. These include non-specific systemic distribution, suboptimal concentrations
reaching the tumor cells, limited ability to monitor therapeutic responses, and
dose-limiting toxicity in patients. Introduction of nanotechnology-based drug delivery
will potentially overcome such limitations of anti-cancer drug therapy. Therapeutic
nanoparticles (TNPs) are particles that are comprised of therapeutic entities such as
small molecule chemotherapeutic or biologic drugs, peptides, proteins, antibodies,
and nucleic acids, assembled with mother-ship carriers such as lipids, polymers,
micelles or others to form nanoparticles. Such TNPs can have an enhanced
anti-cancer effect compared with the free forms of drugs, due to their more specific
targeting to tumor cells through improved pharmacokinetics, pharmacodynamics and
active intracellular delivery. TNPs can be delivered by either passive or active
targeting, the latter requiring the addition of targeting ligands that provide specifically
designed nanoparticle-cell surface interaction which can play a critical role in the
ultimate location of the nanoparticles. For instance, nanoparticles can be targeted to
cancer cells if their surface contains ligand moieties such as peptides, proteins or
antibodies that are able to bind with cancer cell surface receptor proteins, such as
transferrin receptor, folate receptor, EGFR, interleukin-2, GM-CSF, VEGFR, CD20,
CD13, CD33 and others. Other unknown tumor-specific targeting ligands are yet to
be discovered. Once we discover additional specific ligands which can bind cell
surface molecules that are exclusively expressed on cancer cells, and not on normal
cells, the delivery of such drugs will increase in specificity and potentially kill only
cancer cells while sparing normal cells. There are also numerous efforts focused on
combining imaging and therapeutic agents within the same nanoparticles. This
simultaneous approach to imaging-therapy would allow personalized medicine in the
sense that treatment does not have to occur until the target is known to exist in the
patients. Also, follow-up imaging can be performed to verify that the target has been
reached and that therapy is working. There is no doubt that TNPs with increasing
multifunctionality will exist in the future, while many challenges exist for the translation
of nanoparticles that are currently research tools into approved products. We believe,
however, that the potential advantages of TNPs should drive their successful
development and the continuing emergence of a new class of novel technology-driven
anti-cancer therapies for these devastating human diseases.
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Session I1 – Invited Paper
MITOCHONDRIA-TARGETED ANTICANCER CHEMOTHERAPY
Volkmar Weissig
Midwestern University School of Pharmacy Glendale, Glendale, AZ
85308, USA; vweiss@midwestern.edu
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Sub-cellular drug delivery is emerging as the new frontier in drug delivery. It has
become more and more evident that the efficiency and efficacy of drug action
depends largely on how well an unaided drug molecule is able to reach its
intracellular target or even its target inside organelles such as mitochondria.
Subsequently, the specific delivery of a drug to its site of action inside cells will
dramatically improve its action. Mitochondria play a key role in apoptosis and
several clinically used as well as experimental drugs are known to trigger
apoptosis by directly interacting with target site at or inside mitochondria.
Therefore we hypothesized that that the mitochondria-targeted delivery of such
drugs will dramatically increase their pro-apoptotic activity. We have been
developing during the last years a variety of mitochondria-specific pharmaceutical
nanocarriers for the purpose of delivering therapeutic DNA or low-molecular
weight compounds to mitochondria inside living mammalian cells. Here we will
summarize our efforts and introduce new data demonstrating the applicability of
our mitochondria-targeted nanocarriers for increasing the apoptotic activity of a
variety of drugs, which are paclitaxel, ceramide, sclareol and CD437.
Session I1 – Contributed Paper
NANOCARRIERS FOR CANCER THERAPY
Viviana Vergaro1, Zhiguo Zheng2, Xingcai Zhang2, Yuri M. Lvov2,
Giovanna Giovinazzo3, Angelo Santino3, Roberto Cingolani1, Ross
Rinaldi1 and Stefano Leporatti1
1
Nanotechnology Laboratory (NNL) of INFM-CNR, University of
Salento, IIT- Italian Institute of Technology Lecce Unit, Via Arnesano
73100 Lecce, Italy stefano.leporatti@unisalento.it; 2Institute for
Micromanufacturing, Louisiana Tech University, 911 Hergot Ave,
Ruston, LA 71272, USA; 3Institute of Sciences of Food Production
C.N.R. Section of Lecce, via Monteroni, 73100, Lecce, Italy
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Cancer is one of the pathologys most studied in the research laboratories all over
the world, however it remains nowadays one of the principal cause of death. The
novel opportunities offered by the nanotechnologies have attracted great attention
in cancer research. In particular, there is strong interest in the development of
novel materials and tools based on biocompatible polymers for targeted drug
delivery. The desired features of pharmaceutical drug delivery for intravenous
administration are their small size, biodegradability, high content of a drug in a
final preparation, prolonged circulation in the blood, and the ability to target
required areas. These features are usually not met in a single multifunctional
carrier. For these reasons we have compared efficacy of different type of carriers
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having complementary properties for pharmaceutical delivery in cancer therapy.
Drug nano-colloids encapsulated by combination of layer by layer (LbL)
techniques and ultrasonication, phytochemical encapsulated-artificial oleosomes
and drug-loading clay nanotubes have been used for uptake by cancer cells. In
this work we will report our most recent investigations on morpho- mechanical
changes induced by cargo carriers in cancer cells by Scanning Force Microscopy
(SFM). Analyses of visco-elastic response of neoplastic cells induced by
cargo-carrier (i.e. phytochemical-loaded oleosomes, anti-neoplastic drug-loaded
nanocolloids and nanotubes) uptake has been carried out by a combination of
high resolution optical and scanning force microscopy techniques.
Session I1 – Invited Paper
PHOTOTHERMAL ABLATON THERAPY OF CANCER WITH
PLASMONIC METAL NAOSTRUCTURES: A CASE STUDY USING
HOLLOW GOLD NANOSPHERES FOR CARCINOA AND
MELANOMA
Jin Z. Zhang
Department of Chemistry and Biochemistry, University of California,
Santa Cruz, CA 95064, USA; Chun Li, Department of Experimental
Diagnostic Imaging, U. T. M. D. Anderson Cancer Center, Houston,
Texas 77030; zhang@chemistry.ucsc.edu
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Plasmonic metal nanomaterials have interesting properties and potential
applications in various fields including cancer detection and therapy. Rationally
designed hollow gold nanospheres (HGNs) have shown exceptional photothermal
profile ideally suited for photothermal ablation therapy (PTA) applications. Their
performance is significantly improved over conventional metal nanostructures
such as solid gold nanoparticles because of their novel optical and structural
properties, as demonstrated in both in vitro and in vivo PTA of carcinoma and
melanoma cancer cells. The superior PTA performance of the HGNs is mainly
due to their unique combination small size (30-50 nm), spherical shape, as well as
strong, narrow, and tunable surface plasmon absorption in the visible and near IR
region. All these features are highly desired fro PTA applications, making HGN a
promising photothermal coupling agent for cancer detection, imaging, and
therapy.
Session I1 – Invited Paper
NANOTECHNOLOGY STRATEGIES TO OVERCOME LIMITATIONS
IN CANCER TREATMENT
Tamara Minko
Department of Pharmaceutics, Rutgers, The State University of New
Jersey Piscataway, NJ 08854, USA; minko@rci.ritgers.edu
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Severe adverse side effects of chemotherapy and the development of drug
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resistance are two major obstacles that decrease the efficiency of cancer
treatment. Nanotechnology-based Drug Delivery Systems (NDDS) have the
ability to overcome these limitations and enhance the efficiency of the treatment.
In order to acquire this goal, NDDS should (1) be specifically targeted to tumor by
a ligand to extracellular receptors overexpressed in cancer cells, (2) suppress
cellular resistance and (3) provide for a release of therapeutic payload inside the
cellular cytoplasm or nucleus. Targeting to cancer specific receptors enhances
internalization of the entire NDDS by cancer cells and limits adverse side effects
of chemotherapy. It also minimizes differences between various types of
nanocarriers in terms of their cellular internalization and body distribution.
Moreover, targeting of NDDS to cancer cells helps to battle spreading tumors and
metastases. The suppression of cellular pump and nonpump resistance allows for
overcoming existing resistance and preventing its de novo development and
leads to the effective killing of cancer cells. It is required that all major types of
cellular resistance are simultaneously suppressed. Intracellular release of active
components of NDDS (for instance, drugs, siRNA, peptides, etc.) from the carrier
is normally required for effective treatment. The use of spacers/bonds cleavable in
specific conditions or by a specific enzyme is the most frequently employed
approach for forcing the release of NDDS in an intracellular compartment.
Consequently, a typical multifunctional targeted NDDS with high therapeutic effect
will contain (in addition to a nanocarrier) a tumor targeting moiety connected to
the nanocarrier via non-degradable bond and several active components
(anticancer drug(s), suppressors of cellular resistance, etc.) bound to the
nanocarrier via biodegradable spacers.
Session C2 – Keynote Paper
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CELL MEMBRANE PENETRATING PARTICLES FOR RNA
DELIVERY
Francesco Stellacci, Department of Materials Science and
Engineering, Massachusetts Institute of Technology, 77
Massachusetts Ave. 13-4053, Cambridge, MA, 02139,
USA;frstella@mit.edu

In recent years there has been an increasing attention to the use of nanomaterials
for medicine. These innovative materials are used to generate new medical
devices (e.g. electrodes for neuronal activity), for ‘in vitro’/‘in vivo’
imaging/drug-delivery, or for regenerative purposes. Understanding and
controlling the interaction between these materials and the complexity of all
biological elements is one of the key challenges to achieve safe and efficient use.
Many factors play a role, ranging from the nanomaterials’ size, shape, and
chemical composition all the way to their colloidal stability and chemical reactivity.
Recently, we have shown in a comparative study that gold nanoparticles coated
with a mixture of hydrophobic and cationic molecules have vastly different
behaviours when interacting with cells depending on the structure of the
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molecular coating of the nanoparticles. Particles coated with a randomly arranged
mixture of ligands entered cells through endocytosis whereas identical particles
(size, ligand shell composition, density, zetha potential) but with a molecularly
ordered ligand shell were able to enter cells directly through the membrane
without porating it. Hence, particles with a structured ligand shell (striped
particles) present a clear similarity with cell penetrating peptides.
Cell penetrating peptides are of central importance in viral transfection
mechanisms (the biological equivalent to drug delivery) because they coat virus
capisds allowing viral cell entry. Apart from our striped particles, no synthetic
material is able to penetrate the cell membrane without overt poration.
Session C2 – Invited Paper
OPTIMIZING A LIPID-BASED VEHICLE FOR SIRNA DELIVERY TO
LIVER
Marc Abrams
Research Fellow, Department of RNA Therapeutics, Merck and Co.,
Inc, West Point, PA 19486. marc_abrams@merck.com
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Safe and effective delivery of siRNA remains a significant challenge for fully
leveraging its therapeutic potential. A lipid nanoparticle system has been
developed for delivery to liver and shown to be safe and potent in rodent and
non-human primate. Component SAR, formulation composition, and fabrication
process, which impact physical properties and ultimately biological performance,
were evaluated systematically. Approaches to further improving delivery
efficiency, understanding species variability, and minimizing toxicity are
illustrated.
Session C2 – Invited Paper
FLEXIBLE NANOSOMES (SECOSOMES) ENABLE EFFICIENT
siRNA DELIVERY IN CULTURED PRIMARY SKIN CELLS AND IN
THE VIABLE EPIDERMIS OF EX VIVO HUMAN SKIN
B. Geusens1,*, M. Van Gele1, S. Braat1, S.C. De Smedt2, M.C.A.
Stuart3, T. Prow4, W. Sanchez4, M. S. Roberts4,5, N.N. Sanders6 and J.
Lambert1
1
Department of Dermatology, Ghent University Hospital, De Pintelaan
185, B-9000 Ghent, Belgium; 2Laboratory of General Biochemistry and
Physical Pharmacy, Ghent University, Harelbekestraat 72, B-9000
Ghent, Belgium; 3Groningen Biomolecular Sciences and Biotechnology
Institute, University of Groningen, Nijenborgh 4, 9747 AG Groningen,
The Netherlands; 4Therapeutics Research Centre, Southern Clinical
Division, Department of Medicine, University of Queensland, Princess
Alexandra Hospital, Woolloongabba, Australia; 5School of Pharmacy &
Medical Sciences, University of South Australia, North Terrace,
Adelaide, Australia; 6Laboratory of Gene Therapy, Department of
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Nutrition, Genetics and Ethology, Faculty of Veterinary Medicine,
Ghent University, Heidestraat 19, B-9820 Merelbeke, Belgium;
Barbara.Geusens@Ugent.be
The extent to which nano-engineered systems cross intact human skin and can
exert pharmacological effects in viable epidermis is controversial. The present
research sought to develop a new lipid-based nanosome that enabled the
effective delivery of siRNA into primary human melanocytes. Effective delivery
was demonstrated by using a siRNA that can modulate pigment transport by
specifically blocking the expression of a Myosin Va exon F containing isoform that
is physiologically involved in melanosome transport in human melanocytes. The
overall goal was to use topical nanotechnology delivery in developing a new
therapeutic strategy for the treatment of (hyper)pigmentation. Our major finding is
that an ultraflexible siRNA containing nanosome, prepared using DOTAP,
cholesterol, sodium cholate and 30% of ethanol, did penetrate into the epidermis
of freshly excised intact human skin and was able to enter into keratinocytes. The
nanosomes, called Surfactant-Ethanol-Cholesterol-osomes (SECosomes)
showed excellent size, surface charge, morphology, deformability, transfection
efficiency, stability and skin penetration capacity after complexation with siRNA.
Importantly, these nanosomes had ideal characteristics for siRNA encapsulation,
in that the siRNA was stable for at least 4 weeks, they enabled transfection of in
vitro cultured cells and were shown to transport siRNA delivery through intact
human skin where changes in keratinocytes were demonstrated. It is concluded
that increasing flexibility in nanosomes greatly enhances their ability to cross the
intact human epidermal membrane and to unload their payload into targeted
epidermal cells.
Session C2 – Keynote Paper
TISSUE TARGETED siRNA NANOPARTICLE THERAPEUTICS: THE
NEXT "ANTIBODY"
Martin C. Woodle, P.V. Scaria, A. James Mixson and Yijia Liu,
AparnaBio, 12111 Parklawn Drive, Rockville, MD 20852, USA;
mwoodle@aparnabio.com
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Efforts to develop ligand-targeted nanoparticles have made considerable advance
toward successful clinical application. These advances are based on the
understanding that systemic application of nanoparticle formulations as
therapeutics depends upon reduction of macrophage recognition and other
non-specific interactions, most commonly accomplished by a surface layer of
PEG or other hydrophilic polymer. A large subset of the efforts to develop
ligand-targeted nanoparticles is directed toward intracellular delivery of siRNA or
other large nucleic acids. These agents depend upon assistance to complete a
journey into the interior of the cell, and in some cases interior of the nucleus. This
essential intracellular transport is greatly facilitated by ligand-mediated interaction
with the target cell, but also depends upon ligand binding to an internalized
surface receptor. Thus the nature of the surface receptor determines the
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intracellular compartment where the nanoparticle is taken and fate of its cargo.
Great strides have been made to identify targeting ligands to take nanoparticles
into an endosomal compartment and nanoparticle chemistry that exhibits an
efficient release of entrapped siRNA or other nucleic acids into the cytoplasm in a
manner that the nucleic acid can exert its genetic activity. A number of these
systems have successfully reached the stage of development to generate
significant in vivo activity in preclinical models of disease. With increasing
versatility of targeting ligands for internalized receptors and siRNA sequences
and chemistries that provide highly selective effects on gene expression, these
systems represent a versatile and powerful capability that may rival that achieved
clinically by monoclonal antibodies as a broad class of therapeutics. Our own
work is to develop siRNa nanoparticles targeted with peptide or unmodified
monoclonal antibody ligands, and recent results will be presented. Nonetheless,
a large remaining challenge is clinical translation, which poses many substantial
hurdles for the ligand-targeted siRNA nanoparticle systems that have produced a
solid proof of concept, at least preclinically. The successes and challenges to
successful clinical translation will be evaluated.
Session C2 – Invited Paper
COMBINATORIAL SYNTHESIS OF MATERIALS FOR
NANOPARTICLE BASED siRNA THERAPEUTICS
Christopher G. Levins
David H. Koch Institute for Integrative Cancer Research,
Massachusetts Institute of Technology, Cambridge, MA 02139, USA;
levinsc@mit.edu
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The development of safe and effective vehicles for systemic delivery of siRNA
remains a fundamental challenge in the realization of RNAi based therapeutics. A
prominent component of our program to develop non-viral vectors for siRNA
delivery is the synthesis of new cationic lipids. Lipid mediated delivery has been
studied extensively; cationic lipids condense nucleic acids into nanoscale
complexes capable of passage across the cell membrane. To date, we have
prepared two combinatorial libraries containing over 1400 cationic lipid-like
materials for siRNA delivery. The synthesis of our most recent library exploits an
efficient epoxide ring-opening reaction: small molecule polyamines are heated
with lipophilic terminal epoxides generating unique amphiphilic amino alcohols.
Rapid in vitro screening helped to identify top performing materials; these were
formulated with siRNA into nanoparticles for liver delivery. The performance of
library member “C12-200” is notable; significant knockdown of select hepatic
gene expression in mice and non-human primates was achieved at siRNA dosing
orders of magnitude lower than with any compound from our previous library.
Furthermore, a formulation containing C12-200 and five different siRNAs enabled
simultaneous expression knockdown of five hepatic targets following a single
injection in mice. Current efforts related to these materials are twofold. We are
preparing a library of C12-200 analogs in order to assess structure-activity
relationships, with hope of isolating materials with equal or greater efficacy. Also,
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we are developing chemical methods that might enable transition of C12-200 into
a clinical candidate for siRNA delivery to the liver.
Session C2 – Invited Paper
TARGETED MULTIFUNCTIONAL siRNA DELIVERY SYSTEMS
Zheng-Rong Lu
Department of Biomedical Engineering, Case Western Reserve
University, Cleveland, Ohio
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Novel multifunctional delivery systems have been designed and developed for
systemic and targeted delivery of therapeutic siRNA. The multifunctional delivery
systems formed stable nanoparticles with siRNA, and targeting agents were
readily conjugated to the surface of the nanoparticles for target-specific delivery.
Fluorescence confocal microscopic studies demonstrated that the delivery
systems facilitated the siRNA escape from endosomal-lysosomal compartments
and the release of siRNA in cytoplasm. PEGylation of the nanoparticles
significantly reduced non-specific cell uptake. The incorporation of a bombesin
peptide or RGD peptide via a PEG spacer resulted in receptor-mediated cellular
uptake and high gene silencing efficiency in cancer cells. The nanoparticles
resulted in significant transfection efficiency and gene silencing in dividing and
non-dividing cells. Intravenous administration of therapeutic anti-HIF-1α siRNA
with the peptide-targeted delivery systems resulted in significant tumor growth
inhibition than a non-targeted delivery system or free siRNA after six injections in
two weeks (2.5 mg-siRNA/kg) in nude mice bearing human glioma U87
xenografts. The multifunctional delivery systems have demonstrated several
advantages over the existing non-viral siRNA delivery systems, including delivery
of native siRNA not the chemically modified siRNA, multifunctionality, versatility
for chemical modification, low toxicity, enhanced endosomal-lysosomal escape,
no helper lipids needed and high in vivo delivery efficiency. The results indicate a
great promise of the multifunctional delivery systems for systemic and targeted
delivery of therapeutic siRNA to treat human diseases with RNAi.
Session G2 – Keynote Paper
SPION AS A DIAGNOSTIC TOOL AT THE MOLECULAR LEVEL
Heinrich Hofmann1, Alke Fink-Petri2, Jatuporn Salaklang2,
1
Powder Technology Laboratory, Institute of Material Science, Station
12, Ecole Polytechnique Federale de Lausanne, CH-1015 Lausanne,
Switzerland; heinrich.hofmann@epfl.ch; 2University of Fribourg,
Chemistry Department, CH-1700 Fribourg, Switzerland
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Based on the clinical unmet needs and recent research in biomarkers the main
objective of our work is to develop a nanotechnology based novel diagnostic tool
for easy and early detection of biomarkers by using modified superparamagnetic
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nanoparticles (SPION) for (A) bioassay (ex-vivo application) and (B) MRI (in-vivo
detection). A new technology based on multiple functionalized single
nanoparticles or small beads specifically entering/attaching to cells or organelles
in living cells was developed to detect, separate and identify low abundance
biomarkers. Newly identified biomarkers will be used to decorate SPION with
binding moieties which are specific to the biomarker(s) and can be used
diagnostically such as in contrast agents (MRI) or in bioassays.
In this presentation a detailed description of the concept using inorganic
nanoparticles for protein separation out of living cells and as MRI contrast agent
for molecular imaging will be given. A special focus will be given on the newest
results regarding targeting of organelles and, especially important regarding the
above mentioned project, the specific separation of proteins from living cells and
their potential use for identification of new biomarkers. The newly designed
magnetic fix bed reactor for their surface modification as well as for the separation
of the particles from the debris of cells will be presented.
Session G2 – Contributed Paper
NEW METHOD OF SPION SYNTHESIS: IN VITRO AND IN VIVO
BIOLOGICAL APPLICATIONS AS AN MRI CONTRAST AGENT
Lionel Maurizi1, Harender Bisht1, Moustapha Ariane1, David Vandroux2,
Laure Dumont2, Paul Walker3, Frederic Demoisson1, Frederic Bouyer1,
Nadine Millot1
1
MaNaPI, ICB Laboratory, UMR 5209 CNRS/Burgundy University,
Dijon, France ; 2NVH Medicinal, University Hospital Center, Dijon ;
3
Medical Imaging Group, LE2I, UMR 5158 CNRS,
University of Bourgogne, Dijon; nmillot@u-bourgogne.fr
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Nanosized magnetite Fe3O4 and other ferrites (Fe3-xMxO4) as magnetic cores are
classically synthesized by coprecipitation and used as target agents for detection
or drug delivery. In this work, new SuperParamagnetic Iron Oxides nanoparticles
(SPIONs) are studied for an eventual use in MRI detection in cardiovascular
pathology.
The synthesis of coated SPIONs at an industrial scale requires alternative
methods. Among them, continuous hydrothermal syntheses, in subcritical and
supercritical water conditions, are currently developed in our group. The size of
the particles and their size distribution are smaller and narrower than those of
powders obtained with other common methods. The production is around 50 g of
nanoparticles per hour. With this process we studied the influence of Fe (II) and
Fe (III) molar ratio in sub and supercritical conditions on the morphology,
cristallinity and magnetic properties of the nano-objects. Furthermore the surface
modification of SPIONs via citric acid and polyethylene glycol addition was
possible using a one step procedure. The influence of these agents was also
studied on the same parameters. Our results show a drastic decrease of
crystallite size, a change of particle shape and shifts in the SPION isoelectric
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points. Moreover, the surface-modified nanoparticles have a Fe3O4 magnetic core
and are well-dispersed in physiological pH thereby offering potential for biological
applications.
In a second approach, batch-synthesized nanoparticles were coated with several
molecules (polyethylene glycol (PEG); meso-2,3-dimercaptosuccinic acid
(DMSA)) or with silica to prevent aggregation and sedimentation. A new
stabilization and functionalization method was developed in order to obtain stable
nano-objects that carry free thiol sites for biological post-functionalization. We
have shown that the stability of thiol groups can be significantly increased when
DMSA is protected by PEG chains on the surface of SPIONs. The thiol groups of
DMSA were stable even after 10 weeks of storage under ambient conditions.
These thiols can be used to attach proteins or thiol reactive dyes without using
regeneration agent or stringent storage conditions. Furthermore, these new
SPIONs are stable under physiological conditions. This synthesis allows us to
handle well-dispersed nano-objects with functionalizable sites durable for a long
period of time compared with the classical strategies.
Finally, the magnetic properties of these SPIONs were tested in vitro on a clinical
3 Tesla MRI. The magnetic efficiencies (relaxivities) of our suspensions are better
than those of of a commercial product (Cliavist®) and MTT assays proved that our
iron oxide suspensions have no apparent cytotoxicity on different cells
(cardiomyocytes, macrophages and hepatic cells). The in vivo biodistribution
shows reduced capture of our SPIOs by mice liver compared with the commercial
product and suggesting that our contrast agents freely circulate longer in mice
than Cliavist®. These results open the way for specific pathology detection such
as myocardial infarction or cardiotoxicity induced by several carcinoma drugs.
Session G2 – Invited Paper
NANOPARTICLES FOR IN VIVO IMAGING
Anncatrine L. Petersen1, Tina Binderup3, Palle Rasmussen2, Jonas
Henriksen1, Dennis R. Elema2, Andreas Kjær3 and Thomas L.
Andresen1,
1
Technical University of Denmark, DTU Nanotech, Department of
Micro- and Nanotechnology, Frederiksborgvej 399, 4000 Roskilde,
Denmark; 2Technical University of Denmark, Hevesy Laboratory, Risø
National Laboratory for Sustainable Energy, Frederiksborgvej 399,
4000 Roskilde, Denmark; 3University of Copenhagen, Cluster for
Molecular Imaging, Faculty of Health Sciences & Department of
Clinical Physiology, Nuclear Medicine & PET, Rigshospitalet,
Blegdamsvej 3B, 2200 Copenhagen N, Denmark.
thomas.andresen@nanotech.dtu.dk.
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Nanoparticles in the nanometer range are well established as effective drug
delivery systems in vivo. We have developed a highly efficient method for utilizing
liposomes as imaging agents for positron emission tomography (PET) giving high
resolution images and allowing direct quantification of tissue distribution and
blood clearance. Our approach is based on remote loading, of a
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copper-radionuclide (64Cu), into preformed liposomes and copper entrapment by
an encapsulated copper-chelator.The 64Cu-liposomes provides quantitative in
vivo imaging of healthy and tumour-bearing mice using PET. The 64Cu-liposomes
will be an important tool for evaluating nanomedicine performance, as the method
is versatile and can be used to track any liposome system in vivo, giving
quantitative evaluation of biodistribution and pharmacokinetics. The approach
furthermore has great potential for radiotherapy and in diagnostic applications.
We have utilized this imaging method to compare liposome tumor accumulation in
mice as a function of tumor size and to study the effects of tumor targeting surface
moieties (somatostatin).
Session G2 – Invited Paper
THERANOSTIC NANOPARTICLES FOR TARGETED THERAPY
AND IMAGING OF BREAST AND PANCREATIC CANCER
Lily Yang, Zehong Cao, , GeeYoung Lee, WeiPing Qian, Liya Wang,
Shuming Nie, Andrew Y Wang, and Hui Mao
Emory University School of Medicine, Atlanta, GA 30322 and Ocean
Nanotech, LLC, Fayetteville, Arkansas 72701; Lyang02@emory.edu
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The development of novel agents with the combined diagnostic and therapeutic
capabilities, defined as “Theranostics”, holds great promise for improving the
survival of cancer patients. Our group has developed a class of multifunctional
magnetic iron oxide nanoparticles (IONP) with a uniform core size, high
magnetization, and stable surface polymer coating. We have optimized
bioconjugation protocols for targeting these IONPs to urokinase plasminogen
activator receptor (uPAR) and epidermal growth factor receptor (EGFR), which are
highly expressed receptors in breast and pancreatic cancer tissues. Our previous
studies showed that the receptor-targeted IONPs are excellent imaging probes for
MRI of orthotopic breast and pancreatic tumors in the mice. Addition of a near
infrared dye to the receptor-targeted IONPs produces dual optical and MR imaging
probes. We have demonstrated target specificity and in vivo tumor imaging of
primary and metastatic tumors by MRI and optical imaging in several breast and
pancreatic tumor animal models. In this study, we have produced targeted
theranostic IONPs by encapsulating or conjugating several chemotherapy drugs to
the amphiphilic polymer coating of the IONPs. These theranostic IONPs have a
compact size (~30 nm) and high efficiency in drug loading. Systemic delivery of the
uPAR-targeted theranostic IONPs carrying chemotherapy drugs significantly
inhibited the growth of primary and metastatic tumors in orthotopic breast and
pancreatic cancer animal models. Furthermore, intratumoral drug delivery and
therapeutic response of the tumor can be monitored using MRI. Targeted delivery
of chemotherapy drugs enhances the therapeutic effect in the drug resistant tumor
cells while reduces systemic toxicity of the drug. Therefore, theranostic IONPs that
combine biomarker targeted drug delivery and image-assisted treatment
monitoring have potential to develop superior therapies for those cancer patients
who are resistant to conventional chemotherapy and have a poor prognosis.
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Session G2 – Invited Paper
EPITOPE MAPPING OF PROTEIN BINDING DOMAINS USING
NANOPARTICLE DISPLAY
David E. Cliffel*, Brian Turner, Carrie Simpson, Brian Huffman, Aren
Gerdon
Department of Chemistry, Vanderbilt University, Nashville, TN
37235-1822, USA;
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The ability to easily functionalize gold nanoparticles with peptides extending from
the surface allows us to mimic the types of biomacromolecular recognition
structures important in antigen-antibody interactions. Our initial successes
demonstrated that tiopronin-monolayer protected gold clusters (TMPCs) that
presented peptide epitopes from hemagglutinin and anthrax protective antigen
proteins would be specifically recognized by monoclonal antibodies for these
proteins. We have thus used these epitope presenting clusters to explore the
binding of nanoparticles as calibrants in immunoassays and to explore their
potential as subunit vaccines in vivo using mice. Presenting two different peptide
epitopes from the surface of the TMPC allowed for the creation of a nanoparticle
calibrant with a tri-state immunoassay readout: calibrant versus analyte versus
negative control. This tri-state readout is important for very sensitive
immunoassays where possible contamination by the calibrant is a potential
problem.
In vivo, these gold nanoparticles were initially shown to produce antibodies that
recognized both the epitope-presenting gold nanoparticles and the native protein
the particles were attempting to mimic. However, toxic effects above 20 µM were
observed as significant renal damage was noted from histological examination.
After these surprising toxicity results, we sought to modify the particle to enable its
future use in vivo. There have been numerous accounts of the addition of
polyethylene glycol to aid in biodistribution. PEG is easily incorporated into the
monolayer by means of place-exchange reactions. We incorporated the PEG into
our TMPC monolayer at a 4:1 (w/w) ratio for our experiments. We saw a 100%
survival rate at all concentrations from 10 to 60 µM. Upon histological analysis,
there was no renal damage noted at any concentration. These new
PEG/tiopronin mixed monolayer clusters are currently being pursued for future
subunit vaccine studies of in vivo epitope presentation.

124

Oral Abstracts

Session G2 – Invited Paper
HYBRID NANO ASSEMBLIES OF POLYMER NANOSHEETS WITH
METAL NANOPARTICLES
Tokuji Miyashita
Institute of Multidisciplinary Research for Advanced Materials, Tohoku
University, Katahira 2-1-1 Aoba-ku Sendai 980-8577, Japan;
miya@tagen.tohoku.ac.jp
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We have developed polymer nano-sheet assemblies based on N-alkylacrylamide
polymer Langmuir-Blodgett films. Various functional groups such as emissive,
photoredox, conductive, and molecular recognition chromophores can be
incorporated. Moreover, hybrid assemblies of polymer nano-sheets with gold
nanoparticles using template thin films is also developed; amphiphilic copolymers,
poly(N-dodecyl acrylamide-co-4-vinyl pyridine)s (p(DDA/VPy)s) were
synthesized. Gold nano-particles were immobilized onto p(DDA/VPy) polymer
nano-sheet by contact with this sheet. The amount of gold nano-particle adsorbed
onto the sheet strongly depended on the VPy contents. Patterned gold
nano-particle monolayer was obtained with photo-patterned p(DDA/VPy)
nano-sheet. Currently, we are succeeded in the preparation of molecularly
assemblies composed of iron oxide nanoparticles modified with polymer shell
using surface initial atom transfer radical polymerization (ATRP). The application
of these hybrid assemblies to sensing devices, photo-electric conversion system,
and enhancement of photofunctionality based on localized surface Plasmon
resonance will be discussed.
Session G2 – Invited Paper
BIOMEDICAL APPLICATIONS: FLORESCENCE, MRI & CT
CONTRAST AGENTS, CANCER THERAPY AND DIAGNOSTICS
AND THERAPY OF NEURODEGENERATIVE DISORDERS
Shlomo Margel
Department of Chemistry, Bar-Ilan University, Ramat Gan 52900,
Israel; shlomo.margel@mail.biu.il
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A variety of particles of very narrow size distribution (3 nm up to tens of microns),
surface composition and properties (porosity, surface area and surface
morphology) have been prepared and characterized during the last decade in our
laboratory. These include organic and inorganic solid particles, hollow particles,
surface supported particles, biodegradable particles, chiral particles,
self-assembled particles, and magnetic particles. These various nanoparticles
offer unique solutions to a variety of basic and applied problems in materials
science and biotechnology. The functional groups of the particles have been used
for covalent or physical binding of ligands such as drugs, proteins, enzymes,
antigens, and antibodies to the particles surfaces. The designed particles were
used for applications such as imaging, targeting, therapy, specific cell labeling
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and cell separation, diagnostics, specific blood filtration by hemoperfusion, heavy
metal ions detoxification and various bio-chemical reactions.
The present lecture will focus on two new types of nanoparticles of narrow size
distribution: (1) Uniform magnetic maghemite (γ-Fe2O3) nanoparticles, prepared
by nucleation and then controlled growth of thin iron oxide films on gelatine/iron
oxide nuclei. Fluorescent maghemite nanoparticles were prepared similarly,
substituting the gelatin for gelatine covalently bound with the fluorescent dye. The
efficient use of these iron oxide nanoparticles for fluorescent and MRI imaging,
brain cancer therapy and diagnostics and therapy of neurodegenerative
disorders will be demonstrated; (2) Uniform iodinated nanoparticles, prepared by
emulsion homo and co-polymerization of the iodinated acrylate monomer:
2-methacryloyloxyethyl(2,3,5-triiodobenzoate). The use of these iodinated
nanoparticles for medical x-ray imaging applications will also be described.
Session J1 – Keynote Paper
THE RHEOLOGY OF SOLID FINE PARTICLES
Philippe Rogueda
Novartis Horsham Research Centre, Wimblehurst Road, Horsham,
West Sussex RH12 5AB, UK; philippe.rogueda@novartis.com
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The rheology of the solid state is gradually establishing itself as a standard
technology in pharmaceutical powder processing.
A range of techniques can be used to characterise powders depending on the
process under study. Ring shear testing, flowability testing and fluidisation are
standard techniques that will be reviewed.
Work on fine lactose powders used in inhalation delivery will be presented. PSD
of the samples ranged from 10 to 200 mm and had a range of cohesiveness Their
flow properties, in relation to fluidisation and aerosolisation, were studied with the
ring shear tester (RST, Schultz), and the Freeman FT4. Influence of density and
particle size are recorded in order to develop a better understanding of flow
phenomenon. The presence of particle populations of different sizes will also be
presented.
The measurements shed light on the interparticle interactions and how these are
likely to influence the performance of DPIs. Powder rheology measures bulk
properties stemming from microscopic interactions. An attempt is made to relate
both scales, and to develop powder rheology as “spectroscopy” of solid particle
interactions.
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Session J1 – Contributed Paper
AN INGREDIENT-SPECIFIC PARTICLE SIZE CHARACTERIZATION OF
DRY POWDER INHALER WITH TWO APIS
Oksana Klueva, Oksana Olkhovyk, Ryan J. Priore and Michael Fuhrman.
ChemImage Corporation, 7301 Penn Avenue, Pittsburgh, PA 15208, USA,
kluevao@chemimage.com; olkhovyko@chemimage.com
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Particle size is an important physico-chemical property of nasal sprays, metered dose
inhalers (MDIs) and dry powder inhalers (DPIs) as it influences bioavailability, delivery
rate, stability, dosage and, ultimately, safety and efficacy of the drug. There are
currently no validated in vitro methods for characterizing particle size distribution (PSD)
of in any of these products. Availability of such a method would provide pharmaceutical
scientists with a reliable assessment of API-specific PSD of drug substances in finished
formulations.
DPIs deliver medication to the lungs powered by the force of patients’ inhalation. The
inhaled portion may contain the neat drug or the drug substance within a matrix of
excipients. Composition of the DPI has a direct effect on formulation stability and drug
dosage. Particle size distribution, particle morphology, and moisture content can greatly
influence the bulk properties of the formulation and the required product performance.
The FDA considers maintaining particle size distribution of formulation ingredients
throughout the device’s lifetime a formidable challenge.
Multistage cascade impaction is the accepted method for assuring that the aerodynamic
size of inhaled particles fall into the optimal range of 1-5 µm. The humidity should be
strictly controlled during the cascade impaction measurements to minimize hygroscopic
growth and aggregation of particles. FDA still recommends microscopic evaluation of
the sample for “release and stability purposes” to check for the presence of large
particles, aggregates and foreign contaminants, changes in morphology and crystal
growth for both drug substance and carrier particles. Even an experienced microscopist
may fail in differentiating between multiple APIs or their different polymorphic forms.
Raman Chemical Imaging (RCI) technology is a novel technology for ingredient-specific
PSD determination. RCI obtains spectrally and spatially resolved images of a sample
area that allows recognition of different chemical species as well as measurement of
particle size. In most cases, RCI can easily separate API from other components in the
formulated drug for ingredient-specific particle size (ISPS) analysis. Spectral shifts as
small as 2 cm-1 can be detected; therefore, RСI can determine polymorphic and
hydrated forms of a pharmaceutical. RCI has been successfully applied for ISPS
analysis of several corticosteroid aqueous suspensions (Rhinocort AQ™, Flonase™).
In this study, RCI is used to investigate particle size distribution in a commercial DPI,
ADVAIR. ADVAIR DISCUS® 500/50 contains both an anti-inflammatory corticosteroid
(fluticasone propionate) and a long-acting bronchodilator (salmeterol xinafoate) working
together to maintain breathing function. Additionally, lactose is added to the formulation
as a bulking agent. A Raman spectral library has been developed for all components.
Raman images obtained from corticosteroid API in 1550-1750 cm-1 spectral range
allowed easy distinction between fluticasone propionate and salmeterol xinafoate. The
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Raman images were used to calculate particle size of APIs independent of each drug.
In summary, the RCI technique shows promise as a method for characterizing in
ingredient-specific particle sizes of multiple drug substances in DPI formulations.
Session J1 – Invited Paper
ANTIBACTERIAL EFFICACY OF INHALABLE ANTIBIOTIC-LOADED
NANOPARTICLES AGAINST BIOFILM INFECTIONS BY
RESPIRATORY ATHOGENS
Kunn Hadinoto,
School of Chemical & Biomedical Engineering, Nanyang
Technological University, Singapore, Singapore 637459;
kunnong@ntu.edu.sg
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Biofilm is a sessile community of bacterial cells that is enclosed by a self-secreted
matrix composed of an extracellular polymeric substance (EPS). Biofilm is the
predominant mode of growth of bacterial cells as it renders them less susceptible
(i.e. 10−1,000 fold) to antimicrobial agents compared to their planktonic cell
counterparts. The pulmonary disease that is typically associated with biofilm
infections is bronchiectasis, which is an abnormal irreversible dilatation of bronchi
and bronchioles due to the recurring infections and inflammations. Inhaled
antibiotic-loaded nano-scale carrier particles have emerged as one of the most
promising formulations in inhaled antibiotic therapy against biofilm infections as
the small size of the nanoparticles enables them to effectively penetrate through
the static mucus surrounding the biofilm colonies, which facilitates a local release
of the antibiotic hence prolonging its residence time near the infection sites. The
objectives of the present work are (1) to investigate the effect of antibiotic release
profiles of levofloxacin-loaded polymeric nanoparticles on their antibacterial
efficacy against E. coli biofilm cells, and (2) to formulate the nanoparticles into
dry-powder nano-aggregates for inhaled antibiotic therapy against. Levofloxacin
is used as the antibiotic model that is loaded in PLGA and PCL nanoparticles. The
biofilm susceptibility testing results indicate that the antibacterial efficacy is highly
dependent on the antibiotic release profile, particularly the initial antibiotic
exposure. Dry-powder spherical aggregates of antibiotic-loaded nanoparticles,
which possess the physical characteristics ideal for inhaled drug delivery and
exhibit a high aqueous re-dispersibility, are successfully manufactured using the
spray-drying technique hence facilitating the delivery of the antibiotic-loaded
nanoparticles by dry powder inhaler.
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Session J1 – Keynote Paper
SAFER DELIVERY OF NANOPARTICLES AND MICROPARTICLES
OF VACCINES AND PHARMACEUTICALS
Robert E. Sievers1,2, Stephen P. Cape2, J’aime Manion2, and David
H. McAdams2
1
Aktiv-Dry LLC, 2University of Colorado, bob.sievers@colorado.edu
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Using nanoparticles and microparticles can contribute to the development of safer
vaccines and pharmaceuticals by improving packaging and delivery. Two
benefits to manufacturing and utilizing fine dry powders are that they can be
aerosolized in an inexpensive active dry powder inhaler (DPI), e.g., the
PuffHaler®, or packaged adjacent to water-for-injection in the Immunoject™ field
reconstitution syringe for rapid dissolution just before injection. The use of
inexpensive DPI’s avoids the contamination dangers associated with water and
needle-sticks, while the adjacent to water packaging and auto-disabled needle
used in the Immunoject™ prevent needle re-use and bacterial growth from
contaminants, as bacteria have little time to grow in the freshly prepared vaccine
suspension. Both of these delivery methods can benefit from drying the powders
with our patented form of spray drying known as CO2-Assisted Nebulization with a
Bubble Dryer®(CAN-BD). CAN-BD is a novel form of spray drying with a
distinctive method of nebulizing liquid precursors in which one can rapidly and
gently dry labile biological pharmaceutical products, such as live-attenuated
measles vaccine virus and human papilloma virus vaccine, as well as TB
antibiotics, such as kanamycin, capreomycin, and isoniazid mixed with leucine.
In CAN-BD, the vaccine formulation solution or suspension in water stabilized with
myo-inositol or other sugars, amino acids and traditional excipients is mixed
intimately in a low volume tee with CO2 at 80-100 bar to form an emulsion. The
emulsion is rapidly expanded to atmospheric pressure through a flow restrictor to
generate aerosols of microbubbles and microdroplets. The aerosol plume is dried
at 50-60 °C as it mixes with a sheath of nitrogen in the drying chamber, and
powders are collected on filters for unit-dose packaging.
Dry powders are usually intrinsically more stable than liquid solutions or
suspensions of the same mixtures. For example, dry powders of E-Z live
attenuated measles virus vaccines can be stored at 2-8 °C for 2 years without
unacceptable decomposition, if the myo-inositol stabilized powders are sealed
and stored in polymer/aluminum foil laminate unit-dose blister packs with high
barrier overwraps. If analogous powders of sorbitol-stabilized vaccine are
dissolved in water in multi-dose vials, they must be used within 6 hours after
dissolution, due to the possibility of contamination and bacterial growth or
degradation at ambient temperatures. Dry powder vaccines and pharmaceuticals
packaged in unit-dose containers such as blister packs rather than multi-dose
vials with septa have a potential to exhibit improved safety profiles. Phase I
clinical trials of the new dry powder aerosol measles vaccine are planned.
Acknowledgements: Funded in part by Grant 1077 from the Foundation for the
National Institutes of Health through the Grand Challenges in Global Health
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initiative. The authors thank S. Kapre, R. Dhere, R. Muley, V. Vaidya, Serum
Institue of India Ltd., R.L. Garcea, E. Frederick, L.G. Rebits, P.A. Bhagwat, S.E.
Winston, J.L. Burger, P.A. Rota, M. Papania, D.E. Griffin, B.P. Quinn, S. Godin,
J.A. Searles, D. Krank, P. Pathak, A. Genosar, M.W. Howard, S. Evans, L.
Lindsay, K. McCabe, S. Miller and M. Hernandez for technical support.
Session J1 – Invited Paper
FRACTAL ROUGHNESS OF PARTICLES- NEW INSIGHTS
Albert Mihranyan1 and Maria Strømme1
1
Nanotechnology and Functional Materials, Department of
Engineering Sciences, The Ångström Laboratory, Uppsala University,
Box 534, 751 21 Uppsala, Sweden;
albert.mihranyan@angstrom.uu.se
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The properties of surfaces and especially their roughness have long been
considered important for functionality of pharmaceutical powders. The flowability
of powders, aerodynamic properties, powder mixing, and solubility as well as
dissolution have all been suggested to be affected by surface roughness. It
should, however, be borne in mind that surface roughness becomes of
importance only if the size of the surface irregularities is comparable to the
particle size, i.e. there is a strong correlation between the functionality of
pharmaceutical particles and the scale at which these particles are investigated.
In mathematical terms the change in behavior of materials at different scales may
be defined by fractal geometry. Particle-particle interactions are expected to be
affected by surface roughness of particles. However, the part of a surface actively
participating in particle-particle interactions may be substantially smaller than that
detected by gas adsorption techniques or light scattering. Thus, defining the
distribution of reactive sites, i.e. that fraction of a surface which actively
participates in specific particle-particle interactions, is highly valuable. Based on
the Wenzelian principles of reactive surface and granulometric analysis, we
suggested a mathematical model that discriminates between the surface texture
and the reactive surface. The concept was shown useful to predict to what extent
the change of particle size influences the flowability of excipients.
Another property of pharmaceutical importance that is expected to be influenced
by the surface roughness is the solubility of nanoparticles. According to the
Ostwald-Freundlich equation, the solubility of particles below 1 micron is
significantly higher than that of larger particles. This relationship is based on
adaptation of the well-known Kelvin equation for gas condensation. In the
Ostwald-Freundlich model the surface of the particles is considered smooth,
which is rarely the case in reality. We suggested a model which would account for
fractal surface roughness and showed that the Ostwald-Freundlich equation
underestimates the solubility potential and, thus, significant increase in solubility
is expected for fractally rough particles as compared to smooth ones of similar
size. This concept was further verified in an experimental study involving
dissolution of calcium carbonate particles.
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Session J1 – Invited Paper
NANOTHERAPEUTICS INHALED AND NASAL DRY-POWDER
PLATFORM TECHNOLOGIES
James D. Talton, David Gardner, Barbel Eppler, Ed Hammond,
Joseph Reddy, James Kirk, John Abernethy, Yawei Ni,
Nanotherapeutics, Inc., Alachua, FL 32615, USA;
jtalton@nanotherapeutics.com
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Nanotherapeutics is currently developing multiple inhaled and nasal products
against bacterial and viral biothreats using its proprietary particle engineering
technologies. NanoGENTTM gentamicin sulfate inhalation powder packaged in a
multi-dose inhaler is in preclinical development is being developed as a local
antibiotic treatment following exposure of Yersinia pestis and Francisella
tularensis, as well as other respiratory infections. The NanoFOVIRTM program
recently began to develop an inhaled version of the injectable antiviral drug,
cidofovir, for non-invasive, post-exposure prophylaxis and treatment of the
Category A bioterrorism agent smallpox (Variola major), as well as other viral
infections in the airways. In comparison to systemic delivery, inhalation is less
invasive, does not require a healthcare worker to administer, and could present
fewer side effects compared to injection. Finally, the GelVac nasal vaccine
powder system using GelSite®, a novel plant polysaccharide polymer, has been
tested in various vaccine formulations for administration by the nasal route and
injection, including an in-situ gelling nasal powder influenza vaccine which is
entering Phase 1 clinical studies. This novel plant polysaccharide (GelSite®
polymer) and its gelling property to encapsulate vaccine/adjuvant formulation as
gel particles has demonstrated (1) enhanced the immune response, (2) reduction
in the antigen and/or adjuvant dose, and (3) elimination of the boosting dose
through a combination of several factors including sustained antigen release,
improved antigen uptake, and improved antigen stability.
Session A4 – Keynote Paper
DESIGNED CORE/SHELL NANOGELS FOR CONTROLLED
RELEASE
L. Andrew Lyon,1,2 William H. Blackburn,1,2 Erin B. Dickerson,2,3,4
Michael Smith,1,2 and John F. McDonald2, 1School of Chemistry and
Biochemistry, 2Petit Institute for Bioengineering and Bioscience,
3
School of Biology, 4Ovarian Cancer Institute, Georgia Institute of
Technology, Atlanta, Georgia, 30332, USA; lyon@gatech.edu
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A major bottleneck in the development of siRNA therapies is their delivery to the
desired cell type or tissue, followed by effective passage across the cell
membrane with subsequent silencing of the targeted mRNA. To address this
problem, we describe the synthesis of poly(N-isopropylmethacrylamide) based
core/shell hydrogel nanoparticles (nanogels) with surface-localized peptides that
specifically target ovarian carcinoma cell lines possessing high expression levels
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of the Eph2A receptor. These nanogels are also demonstrated to be highly
effective in the non-covalent encapsulation of siRNA, and enable cell-specific
delivery of the oligonucleotides in serum-containing medium. Cell toxicity and
viability assays reveal that the nanogel construct is non-toxic under the conditions
studied, as no toxicity or decrease in cell proliferation is observed following
delivery. Importantly, a preliminary investigation of gene silencing illustrates that
nanogel-mediated delivery of siRNA targeted to the EGF receptor results in
knockdown of that receptor. Excellent protection of siRNA during endosomal
uptake and endosomal escape of the nanogels is suggested by these results
since siRNA activity in the cytosol is required for gene silencing.
Session A4 – Contributed Paper
BRUSHLIKE INTERACTIONS BETWEEN THERMORESPONSIVE
MICROGEL PARTICLES
Frank Scheffold, Pedro Diaz- Leyva, Mathias Reufer, Nasser Ben
Braham, Iseult Lynch, and James L. Harden
Physics Department and Fribourg Center for Nanomaterials, Soft
Matter and Photonics Group, University of Fribourg- Perolles,
CH-1700 Fribourg, Switzerland; Frank.Scheffold@unifr.ch
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Using a simplified microstructural picture we show that interactions between
thermosenstive microgel particles can be described by a polymer brush like
corona decorating the dense core. The softness of the potential is set by the
relative thickness of the compliant corona with respect to the overall size of the
swollen particle . The elastic modulus in quenched solid phases derived from the
potential is found to be in excellent agreement with diffusing wave spectroscopy
(DWS) data and mechanical rheometry. Our model thus provides design rules for
the microgel architecture and opens a route to tailor rheological properties of
pasty materials.
Session A4 – Invited Paper
MULTIFUNCTIONAL MESOPOROUS SILICA, CARBON, AND
POLYMER NANOPARTICLES FOR INTRACELLULAR
CONTROLLED RELEASE DELIVERY OF DRUGS, GENES, AND
PROTEINS
Victor S.-Y. Lin, Department of Chemistry, U.S. DOE Ames
Laboratory, Iowa State University, Ames, IA 50011-3111, USA;
vsylin@iastate.edu
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We have synthesized a series of multi-functionalized mesoporous silica (MSN),
carbon (MCN), and poly(methacrylic acid) nanoprticle (MPN) materials with a
honeycomb-like structure of hexagonally arranged parallel channels. Several
pharmaceutical drugs, genes, proteins, and imaging agents were encapsulated
inside the mesopores of these nanoparticles by capping the openings of the
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mesopores with various chemically removable caps to block the molecules of
interest from leaching out. We studied the stimuli-responsive controlled release
profiles of these mesoporous nanoparticle-based delivery systems by using
various non-cytotoxic chemicals, photo-irradiation, and alternating magnetic field
as release triggers. The gene transfection efficacy, uptake mechanism, and
biocompatibility of these systems with animal and plant cells and tissues were
demonstrated. Also, we found that the catalytic activity of two enzymes, i.e.,
bovine heart cytochrome c and lipase from Candida rugosa, supported on the
surface of biodegradble MPN were signifincalty enhanced. Furthermore, we
investigated the intracellular delivery of a functional hydrolytic enzyme,
b-galactosidase, to live CHO cells by MPN. Our results showed that the
b-galactosidase molecules released inside of CHO cells from the MPN
nanocarrier exhibited a high enzymatic activity. We envision that these
mesoporous nanoparticle materials not only can efficiently deliver functional
enzymes, pharmaceutical drugs, and genes through the mammalian cell
membranes, but also serve as a versatile solid platform for miniaturized sensing,
catalytic and therapeutic applications.
Session A4 – Invited Paper
HYDROGEL NANOPARTICLES AS CARRIERS FOR PEPTIDES
AND PROTEINS
Matthew Z. Yates, Alexander Lee, Hsin-Yi Tsai
Department of Chemical Engineering, University of Rochester,
Rochester, NY 14627, USA; myates@che.rochester.edu
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Crosslinked poly(N-isopropyl acrylamide) (or PNIPAM) is a thermally responsive
hydrogel studied for a wide range of applications in biotechnology. The hydrogel
has a volume phase transition temperature (VPTT) of ~32-34°C. When the
water-swollen hydrogel is heated, the material shrinks significantly above the
VPTT as water is expelled and the polymer collapses. When PNIPAM is
synthesized in the form of colloidal particles, the particle size can be “tuned” with
temperature from an expanded state to a collapsed state above the VPTT. The
particle diameter can change by a factor of 2 or 3 over a relatively small
temperature range. Colloidal PNIPAM particles are typically synthesized via
dispersion polymerization in water using ionic surfactants to control particle size.
Below the VPTT, the particles are stabilized through a combination of electrostatic
stabilization and steric stabilization from dangling PNIPAM chains extending from
the surface. Above the VPTT, the PNIPAM chains collapse and the particles are
stabilized solely by electrostatic stabilization. As a result, PNIPAM particles tend
to aggregate above the VPTT in the presence of electrolytes that screen
electrostatic repulsion. Our group has developed new dispersion polymerization
techniques to graft steric stabilizers to the PNIPAM particles to enhance stability
above the VPTT. In addition, chemical functional groups are grafted to the
particles during synthesis to allow selective binding of histidine-tagged peptides
and proteins to the PNIPAM particles. The goal is to use these size-tunable
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particles to carry proteins and peptides to specific locations on the surface of
micropatterned devices. The PNIPAM particles can expand inside cavities in the
device and then the protein or peptide can be released upon the addition of
imidazole. The size tunable nature of the particles allow the particles to be used
to selectively deliver proteins or peptides to specific locations based on particle
size.
Session A4 – Invited Paper
POLYPEPTIDE-SILICA PARTICLES: HIERARCHY IN STRUCTURE
AND FUNCTION.
Erick Soto-Cantu, Sibel Turksen, Sreelatha Balamurugan, Brian Fong
and Paul S. Russo, Department of Chemistry and Macromolecular
Studies Group, Louisiana State University, Baton Rouge, LA 70803,
USA, chruss@LSU.edu
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Submicron hybrid particles composed of a silica core, with optional magnetic
inclusion, and a synthetic polypeptide shell are being developed to provide new
and diverse opportunities. The shell confers the interesting chemical properties; it
can be tailored to respond to temperature, even in an organic solvent where
powerful ionic forces are absent, or to pH and salt in aqueous environments
where those forces predominate. Shells can be designed to carry payloads of
almost any polarity, using the same overall chemical scheme. The size, surface
density and surface thickness of the particles can be controlled, raising the
interesting question of how these parameters affect conformational transitions
that alter how the particles behave. Normally, the shell is grown onto a
functionalized particle, but “click chemistry” permits an “attach to” strategy (fully
formed and well characterized polymers are connected to the silica cores). The
particles feature a number of useful physical functions. Either core or shell may
bear fluorescent moieties to facilitate visualization of magnetic alignment,
equilibrium structures or phase separation. The polypeptides comprising the shell
are capable of forming liquid crystals when not tethered to a core, raising the
possibility that mesogen interactions can stabilize assemblies in useful forms
when particles covered with these molecules are made to touch.
Session A4 – Contributed Paper
BIODEGRADABLE NANOPARTICLES FOR DRUG DELIVERY
PREPARED BY A NEW SPRAY-DRYING PROCESS
Sarah Wagstaffe, Manish Arora, Heiko Schiffter
Institute of Biomedical Engineering, Department of Engineering
Science, University of Oxford, UK; heiko.schiffter@eng.ox.ac.uk
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Spray-drying is a well established process used in the manufacture of micron size
particles for pulmonary or nasal drug delivery. However, due to limitations in
droplet generation and especially in particle recovery, current systems have
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difficulties being used for the manufacture of drug loaded nanoparticles. A new
spray-drying process was employed to manufacture protein nanoparticles as well
as biodegradable nanoparticles for drug delivery. Atomization was achieved
using a piezoelectric driven vibrating mesh droplet generator with variable mesh
widths of 7.0 µm, 5.5 µm or 4.0 µm. Drying was performed in a 900 mm long
glass drying column with a volume air flow of 100-120 l/min and at inlet
temperatures between 100°C and 120°C for aqueous formulation and between 50
and 70°C if pure organic solvents formulations were used. Particle recovery was
achieved using an electrostatic particle collector. At a mesh width of 4.0 µm,
sprays with a mean d (v, 0.5) of 7.79 µm (span 1.592) could be generated for
aqueous formulations. The corresponding d (n, 0.5) of all sprays was below
2.5 µm. With an increase in mesh width to 7.0 µm, the mean d (v, 0.5) of the
sprays increased to 21.88 µm (span 1.866). Insulin formulated in aqueous buffer
at pH 2.0 with a solid content of 25 mg/ml and spray-dried using the smallest
mesh size resulted in spherical particles with a d (v, 0.5) of 6.52 µm (span 1.817)
and a d (n, 0.5) of 2.13 µm (span 1.497). A reduction of solid content to > 5 mg/ml
led to the recovery of insulin nanoparticles with a mean diameter of 643 nm. The
molecular insulin stability examined by size-exclusion and reverse-phase HPLC
was excellent. Only a small loss in insulin monomer could be detected. The solid
yield after spray-drying was above 85% which could be attributed to the
electrostatic particle collector and its improved recovery of submicron particles in
comparison to usual solid-gas cyclones. Small modifications of the spray-dryer
setup into a closed loop system with a solvent condenser enabled the preparation
of biodegradable microspheres and nanoparticles from polylactic-co-glycolic acid
(PLGA) solutions in acetonitrile. Solutions with a concentration of 25 mg/ml
resulted in microparticles with a d (v, 0.5) of 5.40 µm (1.438) at 60°C and smallest
mesh size. Again, reduction of solid content to > 5 mg/ml led to nanoparticles with
a mean diameter of 567 nm. Particle yield was above 83% for all experiments
(volume of liquid feed 20 ml). In conclusion, the new spray-dryer setup provides a
feasible laboratory system to manufacture particles in the micron and nanometre
size scale. Small droplet sizes are possible due to the new vibrating mesh
atomization technique and high recovery by electrostatic separation enables high
process yield and application of the technique to expensive drugs. The particle
size of the final powder is mainly dependent on atomization conditions and the
solid content of the processed liquid formulation.
Session A4 – Contributed Paper
THERMOSENSITIVE HYDROXYETHYL
CELLULOSE-GRAFT-POLY(N- ISOPROPYLACRYLAMIDE)
NANOPARTICLES.
Anna-Lena Kjøniksen, Hang Phan, Kaizheng Zhu, Bo Nyström
Department of Chemistry, University of Oslo, P.O. Box 1033 Blindern,
0315 Oslo, Norway; Department of Pharmaceutics, University of Oslo,
P.O. Box 1068, Blindern, 0316 Oslo, Norway;
a.l.kjoniksen@kjemi.uio.no
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The polysaccharide hydroxyethylcellulose has been modified by grafting poly(Nisopropylacrylamide) onto the polymer backbone (MHEC-g-PNIPAAM). We have
also made a corresponding polymer which in addition contains 6 mol % negative
charges (MHEC(-)-g-PNIPAAM). Dynamic light scattering data of aqueous
solutions of these polymers reveals that at temperatures below the lower critical
solution temperature (LCST) of PNIPAAM (ca 32 oC), a combination of large
polymer clusters (200 - 1000 nm) and single polymer coils coexist in the solution.
However, at elevated temperatures no single polymer coils are observed, and the
large clusters observed at lower temperatures shrink to form much smaller
nanoparticles (40-300 nm) with a relatively narrow size distribution. At low
polymer concentrations, the charged and the uncharged polymers form clusters of
approximately the same size at temperatures below the LCST, but the
nanoparticles observed at higher temperatures are much smaller for the charged
polymer than what is observed for the corresponding uncharged polymer.
Rheo-SALS measurements on these systems reveal a stronger scattering pattern
at elevated temperatures, and at intermediate temperatures the charged polymer
exhibit anisotropic effects when subjected to shear forces. The nanoparticles
formed at elevated temperatures probably consist of a hydrophobic PNIPAAM
core surrounded by the hydrophilic hydroxyethylcellulose. For the charged
polymer, zeta potential measurements indicate that the charged groups are
distributed inside the large clusters formed at low temperatures, but mostly
located at the surface of the nanoparticles at higher temperatures. The
hydrophobic core of the nanoparticles can probably be used to encapsulate
hydrophobic drug molecules, and we hope to develop controlled drug delivery
systems based on these polymers.
Session A4 – Invited Paper
ENGINEERED POLYMERIC MICELLES FOR OVERCOMING DRUG
RESISTNACE IN CANCER
Xiao-Bing Xiong, Zengshuan Ma, Raymond Lai and Afsaneh
Lavasanifar, Faculty of Pharmacy and Pharmaceutical Sciences,
University of Alberta, Edmonton, Alberta, Canada, T6G 2N8,
Department of Oncology, Cross Cancer Institute, University of Alberta,
Edmonton, Alberta, Canada, T6G 1Z2;
alavasanifar@pharmacy.ualberta.ca
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Conventional chemotherapy is commonly implemented in the management of
many cancers with limited clinical success. This is mostly due to the severe side
effects of cytotoxic agents and the genetic heterogeneity of tumors, i.e., existence
of drug sensitive and resistant phenotypes. Nanotechnology devices can improve
the clinical performance of conventional chemotherapy agents by changing the
biological disposition, reducing toxicity, enhancing the efficacy and perhaps
attenuating the dose of therapy. The purpose of this study was to develop
multifunctional micellar nano-conjugates for smart delivery of doxorubicin (DOX)
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to its cellular and subcellular targets as means to improve the efficacy of DOX in
sensitive and resistant cancer phenotypes. Micellar nano-conjugates were
developed in which the shell was composed of hydrophilic poly(ethylene oxide)
functionalized by integrin αvβ3-targeting ligand, RGD4C, for cancer-specific
recognition. Meanwhile, DOX was conjugated to the hydrophobic polyester core
using either pH sensitive hydrazone or stable amide linkages. While micellar shell
modification with RGD enhanced the delivery of DOX to cancer cells, the type of
conjugating linker in the micellar core dictated the subcellular disposition of DOX
in sensitive and resistant cells. As a result, optimized micellar DOX
nano-conjuagtes capable of improving DOX therapeutic index in sensitive and
resistant cancer models were achieved. The results illustrated the potential and
highlighted the need for the rational design of polymer nano-therapeutics for
effective cancer chemotherapy.
Session A4 – Contributed Paper
NANOPARTICLES FROM MINIEMULSION RELEVANT FOR
BIOMEDICAL APPLICATIONS WITH DIFFERENT CHEMISTRY,
SIZES, AND SHAPES
Daniel Crespy, Christine Herrmann, Kathrin Friedemann, Volker
Mailänder, Anna Musyanovych, Katharina Landfester, Max Planck
Institute for Polymer Research, Ackermannweg 10, 55128 Mainz,
Germany; crespy@mpip-mainz.mpg.de
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Miniemulsion polymerization is the method of choice to produce nanocontainers
for drug-delivery or for the encapsulation of markers. We have shown in the past
that a large library of different polymer nanoparticles can be synthesized. The
surface of the nanoparticles can be also efficiently tuned during polymerization or
by post-polymerization reactions. We are now investigating the formation of
non-spherical morphologies and their potential use for biomedical applications.
Monolithic and capsular nano-ellipsoids were hence created by the mechanical
treatment of functionalized nanoparticles synthesized in miniemulsion.
Session A4 – Invited Paper
POLYMERIC MICELLES AS CARRIERS FOR PERORAL
ADMINISTRATION OF HYDROXYCAMPTOTHECIN
Shirui Mao and Juan Wang, School of Pharmacy, Shenyang
Pharmaceutical University, Shenyang, 110016, China;
shiruimao156@hotmail.com
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A series of chitosan conjugated glycerol monostearate copolymers with different
molecular weight and conjugation degrees were synthesized. The copolymers
can form nanomicelles by self-assembly after dissolved in water followed by
sonication. The particle size and charge density of the micelles depended on the
structure of the copolymers. Hydroxycamptothecin was incorporated in the
nanomicelles with high encapsulation efficiency. In vitro release study indicated
that hydroxycamptothecin was released from the micelles in a controlled manner
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and complete drug release was achieved in 3 days. The in vivo absorption of the
nanomicelles was further investigated in rats. Compared to solutions, polymeric
micelles prolonged the drug’s half life from 0.53h to 33.68 h. In agreement with
the in vitro data, constant plasma concentration was maintained for 3 day in vivo
and AUC increased for more than 25 times compared to that of the solution. In
addition, it was found that the peroral absorption degree was glycerol
monostearate substitution degree dependent. In conclusion, this study indicated
that polymeric micelles might be a promising carrier to improve the peroral
absorption of poorly soluble drugs.
Session I2 – Keynote Paper
INHIBITION OF AMYLOID FIBRILLATION BY CONJUGATED
QUANTUM DOTS
Garima Thakur, Miodrag Micic and Roger M Leblanc, 1301 Memorial
Drive, Department of Chemistry,University of Miami Fl 33146, USA;
rml@miami.edu
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Alzheimer’s disease is a most common form of dementia. Oligomeric aggregates
amyloid β (Aβ) or protofibrils are considered as precursors for Alzheimer’s
disease. In our study, amyloid beta (1-42) (Aβ(1-42)) was bioconjugated to
dihydrolipoic acid (DHLA) capped CdSe/ZnS Quantum Dots (QDs). When the Aβ
(1-42) conjugated DHLA QDs sample was incubated at 37oC, the process of
fibrillation was inhibited as compared to when the Aβ (1-42) was simply mixed to
the QDs. Transmission electron microscopy and atomic force microscopy were
employed for the analysis of samples. The morphology of fibrils and reduction in
number of fibrils was substantial in case of Aβ(1-42) conjugated quantum dots.
Reduction in fibrillation was also confirmed using Thioflavin T assay. Moreover,
quenching of tyrosine signal is observed in presence of QDs, this indicates
interaction of QDs to the tyrosine residue in Aβ (1-42).

Session I2 – Invited Paper
CELL-SPECIFIC DELIVERY OF ACTIVE CARGO TO CANCER
CELLS USING MESOPOROUS SILICA AS CARRIERS
Jessica Rosenholm, Emilia Peuhu, Cecilia Sahlgren and Mika Lindén,
Åbo Akademi University, Turku, FI-20500, Finland; mlinden@abo.fi
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Nanoparticles of mesoporous silica (MSNs) functionlized with fluorophores and
folic acid as the targeting ligand can be targeted to cancer cells in a highly specific
manner. Furthermore, the high intrinsic pore volume of MSNs makes it possible to
load the MSNs with large amounts of cargo. The cargo can be incorporated both
by physisoprtion and by covalent linking, and examples of both will be shown in
relation to cell-specific delivery of cargo. It is also shown that the selectivity of
drugs used for chemotherapy can be increased dramatically using targetable
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MSNs as drug delivery systems. The particles have a high biocompatibility, and
are excreted though the urine with little accumulation in inner organs, as shown by
in vivo tests on mice. MSNs therefore comprises a very interesting new class of
drug carriers, which also are highly suitable for the delivery of hydrophobic cargo.
Session I2 – Invited Paper
APTAMER-MEDIATED DRUG DELIVERY FOR PROSTATE
CANCER THERAPY
Sangyong Jon, In-Hyun Lee, Dongkyu Kim and Mi Kyung Yu,
Department of Life Sciences, Gwangju Institute of Science and
Technology, 1 Oryong-dong, Gwangju 500-712, Republic of Korea;
syjon@gist.ac.kr

132

Aptamers are an emerging class of targeting ligands that also serve as biological
drugs that can be used to treat various diseases. Recently, we showed that a
prostate-specific membrane antigen (PSMA)-specific aptamer formed a 1:1
physical complex with doxorubicin (Dox) via intercalation, and thereby delivered
this anticancer drug to target prostate cancer cells. In the first part of my talk a
targeted drug delivery system of Dox to the prostate tumour based on
PSMA-specific aptamer conjugated dendrimer will be presented. The Dox-loaded
PSMA aptamer conjugated dendrimer exhibited excellent antitumor efficacy on in
vivo prostate tumor models compared to control groups.
In the second part, I will present a multifunctional nanoparticle for targeted
molecular CT imaging and therapy of prostate cancer. By functionalizing the
surface of gold nanoparticles (GNPs) with a PSMA-specific A9 RNA aptamer, we
established a targeted molecular CT imaging system capable of specific imaging
of prostate cancer cells that express the PSMA protein. Furthermore, the
aptamer-conjugated GNPs after loading of doxorubicin were significantly more
potent against targeted LNCaP cells than against non-targeted PC3 cells.
Session I2 – Invited Paper
PRECLINICAL EVALUATION OF Au NANOPARTICLE CONTAINING
BETA-LAPACHONE FOR RADIOSENSITIZATION
Seong-Yun Jeong1, Joohee Jung1, Ha Na Woo1, Hye Kyung Chung1,
Chulhee Kim3, Heon Joo Park4 and Eun Kyung Choi1,2;
1
Institute for Innovative Cancer Research, 2Department of Radiation
Oncology, Asan Medical Center, Seoul 138-736, 3Department of
Polymer Science and Engineering, College of Medicine, Inha
University, Inchon, 400-712, 4Department of Microbiology, Inha
University, Inchon, 402-751, Korea; ekchoi@amc.seoul.kr
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ß-Lapachone (Lap) is a novel anticancer agent displaying potent cytotoxicity
against cancer cells overexpressing NAD(P)H:quinone oxidoreductase-1 enzyme
(NQO1). Although Lap has been also known to play a role as a radiosensitizer, its
poor solubility and non-specific distribution obstruct clinical application. Effective
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delivery of radiosensitizer to target tumor cells, causing preferentially increased
tumor cytotoxicity, while simultaneously minimizing damage to healthy cells
around the tumor, is an ideal strategy for the improvement of radiotherapeutic
efficacy against human cancer. We aimed to enhance radiotherapeutic efficacy by
using biocompatible gold nanoparticles (AuNP) as a vehicle for systemic delivery
of ß-lapachone (lap). In this study, the property of AuNPs carrying lap
(AuNPs/lap) for active-targeting tumor cells and improving in vivo radiotherapeutic
efficacy was evaluated. Murine monoclonal anti-EGFR antibody was conjugated
to the AuNPs/lap as a ligand for active targeting. The active tumor-targeting
property of AuNPs/lap conjugating anti-EGFR antibody was validated in vitro
experiments using cell lines expressing EGFR at different levels. In mice bearing
xenograft human tumors, the intravenous injection of AuNPs/lap exhibited highly
enhanced radiotherapeutic efficacy. AuNPs/lap offers a new modality for
improvement of radiotherapeutic efficacy and feasibility of further clinical
application for human cancer treatment.
Session I2 – Invited Paper
HARNESSING THE SYSNERGY OF DRUG COMBINATION AND
NANOCARRIER TO OVERCOME MULTIDRUG RESISTANCE IN
BREAST CANCER
Xiao Yu (Shirley) Wu1, Adam Shuhendler1, Preethy Prasad1, Ji.
Cheng1 and Adrew M. Rauth2, 1Leslie Dan Faculty of Pharmacy,
University of Toronto, Toronto, ON Canada M5S 3M2. 2Ontario
Cancer Institute sxy.wu@utoronto.ca
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Multidrug resistance (MDR) in solid tumors and cancer cells is a leading cause of
chemotherapy failures frequently found in many tumors, including breast cancer.
Despite the development of chemosensitizers and efflux pump inhibitors over past
three decades and various new approaches attempted recently, the problem of
drug resistance has not yet been solved. One major reason for this unsatisfactory
achievement is multifactorial causes of MDR which involve multiple cellular and
non-cellular mechanisms and thus cannot be circumvented by a single approach
such as the use of a specific efflux pump inhibitor. Moreover, side effects of
systemically administered MDR modulators and amplified toxicity of anticancer
agents led to disappointing clinical outcomes. Therefore, over a decade, we have
been exploring the synergy of drug combination and nanocarrier to tackle multiple
MDR mechanisms simultaneously thereby enhancing cancer chemotherapy.
Based on a thorough understanding of mechanisms of anticancer agent
interaction, we identified synergistic anticancer agents, e.g. doxorubicin and
mitomycin C, and their optimal delivery schedule. The dual agents were
co-encapsulated in solid polymer-lipid hybrid nanoparticles (PLN) by an
emulsification-solidification method. The PLN formulation of dual agents was
demonstrated to effectively overcome MDR in breast cancer cells expressing
various ABC membrane transporters including P-glycoprotein, multidrug resistant
protein, and breast cancer resistance protein. Moreover, the drug combination in
PLN was shown to enhance genotoxicity and to reduce antioxidant defense in
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cancer cells. As a result, significantly increased cytotoxicity to MDR cancer cells
was achieved at much lower doses. This presentation will discuss how this
integrated pharmacological and pharmaceutical approach led to the development
of the nanoparticulate drug combination able to overcome MDR in breast cancer.
Session I2 – Invited Paper
NANOTECHNOLGY FOR TARGETED CONTROL OF SIGNALING
PATHWAYS IN CANCER AND STEM CELL DIFFERENTIATION
Veronika Mamaeva1 Jessica M. Rosenholm2, Mika Lindén2, Cecilia
Sahlgren1,
1
Turku Centre for Biotechnology, University of Turku and Åbo Akademi
University, P.O. Box 123, FI-20521, Turku, Finland
2
Center for Functional Materials, Department of Natural Sciences, Åbo
Akademi University, Porthansgatan 3-5, FI-20500, Turku, Finland
to whom correspondence should be addressed:
cecilia.sahlgren@btk.fi
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Abberant activation of key developmental signaling pathways are often
associated with cancer. Although these pathways are interesting therapeutic
targets their inhibition is often associated with severe side effects due to their
important role as regulators of homeostasis of actively renewing tissues. Rational
inhibition of these pathways will thus require more targeted delivery strategies.
Further, intelligent platforms for controlling the duration and strength of signaling
activity in specific cell populations might be of therapeutic interest in regenerative
medicine. Our approach is focused on applying mesoscopically ordered
nanoporous silica materials as drug delivery systems for localized delivery of
γ-secretase inhibitors to block the oncogenic Notch signaling. We have
successfully shown that fluorescent poly(ethylene imine)-mesoporous silica nano
particle s(MSNPs) can specifically target cancer cells under co-culture conditions
with normal cells. Targeted MSNPs particles accumulated in a breast cancer
xenograft after intravenous administration and showed enhanced retainment and
cellular internalization at the tumor site after peritumoral injections. The delivery
platform showed high biocompatibility, with no signs of systemic inflammation and
non-targeted particles were degraded ande excreted by the kidneys. Particles
loaded with oncogenic signaling inhibitors were able to block tumor growth when
administered peritumorally, with a significantly improved therapeutic outcome as
compared to free drug. We further demonstrate the ability of these vehicles to
steer Notch mediated stem cell fate in the intestine and discuss the potential of
these platforms for in vitro diagnostics of signaling defects. Taken together the
results imply that the developed NP system is a highly versatile platform for a
range of biomedical applications.
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PREPARATION AND APPLICATIONS OF FLUOROALKYL
END-CAPPED OLIGOMER/SILICA NANOCOMPOSITES
POSSESSING A POTENT AND SELECTIVE ANTI-HIV-1ACTIVITY
Hideo Sawada
Department of Frontier Materials Chemistry, Graduate School of
Science and Technology, Hirosaki University, Hirosaki 036-8561
JAPAN; hideosawa@cc.hirosaki-u.ac.jp
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Fluoroalkyl end-capped acrylic acid and sulfonic acid cooligomers reacted with
tetraethoxysilane and silica nanoparticles under alkaline conditions to afford the
corresponding cooligomers/silica nanocomposites (mean diameters: 32 ~ 173
nm) with a good dispersibility and stability in aqueous and organic media.
Interestingly, fluorinated nanocomposites containing carboxy groups were found
to exhibit a potent and selective anti-HIV-1 activity in vitro. In contrast, fluorinated
cooligomeric nanocomposites containing sulfo groups were shown to have a
potent and selective anti-SIVmac activity in vitro. In these nanocomposites,
unexpectedly, fluorinated cooligomeric nanocomposites containing sulfo groups
exhibited no weight loss behavior even at 800 oC equal to the original silica gel,
although the corresponding nanocomposites containing carboxy groups showed
a clear weight loss at 800 oC, which corresponds to the content of parent oligomer
in the composites.
Acknowledgement. Thanks are due to Prof. M. Baba (Center for Chronic Viral
Diseases, Kagoshima University) for antiviral assays.
Session I2 – Invited Paper
FUNCTIONALIZED PLURONIC-PLGA NANOPARTICLES FOR
GROWTH FACTOR DELIVERY AND TUMOR TARGETING
Yong-Il Chung, Won Il Choi, Young Ha Kim and Giyoong Tae
Department of Materials Science and Engineering and Department of
Nanobio Materials and Electronics, Gwangju Institute of Science and
Technology, Gwangju, Korea, 500-712, Korea; gytae@gist.ac.kr
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PLGA-based, heparin-functionalized nanoparticles were prepared by using
Pluronic-PLGA interaction for efficient delivery of growth factors. Then, the
heparin-functionalized nanoparticle-hydrogel complex was employed for efficient
delivery of growth factor to replace damaged tissues. The heparin-binding target
growth factor was loaded into the heparin-functionalized nanoparticles, and these
growth factor loaded nanoparticles were added during fibrin gel formation to make
nanoparticle-hydrogel complex. Regeneration of tissue based on these systems
was applied for two cases, the BMP loaded nanoparticle-fibrin gel complex for
bone regeneration, and the VEGF loaded complex for angiogenesis. In both
cases, much more enhanced regeneration was observed compared to the cases
of growth factor-loaded fibrin gel.
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Second, PLGA nanoparticles functionalized with chitosan- or heparin-Pluronic
conjugate were applied for tumor targeting. Compared to the control, bare PLGA
nanoparticles that have low tumor accumulation and high liver uptake, the
markedly enhanced cell uptake and a positve effect on in vivo tumor accumulation
were observed by the functionalized nanoparticles. However, the efficiency of
tumor targeting could be dramatically increased by using functionalized
Pluronic-based system only without PLGA core, revealing the effect of rigidity of
nanoparticles on the tumor targetting.
Session F2 – Keynote Paper
NEW IN VITRO INTESTINAL FERMENTATION MODELS WITH
IMMOBILIZED HUMAN FECAL MICROBIOTA FOR DIET AND DRUG
ASSESSMENT
Christophe Lacroix and Christophe Chassard, Institute of Food,
Health and Nutrition, ETH Zürich, 8092 Zürich, Switzerland;
christophe.lacroix@ilw.agrl.ethz.ch
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The human large intestine is colonized by a dense and complex microbial
community composed largely of anaerobic bacteria, whose cell numbers can
exceed 1011 per gram. The activities of these organisms have a major impact
upon nutrition and health of the human host by modifying nutrient supply,
conversion of metabolites and/or interactions with host cells. For most practical
purposes, however, the large bowel is inaccessible for routine investigation, and
animal and in vitro model systems have been developed to study the microbiota.
Different in vitro models for intestinal fermentation of different complexity, ranging
from simple batch systems using pure or defined mixed populations of bacteria, or
fecal material, to more sophisticated complex multistage continuous cultures have
been used. In vitro models have no ethical guidelines and are well-suited for
mechanistic studies. These systems are able to simulate many of the spatial,
temporal and environmental attributes that characterize microbiological events in
different regions of the large gut. They have limitations, however, due to the
free-cell state of their bacterial populations and may not be fully representative of
the complex bacterial community which is present both at planktonic and sessile
states in the colon. Moreover, they often show much lower cell density compared
with colonic contents as well as limited time stability.
We have developed new in vitro colonic fermentation models where the fecal
microbiota are immobilized on a mixed polysaccharide gel bead structure
selected for long term stability (chemical, biological and mechanical) during
continuous colonic cultures in stirred tank bioreactors. Infant, child and adult fecal
microbiota were successfully immobilized using a two phase dispersion process
carried out under strict anaerobiosis. After an initial colonization period of the
beads, a stable continuous colonic culture working with environmental conditions
akin to the gastrointestinal tract is achieved, while preserving major bacterial
populations for up to 2 months. This technology was utilized in a three-stage
chemostat simulating the conditions of the proximal, transverse and distal colons.
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The microbial community structure developed in the fermenter reflects the relative
proportions and activities of the major bacterial groups present in fecal samples.
This model has been successfully used to test the effects on gut microbiota
composition and metabolic activity of different biotics (pre-, pro- and anti-biotics).
Furthermore using the same approach with cells we have recently developed
models for studying imbalanced or diseased gut microbiota (e.g. infected, anemic
and obese subjects), leading to mechanistic studies and testing of preventive and
therapeutic treatments. Therefore a continuous colonic fermentation model
accurately simulating Salmonella infection and shedding in children as observed
in vivo was developed to test the effects of antibiotics and dietary components on
microbial composition and metabolism of the gut microbiota. The lack of efficacy
of commonly used therapeutic antibiotics and the potential of Bifidobacterium
thermophilum RBL67 for therapeutic and prophylactic treatments of Salmonella
infection were demonstrated.
Session F2 – Invited Paper
Extended ophthalmic drug delivery from contact lenses containing
particles and barriers
Anuj Chauhan
Chemical Engineering, University of Florida, Gainesville, FL, 32611,
USA; chauhan@che.ufl.edu
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Currently most ophthalmic drugs are delivered through eye drops even though
this approach is inefficient as only 1-5% of the applied drug enters the cornea,
and the rest is absorbed into the bloodstream through conjunctival or nasal route.
This absorbed drug then enters other organs through systemic circulation where it
can cause side effects. Furthermore, application of ophthalmic drugs as drops
results in a rapid variation in drug delivery rates to the cornea that limits the
efficacy of therapeutic systems and reduces compliance.
Several approaches have been proposed to increase the efficacy of ophthalmic
drug delivery, and amongst these contact lenses are highly promising as drug
delivery via soft contact lenses leads to a significant increase in drug residence
time and bioavailability. Our mathematical models supported by some clinical
data show that as much as 50-70% of the drug loaded into a contact lens could
enter cornea compared to 1-5% with eye drops. However, a majority of the drugs
loaded into commercial contact lenses is released in a short period of a few hours,
which is not suitable for extended drug delivery. This talk will focus on our efforts
to increase the release duration from contact lenses from a few hours to 2-4
weeks without sacrificing other critical properties including transparency,
modulus, ion and oxygen permeability, wettability, lubricity, etc.
A number of researchers have focused on exploring approaches to increase the
release duration of ophthalmic drugs from contact lenses. Our unique approach
has focused on dispersing nanoparticles into the lenses to increase the loading
capacity and/or increase the release duration. We have investigated several
different types of nanoparticles including microemulsions, liposomes, micelles,
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vesicles, highly crosslinked polymeric particles and Vitamin E diffusion barriers.
Additionally, we have developed novel silicone-hydrogel materials that possess all
properties suitable for use as contact lens materials, and yet provide extended
drug delivery. The fundamental mechanisms that increase the release duration
are slightly different for each type of particles, and these will be described in the
talk. Furthermore, models are developed for each case, and the model
predictions fit the experimental data well. Also results will be presented for the
impact of processing conditions such as monomer extraction, autoclaving and
packaging on the drug release characteristics of the lenses. Results will be
presented for both hydrophilic lenses and extended wear silicone-hydrogels.
Finally, results from some preliminary animal studies on glaucoma therapy with
contact lenses in beagle dogs will be described.
Session F2 – Contributed Paper
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NANOPARTICLES: MULTIFUNCTIONAL VECTORS FOR
SIMULTANEOUS NEAR INFRARED DIAGNOSTIC IMAGING AND
PHOTODYNAMIC THERAPY OF CANCER
E. İ. Altınoğlu*, B.M. Barth+, J.M. Kaiser+, S. Shanmugavelandy+, C.
McGovern$, T.M. Goff*, S.A. Knupp, T.J. Russin#, P.C. Eklund*#, J.
Smith$, M. Kester+, and J. H. Adair*
*
Department of Materials Science and Engineering, +Hershey Medical
Center, Department of Pharmacology, $College of Medicine,
#
Department of Physics, The Pennsylvania State University, University
Park, PA 16802, USA; erhan@psu.edu
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Simultaneous early detection and treatment are crucial elements for the timely
diagnosis and successful eradication of all cancers, but are limited by the
sensitivity and efficacy of current imaging and therapeutic methodologies,
respectively. Recently, the concept of multifunctional nanocarriers that can
concurrently perform these distinct tasks has emerged and is attracting increased
attention. Specifically, much interest has been initiated on fluorescent
photosensitive agents that respond in the near infrared (NIR) by concurrently
emitting intense and sustained fluorescence signals for deep tissue imaging, as
well as generating a photodynamic response to trigger localized cell death for
minimally invasive, molecular-scale therapy. Here we report the synthesis and
use of 16 nm bioresorbable calcium phosphate nanoparticles (CPNPs) that
encapsulate the NIR fluorophore indocyanine green (ICG) as a multifunctional
fluorescent photosensitizer for synchronized real-time, deep-tissue imaging and
photodynamic therapy. Suspensions of ICG-CPNPs are colloidally stable in
physiological solutions (phosphate buffered 0.15 M saline (PBS), pH 7.4) and can
be coated with either polyethylene glycol (PEG) for surface passivation and
indirect in vivo localization, or specific surface functionalities for direct in vivo
targeting and enhanced cellular uptake. For imaging and diagnostic
considerations, the doped CPNPs exhibit significantly greater intensity at the
maximum emission wavelength relative to the free constituent fluorophore,
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consistent with the multiple molecules encapsulated per particle. The quantum
efficiency per molecule of the ICG-CPNPs is 200% greater at 0.049±0.003 over
the free fluorophore in PBS. Also photostability based on fluorescence half-life of
encapsulated ICG in PBS is 500% longer under typical clinical imaging conditions
relative to the free dye. Likewise, the therapeutic capacity of the ICG-CPNP
nanocomposites is greater when comparing the ex situ generation of singlet
oxygen (1O2) to that from the unencapsulated sensitizer. This enhancement in
photodynamic response is supplemented by exceptional in vitro photoinduced cell
death in multiple cancer lines and blocked in vivo tumor growth in murine breast
cancer models for over 36 days after only a single dosage of 785 nm light (12
J/cm2). Thus, the ICG-CPNPs can not only be utilized as imaging agents for
real-time cell imaging, but also serve as NIR-activated nanotherapeutic vectors to
achieve localized irradiation-induced cell death. Furthermore, theoretical models
based on experimental ex situ data suggest clinical, deep-tissue imaging with
ICG-CPNPs from depths up to 10 cm and therapeutic photodynamic responses
initiated from 7 cm in human breast tissue. Thus, with the superior optical
properties, enhanced singlet oxygen generation, and impressive tissue
penetration depths, coupled with the biocompatibility and facile targetability of
calcium phosphate, ICG-CPNPs can impart an improved parallel approach to
sensitive early-stage diagnosis and site specific therapy of cancer.
Session F2 – Invited Paper
BIO-NANOCAPSULES FOR THE IN VIVO PINPOINT DELIVERY OF
NUCLEIC ACIDS AND DRUGS
Shun’ichi Kuroda
Graduate School of Bio-agricultural Sciences, Nagoya University,
Nagoya, Aichi 464-8601, Japan; skuroda@agr.nagoya-u.ac.jp
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Liposomes have been recognized as the most promising DDS (drug delivery
system) carrier for about 30 years. In human and animal body (in vivo), while most
of liposomes are immediately degraded by complements in blood stream, a part
of them could accumulate spontaneously to tumors showing angiogenesis by the
enhanced permeability retention (EPR) effect. Although the ability of in vivo
targeting (i.e., passive targeting) is not efficient, the liposome-based medicines
have been commercialized for the treatment of cancers recently.
Conventional GDS (gene delivery system) carriers have relied on either viral
infection mechanism (e.g., viral vectors) or cellular endocytosis (e.g., cationic
liposomes, cationic polymers, naked plasmid). These GDS carriers have so far
been used in various clinical trials for the last decade, however all carriers lack the
ability for in vivo pinpoint delivery and most of viral vectors introduce their
genomic fragment along with therapeutic genes into host cells. These
disadvantages have hampered the systemic and repetitive administration of
therapeutic genes by conventional GDS carriers. The criteria for promising GDS
carriers are 1) viral genome-free, 2) high infectivity, and 3) in vivo pinpoint
targeting-ability.
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In 2003, a new carrier, bio-nanocapsules (BNC), has been developed by our
group (Yamada et al., Nature Biotech.). BNC is about 70-nm nanocapsules
comprising of hepatitis B virus (HBV) surface antigens (HBsAg), which can be
efficiently synthesized in yeast cells (about 40% (w/w) of soluble proteins). One
70-nm BNC consists of about 110 molecules of transmembrane HBsAg L protein
embedded in a uni-lamellar liposome, of which the inside possesses enough
space for large molecules (e.g., >30 kbp DNA). Since the HBsAg particles have
been used as an immunogen of recombinant HB vaccine for about 30 years, BNC
is considered as a safe material for humans.
Various materials (genes, drugs, siRNAs, proteins, polystyrene beads, etc) can
be introduced inside BNC by electroporation or liposome fusion (Jung et al., J.
Controlled Release, 2008). Since original BNC displays pre-S1 region, a human
liver-specific receptor, at the N-terminal of HBsAg L protein, we have already
succeeded in the in vivo pinpoint delivery of genes and drugs to the human
liver-derived tumors in xenograft mice models by the systemic administration of
BNC. The infection efficiency of BNC is comparable to that of viral vectors. Hence,
as introduced in The Lancet (July 10, 2003), BNC is a hybrid method of viral
vectors and liposomes, and possesses many advantages of both methods.
Moreover, we recently established the method for the replacement of pre-S1
region with various bio-recognition molecules (e.g., antibodies, sugar chains,
ligands, homing peptides), and found the surface-engineered BNC can be used
for the re-targeting of BNC from human liver to other tissues in vivo (Kasuya et al.,
Human Gene Therapy, 2008; Methods Enzymol., 2009).
Today, I will introduce the basics and recent progress of BNC, the significant
possibilities of re-targeted BNCs, and the potentials of BNCs in biomedical fields.
Session F2 – Contributed Paper
FUNCTIONALIZED AND TUNABLE NANOPARTICLES FOR
BIOMEDICAL APPLICATIONS AND THEIR INTERACTIONS WITH
CELLS
Anja Kroeger, Anna Musyanovych, Volker Mailänder, Katharina
Landfester
Max Planck Institute for Polymer Research, Ackermannweg 10, 55128
Mainz, Germany; kroeger@mpip-mainz.mpg.de
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Nanoparticles and their interaction with human cells have been a focus of many
groups during the past decade. Nanotechnology and the hereby produced
nanomaterials have promised to make use of specific properties of
supramolecular assemblies and nanomaterials so that hitherto inaccessible
effects can be exploited for new applications. The miniemulsions process
represents a versatile tool for the formation of polymeric nanoparticles consisting
of different kinds of polymer as obtained by a variety of polymerization types
ranging from radical, anionic, cationic, enzymatic polymerization to polyaddition
and polycondensation. The process perfectly allows the encapsulation of
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hydrophilic and hydrophobic liquids and solids in polymeric shells, molecularly
dissolved dyes or other components. In combination with a specific
functionalization of the nanoparticles’ or nanocapsules’ surfaces and the
possibility to release substances in a defined way from the interior, complex
nanoparticles or nanocapsules are obtained which are ideally suited for
application in biomedical application as marker and targeted drug delivery
system. Of importance are superparamagnetism or the high surface area helpful
for catalysis and adsorption. In biology and medicine, superparamagnetic iron
oxide nanoparticles have been used for cell selection and as magnetic resonance
imaging (MRI) contrast agents. Furthermore, uptake of nanoparticles into a wide
variety of cells is an effect that seems to be specific for materials in the range of
50-200 nm. Surface modifications (positively or negatively charged side groups of
the polymers, amino acids, or peptides/proteins) enhance this uptake. Knowledge
about factors influencing cellular uptake, like size, surface properties, cell type,
and endocytotic pathways, enables optimization of labeling and selection of cells
and nanoparticles for applications in vitro and in vivo. We will discuss the progress
in the field of understanding and harnessing the interactions of polymeric
nanoparticles synthesized by the miniemulsion process with different cell types.
Session F2 – Contributed Paper
PREPARATION OF HIERARCHICAL HOLLOW CaCO3 PARTICLES
AND THEIR APPLICATION AS ANTICANCER DRUG CARRIER
Wei Wei and Guanghui Ma
Institute of Process Engineering, Chinese Academy of Sciences,
Beijing, 100190, PR China; ghma@home.ipe.ac.cn
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CaCO3 and products obtained from this compound are used in a wide range of
fields. In addition to the conventional applications in toothpastes and cosmetics, in
the paper industry, and in water treatment, this compound has also shown
promising potential for the development of smart carriers for drugs. Compared
with many other inorganic materials previously used for similar purposes, CaCO3
is exceedingly suitable because of its ideal biocompatibility and biodegradability
properties. Herein, we describe a one-pot approach to couple the crystallization of
CaCO3 nanoparticles and the in situ symmetry-breaking assembly of these
crystallites into hollow spherical shells under the templating effect of a soluble
starch. Further investigation also reveals the desirable properties of these
hierarchical particles (HP) as anticancer drug carriers.
When very dilute solutions ([Na2CO3] = 2.0 mM; [CaCl2] = 2.0 mM) were used,
CaCO3 spheres of around 500 nm in diameter were prepared at 30 °C (denoted
as HP-a). Further characterizations revealed that these spheres were hollow and
composed of particulate building units of ca. 50 nm. We thereafter encapsulated
doxorubicin (DOX) in HP-a and investigated the cytotoxicity on liver carcinoma
HepG2 cells. It was found that HP-a alone showed almost no cytotoxicity to
HepG2 cells, indicating its good biocompatibility. However, once loaded with
DOX, HP-a greatly increased the death of HepG2 cells over the effect of DOX by
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itself. It was also confirmed by the morphological change of nuclei. 48 hours after
treatment, cells with unloaded HP-a showed normal morphology of nuclei as
untreated cells. On the contrary, nuclear fragmentation and condensation were
revealed in most of the cells treated with DOX loaded HP-a, while only a few
condensed nuclei presented in the cells treated with the DOX solution.
To investigate the mechanism of the higher cytotoxicity induced by DOX loaded
HP-a, the amount of DOX uptake into HepG2 cells was monitored via
DOX-derived fluorescence by flow cytometer. The cellular fluorescence was much
higher when the DOX was loaded on HP-a, which indicated that HP-a, as a drug
carrier, enhanced the cell uptake of DOX.
To our surprise, after being taken in the cell, the HP-a carrier could aggregate
around the nucleus and even directly intrude into the nucleus. Referring to some
previous reports, we proposed that the phenomenon might be attributed to the
electrostatic interaction between the negatively charged nucleus and the
positively charged DOX-loaded CaCO3 particles (z potential = 5.8 mV). In addition
to the increased uptake, these behaviors would obviously enhance the nuclear
delivery efficiency for anticancer drugs, and consequently better tumor cytotoxicity
would be achieved.
Session F2 – Invited Paper
SPIDER SILK SUBMICROPARTICLES FOR CONTROLLED DRUG
DELIVERY
Andreas Lammel1 and Thomas Scheibel2
1
Lehrstuhl Biotechnologie, Lichtenbergstraße 4, Technische
Universität München, D-85747 Garching, Germany; 2 Lehrstuhl
Biomaterialien, Universitätsstraße 30, Universität Bayreuth,
D-95440 Bayreuth, Germany;
thomas.scheibel@uni-bayreuth.de
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Silk proteins are a promising material for drug delivery due to their aqueous
processability, biocompatibility, and biodegradability. A simple aqueous
preparation method for silk particles with controllable size, secondary structure
and zeta potential is established. The particles can be produced by salting out a
silk protein solution with potassium phosphate. The yield and morphology of the
particles can be controlled by ionic strength and pH. Silk I rich particles possess
chemical and physical stability and secondary structure which remains
unchanged during post treatments even upon exposure to 100% ethanol or
methanol. A new model explains the process of particle formation based on intraand intermolecular interactions of the silk domains, influenced by pH and
kosmotropic salts. The reported silk protein particles can be loaded with small
molecule model drugs by simple absorption based on electrostatic interactions. In
vitro release of these compounds from the silk particles depends on charge –
charge interactions between the compounds and the silk. The release kinetics are
dependent on the secondary structure of the particles.
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Session F2 – Contributed Paper
INTRACELLULAR PROCESSING OF PROTEINS MEDIATED BY
BIODEGRADABLE POLYELECTROLYTE CAPSULES
Pilar Rivera Gil1, Stefaan De Koker2, Bruno G. De Geest3 and
Wolfgang J. Parak1
1
Fachbereich Physik und Wissenschaftliches Zentrum für
Materialwissenschaften (WZMW), Philipps Universität Marburg,
Renthof 7, 35037 Marburg, Germany; 2Department of Molecular
Biomedical Research, Ghent University, Belgium; 3Laboratory of
Pharmaceutical Technology, Ghent University, 9000 Ghent, Belgium;
pilar.riveragil@physik.uni-marburg.de
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Multilayer polyelectrolyte capsules made by layer-by-layer assembly of oppositely
charged biodegradable polyelectrolytes were filled with a model of a non-active
pro-drug, a self-quenched fluorescence-labeled protein. After capsule uptake by
living cells the walls of the capsules were actively degraded and digested by
intracellular proteases. Upon capsule wall degradation intracellular proteases
could reach the protein cargo in the cavity of the capsules. Enzymatic
fragmentation of the self-quenched fluorescence-labeled protein by proteases led
to individual fluorescence-labeled peptides and thus revoked self-quenching of
the dye. In this way non-active (non-fluorescent) molecules were converted into
active (fluorescent) molecules. The data demonstrate that biodegradable
capsules are able to convert non-active molecules (pro-drugs) to active molecules
(drugs) specifically only inside cells where appropriate enzymes are at hand. In
this way only cargo inside the capsules reaching cells is activated, but not the one
in capsules which are remaining extracellularly. The peptide fragments undergo
further processing inside the cells, leading ultimately to exocytosis.
Session F2 – Contributed Paper
PREPARATION OF UNIFORM-SIZED MICROSPHERES AND
MICROCAPSULES FOR DRUG DELIVERY
Guanghui Ma, Zhiguo Su, Lianyan Wang, Wei Weii
National Key Laboratory of Biochemical Engineering, Institute of
Process Engineering, Chinese Academy of Sciences, Beijing, 100190,
P.R.China, ghma@home.ipe.ac.cn
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Polymer microspheres and microcapsules have important applications in drug
delivery system (DDS) of bio-medicines. In this application, the control of size and
size distribution of microspheres and microcapsules is necessary in order to
improve the bio-availability of bio-medicines. However, it is difficult to obtain
uniform microspheres or microcapsules by conventional methods, such as
mechanical stirring technique, spay drying method, etc. In this study, a novel
process-Membrane Emulsification Process was developed to prepare
uniform-sized microspheres and microcapsules from micron to submicron size.
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The quantitative study about the effects of size and structure of microcapsules on
efficiency of drug were carried out by utilizing the uniform size of microcapsules.
Uniform chitosan microspheres were prepared from W/O emulsion. At the first,
the membrane was modified to hydrophobicity. After pressing chitosan aqueous
phase through the hydrophobic membrane into the oil phase to obtain uniform
W/O emulsion, the uniform chitosan microsphere was obtained by crosslinking
the chitosan droplet.
Poly(lactide) (PLA) microcapsules were prepared from W/O/W double emulsions.
The CV values of microsphere and microcapsules obtained were arround 10%
Furthermore, a rapid membrane emulsification was developed to prepare
chitosan and PLA microspheres with submicron size, CV value was arround 15%.
By taking the advantage of uniform size, the effects of the size and structure on
efficiency of drug were investigated. Hollow-porous chitosan microspheres
containing Insulin showed apparent effect on lowering blood glucose level after it
was orally administration. PLGA microsphere used as adjuvant of a vaccine also
showed size effect on efficiency.
Session F2 – Contributed Paper
CELL-PENETRATING PEPTIDE AS SURFACE LAYER FOR FAST
ENDOCYTOTIC UPTAKE OF COLLOIDAL MICROCARRIERS BY
CELLS
Uta Reibetanz1,2, Jaqueline Leßig1,2, Jan Hoyer1,, Ines Neundorf1,3
1
Translational Centre for Regenerative Medicine (TRM), University of
Leipzig, Philipp-Rosenthal Str.55, 04103 Leipzig, Germany; 2Institute
for Medical Physics and Biophysics, Medical Faculty, University of
Leipzig, Härtelstr. 16-18, 04107 Leipzig, Germany; 3Institute of
Biochemistry, Faculty of Biosciences, Pharmacy and Psychology,
University of Leipzig, Brüderstr. 34, 04103 Leipzig, Germany;
ureibetanz@trm.uni-leipzig.de
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Layer-by-layer (LbL) coated colloidal particles and capsules get more and more
attention as multifunctional drug delivery systems. The main advantage of these
particles compared to other carriers as nanoparticles is the multifunctionality of
such a system. The step by step adsorption of oppositely charged polyelectrolytes
offer the opportunity for an assembling of biocompatible molecules characterized
by different releasing properties for time-controlled drug release as well as the
integration of multiple active and reporter agents without interfering. Additional
surface and core modifications regarding specific interaction and uptake, targeting
of different cell compartments or sensor function extend the application spectrum.
For successful drug delivery based on colloidal carriers, one of the most important
steps is a fast and efficient particle uptake into cells addressing specific cell
compartments.
Thus, the aim of this study is to enhance the fast endocytotic uptake of colloidal
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microcarriers. Biocompatible and biodegradable protamine sulfate and dextran
sulfate layers coated on silica microparticles were used to establish an LbL carrier
system by specific functionalization with a cell-penetrating peptide (CPP) as
surface layer. CPP are known as efficient carriers for a wide range of different
substances by transferring them across cell membranes. CPP coupling to several
compounds increases the overall cellular uptake. The CPP used in this study,
hCT(18-32)-k7, is based on the human peptide hormone calcitonin (hCT) and was
recently described to be an effective delivery tool for a wide range of different
applications.
Coating and stability of the CPP layer among different conditions are tested by
means of fluorescence markers. Furthermore, the quality of the preparation
regarding particle aggregation after peptide coating is investigated. After 0.5-2
hours cell/particle incubation, flow cytometric investigations show a significantly
increased number of cells with peptide-coated particles in endolysosomes (0.5h:
14% of all cells with particle interaction) related to particles only coated with the
positively charged biopolymer protamine sulfate (0.5h: 3.5% of all cells with
particle interaction) on top. Additionally, by means of confocal laser scanning
microscopy the very fast endolysosomal uptake could be verified. Thus, this
approach combining microparticle-based drug delivery system and the effective
cell penetrating peptides in one carrier system is supposed to be a very useful
and efficient tool for the transport of active agents addressing the endolysosomal
compartment of cells.
Session F2 - Contributed Paper
SUSTAINED RELEASE NANOPARTICLES FOR ORAL
ADMINISTRATION OF IRINOTECAN
Emilia Pisani1, Michèle Manon1, Vincent Sainte-Catherine1,
Christophe Garreau1, Vincent Hayes1, Keyvan Rezaï2, Francois
Lokiec2, Kawthar Bouchemal3, Gilles Ponchel3, Jean-Gabriel Judde4,
Delphine Nicolle4, Sophie Lebel-Binay1, Emilienne Soma1
1
Bioalliance Pharma, 49 Bd Général Martial Valin – 75015 Paris,
France; 2Centre René Huguenin, 35 Rue Dailly - 92 210 Saint-Cloud,
France ; 3Université Paris-Sud XI, UMR CNRS 8612, 92296 Chatenay
Malabry, France ; 4Xentech, 4, rue Pierre Fontaine - 91000 Evry,
France ; emilia.pisani@bioalliancepharma.com

148

Irinotecan (IRN) is a semisynthetic analogue of camptothecin which inhibits the
DNA enzyme topoisomerase I. IRN is currently administrated by intravenous (iv)
route mainly for metastatic colorectal cancer treatment. Oral use of IRN leads to a
rapid absorption and a more efficient conversion in the active metabolite SN-38
probably due to the presence of GI tract and first-pass metabolisms. However, the
development of oral IRN formulations appears to be limited by the lack of
tolerance induced by this route (severe diarrhea).
Therefore we have designed an innovative oral nanoparticle formulation of IRN
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which could lead to a better conversion of IRN into SN-38 in the gastrointestinal
tract and could reduce the adverse effects. Moreover, encapsulation of IRN in this
bioadhesive dispersible matrix, could prolonged the release and protect the
gastrointestinal tract mucosae to reduce adverse effects.
The nanoparticles are obtained by aqueous polymerization of
isohexylcyanoacrylate monomer which is introduced dropwise in the
polymerization medium under magnetic stirring. Major parameters of the
formulation were investigated and the formulation was optimized in terms of
encapsulation rate, nanoparticle size and zeta potential. The mean nanoparticle
size was depending on IRN amount and was ranging from 300 to 500 nm. The
encapsulation rate was above 90% up to 1.5 mg/ml of IRN concentration. The
zeta potential was -50 (± 10 mV).
In vitro IRN release profile from the nanoparticles was determined in simulated
digestive fluids. Results showed that IRN release was weak at pH 1.2, and
increased significantly at pH 6.8. These results suggest that significant IRN
release does not occur before the nanoparticles reach the small intestine, which is
important for IRN stability and its conversion into SN-38. Moreover after 24h at pH
6.8, 80% of IRN is released from the nanoparticles suggesting a sustained
release and a better control of conversion into SN38.
The oral IRN-SRN formulation was tested on Nude mice bearing HT-29 colorectal
adenocarcinoma and compared to free IRN (per os and iv). Tolerance and
efficacy studies demonstrated that this new formulation of IRN-SRN is better
tolerated compared to the free IRN given orally with a similar antitumor efficacy.
Moreover, higher oral dosing of IRN has been allowed without any severe
adverse effect.
Pharmacokinetic study has been performed in the same HT29 animal
model-bearing tumour, as for the antitumoral efficacy study, after a single
intravenous (Free IRN solution 20 mg/kg) or oral administration (Free IRN solution
100 mg/kg, IRN-SRN 100-300 mg/kg). In comparison to free IRN solution per os
at the dose of 100 mg/kg, IRN-SRN per os at same dose shows similar
bioavailability and it is able to prolong half-life and to decrease Cmax for IRN and
its active metabolite SN38.
We have developed an innovative formulation for oral administration of irinotecan.
This formulation showed to be well tolerated and efficient in vivo in a HT29
colorectal mice tumor model. The pharmacokinetic study demonstrates an
interesting bioavailability, and a significant prolonged half life with this IRN-SRN
oral formulation compared to the free IRN iv solution.
Session G3 – Keynote Paper
PROTEIN, BACTERIA, AND MAMMALIAN CELL SENSING USING
PARTICLE-POLYMER COMPLEXES
Vincent M. Rotello,1 Uwe Bunz2 1Department of Chemistry,
University of Massachusetts, Amherst MA 01003 USA;
rotello@chem.umass.edu. 2 School of Chemistry and
BiochemistryGeorgia Institute of Technology, 901 Atlantic Drive,
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Most biomolecular recognition processes in biology occur via specific interactions.
Sensory processes such as taste and smell, however, use “differential” binding
where the receptors bind to their analytes by different binding characteristics that
are selective rather then specific. The tunability and supramolecular nature of our
current nanoparticles makes them excellent candidates for this sensor strategy. In
these sensors the polymer fluorescence is quenched by gold nanoparticles:
proteins disrupt the nanoparticle-polymer interaction, producing distinct
fluorescence response patterns. In our initial studies, sensor arrays containing
non-covalent gold nanoparticle-fluorescent polymer assemblies have been used
to identify and quantify protein targets at nanomolar concentrations in both buffer
and human serum, and to differentiate between species and even different
strains of bacteria. In more recent studies we have demonstrated that these
sensor systems can discriminate between healthy, cancerous and metastatic
cells..
Session G3 – Invited Paper
ULTRA-SMALL CHITOSAN BASED FLUORESCENT AND
PARAMAGNETIC NANOPARTICLES FOR BIOMEDICAL
APPLICATIONS
Padmavathy Tallury1, Swadeshmukul Santra*,1,2,3, Parvesh Sharma4,
Beatriz Maria De Castro Matos5, Niclas Bengtsson5, Subhajit Biswas1,
Ajoy K. Saha6, Glenn A. Walter7, Edward A. Scott5 and Brij M.
Moudgil4,6
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In recent years, there is a growing interest in developing multimodal (such as
fluorescent and paramagnetic) nanoparticles (NPs) for bioimaging and sensing
applications such as stem cell tracking, cancer imaging and drug & gene delivery.
For such applications, it is desirable to obtain NPs that are biocompatible/
biodegradable, ultra-small and highly sensitive. Literature reports suggest that
ultra-small size (~ <30 nm) NPs can remain in circulation for longer period of time
than larger size (sub-micron to micron) particles. Furthermore, due to large
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surface to volume ratio, ultra-small NPs are capable of carrying large pay load of
the image contrast agents and/or therapeutic drugs. Therefore, in this study, it is
our goal to design and synthesize ultra-small size (<30 nm) biocompatible/
biodegradable fluorescent and paramagnetic NPs that are suitable for biomedical
applications. We report a water-in-oil (W/O) microemulsion method for the
synthesis of water-dispersible fluorescein isothiocyanate (FITC, a green-emitting
fluorescent dye) and paramagnetic gadolinium (III)-tetraazacyclododecanetetra
acetic acid, Gd-DOTA, a Gd ion macrocyclic chelating agent) co-labeled chitosan
NPs. We have selected chitosan polymer as a NP matrix because of its attractive
properties (e.g. biocompatible/biodegradable, cationic and reduced toxicity) and
widespread applications in drug delivery. The W/O microemulsion method is
robust in the sense that it provided a unique confined environment for the
synthesis of ultra small (<30 nm) size NPs. We used a ternary W/O
microemulsion system consisting of cyclohexane (oil), Triton X-100 (surfactant),
n-hexanol (co-surfactant) and water. The multimodal chitosan NPs were
characterized using various materials characterization techniques including DLS,
TEM, fluorescence imaging and spectroscopy and MR imaging and spectroscopy
and zeta potential measurements. To demonstrate cellular uptake, we performed
in vitro studies using J774 macrophages. Significant cellular uptake suggests that
these NPs could be potentially used for stem cell tracking.
Session G3 – Contributed Paper
ORMOBEAD® RARE - FIRST GENERATION OF LUMINESCENT
NANOPARTICLES FOR BIOMEDICAL APPLICATIONS
Carsten Gellermann, Sofia Dembski, and Jörn Probst, Fraunhofer
Institute for Silicate Research (ISC), Neunerplatz 2, 97082 Wuerzburg,
Germany; carsten.gellermann@isc.fraunhofer.de
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Multifunctional inorganic nanoparticles with specific tunable luminescent
properties have a great application potential in biological and medical diagnostics
and as a combination with therapy (theranostics) in future. The novel rare-earth
doped nanoparticle systems (ORMOBEAD® RARE) are highly photostable,
exhibit long luminescence lifetimes and narrow emission signals. Essentially, their
optical properties are depending on the nature of the doped ions and the crystal
structure of the host material.
In this overview we will report on the wet-chemical synthesis of
ORMOBEAD® RARE nanoparticles, their surface functionalization and
modification with biomolecules. As an example for a biocompatible material
system, doped calcium phosphate (CP) will be demonstrated as a promising
alternative to the well-known but expensive and toxicologically problematic
quantum dots (q-dots) for in vivo applications.
The morphology, size, and composition of nanoparticles are used to tailor the
chemical and physical properties. Mean diameters can be adjusted in the size
range of 10 to 250 nm. Various chemical functionalities are subsequently
introduced to the surface of using conventional functionalization methods such as
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silanization. Characterization of luminescent particles is done by conventional
methods such as dynamic light scattering (DLS), transmission electron
microscopy (TEM), or X-ray diffraction analysis (XRD). Optical properties are
investigated by optical absorption and photoluminescence spectroscopy.
Session G3 – Invited Paper
3D QUANTITATIVE ANALYSIS OF NEW BACTERIA-SPECIFIC
NANOPRISMS
M. Yaffee, C. Chassard and C. Lacroix
Laboratory of Food Biotechnology, Institute of Food, Nutrition and
Health, Swiss Federal Institute of Technology, ETHZ, LFV C18,
Schmelzbergstrasse 7, CH 8092 Zurich, Switzerland;
myaffee@ethz.ch
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A novel class of isotropic crystalline supraatomic metal clusters [SMC] has been
synthesized and characterized in biophysical and functional assays. These
tetragonal pyramidal SMC exhibit elevated magnetic, fluorescent and visible
signals in concert with a well-defined, finite, robust crystal-in-crystal geometry.
Our synthetic protocol permits strict control of shape and sizing in concert
producing a homogenous sol of monodisperse three-dimensional nanocrystals.
We are able to stochiometrically dose interior metals, effectively doping at the
atomic level concurrently capping surfaces of exterior metals with physiological
antioxidants. We have ligated these derivatized nanoprisms to oligonucleotides
targeting specific microbes within a consortium of pathogenic and non-pathogenic
bacteria growing within a model cheese system to test their efficacy and function
in a physiological complex environment. Volumetric spectral scanning of
synthetically tailored [size/shape/composition] 3D nanocomposites in multiple
detection modes provided unequivocal identification, localization and
quantification of individual microbes, e.g., E. coli, S. aureus. P. aeruginosa, in situ.
Iron nanoparticle marked cells are currently used to study the interactions
between microbes and intestinal cells in vitro and track of iron flow in microbial
ecosystems to reveal iron competition between gut bacteria and pathogens. Initial
ex vivo toxicological assays in primary tissue cultures with Using chamber flow
assays of anti-oxidant capped SMC yield a consistent range of positive
dose-dependent data. These studies provide a firm foundation for developing this
isotropic 3D-SMC platform as trackable targeted-delivery vehicles for therapeutic
and diagnostic applications.
Session G3 – Invited Paper
NON-CROSS-LINKING AGGREGATION OF DNA-CARRYING
NANOPARTICLES FOR ION, CHEMICAL AND GENE SENSING
Mizuo Maeda
Bioengineering Laboratory, RIKEN Institute, Hirosawa, Wako, Saitama
351-0198, Japan; mizuo@riken.jp
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We have prepared DNA nanoparticles with a nanometer-sized vinyl polymer core
or a colloidal gold core surrounded by a single-stranded DNA corona. The DNA
nanoparticles disperse completely in an aqueous medium due to electrostatic
repulsion between anionic phosphate groups in the DNA backbone. Interestingly,
when complementary single-stranded DNA, whose base number is identical to
that of the DNA on the surface, is added to the dispersion of DNA nanoparticles to
form the fully matched double helix on the surface, the DNA nanoparticles
become unstable and spontaneously form aggregates in a non-crosslinking
manner. This aggregation is detectable by the naked eye as turbidity change
when using DNA-carrying polymeric nanoparticles or as a color change from red
to purple induced by surface plasmon resonance (SPR) shift when using
DNA-carrying gold nanoparticles. Furthermore, we have found that the
double-stranded DNA-carrying nanoparticles acquire high colloidal stability to
disperse in an aqueous medium when a terminal single-base mismatch exists at
the interface between the DNA corona and the disperse medium. We have been
performing the structural analysis of DNA on the nanoparticles surface by
zeta-potential measurements of the DNA nanoparticles and the structural analysis
of aggregates by small-angle X-ray scattering measurements at SPring-8. It is
suggested that the colloidal stability change of the DNA nanoparticles is at least
partially attributed to the DNA structure-dependent entropic repulsion (steric
destabilization). Exploiting the unique colloidal behavior of the DNA
nanoparticles, we have devised a facile single-nucleotide polymorphism
genotyping method. We applied the SPR imaging technique on our original,
power-free microfluidic devices to the detection of the nanoparticles aggregation;
the limit of detection was extremely improved down to 19 fmol. Through a
combination of non-crosslinking aggregation of DNA nanoparticles and molecular
recognition by aptamers or aptazymes, we have also developed analytical
systems for detecting cGMP, ATP, FMN, theophyllin, and Hg(II) by the naked eye.
Session G3 – Contributed Paper
RAPID ANTIVIRAL ASSAY USING QD-TAGGED VIRUS AS
IMAGING NANOPROBE
Ching-An Peng, Department of Chemical Engineering, Michigan
Technological University, Houghton, MI 49931, USA; cpeng@mtu.edu
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Development of rapid antiviral assay can expedite the process of screening
potential agents against viral pathogens. In the present study, fluorescent
quantum dots (QDs) incorporated with virus (enterovirus or dengue virus) were
used as imaging nanoprobes to detect the threshold amount of a potential
antiviral reagent required to induce BHK-21 cells into an antiviral state against
infectious virus. QD-virus hybrids were formed by colloidal clustering of QDs and
virus, both possessing a net negative surface charge, with the aid of positively
charged cationic polybrene in the mixed solution. In order to test if virus hybrids
can be harnessed to fast screen potential anti-virus drug candidates,
allophycocyanin (APC, microalgal extract) with various concentrations were used
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separately to pre-treat BHK-21 cells for 60 min, and then rinsed away by PBS
solution. After APC pre-exposure, QD-virus hybrids were added for 1 h to
examine the antiviral effectiveness of APC via fluorescence intensity of QDs
detected intracellularly. Our results showed that BHK-21 cells pre-treated with
APC at 50 mg/mL were highly protected from either enterovirus or dengue virus
challenge (i.e., no detection of QD fluorescence). In summary, the efficacy of
antiviral activity of APC on BHK-21 cells was illustrated by the constructed
QD-virus hybrids in a rapid and efficient cell-based imaging platform. This
approach may be applied to a wider range of pathogenic viruses.
Session G3 – Invited Paper
THE ROLE OF PARTICLES IN POLYMER COMPOSITE
PROPERTIES
Rex P. Hjelm, Joseph T. Mang, E. Bruce Orler, Debra A. Wrobleski,
David A. Langlois and Marilyn E, Hawley; Los Alamos National
Laboratory, Los Alamos, NM 87545, USA; hjelm@lanl.gov
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In this presentation we consider the structure of a polyesterurethane used as a
binder and adhesive that is a segmented random block copolymer of hard,
semicrystalline and soft, rubbery segments that segregate into nano-scale
domains. Because of the low hard segment content of this particular
polyesterurethane, the hard segments segregate into core particle domains in a
soft segment-rich matrix. We propose that the core particles, entangled with the
matrix polymer through a tethered polymer corona, act as reinforcing particles that
provide the material with its beneficial mechanical properties. The concept is
sufficiently general to give guidance for the uses of complex polymer materials in
applications where durability, mechanical integrity, strength etc are important.
Small-angle neutron scattering of samples swollen in mixtures of deuterated and
protonated solvents specific for the soft segments was used to determine the
morphology and composition of the particle domains and matrix. We found that
the core particles concentrate the hard segment fraction. The corona, on the
other hand, has the same chemical composition as the soft segment-rich matrix,
but has a significantly higher modulus; thus, it extends the mechanical influence
of the core. We also looked at the influence of plasticizers used to soften the
material as a processing aid. Formulating with nitroplasticizer resulted in a
two-fold decrease in the density of particle domains, with a concomitant
redistribution of hard segment into the matrix. It is proposed that the decrease in
discrete domain density is in part responsible for the extremely large decrease in
the Young’s modulus of the plasticized material relative to the neat material, as
the amount of reinforcing particles is reduced.
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Session G3 – Invited Paper
UPCONVERTING FLUORESCENT NANOPARTICLES FOR IMAGING
AND PHOTODYNAMIC THERAPY
Y. Zhang1,2*, Niagara Muhammad Idris 1, H.C. Guo1, P.C. Ho3, R.
Mahendran4
1
Division of Bioengineering, National University of Singapore,
Singapore; 2Nanoscience & Nanotechnology Initiative, National
University of Singapore, Singapore; 3Department of Pharmacy,
National University of Singapore, Singapore; 4Department of Surgery,
National University of Singapore, Singapore;
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Near infrared (NIR)-to-visible upconversion fluorescent nanoparticles can convert
NIR light to visible light by absorbing lower energy photons and emitting higher
energy photons. Optical window for in vivo imaging of cells and tissues are in the
wavelength range of 700–1100 nm. The upconversion fluorescent nanocrystals
are excited using a NIR laser at a wavelength of 980nm which falls in the optical
window. Use of these nanoparticles for bioimaging introduces many advantages,
for example, minimum photo-damage to living cells, weak auto-fluorescence, high
detection sensitivity and high light penetration depth, etc. These nanoparticles
can also be used for photodynamic therapy (PDT). Photodynamic therapy (PDT)
has several advantages over more conventional cancer therapies:
cost-effectiveness, highly localized and specific tumor treatments, higher cure
rates for some tumors, and repetition of therapy without cumulative toxicity. Two
components are required in PDT to kill cancer cells: photosensitizer and light of a
specific wavelength that activates the sensitizer. The photosensitizer transfers
energy from light to molecular oxygen, to generate reactive oxygen species which
can kill cancer cells. However, the visible light needed to activate most
photosensitizers usually can not pass through a thick layer of tissue. For this
reason, PDT is usually used to treat tumors on or just under the skin or on the
lining of internal organs or cavities, and is less effective in treating large tumors.
NIR light can penetrate into the tissue to a greater depth than visible light due to
weak absorption in the optical window. In our laboratory, biocompatible silica
coated NaYF4 upconversion nanoparticles are synthesized and used for
non-invasive imaging of cancer. Furthermore, the nanoparticles with a
photosensitizer incorporated into the silica layer are used for PDT and the
effectiveness is assessed.
Session H2 – Keynote Paper
CHARACTERIZATION AND BIOPHYSICS OF PARTICLES IN THE
DAWN OF NANOTECHNOLOGY REGULATION
Wendel Wohlleben
Nanotechnology Research & Innovation, BASF SE, 67056
Ludwigshafen, Germany; wendel.wohlleben@basf.com
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In the last few months, developments of regulatory frameworks that are specific
for nanomaterials have gained considerable momentum, with a focus on TiO2,
CNTs and Ag. The US EPA is working on an elaborate mandatory data collection
and data development regulation. In Europe, the REACH Implementation Project
on Nanomaterials started in early 2010 with a tough timeline to deliver essentially
a complete testing strategy, while France, Norway, Canada and Australia develop
independent approaches.
But the basis of any regulation must be a scientifically sound definition of
nanomaterials, supplemented with a reproducable, quick and widely accessible
measurement method. The talk will present such a definition based on both size
and surface triggers and validate it against the OECD work program.
We will then recall indicators of high or low risk that correlate for many
nanomaterials so far. Finally, the question arises whether physiological effects
should be correlated with the 'as-produced' properties of a nanomaterial or
instead with the 'in-situ' properties in a physiological environment. We will present
examples of the spontaneously formed hybrid structures and protein coronas
corresponding to different exposure situations. The biophysical interactions may
be key to develop structure-property-effect relationships.
Session H2 – Invited Paper
VARIATIONS IN CHEMICAL COMPOSITIONS OF ULTRA FINE
PARTICLES DIFFERENTIALLY REGULATE VASCULAR
PRO-INFLAMMATORY STATES
Rongsong Li, Zhi Ning*, Rohit Majumdar, Jeffery Cui, Wakako Takabe,
Nelson Jen, Constantinos Sioutas*, Tzung Hsiai
Biomedical Engineering and Cardiovascular Medicine, Civil and
Environmental Engineering*, USC, Los Angeles, CA 90089, USA;
hsiai@usc.edu
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Background. Epidemiological evidence supports the association between
exposure to ambient particulate matter (PM) and cardiovascular diseases.
Chronic exposure to ultrafine particles (UFP; Dp <100 nm) is reported to promote
atherosclerosis in ApoE knockout mice. Atherogenesis-prone factors induce
endothelial dysfunction that contributes to the initiation and progression of
atherosclerosis. We previously demonstrated that UFP induced oxidative stress
via c-Jun N-terminal Kinases (JNK) activation in endothelial cells. In this study, we
investigated pro-inflammatory responses of human aortic endothelial cells
(HAEC) exposed to UFP emitted from a diesel truck under an idling mode (UFP1)
and an urban dynamometer driving schedule (UFP2), respectively. We
hypothesize that UFP1 and UFP2 with distinct chemical compositions induce
differential pro-inflammatory responses in endothelial cells.
Results. UFP2 contained a higher level of redox active organic compounds and
metals on a per PM mass basis than UFP1. While both UFP1 and UFP2 induced
superoxide production and up-regulated stress response genes such as heme
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oxygenease-1 (HO-1), OKL38, and tissue factor (TF), only UFP2 induced the
expression of pro-inflammatory genes such as IL-8 (2.8±0.3-fold), MCP-1
(3.9±0.4-fold), and VCAM (6.5±1.1-fold) (n=3, P <0.05). UFP2-exposed HAEC
also bound to a higher number of monocytes than UFP1-exposed HAEC
(Control=70±7.5, UFP1=106.7±12.5, UFP2=137.0±8.0, n=3, P <0.05).
Adenovirus NF-κB Luciferase reporter assays revealed that UFP2, but not UFP1,
significantly induced NF-κB activities. NF-κB inhibitor, CAY10512, significantly
abrogated UFP2-induced pro-inflammatory gene expression and monocyte
binding.
Conclusion. While UFP1 induced higher level of oxidative stress and stress
response gene expression, only UFP2, with higher levels of redox active organic
compounds and metals, induced pro-inflammatory responses via NF-κB
signaling. Thus, UFP with distinct chemical compositions caused differential
response patterns in endothelial cells.
Session H2 – Invited Paper
THE ROLE OF HYPOXIA INDUCIBLE FACTOR 1α IN MMP-2 AND
MMP-9 PRODUCTION BY HUMAN MONOCYTES EXPOSED TO
NICKEL NANOPARTICLES
Rong Wan, Yiqun Mo, Sufan Chien, David J Tollerud, Qunwei Zhang
School of Public Health and Information Sciences, University of
Louisville, 485 E. Gray Street, Louisville, KY 40292, USA;
Qunwei.zhang@louisville.edu
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Nickel is an important economic commodity, but it can cause skin sensitization
and may cause lung diseases such as lung fibrosis, pneumonitis, bronchial
asthma and lung cancer. With development of nanotechnology, nano-sized
nickel (Nano-Ni) and nano-sized titanium dioxide (Nano-TiO2) particles have
been developed and produced for many years with new formulations and
surface properties to meet novel demands. Our previous studies have shown
that Nano-Ni instilled into lungs caused a greater inflammatory response as
compared with standard-sized nickel (5 µm) at equivalent mass concentrations.
Nano-Ni caused a persistent high level of inflammation in lungs even at low
doses. Recently, several studies have shown that nanoparticles can translocate
from the lungs to the circulatory system. To evaluate the potential systemic
effects of metal nanoparticles, we compared the effects of Nano-Ni and
Nano-TiO2 on matrix metalloproteinases 2 and 9 (MMP-2 and MMP-9) gene
expression and activity. Our results showed that exposure of human monocyte
U937 to Nano-Ni caused dose- and time- dependent increase in MMP-2 and
MMP-9 mRNA expression and pro-MMP-2 and pro-MMP-9 activity, but
Nano-TiO2 did not. We also demonstrated dose- and time- related increase in
tissue inhibitors of metalloproteinases 1 (TIMP-1) when cells were exposed to
Nano-Ni, but not to Nano-TiO2. To determine the potential mechanisms
involved, we measured the expression of hypoxia inducible factor 1α (HIF-1α) in
U937 cells exposed to Nano-Ni and Nano-TiO2. Our results showed that
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exposure to Nano-Ni caused HIF-1α accumulation. Further, pre-treatment of
U937 cells with HIF-1α inhibitor, such as 17-AAG, prior to exposure to Nano-Ni
significantly abolished Nano-Ni-induced pro-MMP-2 and pro-MMP-9 activity.
Our results suggest that HIF-1α accumulation may be involved in the MMP-2
and MMP-9 production in U937 cells exposed to Nano-Ni.
Session H2 – Invited Paper
TOXICITY EVALUATION OF ENGINEERED NANOPARTICLES ON
GRAM-NEGATIVE AND GRAM-POSITIVE BACTERIA
Anil. K. Suresh1*, Dale. A. Pelletier1, Wei Wang2, Baohua Gu2, David.
P. Allison1, 3, David. C. Joy3, 4, Tommy. J. Phelps1 and Mitchel. J.
Doktycz1,4
1
Biosciences Division, 2Environmental Sciences Division, 3University
of Tennessee, Knoxville 4Center for Nanophase Materials Sciences,
Oak Ridge National Laboratory, Oak Ridge, TN 37831-6445, USA;
sureshak@ornl.gov
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Nanomaterials are of tremendous interest to pursuits in biology, medicine,
electronics, catalysis and energy storage because of their unique size and shape
dependent properties. Characteristics such as high surface to volume ratios,
quantum confinement and the ability to selectively mediate chemical
transformations make them unique from their bulk counterparts. Size,
composition, surface coat and surface charges are properties that can affect
nanomaterial performance and may affect their fate and transport in the
environment. The transformation of such nanoparticle catalysts in the
environment is likely to be influenced through interactions withmicrobes.
Nanoparticle production, nanoparticle toxicity, nanoparticle binding and
incorporation with microbes have all been observed. However, basic knowledge
that would allow prediction of the probable interaction between an engineered
nanoparticle and microbesis lacking. Our efforts seek to quantify and
characterize interactions between engineered metal and metal oxide
nanoparticles with select microbial species. Initial efforts are focused on the
effects of silver, cerium oxide and zinc oxide nanoparticles on the growth, viability,
structural changes and genetic response of E. coli, S. oneidensis and B. subtilis.
Well-characterized Ag, CeO2 and ZnO nanoparticles have been prepared and
presented to bacterial cells in a dose dependent manner. A range of
characterization techniques such as disc diffusion tests, minimum inhibitory
concentrations, viability assays, and colony forming units have been performed.
Additionally, advanced imaging techniques including TEM, AFM and
transcriptional profiling are used to evaluate the binding and fate of nanoparticles
on the bacterial cell. From our studies it is evident that a range of bacterial
responses are possible. Nanoparticles can be toxic to bacteria by direct
interactions that lead to membrane perforations (Ag) or by reactive oxygen
species that lead to cell death (ZnO). In some cases, no adverse reaction
between nanoparticles and bacteria are observed. The results of these studies
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will provide a basis for understanding how nanoparticle synthesis methodology,
size and composition influence their interactions with microorganisms, and how
microorganisms may alter the fate and transformation of engineered
nanoparticles in the environment.
Session H2 – Invited Paper
CYTOTOXICITY OF NANOPARTICLES BASED ON THEIR UNIQUE
PHYSICOCHEMICAL PROPERTIES
Saber Hussain, Laura Braydich-Stolle, Nicole Schaeublin, Craig
Murdock
Applied Biotechnology Branch, Human Effectiveness Directorate
711th, Human Performance Wing, Air Force Research Laboratory (711
HPW/RHPB), Wright Patterson Air Force Base, OH- 45433-5707,
USA; Saber.hussain@wpafb.af.mil
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Nanoparticles are defined as having a single dimensional feature within the 1 100 nanometers range and have been used to create materials that exhibit novel
physicochemical properties. Although manufactured nanomaterials are currently
being widely used in advancing technology, there is a serious lack of information
concerning their potentially toxic effects. The assessment of nanoparticles and
their interaction with biological systems should be a fundamental requirement
before beginning large-scale production and technological implementation of
these novel materials. Since these materials possesses many unique factors that
contribute to their reactivity, such as, shape, charge, surface area, surface
chemistry, and crystal structure, these materials require extensive
characterization to determine which key factors are contributing to a biological
response. The main focus of this presentation will be to discuss the basic
research applied to evaluating the biological interactions of nanomaterials and the
relationship to material characterization. We have investigated methods to
characterize nanomaterials in physiological solutions prior to, during and post
exposure for in vitro toxicological studies. Our results have demonstrated that the
biological effects of homogeneously dispersed nanoparticles (eg.. polysaccharide
coated silver) depends on size, crystallinity, functionalization and surface area.
Furthermore, the agglomeration of nanoparticles in exposure media alters the
toxicity and makes it hard to correlate toxicity with a true size measurement.
Studies performed with gold nanoparticles have illustrated that the charge of a
nanoparticle mediated the biological response. When keratinocytes were
exposed to 1.5 nm gold with differing charges, there was a toxic effect regardless
of charge, however, the charge impacted the mechanism of cell death. In addition,
gold nano rods induced more toxicity than gold nanospheres demonstrating that
shape also plays a key role in the biological response. Regardless of chemical
composition, there are multiple physical parameters that contribute to the
interaction of nanomaterials in biological systems, therefore it is imperative to
characterize these materials in order to fully understand the biological responses.

163

Oral Abstracts

Session H2 – Contributed Paper
InP AND CdSe QUANTUM DOTS: SYNTHESIS, CONJUGATION
AND CYTOTOXICITY
Hicham Chibli, Kalonji Ntumba, Xuan Zhang and Jay L Nadeau
1
Departement of Biomedical Engineering, McGill University, Montréal,
H3A 2B4, Canada; hicham.chibli@mail.mcgill.ca
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Photodynamic therapy (PDT) is a method of cancer treatment in which special
drugs called photosensitizers destroy malignant cells upon irradiation with visible
or near-infrared light. Quantum dots (QDs) nanocrystals (NCs) are potentially
valuable PDT agents, as they may be photosensitized with common drugs and
small molecules. Indium phosphide (InP) QDs are free from toxic heavy metals,
with similar optical and redox properties to the well-known cadmium selenide
(CdSe). In this work, we prepare core/shell QDs (CdSe/ZnS and InP/ZnS) via
colloidal synthesis. The core sizes range from 2-6 nm and can emit from 500-620
nm. We then conjugate the particles to photosensitizing agents such as dopamine
(DA) and doxorubicin (Dox) and fully characterise them. The NCs are applied in
vitro to melanoma and breast cancer cells. Preliminary results show that
Dox-InP/ZnS has a comparable cytotoxicity to that of Dox-CdSe/ZnS and that
conjugated QDs have significantly greater toxicity than the QDs alone. This has
interesting implications for drug delivery using non-toxic fluorescent indicators.
Session H2 – Invited Paper
GOLD NANOPARTICLES: PERSPECTIVES AND OPPORTUNITIES
FOR NANOMEDICINE
Stefano Salmaso, Francesca Mastrotto, Sara Bersani, Anna
Scomparin and Paolo Caliceti
Department of Pharmaceutical Sciences, University of Padua - Via F.
Marzolo 5 - 35131 Padova – Italy; stefano.salmaso@unipd.it,
paolo.caliceti@unipd.it
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In the past years, many efforts have been done to develop innovative colloidal
formulations with tunable behaviour in the human body that could successfully
perform in diagnosis and therapy. Accordingly, new stumuli sensitive
nanosystems have been produced by assembling materials with different
physicochemical and biological properties. These supramolecular systems or
bioconjugates have been actively investigated for selective tissue and cell
targeting and drug delivery.
In this realm, gold nano-particles have been attracted attention as a novel
platform for drug and gene delivery, biodiagnosis and other biomedical
applications because they are biocompatible materials with interesting properties
due to their large surface to volume ratio and surface plasmon absorption (SPA),
that can be tuned by size, composition architecture and shape tailoring.
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Furthermore, gold surfaces can be coated with various functional modifiers,
namely linkers, polymers and targeting agents thus endowing materials with
unusual and desirable physicochemical and biological properties.
Quaternary ammonium surface functionalized mixed monolayer protected gold
clusters, for example, have been used as gene carriers in mammalian cell
transfection, resulting in about 8-fold higher oligonucleotide delivery efficiency
than polyethylenimine. Oligonucleotide/antibody derivatised gold nanoparticles
combined with antibody conjugates of magnetic particles have been successfully
developed to enhance the probe sensitivity in PCR protocols used in bio-bar code
assays. Laser excitations of gold nanoparticles, have been recently exploited for
selective ex-vivo purging of bone marrow, for gene specific molecular surgery,
and for in vivo “thermal ablative therapy”.
In all these applications a key point is the ability of gold nanoparticles to undergo
cell interaction and up-take. Several studies pointed out the dependence of gold
nanoparticles cell up-take on the particles size, shape and chemical
functionalization. These properties may be exploited to design vectors for the
targeted administration of gold nanostructures to selected tissues.
Polymer decoration can endow AuNPs with temperature ‘switchable’
hydrophilic/hydrophobic character, which can be exploited for biomedical,
pharmaceutical and biodiagnostic applications. Two examples of AuNP based
nanostructure with potential application in medicine are represented by
nanoparticles decorated with stimuli-sensitive polymers and targeting agents.
The AuNP decoration with a thermoresponsive polymers makes possible their
microenvironmental thermal control and promoted their cell up-take under specific
physio-pathologic conditions or by external stimuli. Gold nanoparticles decorated
with a co-polymer based on PNIPAm that exhibits LCST close to the physiological
one have been designed considering that thermal abnormalities present in
several disease sites, namely in inflamed or cancerous tissue where the local
temperature is about 1.5 °C higher as compared to normal tissue. These particles
have been found to possess switchable cell up-take properties which may be
exploited for a variety of medical and pharmaceutical purposes.

Special Presentation
INFORM: INTEGRATING THE NANOSCALE IN FORMULATIONS
Philippe Rogueda
Novartis Horsham Research Centre, Wimblehurst Road, Horsham,
West Sussex RH12 5AB, UK; philippe.rogueda@novartis.com
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InForm stands for integrating the nanoscale in formulations.
InForm is a network of institutions funded through FP7 Theme 4: Nanosciences,
nanotechnologies, materials & new production technologies to promote
discussions in the field of nanotechnologies
InForm sponsor events under 6 themes:

165

Oral Abstracts
Formulation of nano-bio materials
Handling and processing of powders
Processing of soft nanomaterial formulations
Physical chemistry at the nanoscale
Smart and functional materials in formulations: coatings, films and tapes
Safety and health effects of nanoscale materials
The project runs for 3 years, from 1st July 2009. InForm oeganises one major
networking event a year, the first one in Sweden, the second one in Singapore,
and the last one in Spain. Other satellite meetings are also planned.
Plenary 3
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INORGANIC ENCAPSULATION FOR DRUG DELIVERY AND
BIOIMAGING
James H. Adair
Materials Science and Engineering, Pennsylvania State University,
University Park, PA 16802, USA; jadair@psu.edu

Calcium phosphosilicate nanocomposite particles (CPNPs) are a broad-based
nano-platform for both bioimaging and drug delivery. CPNPs are composed of
fluorescence bioimaging molecules and/or drugs encapsulated within a calcium
phosphosilicate matrix. The CPNPs have been surface functionalized with a
range of the agents including amine, citrate, polyethylene glycol (PEG),
anti-CD71, holotransferrin, and penta- and deca-gastrin. The amine, citrate and
PEG and now deca-Gastrin – and anti-CD71-surface functionalized CPNPs have
been used to deliver a variety of drugs to cancer cells in both in vitro and in vivo
studies. The functionalized CPNPs are colloidally stable in a variety of
physiological environments including phosphate saline buffer (PBS, 10mM
phosphate buffered to pH 7.4 with 0.14M NaCl and 0.01m KCl) and a variety of
cell culture media. We have demonstrated that the drug-laden CPNPs are
capable of delivering anti-neoplastic drugs to various cells including human breast
and melanoma cells of a highly hydrophobic experimental drug, ceramide. We
have also shown that breast cancer and pancreatic cancer can be detected at
early stages in vivo using the targeted CPNPs (Barth et al., ACS Nano, 2010).
Thus, the drug-laden CPNPs are an inherently stealthy strategy to deliver active
agents to targeted cells that are drug resistant as well as drug sensitive.
In addition to imaging, the PEG-ICG-CPNPs can be used for tumor growth arrest
using photoimmuno nanotherapy (PINT). PINT is the treatment of diseased
tissue with light in combination with an optically active compound known as a
photosentisizer such as the near infra-red emitting dye, indocyanine green (ICG).
However, conventional photodynamic therapy (PDT) with visible spectrum
photosentisizers suffers from undesirable side effects with systemic introduction
into patients as well as lack of deep tissue penetration and local oxygen depletion.
Biological degradation of the free photosentisizer in the bloodstream severely
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limits PDT to more topical, local treatment of cancer. However, Russin et.al (to be
submitted) have recently shown that the PEG-ICG-CPNPs can be seen in the
near infra-red to depths of at least 8cm in soft tissue. Furthermore encapsulation
of the ICG in the CPNPs protects the ICG from biological degradation during in
vivo transport to the cancer cells. The testing of the dye encapsulated
nanoparticles on live mouse models was performed by a group led by
pharmacologist Mark Kester at the Penn State Hershey College of Medicine. For
xenografts of breast cancer in the nude and an immunogenic mouse models,
tumor growth is arrested by PINT with 3 minutes of near infra-red radiation
(l=785nm) at an intensity of 50J/cm2. In preliminary data, we show similar effects
with PINT for leukemia and pancreatic cancer in the nude mouse model. It is
shown that the growth arrest of in vivo breast cancer is due to a resurrection of the
immune systems in both the athymic mouse and an immunogenic mouse model.
Thus, PINT combined with the nano-platform represented by the calcium
phosphosilicate nanocomposite particles has the potential to provide new and
innovative opportunities in the identification and treatment of cancer.
Session A5 – Keynote Paper
SUPRA-MOLECULAR STRUCTURES AS NANOCARRIERS FOR DRUG
DELIVERY - CHALLENGES TO SMART MOLECULAR THERAPY
Horacio Cabral, Department of Bioengineering, The University of
Tokyo.7-3-1 Hongo, Bunkyo-ku, Tokyo, Japan;
horacio@bmw.t.u-tokyo.ac.jp
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Polymeric micelle, the self-assembly of block copolymers with core-shell structure, is a
promising nanocarrier for drug delivery. This system presents relevant characteristics
as nanocarrier, including prolonged blood circulation, enhanced accumulation in tumors
due to the tumor leakiness and impaired lymphatic drainage, spatial and temporal
controlled drug release, and reduced inherent toxicity. Moreover, the engineering of the
block copolymers can provide smart functionalities to polymeric micelles such as
stimuli-sensitivity or targetability, which can maximize the specificity of the drug action.
Since most of the therapeutic targets are localized in subcellular compartments and the
drug–target interaction may be impeded due to the intracellular sequestration,
subcellular drug targeting using stimuli-responsive nanocarriers is an attractive strategy
to optimize the therapeutic action of drugs. Here, we used polymeric micelles
incorporating the active complex of the potent anticancer drug oxaliplatin, i.e.,
(1,2-diaminocyclohexane)platinum(II) (DACHPt), to subcellularly deliver the drug to its
therapeutic target. These micelles release the drug according to changes in pH and
chloride ion concentration after internalization in cancer cells, and report these
processes by fluorescence imaging. We show that the micelles were taken up by
cancer cells in micelle form, and selectively dissociated and release their cargo at the
perinuclear region of cancer cells. Moreover, real-time in vivo confocal microscopy
observations using a high-speed resonance scanner revealed that the micelles
extravasated and selectively dissociated at the perinucleus of each cancer cell at the
tumor region. The selective release of DACHPt-loaded micelles was demonstrated to
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circumvent cellular detoxification systems in the cytoplasm and overcome
oxaliplatin-resistance in a colorectal tumor model.
The efficient tumor penetration of the nanocarriers is also essential for the therapeutic
success, especially if subcellular targeting is aimed, and the size of the nanocarriers
has been recognized as a critical variable that influences the selective accumulation
and penetration in solid tumors. Thus, it is currently considered that the size of
nanoparticles for cancer targeting should be in the range of 10-100 nm. Therefore, by
using fluorescent DACHPt-loaded micelles with 35- and 80-nm diameters having similar
plasma clearance, we studied the size effect of sub-100 nm nanocarriers on the
intratumoral distribution. We observed that the intratumoral penetration of the micelles
was size-mediated depending on the characteristics of the tumors. In a hypervascular
tumor model with high permeability, both 35- and 80-nm micelles penetrated
homogeneously and deeply leading to similar antitumor activities. In a hypovascular
tumor model with low permeability due to pericyte-covered vasculature and thick
fibrosis, the 35-nm micelles could penetrate deeply, while the extravasation and
penetration of 80-nm micelles was considerably restricted.
Special Presentation
APPLICATIONS OF SONOCHEMICALLY PRODUCED
PROTEINACEOUS MICROSPHERES
Ulyana Angela,b , Artur Cavaco-Paulob, Aharon Gedankena.
a
Department of Chemistry and Kanbar Laboratory for Nanomaterials
at Bar-Ilan University, Center for Advanced Materials and
Nanotechnology, Bar-Ilan University, Ramat-Gan 52900, Israel.
b
University of Minho, Textile Engineering Department, P-4800058
Guimaraes, Portugal; ushimanovich@yahoo.com
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The term microsphere or a proteinaceous microsphere (PM) largely refers to
microspheres or protein protocells as small spherical units. Protein microspheres
are today being considered for use in pharmaceutical and cosmetic areas
providing microscopic biodegradable capsules for "smart" delivery of drugs and
perfumes. In this work, the following types of microspheres are discussed: Mixed
protein microspheres (microspheres made of a few different proteins), tetracycline
(broad spectrum antibiotic) microspheres and attachment of those particles in to
polyester fabrics. Mixed proteinaceous microspheres (MPMs) have show
potential for imaging since a natural fluorescent protein was used (Green
Fluorescent Protein and Cyan Fluorescent Protein-Glucose Binding
Protein-Yellow Fluorescent fused protein) along with a common matrix BSA
protein. The encapsulation of tetracycline with PMs and their use as a matrix
capsule makes them particularly suitable for prolonged-release of antibiotic in a
uniform dispersion. We have shown that proteins particles can be attached to
polyester fabrics by one step reaction and we found stability of 9 months of
application. The perspective is to use these coated fabrics, inter alia, as
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antibacterial bandages in patient susceptible to contamination. Coated fabrics
have also potential applications as: antibacterial textiles, textiles coated with
microspheres containing inks or perfume and others. The fields described above
have a huge potential market for research and industrial applications in the fields
of microbiology, drug delivery systems, environmental and material sciences.
Session A5 – Invited Paper
RECENT DEVELOPMENTS IN THE SYNTHESIS OF MAGNETIC
NANOPARTICLES FOR BIOMEDICAL APPLICATIONS
Nguyen T. K. Thanh
The Davy-Faraday Research Laboratory, The Royal Institution of
Great Britain, London W1S 4BS, UK and Department of Physics &
Astronomy, University College London, London WC1E 6BT, UK ;
ntk.thanh@ucl.ac.uk
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We have used different wet chemical methods to synthesise magnetic
nanoparticles of different compositions, size, shapes and surface chemistries:
1.Tunable shapes of magnetic nanoparticles: Fe-Pt, Fe-Pd and Fe-Pt-Pd
alloys
For biomedical applications, shape-variant NPs have immediate utility in
biomedical immuno-electron microscopy which allows differentiation by both size
and shape simultaneously. We achieved the controlled syntheses of Fe-Pt, Fe-Pd
and Fe-Pt-Pd nanoparticles having different isolated shapes including sphere,
cube, octopod-cube, star, rod, bilobe, tetrahedron, or multipod with size of 5-50
nm. The as-synthesised NPs are homogeneous and no further size selection is
needed. The formation of such a wide range of shapes from a single synthetic
method allowed obtaining useful information into the growth mechanism of the
NPs.
2.Synthesis of magnetic nanoalloys from bimetallic carbonyl clusters
Magnetic alloy nanoparticles are of interest due to their enhanced magnetic
properties and chemical stability. However, controlling the composition of
magnetic alloy nanoparticles can be difficult, when they are produced from two or
more precursors. This may be overcome by the use of a single bimetallic
precursor. Here we report the synthesis of FeCo3, FeNi4, Fe3Pt3 and Fe4Pt alloy
magnetic nanoparticles with average diameters of 7.0 nm, 4.4 nm, 2.6 nm and 3.2
nm, respectively, by the thermal decomposition of bimetallic carbonyl clusters.
The chemical composition of the synthesized nanoparticles reflected that of the
bimetallic carbonyl cluster used for their synthesis. Changing the reaction
conditions, such as ligand concentration, ligand type and reaction temperature
had very little effect upon the chemical and physical properties of the synthesized
nanoparticles.
3.Facile synthesis of stable water-soluble magnetic CoPt: solid,
nanochains/wires and hollow nanoparticles
A novel, facile, template-free synthetic method of water-soluble CoPt NPs by
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simultaneous reduction of cobalt and platinum salts in water in the presence of
polymer and/or peptide ligands. By varying polymer/peptide ligands, their
concentrations and cobalt/platinum salt ratio, solid, hollow NPs and
nanochains/wires were fabricated. The CoPt hollow nanostructures are
superparamagnetic at room temperature, stable in water with pH in the range
from 1 to 10 and NaCl concentration up to 2 M.
4.Superparamagnetic Fluorescent Nickel-Enzyme Nanobioconjugates
Superparamagnetic and fluorescent nickel (Ni) nanoparticles directly conjugated
to an enzyme, bovine pancreatic α-chymotrypsin (CHT) by chemical reduction in
aqueous solution was synthesised and characterised. To confirm the conjugation
of Ni NPs to CHT, we carried out FRET studies using a fluorescent probeNPA,
known to bind at the enzymatic active site of CHT, as the donor and Ni-NP-bound
CHT as the acceptor
Session A5 – Invited Paper
DEVELOPMENT OF PHOTOLUMINESCENT COLLOIDAL
SEMICONDUCTOR NANOCRYSTALS AIMING AT BIO-ORIENTED
APPLICATIONS
Kui Yu, Badruz Md. Zaman, Dennis Whitfield
Steacie Institute for Molecular Sciences, Institute for Biological
Sciences, National Research Council Canada,100 Sussex Drive;
Ottawa, Ontario, Canada K1A 0R6; kui.yu@nrc.ca
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Our laboratories have been actively developing various synthetic approaches to
colloidal photoluminescent (PL) nanocrystals exhibiting excellent optical
properties, including regular quantum dots (RQDs) and single-sized QDs also
called magic-sized quantum dots (MSQDs). In this presentation, we will examine
our synthetic efforts to near-infrared emitters, CdTeSe RQDs. The colloidal PL
nanocrystals exhibiting bandgap emission in the near-infrared wavelength of the
electromagnetic spectrum have significant potential in bio-related applications.
However, their synthesis still remains challenging, regarding the control of
high-quality QDs exhibiting bright bandgap emission with narrow bandwidth and
good photo-stability to be used in vitro and in vivo. Both hot-injection and
noninjection approaches will be addressed. Also, the optical properties of the
CdTeSe QDs developed recently from our laboratories will be compared with
those reported in literature from other laboratories. Particularly, solid-state
Nuclear Magnetic Resonance (NMR) as a powerful tool for the structural
determination of homogeneous or gradient ternary CdTeSe QD alloys will be
discussed. The synthesized CdTeSe QDs were transferred into aqueous solution
and bio-conjugated with single-domain antibody for cancer cell targeting. The
bio-imaging and bio-labeling experimental data will be mentioned briefly. The
present study focuses on the synthesis-structure-property-application
relationship, bringing insights into the fundamental understanding of nucleation
and growth and into the rational design strategies towards
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homogeneously-alloyed or gradiently-alloyed CdTeSe QDs.
Session A5 – Contributed Paper
PREPARATION AND APPLICATION OF ALGINATE-CHITOSAN
MICROSPHERES WITH NARROW SIZE DISTRIBUTION FOR ORAL
DELIVERY OF INSULIN
L.-Y. Wang, Y.-L. Zhang, W. Wei, G.-H. Ma, Institue of Process
Engineering, Chinese Academy of Science, Beijing, 100190, China;
wanglianyan@home.ipe.ac.cn
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A systematic study was conducted to prepare alginate-chitosan (ALG-CHI)
microsphere with narrow size distribution as oral delivery carrier of polypeptide
drug, insulin was used as a model drug. The ALG-CHI microsphere can protect
the insulin from denaturing in the gastrointestinal (GI) tract due to the appropriate
pH sensitivity in structure. Shirasu Porous Glass (SPG) membrane emulsification
technique was firstly employed to prepare alginate droplets with narrow size
distribution, which were then solidified by CaCl2 mini-emulsion and chitosan
aqueous solution. To get the high-yield, the solidification process was optimized
by orthogonal experiment. The loading experiments showed that loading insulin in
the second solidification stage with chitosan together could gain higher
encapsulation efficiency (56.7%) and remarkable bioactivity maintenance
(99.4%). The characterizations revealed that insulin and chitosan were distributed
in the microspheres homogenously, leading to the sustained release behavior in
vitro test. The oral administration to diabetic rats showed that the as-prepared
insulin-loaded ALG-CHI microspheres could effectively reduce blood glucose
levels with well durative effect. The microspheres conducted in this study also
provide an oral administration system for other bioactive compounds.
Session A5 – Invited Paper
DESIGN OF INDIVIDUAL GOLD NANOMARKER-BIOCONJUGATES
BY LASER ABLATION WITHOUT CHEMICAL PRECURSORS OR
LIGAND EXCHANGE
Annette Barchanski, Svea Petersen and Stephan Barcikowski, Laser
Zentrum Hannover e.V., Hollerithallee 8, 30149 Hannover, Germany;
s.barcikowski@lzh.de
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Compared to molecular fluorophores, biocompatible gold nanoparticles (AuNP)
display a higher magnitude of light scattering and photostability, making them
interesting as nanomarkers for biomedical applications such as epitope labeling,
high resolution imaging and cell-targeted drug delivery.
The production of AuNP is often accomplished by conventional chemical
synthesis. Using ultrashort pulses, AuNP can be fabricated without chemical
precursors via laser ablation in solution using a single-step process with the
benefits of producing charge-stabilized particles and with the potential of in-situ
functionalization instead of ligand exchange.
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In particular, AuNP can be functionalized with various biomolecules like
oligonucleotides, cell penetrating peptides or aptamers including a thiol or
disulfide function. By this method, we achieved the reproducible preparation of
size-quenched conjugates with defined surface coverages of biomolecules on the
AuNP. In our recent study we are investigating the biological stability, cellular
uptake, function and visualization of the conjugates in-vitro for their ongoing
application as nanomarkers in the living system. We are further working on the
establishment of bi-functionalized nanoparticles, using two different biomolecule
species, resulting in reproducible and electrostable bi-conjugates.
Considering all results, we are on the way to design customized,
multi-functionalized nanomarkers of optional size, composition, structure and
function for different branches of biomedical applications.
Session A5 – Invited Paper
MULTIFUNCTIONAL METAL PARTICLES – SYNTHESIS,
SELF-ASSEMBLY, AND BIOLOGICAL RESPONSE
Andreas Taubert
Institute of Chemistry, University of Potsdam, D-14476 Potsdam,
Germany; ataubert@uni-potsdam.de
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Metal nanoparticles have attracted tremendous interest for their variable physical
properties and wide range of (potential) applications. The current presentation is a
detailed account on the synthesis of peptide-coated metal nanoparticles, the
interaction of the peptides with the nanoparticle surface, and the self-assembly of
the functional particles. The self-assembly behavior depends on the chemistry of
the peptide and it is possible to generate individual particles in aqueous solution,
whose assembly can be controlled via the solution conditions from small particle
chains to large ordered and disordeded entities. the process is reversible and thus
provides a general strategy for the construction of complex nanoparticle arrays,
whose optocal properties depend on the structure of the assembly. The particles
also show a biologocal response, which will be presented as well.
Session A5 – Contributed Paper
PREPARATION OF UNIFORM-SIZED QUATERNIZED CHITOSAN
MICRO- AND NANO-SPHERES BY COMBINING MEMBRANE
EMULSIFICATION AND THERMAL-GELATION
J. Wu, Y.-B. Wu, Y.-Q. Wang, W. Wei, G.-H. Ma, Institute of Process
Engineering, Chinese Academy of Science, Beijing, 100190, China;
wujie@home.ipe.ac.cn

173

As one of the water-soluble derivatives of chitosan, quaternized chitosan has
attracted much attention in biomedical field because of its superior bioadhesive
properties, permeation enhancing effects and antimicrobial properties even at
neutral conditions, and it could be prepared into several different formulations,
such as solution, hydrogel, and microsphere. In this study, in order to prepare
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quaternized chitosan micro- and nano-spheres with narrow size distribution and
keep high bioactivity of trapped drug, a novel thermal-gelation method was
developed and combined with Shirasu porous glass (SPG) membrane
emulsification technique. In our previous study, we found that the mixture of
quaternized chitosan and glycerophosphate salt had unique thermo-responsive
gelation property. The mixture was solution below or at room temperature and
transformed to hydrogel around body temperature (37°C). The irreversible
thermo-responsive transition was due to the hydrophobic interaction between
quaternized chitosan chains and the static force between quaternized chitosan
and glycerophosphate salt. By SPG membrane emulsification technique, the
mixture of quaternized chitosan and glycerophosphate salt was prepared into
emulsion, and the emulsion droplets were solidified into micro- and nano-spheres
at 37°C. The whole process was mild and simple, and the bioactivity of entrapped
drug can be protected carefully.
Moreover, the influence of process conditions on the property of formed microand nano-spheres was investigated and the preparation process was optimized to
obtain micro- and nano-spheres with narrow size distribution. As a result, the
coefficient of variation (C.V.) of obtained micro- and nano-spheres diameters was
below 15%. The obtained micro- and nano-spheres had porous structure and
showed apparent pH-sensitivity, and the pH-sensitivity also affected their drug
release behavior.
The quaternized chitosan micro- and nano-spheres obtained in this study also can
be used as mucosal administration system for bioactive compounds.
Session K1 – Keynote Paper
POLYMER-COATED CERIUM OXIDE NANOPARTICLES AS
POTENTIAL TARGETED RADICAL SCAVENGING NANOAGENT
J. Manuel Perez, Atul Asati, Charalambos Kaittanis, Santimukul
Santra
NanoScience Technology Center, University of Central Florida,
Orlando 32826, USA: jmperez@mail.ucf.edu
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Cerium oxide nanoparticles (nanoceria) are potent free radical scavengers with
neuroprotective, radioprotective, and anti-inflammatory properties. One of the
most interesting properties of nanoceria is its autocatalytic behavior. The ability of
these nanoparticles to reversibly switch from Ce+3 to Ce+4 is a key factor for their
catalytic and biological applications as antioxidants. Recently, we have developed
a facile synthetic procedure for monodisperse, water-soluble and highly crystalline
polymer-coated nanoceria using dextran or polyacrylic acid as the coating
polymer. Our initial results show that even thought the polymer coating does not
affect the autocatalytic properties of nanoceria, the thickness of the polymeric
coating can be utilized to fine tune the catalytic activity of nanoceria. Most
importantly we have observed a pH-dependent catalytic activity in nanoceria,
whereby nanoceria behaves as an antioxidant at physiological pH and an oxidant
at acid pH. Furthermore, the ability to conjugate targeting ligands directly on
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nanoceria’s polymer coating has allowed us to design nanosensors for ELISA
applications and to assess the interaction of our polymer coated nanoceria with
various cell lines. Results from these studies could have important implications in
the design of targeted nanoceria preparations that can protect healthy tissue
during radiation therapy and can be effectively employed as therapeutic
antioxidant nanoparticles.
Session K1 – Contributed Paper
PHAGOCYTOTIC COMPETENCE OF DIFFERENTIATED U937
CELLS FOR COLLOIDAL DRUG DELIVERY SYSTEMS IN IMMUNE
CELLS
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Drug delivery into immune cells by means of layer-by-layer (LbL)
biopolymer-coated colloidal microparticles has a high potential for the treatment of
inflammations. The main advantage of such LbL-based microcarriers is the
interaction-free adsorption of multiple active agents combined with
surface-modifications regarding a target-oriented transport and delivery. The local
drug release is highly recommended for the prevention of negative effects of
systemic applications and a low dose application of active agents. Therefore,
microcarriers can be loaded with several immune regulatory substances to control
and terminate inflammatory processes. The uptake of the microcarriers by mature
phagocytes as polymorphonuclear leukocytes (PMN) and macrophages is
facilitated by the high phagocytotic capabilities of these cells.
In this study, silica microparticles – as a model system - were co-incubated with a
monocyte/macrophage-like cell population (U937 cell culture) in order to
investigate the phagocytotic particle uptake. The particles were coated with
biocompatible protamine sulfate (PRM) and dextrane sulfate (DXS). U937 cells
were differentiated into macrophage-like cells by addition of phorbol esters. The
differentiation was proven by an increased expression of surface markers such as
phosphatidylserine (PS) and CD14 as well as an enhanced activity of lysosomes
which propably play a key role in phagocytosis, adherence, uptake and
processing. The co-incubation of particles and cells results in particle attachment
to the cell surface followed by phagocytosis. An ingestion into phagosomes and
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later phagolysosomes could be determined by co-localization using fluorescence
staining techniques. Therefor, the accumulation of acridine orange in mature
lysosomes was utilized for lysosome visualization. Fluorescence-labeled PRM as
multilayer constituent facilitated particle visualization and localization by means of
flow cytometry and confocal laser scanning microscopy. In contrast, co-incubation
of undifferentiated U937 cells with silica microparticles shows no particle
interaction with cells.
Subsequently, it can be assumed that a higher degree of differentiation
associated with enhanced expression of surface markers enables activated U937
cells to phagocytose microparticles providing drug delivery into immuno-active
cells.
Session K1 – Invited Paper
NANOSTRUCTURED FUNCTIONAL PARTICLES VIA ATOM
TRANSFER RADICAL POLYMERIZATION
K.G. Neoh and E. T. Kang, Department of Chemical & Biomolecular
Engineering, National University of Singapore, Kent Ridge, Singapore
119260; cheket@nus.edu.sg
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Recent progress in controlled radical polymerizations, in particular atom transfer
radical polymerization (ATRP), has provided a unique means for the design and
synthesis of functional surfaces and nanostructured materials. The design and
synthesis strategies of some nanostructured functional particles via ATRP are
described in this work. Both dielectric and conductive hollow polymeric
nanospheres can be prepared via surface-initiated ATRP from silica
nanoparticles, followed by removal of the inorganic template. More complicated
organic-inorganic hybrid structures, such as hairy hybrid nanoparticles, consisting
of a magnetic core, a fluorescent silica shell and functional polymer brushes, can
be synthesized via combined inorganic sol-gel reaction, precipitation
polymerization and ATRP. Hydrogels and stimuli-responsive micelles and
vesicles can be prepared, respectively, via ATRP and self-assembly of
structurally well-defined copolymers prepared vis controlled radical
polymerization. Linear, comb-shaped and star-shaped copolymers, prepared by
ATRP and exhibiting low cytotoxicity and good ability to condense plasmid DNA
into 100-200 nm nanoparticles with enhanced gene transfection efficiency, are
potential gene delivery vectors. Finally, the solubility or dispersity (thus
processability) and electronic properties (thus device applications) of carbon
nanotubes and graphene nanosheets can be substantially enhanced via surface
modification through controlled graft polymerization.

175

Oral Abstracts

Session K1 – Invited Paper
DESIGN OF MODULAR MULTIFUNCTIONAL LIGANDS AND THEIR
USE FOR NANOPARTICLE SYNTHESIS AND COUPLING TO
BIOMOLECULES
Kimihiro Susumu, Eunkeu Oh, Division of Optical Sciences, U.S.
Naval Research Laboratory, Hedi Mattoussi
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Colloidal inorganic nanocrystals (such as luminescent quantum dots, QDs, and
gold nanoparticles, AuNPs) have several unique optical and spectroscopic
properties that make them ideally suitable for use as probes in a variety of
biological assays, ranging from molecular sensing to in vivo cellular imaging. We
have developed a set of polyethylene glycol-based modular ligands that promote
the transfer of QDs from organic solutions to a wide range of buffers. These
ligands are based on the thiotic acid (TA), or its reduced form dihydrolipoic acid
(DHLA) motif. Ligands presenting two and four-thiol anchoring groups have been
prepared and tested. Remarkable enhancement in the ligand-to-nanoparticle
affinity and colloidal stability has been achieved.
More recently, we have used these ligands to develop a simple and efficient
synthetic method to prepare AuNPs in aqueous phase. Our approach provides
low size distribution spherical nanocrystals over the size range between 1.5 nm
and 18 nm. Further passivation of the as-prepared AuNPs permitted in situ
functionalization of the NP surface with the desired functional/reactive groups.
The prepared AuNPs exhibit remarkable stability in the presence of high salt
concentrations, over wide range of pHs (2-13), a strong resistance to competition
from dithiothreitol (DTT). We will describe the synthetic rationales used and the
characterization of the prepared materials using UV-abs, TEM and scattering
techniques. We will also discuss conjugation of these materials to specific
peptides and their use to develop targeted biological demonstrations such as
FRET quenching and live cell uptake.
Session K1 – Invited Paper
CONTROLLING BIOCOMPATIBILITY OF NANOPARTICLES
THROUGH THE APPLICATION OF ANTIOXIDANT POLYMERS
Thomas D. Dziubla
University of Kentucky, Department of Chemical and Materials
Engineering, Lexington, KY 40506, USA; dziubla@engr.uky.edu
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Of the weapons employed by the body’s defense mechanisms, oxidative stress
appears to be the most ubiquitous, non-specific, and damaging. When oxidative
mechanisms have been induced (e.g., the leukocyte respiratory burst), it can
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result in a degenerative cycle of chronic inflammation and cell death, which further
stimulates the release of more harsh oxidants. However, under mild conditions,
this oxidative stress stimulates tissue regeneration and cellular upregulation of
protective mechanisms (e.g., ischemic preconditioning), improving the overall
viability and prognosis of tissue health. A delicate balance of pro-oxidant and
antioxidant mechanisms constitutively exist to ensure that only the beneficial
effects are observed.
For biomaterials, oxidative stress poses an especially troubling challenge to their
biocompatibility. No material is in all biological settings and situations 100%
non-inflammatory, non-toxic, non-teratogenic, non-carcinogenic,
non-thrombogenic, and non-immunogenic. In this work, we present a set of
materials that can have tailored compatibility by interacting and augmenting the
orchestra of radicals and oxidative injury in biological environments.

Session K1 – Invited Paper
SURFACE MODIFICATION OF MAGNETIC NANOPARTICLES FOR
BIOMEDICAL APPLICATIONS
Koon-Gee Neoh, Liang Wang and En-Tang Kang
Department of Chemical & Biomolecular Engineering, National
University of Singapore, Kent Ridge, Singapore 119260;
chenkg@nus.edu.sg
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Superparamagnetic iron oxide nanoparticles (MNPs) have attracted increasing
interest since they may be advantageous for a range of biomedical applications.
These nanoparticles have low toxicity and are suitable for in vivo applications as
they are biodegradable, with the iron product being recycled by cells. The
dimensions of the MNPs also allow close interactions with cells, and with their
magnetic properties, manipulation in vivo using an external magnetic field is
possible. Nevertheless, a number of challenges remain to be addressed before
the potential of technologies using MNPs can be fully realized. For example,
injected MNPs have to evade the phagocytic cells of the body’s immune system in
order to achieve a long blood circulation time, and active in vivo tumur targeting
would require specificity attained through sufficient numbers of target recognition
moieties on the surface of the MNPs. In this presentation, we report on the
manipulation of the surface properties of MNPs via the use of polymers to provide
either a coating or matrix with the desired properties, or to serve as a platform for
the attachment of other functional groups. Grafting of hydrophilic and
biocompatible polymers such as poly(poly(ethyleneglycol) monomethacrylate)
and polyglycerol on the surface of MNPs imparts a high degree of stability in
aqueous medium and minimizes uptake by macrophages. These properties
coupled with the high relaxivity (r2/r1) ratio of the MNPs would facilitate their use
as a contrast agent for magnetic resonance imaging (MRI). For targeting cancer
cells, MNPs can encapsulated in polymeric nanospheres which were then further
functionalized with a cancer targeting ligand such as folic acid or herceptin. These
nanospheres were readily internalized by cancer cells, and the MNPs
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accumulated in the cells may play an important role in detection through MRI or
serve as a heating agent in magnetic fluid hyperthermia to allow the localized
treatment of tumors. MNPs coated with a poly(DL-lactic acid-co-α,β-malic acid)
copolymer with covalently bound fluorescein isothiocyanate possess magnetic
and fluorescent properties. A high cellular uptake of these nanoparticles without
significant cytotoxic effects was demonstrated in stem cells. Hence, such
nanoparticles can potentially be used as a bifunctional MRI contrast agent and
fluorescent agent for stem cell tracking.
Session K1 – Contributed Paper
NANORODS FOR PREVENTING NORMAL AND TUMOR CELL
ADHESION
Tanmay P. Lele, Department of Chemical Engineering, University of
Florida, Gainesville, FL 32611, USA; tlele@che.ufl.edu
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Cell interactions with nanostructured biomaterials are of broad interest because of
applications in controlling tissue response to biomedical implants. In particular,
mammalian cell adhesion to and proliferation on implanted devices is desirable for
preventing the blockage of cardiovascular and tumor stents. In this study, we
explored the potential of densely coated nanorod monolayers for controlling
normal and tumor cell adhesion. Densely packed nanorods were fabricated with a
solution-based technique. Fibroblasts and vascular endothelial cells were unable
to adhere on dense nanorods. Cells could not assemble vinculin-marked focal
adhesions, and were poorly spread. Cell survival in adherent cells was reduced
by more than 100-fold on nanorods. The morphology of tumor epithelial cells
cultured on nanorods was rounded compared to flat surfaces and was associated
with decreased cellular stiffness and myosin phosphorylation. Single tumor cell
motility was significantly increased on nanorods compared to flat surfaces while
cell adhesion was reduced. Our results support a model in which nanorods
interfere with integrin clustering at the nanoscale, thereby preventing cell
adhesion and spreading. Together, these results support the conclusion that
nanostructured surfaces may be a promising approach to decrease cell adhesion.
Session K1 – Contributed Paper
BIOFUNCTIONALIZATION OF MESOPOROUS SILICON
NANOPARTICLES FOR TARGETED PEPTIDE DELIVERY
Jussi Rytkönen1, Vesa-Pekka Lehto2, Ermei Mäkilä3, Jarno Salonen3
and Ale Närvänen1
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We have studied dispersivity, opsonisation, peptide hormone (IGF-1) release and
targeting properties of thermally hydrocarbonized porous silicon nanoparticles
derivatized with undecylic acid (UnTHCPSi). They are negatively charged, relative
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hydrophobic particles, which agglomerate easily in physiological buffers. We have
modulated the dispersivity of the particles with polyethylene glycols (PEG) of
various size (5, 10 and 20 kDa) using either covalently conjugated C-PEG or
adsorbed oleic acid-PEG (O-PEG). When immersed in human plasma, the size of
the O-PEG-particles increased less than the size of C-PEG or the original
particles suggesting the lowest opsonisation degree. After peptide loading O-PEG
removed weakly adsorbed IGF-1 from the surface and plugged the rest in the
pores. A-GST, a model antibody, was conjugated on the IGF-1 loaded and
O-PEG shielded particles and immunoprecipitated with GST-agarose. Our
particles provide a good platform for the development of targeted nanoparticles
with low opsonisation and modulated release of hydrophilic peptide hormones.
Session L1 – Keynote Paper
PRINT® TECHNOLOGY - A VERSATILE PLATFORM FOR
DELIVERY OF PARTICLE THERAPEUTICS AND VACCINES
Benjamin Maynor
Liquidia Technologies, Inc., P.O. Box 1100895, Research Triangle
Park, NC 27709, USA; ben.maynor@liquidia.com
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We describe Liquidia Technologies’s novel particle manufacturing technology,
Particle Replication in Non-wetting Templates (PRINT®), for the production of
mono-disperse nanoparticles and microparticles with precise, controllable sizes
and shapes. PRINT technology represents a convergence of advanced
nanofabrication technologies, roll-to-roll manufacturing, and state-of-the art
particle formulation technology. PRINT offers the capability to control particle size,
shape and composition to create tailored particle designs for applications in the
life sciences and materials sciences. PRINT is based on micromolding technology
which is advantageous for control over particle properties such as size, shape,
component loading, particle modulus and surface functionality. Uniquely, PRINT
offers the capability for bulk production of uniform particles with aspherical
shapes, which is in contrast to most particle engineering technologies which
produce particles with a poly-disperse size distribution and restricted shape
control. Liquidia is currently pursuing applications in the life sciences for vaccines
and drug delivery where particles are comprised of neat small molecule
therapeutics, neat biologics, or drug/excipient mixtures. Particle size, shape, and
composition can be optimized for improved performance in areas such as vaccine
immunogenicity, therapeutic aerosol delivery, improved drug biodistribution or
controlled therapeutic release. Liquidia is also pursuing applications in the
materials sciences for magnetically or electrically responsive particles and for
unique multi-component particles for “smart particle” applications.
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NOVEL VACCINE DELIVERY SYSTEM: BIODEGRADABLE
NANOPARTICLES FOR PROTEIN AND DNA DELIVERY
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Osaka University, 2-1 Yamadaoka, Suita 565-0871, Japan;
akashi@chem.eng.osaka-u.ac.jp
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Vaccination to induce an adaptive immune response is expected for a broad
range of infectious diseases or cancers. Polymeric nanoparticles (NPs) with
entrapped antigens, such as proteins, peptides or DNA, represent an exciting
approach to control the release of vaccine antigens and to optimize the desired
immune response via selective targeting of the antigen to antigen-presenting cells
(APCs). Dendritic cells (DCs) are highly specialized APCs that can activate naive
T cells and hence initiate primary immune responses. Therefore, the delivery of
antigens to DCs and the DC activation are one of the most important issues in the
development of effective vaccines. To design optimal drug carriers, polymeric
NPs have the advantage of being able to regulate their physicochemical
properties, such as particle size, shape, surface charge and polymer composition.
We designed a novel antigen delivery system with self-assembled amphiphilic
polymeric nanoparticles. We selected poly(γ-glutamic acid) (γ-PGA) as the
biodegradable hydrophilic polymer and hydrophobic amino acid as the
hydrophobic side chain. γ-PGA hydrophobic derivatives made of γ-PGA and
L-phenylalanine (γ-PGA-Phe) formed nanoparticles due to its amphiphilic
characteristics in water. The size of γ-PGA-Phe NPs was easily controlled from 30
to 300 nm by regulating the aggregated γ-PGA-Phe numbers. Protein or
DNA-encapsulated γ-PGA-Phe NPs were prepared in order to study their
potential applications as vaccine carriers. The encapsulation of proteins or DNA
was successfully achieved. The NPs were efficiently taken up by DCs.
Interestingly, the NPs also had adjuvant activity for DC maturation. Moreover, the
immunization with antigen-encapsulated γ-PGA-Phe NPs dramatically enhanced
antigen-specific cellular immunity. This system has potential application as a
universal delivery system and adjuvant for protein-based vaccines capable of
inducing immune response.
Session L1 – Invited Paper
COLLOIDAL CHITOSAN: TOWARD NEW VACCINE ADJUVANTS
Thierry Delair
IMP UMR 5226, University of Lyon, 15 Bd Latarjet, 69622 Villeurbanne
Cédex, France; Thierry.Delair@univ-lyon1.fr
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Among all biomedical engineering materials, natural polymers such as
polysaccharides have found a widespread use due to their biocompatibility. Our
strategy toward nano-scaled biodegradable colloids was based on the
self-assembly of chitosan a b 1->4 copolymer of N-acetyl glucosamine and
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glucosamine, obtained by heterogenous deacetylation of chitin from squid pens
or shrimp exo squeletons.
Two assemblies strategies were evaluated i) the first one based on the formation
of colloidal polyelectrolyte complexes (colloidal PECs) with dextran sulfate as
polyanion; ii) the second one based on an ammonia-induced gelation of chitosan
solutions in reverse emulsion in an oily phase generally regarded as safe for in
vivo applications, leading to colloidal physical hydrogels.
To construct a vaccine delivery system, a model antigen (HIV-1 p24 protein) was
adsorbed to the chitosan-based colloids. The sorption of P24 reached a plateau
within 2 or 20 hours for, respectively, the negative and the positive polyelectrolyte
complexes. The binding capacity and the stability of the binding depended on the
protein/particle weight ratio. Binding capacities up to 600mg/g (protein/particles)
could be obtained with a binding efficiency of 50% of the initial feed of p24. To
account for such high a value, one should consider the diffusion/percolation of
the protein through the shell of the colloids.
With the colloidal physical hydrogels, the adsorption of p24 was very slightly
affected by the composition of the buffer in terms of pH and ionic strength. No
diffusion of the protein within the matrix of the nanogels was observed, in
contrast with what was observed with colloidal polyelectrolyte complexes.
Preliminary results on antigen delivery in vitro and in vivo will be provided.
Session L1 – Invited Paper
NANOPARTICLES AS MULTI-EPITOPE HIV PROTEIN SUBUNIT
VACCINE DELIVERY SYSTEMS
Russell J. Mumper1, Anekant Jain1, Saurabh Wadhwa1, Rahima
Benhabbour1, Shannon Johnson1, Sarah M. Parker2, and Jerold
Woodward2
1
Division of Molecular Pharmaceutics, Center for Nanotechnology,
UNC Eshelman School of Pharmacy. University of North Carolina at
Chapel Hill, Chapel Hill, NC 27599-7362, USA; 2Department of
Microbiology, Immunology and Molecular Genetics, University of
Kentucky, Lexington, KY 40536-0082, USA; mumper@email.unc.edu
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The overall goal of this research project is to engineer a safe and effective
nanoparticle-based vaccine delivery system to co-deliver multiple HIV proteins
and adjuvant(s) as a prophylactic or therapeutic HIV vaccine.
We have developed solid lipid nanoparticles and oil-filled nanocapsules (NPs)
and have demonstrated enhanced humoral and cellular immune responses to a
number of different HIV antigens (Tat, Nef, Env, Gag p24, Gag p41) and model
antigens (OVA, b-Gal), with co-delivery of selected adjuvants (i.e., CpG) that
activate specific innate response pathways. Among other attributes, the NPs are
antigen dose sparing, enhance MHC I presentation, and enhance the production
of neutralizing antibodies.
This talk will highlight engineering aspects of the NPs and how the surface
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properties, size, zeta-potential, and composition can be controlled to
advantageously affect the biological properties in terms of (lack of) cell and gross
toxicity and inflammation, and enhance antigen-specific immune responses.
Current approaches are focusing on the engineering of lipid-based NPs with a
small amount of surface accessible Ni for high affinity binding to multiple
his-tagged HIV proteins.
Session L1 – Invited Paper
BIODEGRADABLE POLYMERIC PARTICLES THAT CO-DELIVER
ANTIGENS AND ADJUVANTS.
Aliasger K. Salem
Department of Pharmaceutical Sciences and Experimental
Therapeutics, College of Pharmacy, University of Iowa,
aliasger-salem@uiowa.edu
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Immunotherapeutic treatments that utilize the immune stimulant cytosine
phosphorothioateguanine oligodeoxynucleotide (CpG ODN) as an adjuvant have
significant potential to treat solid tumors. We have demonstrated that we can
prepare degradable polymer particles with CpG ODN and a model antigen
ovalbumin (OVA) entrapped within the matrix and provide functional delivery. We
have shown that these microparticles are efficiently taken up by antigen
presenting cells (APCs) such as dendritic cells (DCs). The microparticles
activated dendritic cells as determined by CD80 and CD86 markers. The CpG
ODN ligands which bind to intracellular Toll like receptor 9 produce significantly
stronger CD8+ responses when they are delivered in biodegradable
microparticles in comparison to delivery of CpG ODN in solution. Delivery of the
CpG ODN ligands in our microparticle vaccine did not upregulate
immunosuppressive molecules and acted as a strong immunotherapeutic
treatment in an antigen-specific tumor model.
Session L1 – Invited Paper
PARALLEL PARTICLE PRODUCTION AND CELLULAR ARRAYS
FOR PARTICLE-VACCINE DEVELOPMENT AND OPTIMIZATION
Abhinav Acharya1, Natalia Dolgova2, Jamal Lewis2, Michael
Clare-Salzler3, Chang-Qing Xia3, Benjamin G Keselowsky2
University of Florida, 1Material Science and Engineering, 2Pruitt Family
Department of Biomedical Engineering, 3Department of Pathology,
Immunology and Laboratory Medicine, Gainesville, FL, USA;
abhinav9@ufl.edu
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Introduction. High-throughput screening of synthetic vaccines incorporated in a
targeted drug-delivery vehicle for modulating cells and the immune response is
attractive for drug development and discovery. Although, there are now scores of
known antigenic epitopes and adjuvants present, there has not emerged an
analogous systematic examination of the functional responses of immune cells
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toward combinatorial vaccine formulations generating synergistic immune
responses in a HTP-manner. To address this concern we have developed a
technique to characterize particle-based vaccines targeted toward dendritic cells
in a high-throughput method.
Methods. Bone marrow-derived dendritic cells (DCs) were arrayed and cultured
on poly lactide co-glycolide microparticle (PLGA-MP) vaccines encapsulated with
different factors, printed on chips in a square matrix. The DCs were then
immunofluorescently stained for tolerogenic or pro-inflammatory markers and
quantified using image analysis. Additionally, small volume micro-batches of MPs
were generated in a high-throughput manner in a 384 well polystyrene plate.
Solid/Oil/Water based emulsion-diffusion process was utilized to generate these
particles with polystyrene compatible oil and PVA as surfactant using
programmable contact pin miniarrayer.
Results. A) DCs could be co-localized and cultured on the printed particle arrays
and MP to DC ratio can be controlled. B) DCs were cultured on randomized
arrays of poly I:C encapsulated MPs, stained and quantified for surface
expression of MHC-II. It was observed that there was minimum cross-talk
between the islands and the DCs expression of MHC-II follows the poly I:C
gradient. C) MPs with different combination of different tolerogenic factors,
rapamycin(RAPA), TGF-β1, Vitamin D3(VD3), IL-10, hemoglobin(Heme) were
printed in an array format in MP-dilutions and in triplicate. DCs were cultured on
the arrays and intracellular cytokine production of IL-10 was quantified.
Interestingly, the highest MP-dose of TGF-β1 and VD3 had synergistic effects. D)
~1 µm MPs were generated using parallel particle production (PPP) method in a
384 well plate having smooth surface morphology as determined by SEM. E) 216
unique MPs were generated by encapsulating combinations of 6 dilutions of 3
fluorescent dyes. Particles generated using PPP technique, were characterized
for homogeniety of component-mixing and size distribution in a micro-batches
using different techniques and instruments.
Conclusions. We could successfully make co-localized MP and DC-arrays. We
tested multiple combinatorial particle based vaccines targeted to DCs and
observed unexpected synergistic effects between co-encapsulated/ co-delivered
factors. We can generate 384 different phagocytosable particle-based vaccines
encapsulating multiple combinations of therapeutic drugs.
Session G4 – Keynote Paper
CONTROLLED ASSEMBLY OF BIODEGRADABLE
MULTIFUNCTIONAL NANOCLUSTERS FOR BIOMEDICAL
IMAGING AND THERAPY
Keith P. Johnston1, Jasmine M. Tam1, Justina O. Tam2, Avinash
Murthy1, Li Leo Ma1, Brian Willsey1, Ameya Borwnakar1, Tom Milner1,
Marc Feldman3, Stanislav Emelianov2, and Konstantin V. Sokolov2
1
Department of Chemical Engineering, 2Department of Biomedical
Engineering, University of Texas at Austin, Austin, Texas 78712, USA;
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School of Health Professions, University of Texas Health Science
Center at San Antonio, San Antonio, Texas 78229, USA;
kpj@che.utexas.edu
The ability of 20 to 50 nm nanoparticles to target and modulate the biology of
specific types of cells will enable major advancements in cellular imaging and
therapy in cancer and atherosclerosis. A key challenge is to load an extremely
high degree of targeting, imaging, and therapeutic functionality into small, yet
stable particles. Herein we report ~30 nm stable uniformly-sized near infrared
(NIR) active, superparamagnetic nanoclusters formed by kinetically controlled
self-assembly of gold-coated iron oxide nanoparticles. The controlled assembly
of nanocomposite particles into clusters with small primary particle spacings
produces collective responses of the electrons that shift the absorbance into the
NIR region. The nanoclusters of ~70 iron oxide primary particles with thin gold
coatings display intense NIR (700 - 850 nm) absorbance with a cross section of
1 × 10-14 m2. Because of the thin gold shells with an average thickness of only 2
nm, the r2 spin-spin magnetic relaxivity is 200 mM-1s-1, an order of magnitude
larger than observed for typical iron oxide particles with thicker gold shells. High
uptake of the nanoclusters by macrophages is facilitated by the polymer coating,
producing intense NIR contrast in dark field and hyperspectral microscopy, both in
cell culture and an in vivo rabbit model of atherosclerosis.
Presently, gold nanoparticles with NIR absorbance are typically larger than
50nm, above the threshold size of ~5 nm required for efficient renal clearance.
As these nanoparticles are not biodegradable, concerns about long-term toxicity
have restricted their translation into the clinic. Here, we describe the assembly of
biodegradable clusters smaller than 100nm from sub-5nm constituent gold
particles. The nanoclusters manifest intense NIR absorbance and strong optical
contrast in live cells. The nanocluster assembly is controlled by regulating
interactions between ligand-coated gold cores with a biodegradable polymer
stabilizer. Over time, nanoclusters disassemble under physiological conditions
into sub-5nm primary gold particles which are favorable for efficient body
clearance. Small nanoclusters with optical, magnetic and therapeutic functionality,
designed by assembly of nanoparticle building blocks, offer broad opportunities
for targeted cellular imaging, therapy, and combined imaging and therapy.
Session G4 – Contributed Paper
CLUSTERS OF SUPERPARAMAGNETIC NANOPARTICLES
ENCAPSULATED IN A POLYMER HYDROGEL FOR MRI IMAGING
Chantal Paquet, Arnold Kell, Hong Tian*, Hung-Yu Lin*, Benoit
Simard
Steacie Institute for Molecular Sciences, National Research Council,
100 Sussex Drive, Ottawa, ON, K1A 0R6, Canada and *Institute for
Biodiagnostics, National Research Council, 435 Ellice Avenue,
Winnipeg, MB, R3B 1Y6, Canada; chantal.paquet@nrc.ca
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Superparamagnetic iron-oxide nanoparticles (SPM NPs) have been identified as
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effective contrast agents for magnetic resonance imaging (MRI) due to their ability
to increase the relaxation rate of water protons (1/T2). The relaxation rates can
be further increased by clustering SPM NPs into colloids of densely packed NPs
of a few tens of nanometers. Because the MRI contrast enhancement is
dependent on the ability for the iron oxide nanoparticles to interact with water
molecules and affect their relaxation, proper surface coating is also required. This
presentation describes a method of preparing MRI contrast agents based on
clustered SPM NP and examines the effect of the size of the clusters and their
polymer coating on the MRI contrast enhancement. Thus, a method of preparing
clusters of SPM NPs with size control is first discussed. Next, seeded-dispersion
polymerization of a hydrogel around the clusters is described along with the pH
and temperature response of the polymer hydrogel coating. Then by examining
the relaxation rate of protons in the presence of these hydrogel-coated clusters,
the role of the size of the cluster and polymer coating in governing the relaxation
rate is discussed.
Session G4 – Invited Paper
IMAGING AND THERAPY WITH MULTIFUNCTIONAL
NANOPARTICLES
Xiaohu Gao, Department of Bioengineering, University of
Washington, Seattle, WA 98195, USA; xgao@uw.edu

190

Metal and semiconductor nanoparticles in the 1-10 nm size range are of
considerable current interest, not only because of their unique size-dependent
properties but also their dimensional similarities with biological macromolecules
(e.g., nucleic acids and proteins). These similarities could allow an integration of
nanotechnology and biology, leading to major advances in medical diagnostics,
prognostics, and targeted therapeutics. In this talk, I present recent development
of multifunctional nanostructures for biomedical applications, such as
bioconjugated nanoparticles for tumor molecular imaging, profiling, and treatment.
Session G4 – Invited Paper
PET IMAGING FOR THE DEVELOPMENT OF DDS
PHARMACEUTICS
Naoto Oku
School of Pharmaceutical Sciences, University of Shizuoka, Yada,
Suruga-ku, Shizuoka 422-8526 Japan; oku@u-shizuoka-ken.ac.jp
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Liposomes or other lipidic particles can be used as multi-purpose drug carriers in
a wide range of applications. From the viewpoint of drug delivery systems (DDSs),
it is necessary to consider the pharmacokinetics and pharacodynamics of
carriers, as well as many properties of the formulations, e.g., lipid composition,
vesicular size, surface electrostatic potential, and functional modification. For
evaluation of the pharmacokinetics of liposomes in vivo, non-invasive real-time
imaging of the carrier trafficking, such as positron-emission tomography (PET)
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imaging, is one of the ideal techniques. To apply PET for use with pre-formulated
liposomal drugs, we devised an optimized [18F]compound and developed a direct
liposome modification method that we termed the “solid-phase transition method.”
We were successful in using 1-[18F]fluoro-3,6-dioxatetracosane for labeling of
liposomes. Next we applied this method to label and to determine the trafficking of
liposome-encapsulated hemoglobin (LEH). Distribution of the LEH in the rat brain
under ischemia was examined by a small animal PET with an enhanced
resolution. While the blood flow was almost absent in the ischemic region
observed by [15O]H2O imaging, distribution of 18F-labeled LEH in the region was
gradually increased during 60 min dynamic PET scanning. The results suggest
that LEH deliver oxygen even into the ischemic brain from the periphery toward
the core of ischemia. The real time observation of flow pattern, deposition and
excretion of LEH in the ischemic rodent brain was possible by the new methods of
positron emitter labeling and PET system with a high resolution. In the
presentation, I will also present recent study on PET analysis for the development
of DDS pharmaceutics, such as siRNA medicine.
Session G4 – Invited Paper
FLUORESCENT CARBON DOTS FOR BIOIMAGING AND BEYOND
Ya-Ping Sun
Department of Chemistry and Laboratory for Emerging Materials and
Technology, Clemson University, Clemson, South Carolina
29634-0973, USA; syaping@clemson.edu
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Semiconductor quantum dots (QDs), especially the highly fluorescent
CdSe-based core-shell nanostructures, have generated much excitement for their
variety of potential applications in optical bioimaging and beyond. These QDs are
widely considered as being more advantageous over conventional organic dyes
as well as genetically engineered fluorescent proteins in terms of optical
brightness and photostability. However, a serious disadvantage with these
popular QDs is their containing heavy metals such as cadmium, whose significant
toxicity and environmental hazard are well-documented. Alternative benign
(nontoxic) QD-like fluorescent nanomaterials have therefore been pursued,
including our reported finding of fluorescent carbon nanoparticles (dubbed
“carbon dots”). Carbon dots are surface-passivated small carbon nanoparticles,
where the surface passivation is most effective via functionalization with organic
or bio-molecules. In addition to sharing some of the major advantageous
characteristics of semiconductor QDs, including high photostability, large
two-photon excitation cross-sections, and applicability as optical imaging agents
in vitro and in vivo, carbon dots are also non-blinking, readily water-soluble, and
nontoxic according to currently available cytotoxicity and in vivo (mice) toxicity
results. In this talk the current status on the development and understanding of
carbon dots will be presented and discussed.
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Session G4 – Invited Paper
PERFLUOROCARBON MICROBUBBLES AND NANODROPLETS
FOR OXYGEN, DRUG, GENE DELIVERY AND
SONOTHROMBOLYSIS
Evan Unger1,2, Terry Matsunaga1, Feng Xie3, John Lof3, Tom Porter3,
and Jennifer L.H. Johnson2
1
Department of Radiology, University of Arizona, Tucson AZ, USA;
2
NuvOx Pharma, LLC, Tucson AZ, USA; 3Department of Cardiology,
University of Nebraska Medical Center, Omaha, Nebraska, USA;
eunger@nuvoxpharm.com
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The ability of 20 to 50 nm nanoparticles to target and modulate the biology of
specific types of cells will enable major advancements in cellular imaging and
therapy in cancer and atherosclerosis. A key challenge is to load an extremely
high degree of targeting, imaging, and therapeutic functionality into small, yet
stable particles. Herein we report ~30 nm stable uniformly-sized near infrared
(NIR) active, superparamagnetic nanoclusters formed by kinetically controlled
self-assembly of gold-coated iron oxide nanoparticles. The controlled assembly
of nanocomposite particles into clusters with small primary particle spacings
produces collective responses of the electrons that shift the absorbance into the
NIR region. The nanoclusters of ~70 iron oxide primary particles with thin gold
coatings display intense NIR (700 - 850 nm) absorbance with a cross section of
1 × 10-14 m2. Because of the thin gold shells with an average thickness of only 2
nm, the r2 spin-spin magnetic relaxivity is 200 mM-1s-1, an order of magnitude
larger than observed for typical iron oxide particles with thicker gold shells. High
uptake of the nanoclusters by macrophages is facilitated by the polymer coating,
producing intense NIR contrast in dark field and hyperspectral microscopy, both in
cell culture and an in vivo rabbit model of atherosclerosis.
Presently, gold nanoparticles with NIR absorbance are typically larger than
50nm, above the threshold size of ~5 nm required for efficient renal clearance.
As these nanoparticles are not biodegradable, concerns about long-term toxicity
have restricted their translation into the clinic. Here, we describe the assembly of
biodegradable clusters smaller than 100nm from sub-5nm constituent gold
particles. The nanoclusters manifest intense NIR absorbance and strong optical
contrast in live cells. The nanocluster assembly is controlled by regulating
interactions between ligand-coated gold cores with a biodegradable polymer
stabilizer. Over time, nanoclusters disassemble under physiological conditions
into sub-5nm primary gold particles which are favorable for efficient body
clearance. Small nanoclusters with optical, magnetic and therapeutic functionality,
designed by assembly of nanoparticle building blocks, offer broad opportunities
for targeted cellular imaging, therapy, and combined imaging and therapy.
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Session G4 – Invited Paper
PREPARATION OF LONG AFTERGLOW NANOPARTICLES FOR
BIOIMAGING
Hiroyuki Wada, Fumitaka Yoshimura, Fumihiro Wakai, Masahiko
Hara and Osamu Odawara
Tokyo Institute of Technology, 4259 Nagatsuta-cho, Midori-ku,
Yokohama 226-8503, Japan; wada.h.ac@m.titech.ac.jp
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We investigated the optical properties of long afterglow nanoparticles
(Sr2MgSi2O7: Eu2+, Dy3+), which had a long fluorescence lifetime. In the case of
bulk sample of this material, continuous fluorescence was observed for several
hours after the interception of excitation light. Afterglow nanoparticles are
promising for security, amusement and biomedical applications. This material is
known for poor solubility, which is useful for colloidal solution. The colloidal
solution that nanoparticles are dispersed in liquid can be utilized for biomedical
applications because of bioaffinity. Autofluorescence is a problem that a
fluorescent marker was not recognized in fluorescent bioimaging because
biological cells also emit visible light by excitation light. We are planning to use
afterglow nanoparticles in bioimaging to reduce the effect of autofluorescence
because fluorescence lifetimes of almost all biological cells are shorter than that
of this material.
The nanoparticles were prepared by laser ablation in liquid. The laser ablation in
liquid is a method to fabricate nanoparticles that a target material in liquid is
irradiated with a focused pulse laser beam. The laser power density was varied in
this study. The target material was pelletized by spark plasma sintering (SPS).
SPS is a technique to sinter ceramics powders without phase-change at short
time. To acquire the powder of the nanoparticles, centrifugal separations were
performed. The synthesized nanoparticles were identified by X-ray diffraction
(XRD). To estimate the size of the nanoparticles in liquid, dynamic light scattering
(DLS) was used. Photoluminescence (PL) spectra and afterglow properties of the
nanoparticle in liquid were measured by fluorescence spectrophotometer at room
temperature.
The nanoparticles were successfully prepared, which is the same in composition
as target material, when the laser power density of the laser ablation on the target
was low. The increase in the laser power density increased the amount of
by-product, SrCO3, when the liquid is DI water. The secondary particle size
aggregated in liquid was increased by the increase in the laser power density. The
suitable particle size for biomedical applications such as drug delivery system in
the range from a few 10 nm to several 100 nm was obtained by controlling the
laser power density. In PL spectra of the nanoparticle in DI water, a broad blue
emission at 465nm was observed with an excitation wavelength of 280 nm, which
was related to Eu2+. Afterglow of the nanoparticle in DI water was observed for a
few seconds in this study, although nonradiative transition by vibration of water
reduced fluorescent intensity and afterglow usually. Addition of polyethylene
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glycol to the nanoparticle solution increased the fluorescent intensity and the
afterglow of nanoparticles in DI water.
Session A6 – Keynote Paper
ENGINEERED NANOSTRUCTURES FOR BIOLOGICAL
APPLICATIONS
Hong Yang
Department of Chemical Engineering, University of Rochester,
Rochester, New York, USA; hongyang@che.rochester.edu

195

Morphology and chemical composition of nanoparticles and nanostructured
materials are important aspects that need to be considered for their biological
applications. In this presentation, I will discuss our recent study on how surface
chemistry impacts on the outcomes of the reactive oxidative species (ROS)
assays using metal nanoparticles. The effect of surface treatment on the ROS
has further been examined through ligand exchange. I will also discuss a
magnetic field-assisted electrospinning (MFAES) method in the fabrication of
nanofiber matrix for its potential applications in tissue engineering. This new
technique can be used to produce substantially more uniform and with much less,
if any, splitting than those without the field. It is capable of producing thick
membranes without losing the fiber alignment and able to generate a new type of
aligned wavy fibers under the right conditions. We show that murine pluripotent
mesenchymal stem cells can grow on such matrix composed of ester-terminated
poly (lactic-co-glycolic acid) (PLGA) fibers in a guided fashion.
Session A6 – Contributed Paper
CONTINUOUS PREPARATION OF GOLD NANOPARTICLES
Rita J. El-Khouri, Emek Seyrek, Gabriela Popa, Rafael Szamocki,
Olivier Felix, and Gero Decher
Institute Charles Sadron, University of Strasbourg, 23 Rue du Loess,
BP 84047, 67034, Strasbourg, France;
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Gold nanoparticles are an interesting model system that may eventually be used for
diagnostic and therapeutic purposes in nanomedicine, Figure 1. Particle size is a
key property that dictates the fate of the particles pathway throughout an
organism. Some medical applications require particles with low polydispersity in
the size range of 15 to 250 nm in diameter. There are already some synthetic
batch methods that yield nanoparticles of specific shape and/or good
polydispersity. For many reasons, continuous synthesis methods start to attract
attention for example in micro-fluidic set-ups. However, the micro-fluidic
synthesis of nanoparticles still has issues with technical problems such as
clogging. We report here on a new approach for the continuous synthesis of gold
nanoparticles of controlled size.
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Figure 1. Macrophage uptake of gold nanoparticles.
SessionA6 – Invited Paper
BIOMOLECULAR AND STABILIZING INTERACTION OF Au, MnO,
AND ZnO NANOMATERIALS WITH DNA, RNA AND PROTEINS
H. Ganna, G. Glaspellb, R. Garrada, A. Wanekayac, K. Ghoshd, L.
Cillessena, A. Scholza, B. Parkera, M. Warnera and R. K. Delonga*.
a
Missouri State University, Department of Biomedical Science, Cell
and Molecular Biology Program, Springfield, MO 65894, USA;
b
Virginia Commonwealth University, Department of Chemistry,
Richmond, VA 23284, USA; cMissouri State University, Department of
Chemistry, Springfield, MO 65894, USA; dMissouri State University,
Department of Physics, Astronomy and Materials Science, Springfield,
MO 65894, USA; robertdelong@missouristate.edu
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Zinc and manganese nanomaterials may have potential for biomedical
nanotechnology. Here first generation Zn and Mn oxide nanomaterials were
prepared as determined by XRD. Transmission electron microscopy confirmed
their nanoscale in two dimensions and revealed a rod or belt-like morphology for
MnO or ZnO respectively. Association of MnO and ZnO to three model
biomedically important proteins (albumin, protamine and thrombin) has been
characterized by ultra-violet and dynamic laser light spectroscopy, UVS and DLLS
respectively. UVS demonstrated a concentration-dependent loss of protein from
the supernatant upon sedimentation of MnO or ZnO. Shifts in the surface charge
of the MnO or ZnO by DLLS confirmed the protein’s adsorption to the surface.
MnO and ZnO were incubated with live human cells in culture (HeLa, A375 or
1321N1). A marked difference was observed for the two nanomaterials behavior
in cell culture where the MnO could be discerned associating at the cell surface
whereas the ZnO caused the cells to exhibit a rounded up morphology. Trypan
blue dye exclusion studies demonstrated cytotoxicity of the ZnO at high
concentrations 62.5-31.5 mg/mL whereas surprisingly the MnO demonstrated no
cytotoxicity at any of the concentrations tested.
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Session A6 – Invited Paper
MAGNETIC PARTICLES: FROM SENSOR TO MICROFLUIDIC
APPLICATIONS
Andreas Huetten
Physics of Nanostructures, Department of Physics, Bielefeld
University, P.O. 100131, 33501 Bielefeld, Germany;
huetten@physik.uni-bielefeld.de
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Magnetoresistive Biosensors use a new detection method for molecular
recognition reactions based on two recently developed techniques and devices: a
combination of magnetic markers and XMR – sensors, where XMR means either
GiantMagneto- (GMR) or Tunneling Magneto Resistance (TMR). As is shown in
Figure 1, this combination usually consists of magnetic nanoparticles or beads
which are Our contribution is focused on three physical aspects: (1) the potential
of magnetic nanoparticles for nanoparticular GMR-sensors, (2) the magnetic
interactions of magnetic nanoparticles and beads with XMR-Biosensors and (3)
new concepts for the manipulation and controlled guidance of molecules attached
to magnetic markers in fluidic channels.

Figure 1. Schematic of a combined tool for single molecule detection.
Session A6 – Invited Paper
NANOPARTICLE-ON-MICROSPHERE MOLECULARLY IMPRINTED
POLYMERS AS DRUG DELIVERY SYSTEMS
Roongnapa Suedee, Chutima Jantarat
The NANOTEC Center of Excellence and Drug Delivery System
Excellence Center, Faculty of Pharmaceutical Sciences, Prince of
Songkla University, Songkla Thailand 90112; roongnapa.s@psu.ac.th
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A special MIP bead covering hundreds of thousands of imprints specific for a
single enantiomer, a so-called ‘nanoparticle-on-microsphere (NOM) molecularly
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imprinted polymer, or NOM-MIP’, is unique in that its morphology is a microsphere
covered with nanoparticles. NOM-MIPs have several attractive features. They
have a nanosized particulate drug adsorption capacity, which does not exhibit
either particle size reduction or a reduction in template rebinding capacity when
placed in a matrix. Stereoselectivity is maximized by the molecularly imprinted
surfaces of the nanosized particles. NOM-MIPs can be used to fabricate
controlled-release devices of racemic drugs such as b-blockers and omeprazole.
The surface area of a NOM-MIP is about hundred times greater than that of a
micro-sized bead, and carries cavities specific for a target enantiomer. This
provides more efficient trans-membrane transport and selective delivery of the
imprint molecule, and has been successfully used in fabricating
controlled-delivery devices for racemic drugs for transdermal and oral delivery.
The design and synthesis of a MIP specific controlled release system, having high
recognition and tailor-made guest binding sites, together with the accessibility of
NOM-MIP, can be used to produce dosage forms that allow selective-controlled
release of an active enantiomer. It should be possible to design a smart
functionality that can be incorporated into MIP matrices, leading to the production
of different binding sites in a designed MIP. Imprinted NOMs with a multiple chiral
cinchona anchor (e.g. quinine, quinidine) that are enantioselective MIPs could be
exploited for controlled delivery of the required enantiomer in a dose formulation
containing a racemic drug in response to changes in the environmental pH.
Session A4 - Invited Paper
IMPROVEMENT OF DISSOLUTION PROPERTY OF POORLY
WATER SOLUBLE DRUGS BY ADSORPTION ON THE SURFACE
OF CURDLAN PARTICLES
Tomoaki Hino1, Koichi Inoue1, Hisao Oka1, Hayato Ishimoto2 and
Saburo Shimabayashi2,3
1
College of Pharmacy, Kinjo Gakuin University, 2-1723 Ohmori,
Moriyama, Nagoya 463-8521, Japan; 2Faculty of Pharmaceutical
Sciences, The University of Tokushima, Sho-machi 1-78-1, Tokushima
770-8505, Japan; 3Osaka University of Pharmaceutical Sciences,
4-20-1 Nasahara, Takatsuki, Osaka 569-1094, Japan;
t-hino@kinjo-u.ac.jp
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Indomethacin and adenine were used as model compounds for poorly
water-soluble drugs. Curdlan powder was suspended in ethanol solutions
containing indomethacin or adenine. The drug-adsorbed curdlan particles were
obtained after evaporation of the suspension. Solubility and dissolution rate of
these drugs in water were larger for the drug-curdlan particles than for the intact
ones. The indomethacin-curdlan particle was amorphous according to the x-ray
diffractometry and differential scanning calorimetry. Mechanism of the drug
adsorption/binding on the curdlan was discussed through the amount of drug
adsorbed in various solvents. The amount increased with pH, while it decreased
with the amount of urea added in the solutions and with temperature. The amount
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of indomethacin adsorbed in ethanol was smaller than that in ethanol-water
mixture (9:1 in volume ratio). As for adenine, that was larger in ethanol than in
water. These facts suggest that adsorption of the drugs was due to formation of
hydrogen bonds between hydroxyl groups of curdlan and carboxyl groups of
indomethacin or amino groups of adenine, thus forming the first layer of the
adsorption. The remains of the drug were put down on the surface of the complex,
resulting in the improved amorphous drug powder.
Session A6 – Contributed Paper
BIOCOMPATIBLE MICRO AND NANO-PARTICLES FOR
CONTROLLED CAVITATION INCEPTION IN WATER AND
PORCINE BLOOD
Varun Manhas, Heiko A. Schiffter, Manish Arora
Institute of Biomedical Engineering, Department of Engineering
Science,
University of Oxford, UK; manish.arora@eng.ox.ac.uk
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A number of bioeffects caused by high intensity ultrasound waves have been
attributed to cavitation activity. In in-vivo tissues the minimum rarefaction pressure
required to cause cavitation (cavitation threshold) is very high and hugely
variable. Due to scarcity of natural nuclei, it is difficult to sustain cavitation activity
for long periods of time during ultrasound exposure. In this work, we investigated
the usage of biocompatible microspheres and nanoparticles as controlled
cavitation nuclei. We produced several different populations of
polylactic-co-glycolic acid (PLGA) particles with varying surface roughness
characteristics and a number mean diameter between 200 nm to 250µm, with or
without addition of camphor. All particles were produced by well-established
single or double emulsion method using three different emulsification procedures:
(i) a magnetic stirring setup for large microparticles, (ii) an ultraturrax at
25,000 rpm for small microparticles and large submicron particles and (iii) an
ultrasonic homogenizer (Type 7533A, Branson) for nanoparticles. Particle
surface roughness was achieved by adding varying amouts of camphor to the
organic phase during liquid preparation and subsequently removing the camphor
by sublimation during freeze-drying. The final particles were resuspended in
filtered deionized water or porcine blood and cavitation threshold for each of the
suspension was determined by broadband emissions from collapsing cavitation
bubbles following exposure to short pulses of ultrasound (1Mhz, 5cycles) of
increasing amplitude. We show that presence of these particles lowers the
cavitation threshold of water and porcine blood in a size dependent manner. For
water, cavitation threshold dropped from 6.0MPa in pure sample to 3.0MPa with
200nm nanoparticles and to about 1.0MPa with larger microparticles. In case of
porcine blood sample cavitation threshold was 2.2MPa without any particles,
which dropped to 1.0 MPa with 60µm particles while 200nm particles did not have
any effect. Introduction of camphor or use of double emulsion method to increase
surface roughness showed little effect on cavitation threshold. We show that
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biocompatible microspheres and nanoparticle can be used for lowering the
cavitation threshold of the medium in a controlled manner.
Session A6 – Contributed Paper
POST MODIFICATION OF HYALURONIC ACID BASED PARTICLES
AND COMPOSITES FOR BIOMEDICAL APPLICATIONS
Pinar Ilgin, Sema Ekici, Nahit Aktas, Gulden Avci, Coskun Silan and
Nurettin Sahiner
Faculty of Science & Arts, and School of Medicine, Canakkale Onsekiz
Mart University, Canakkale, 17100, TURKEY; sahiner71@gmail.edu.tr
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Hyaluronic acid (HA) is a one of the most important natural polymer in living
organism and found in various parts of the human body performing many
biological functions in cells and tissues, organizing the extra cellular matrix, cell
signaling and proliferation, joint lubrication and even promoting wound healing.
HA is an attractive material as a natural polymer due to its biocompatible and
biodegradable nature, However; it has poor mechanical properties and suffer from
short in vivo residence times. Therefore, for the required physical and mechanical
characteristic, natural HA should chemically be modified without altering its
natural characteristic.
Hence, in this investigation, sub(micron) hydrogel particles from hyaluronic acid
(HA) were synthesized in a single step employing water-in-oil micro emulsion
system. The particles were formed in the micro environments of aqueous HA
solution in oil by chemical crosslinking. Additionally, magnetic responsive
behavior HA particles as HA-iron magnetic nanoparticles (HA composites) were
also prepared for potential targetable delivery devices. For this purpose, iron
nanoparticles were initially synthesized followed by encapsulation with HA
particles by chemical crosslinking in situ. In this investigation, HA particles were
chemically modified after particle formation (post modification) to render desired
functional groups such as aldehyde, amine, hydroxyl and thiol for various tasks. It
was demonstrated that these modified particles can be utilized as better drug
delivery vehicles in terms of capacity in comparison to non-modified HA particles
for different active agents. Trimethoprim (TMP) a bacteriostatic and some other
antibiotic drugs, and steroids were also investigated as model drugs for the
release studies from HA and modified HA hydrogel particles. The modified HA
particles and its composite have promising potential in guided delivery for the
special parts of human body with these new functional groups.
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Session A6 – Contributed Paper
SYNTHESIS OF MESOPOROUS SILICA NANOPARTICLES
COUPLED WITH Fe3O4 OR Fe3O4-Au CORES AS DRUG CARRIERS
X. F. Zhang, L. Clime, and T. Veres*
Industrial Materials Institute, National Research Council 75 Boul. de
Mortagne, Boucherville, J4B 6Y4, Canada;
Teodor.Veres@cnrc-nrc.gc.ca
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A number of bioeffects caused by high intensity ultrasound waves have been
attributed to cavitation activity. In in-vivo tissues the minimum rarefaction pressure
required to cause cavitation (cavitation threshold) is very high and hugely
variable. Due to scarcity of natural nuclei, it is difficult to sustain cavitation activity
for long periods of time during ultrasound exposure. In this work, we investigated
the usage of biocompatible microspheres and nanoparticles as controlled
cavitation nuclei. We produced several different populations of
polylactic-co-glycolic acid (PLGA) particles with varying surface roughness
characteristics and a number mean diameter between 200 nm to 250µm, with or
without addition of camphor. All particles were produced by well-established
single or double emulsion method using three different emulsification procedures:
(i) a magnetic stirring setup for large microparticles, (ii) an ultraturrax at
25,000 rpm for small microparticles and large submicron particles and (iii) an
ultrasonic homogenizer (Type 7533A, Branson) for nanoparticles. Particle
surface roughness was achieved by adding varying amouts of camphor to the
organic phase during liquid preparation and subsequently removing the camphor
by sublimation during freeze-drying. The final particles were resuspended in
filtered deionized water or porcine blood and cavitation threshold for each of the
suspension was determined by broadband emissions from collapsing cavitation
bubbles following exposure to short pulses of ultrasound (1Mhz, 5cycles) of
increasing amplitude. We show that presence of these particles lowers the
cavitation threshold of water and porcine blood in a size dependent manner. For
water, cavitation threshold dropped from 6.0MPa in pure sample to 3.0MPa with
200nm nanoparticles and to about 1.0MPa with larger microparticles. In case of
porcine blood sample cavitation threshold was 2.2MPa without any particles,
which dropped to 1.0 MPa with 60µm particles while 200nm particles did not have
any effect. Introduction of camphor or use of double emulsion method to increase
surface roughness showed little effect on cavitation threshold. We show that
biocompatible microspheres and nanoparticle can be used for lowering the
cavitation threshold of the medium in a controlled manner.
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Session M1 – Keynote Paper
ADVANCES IN DEVELOPING DERMAL FORMULATIONS OF
CORTICOSTEROIDS VIA LECITHIN-CHITOSAN NANOPARTICLES
Özgen Özer1, Taner Senyigit1, Fabio Sonvico2, Stefano Barbieri2,
Patrizia Santi2, Paolo Colombo2
1
Ege University, Faculty of Pharmacy, Department of Pharmaceutical
Technology, 35100, Bornova, Izmir, Turkey. 2Universita degli Studi di
Parma, Dipartimento Farmaceutico, 43100, Parma, Italy.
ozgen.ozer@ege.edu.tr
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Corticosteroids are highly effective drugs widely used in dermatology for the
treatment of inflammatory diseases. However, severe adverse effects often
accompany their long-term use. Gels and colloidal drug carrier systems (such as
nanoparticles) could target corticosteroids to the viable epidermis, where the
inflammatory reactions take place. Clobetasol-17-propionate (CP) loaded
chitosan, sodium-deoxycholate (Na-DOC) gels and lecithin/chitosan
nanoparticles were studied with special attention to the transport of the active
agent across the skin. In order to have a semisolid consistency suitable for topical
application, the incorporation of this nanoparticulate system into a chitosan gel
was also examined. Nanoparticles were characterized by measuring particle size,
zeta potential, polydispersity index and encapsulation efficiency. The morphology
of nanoparticles was evaluated by transmission electron microscopy.
Encapsulation experiments with CP showed high encapsulation efficiency
(92.2%). To assess the advantages of these formulations in topical
administration, the accumulation in and permeation across pig ear skin were
compared with commercially available cream of CP. The results obtained indicate
that Na-DOC gel had an enhancing effect on the skin accumulation of CP. The
incorporation of drug into nanoparticles also induced an accumulation of CP
especially in the epidermis without any significant permeation across the skin.
Dilution of CP loaded nanoparticles with chitosan gel (1:9) produced the same
amout of CP in the skin compared with commercial cream, although the former
contained ten times less CP. This is a remarkable point for the reduction of the
side effects of CP. These results demonstrated the suitability of Na-DOC gels and
lecithin/chitosan nanoparticles to induce epidermal targeting and to improve the
risk–benefit ratio for topically applied CP.
Session M1 – Contributed Paper
AN INVESTIGATION INTO THE INTERACTION OF A
PHARMACEUTICAL WATER-SOLUBLE POLYMER WITH
BIO-RELEVANT SURFACTANTS
Sheng Qi, Steven Roser1, Karen Edler1, School of Pharmacy,
University of East Anglia, Norwich, UK; 1 School of Chemistry, Bath
University, UK; sheng.qi@uea.ac.uk
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Hydrophilic polymers are often used for in solid dispersion formulation for
improving the dissolution of poorly water soluble drugs. Because of the poor
aqueous solubility, the drug may form a supersaturated solution and precipitate
out during dissolution. This frequently occurs before the estimated timeframe for
in vivo absorption occurs. This is undesirable since it can reduce the
bioavaiablility of the drug. Therefore to maximise the usefulness of the solid
dispersion technique for poorly water soluble drugs is essential to be able to
stablise the supersaturated state of prior to drug absorbtion. It has been found
that the presence of ionic surfacants can prolong the stability of the
supersaturated solution of poorly water-soluble drugs. This study investigated the
mechanism of this stabilisation process using small angle neutron scattering.
Ionic surfactnats, sodium lauryl sulfonate (SLS) and bile salt were used as the
model biorelveant surfactants present in the GI tract. Hydroxypropyl
methylcellulose (HPMC) was used the model hydrophilic polymer. The critical
micellar concentrations (CMC) of the both surfacant were reduced with addition of
HPMC. The small angle neutron scattering data revealed structural changes of
the surfacnt micelles with the addition of the polymer to the solution. The neutron
data also suggested the encapsulation of the poorly soluble model drug ,
itraconazole, in the surfactant and polymer complex. It is proposed that one of the
mechanisms of surfacant stablised drug supersaturated solution is the formation
of a polymer-surfactant complex which can encapsulate the poorly soluble drug.
Session M1 – Invited Paper
THE EFFECT OF DROPLET SIZE ON THE KINETICS OF IN VITRO
LIPOLYSIS OF LIPID BASED DELIVERY SYSTEMS
Elisabeth C.M. Bouwens, Jack W.M. Seijen-ten Hoorn, Alois K. Popp,
Sergey M. Melnikov and Krassimir P. Velikov*
Unilever R&D Vlaardingen, Olivier van Noortlaan 120, Vlaardingen,
3133 AT, The Netherlands; Krassimir.Velikov@Unilever.com
*Soft Condensed Matter, Debye Institute for NanoMaterials Science,
Utrecht University, Princeton Plein 5, 3584 CC Utrecht, The
Netherlands

206

The state of dispersion of lipids and lipid-based delivery systems in foods or
pharmaceutical products defines the total interfacial area available for digestion
and its properties at physiological conditions. Both factors influence the phase
behaviour in acidic gastric conditions and kinetic processes associated with
interactions with bile and formation of dietary mixed micelles. In this study, we
demonstrate the fabrication of rapidly digestible lipid-based colloidal delivery
systems with mean particle sizes below 300 nm using various food grade
emulsifiers and lipid sources. These systems display a high stability against
creaming and coalescence in acidic gastric conditions. To elucidate the effect of
droplet size on the lipolysis, a series of experiments was performed using
oil-in-water emulsions with different droplet sizes focusing on the role of simulated
gastric and intestinal conditions, the effect of lipid structure, and the effect of
emulsifier type.
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Session M1 – Invited Paper
TRANSDERMAL PROTEIN DELIVERY USING A NANO-COATING
TECHNIQUE FOR BIOMOLECULES
Masahiro Goto, Yoshiro Tahara, and Noriho Kamiya
Department of Applied Chemistry, Kyushu University, Fukuoka
819-0395, Japan; m-goto@mail.cstm.kyushu-u.ac.jp
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A transcutaneous delivery attracts much attention but remains a challenging
strategy for hydrophilic macromolecular drug administration. In the present study,
we demonstrated that a solid-in-oil (S/O) nanodispersion, an oil-based
nanodispersion of hydrophilic drugs, effectively enhanced the permeation of
proteins into the skin. Two different model proteins, FITC-labeled insulin (MW ca.
6 kDa) and horseradish peroxidase (HRP, MW ca. 40 kDa), permeated through
the stratum corneum (SC) of Yucatan micropig (YMP) skin in vitro by forming the
S/O nanodispersion. The penetrated HRP exhibited catalytic activity, suggesting
that the proteins can permeate into the skin in a functional form. The results
indicated the potential utility of the S/O nanodispersion as a novel vehicle for
transcutaneous protein delivery.
A topical and transdermal delivery method has many advantages over injection or
oral administration because it can avoid first-pass hepatic metabolism and
provides the patients with an easier and more convenient route for drug
administration. Despite its great potential, the delivery of hydrophilic
macromolecules such as peptides and proteins through the skin remains a
challenging issue in the development of drug delivery systems. This is mainly due
to the intrinsic barrier function of the skin, provided by the highly organized
structure of the SC. It has been difficult to achieve therapeutic levels of relatively
large drugs (over 500 Da) through intact skin to the systemic circulation by the
chemical penetration enhancer alone.
To overcome these situations, a surface nano-coating technique for biomolecules
is proposed in the present study. In this technique, the surfactant–protein
complexes in which proteins are coated with hydrophobic surfactant molecules
are prepared. The modified proteins can be highly dispersed in an oil of interest.
The idea is that the dispersion of the surfactant–protein complex in the oil phase
as a nano-order particle makes the proteins permeable into the skin without any
physical enhancers or pre-treatments if a suitable oil with the properties of a
chemical penetration enhancer is selected. This concept is novel because to date,
almost all studies on transcutaneous delivery of hydrophilic drugs have been
based on aqueous vehicles. The results obtained in this study clearly suggest that
the S/O nanodispersion technique has a high potential for the creation of a novel
transdermal protein delivery system.
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Session M1 – Invited Paper
SELF EMULSIFYING AND MICROEMULSIFYING ORAL DELIVERY
SYSTEMS
Edgar Acosta
Department of Chemical Engineering and Applied Chemistry,
University of Toronto, 200 College Street, office 131, Toronto, ON,
Canada, M5S3E5; edgar.acosta@utoronto.ca
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Carriers (particles, drops) smaller than 500nm have been shown to improve the
uptake of poorly soluble drugs. While solid nanoparticle carriers are easier to
produce and to control their morphology, concerns about their long-term safety
have hindered their widespread use. On the other hand, nanoemulsion (drop)
carriers are more difficult to formulate, but there is less concern about their safety
as they emulate the natural absorption mechanisms built in the digestive
system. In this presentation we will consider two of these nanoemulsion
carriers: self-emulsifying drug delivery systems (SEDDS) and
self-microemulsifying drug delivery systems (SMEDDS). The use of “linker”
additives in lecithin-based formulations will be described. Parallels between
lecithin-linker formulas and bile salt micelles will be discussed. The influence of
the composition of the digestive fluids and other physiological factors on the
resulting morphology and effectiveness of SEDDS and SMEDDS will be
examined.
Session M1 – Invited Paper
CARRAGEENAN MICROGELS AS RESPONSIVE NUTRACEUTICAL
DELIVERY SYSTEMS
Jean-Christophe Jacquier, Ashling Ellis and Sonja Keppeler
UCD Institute of Food and Health, University College Dublin, Dublin 4,
Ireland; jean.jacquier@ucd.ie
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A number of bioeffects caused by high intensity ultrasound waves have been
attributed to cavitation activity. In in-vivo tissues the minimum rarefaction pressure
required to cause cavitation (cavitation threshold) is very high and hugely
variable. Due to scarcity of natural nuclei, it is difficult to sustain cavitation activity
for long periods of time during ultrasound exposure. In this work, we investigated
the usage of biocompatible microspheres and nanoparticles as controlled
cavitation nuclei. We produced several different populations of
polylactic-co-glycolic acid (PLGA) particles with varying surface roughness
characteristics and a number mean diameter between 200 nm to 250µm, with or
without addition of camphor. All particles were produced by well-established
single or double emulsion method using three different emulsification procedures:
(i) a magnetic stirring setup for large microparticles, (ii) an ultraturrax at
25,000 rpm for small microparticles and large submicron particles and (iii) an
ultrasonic homogenizer (Type 7533A, Branson) for nanoparticles. Particle
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surface roughness was achieved by adding varying amouts of camphor to the
organic phase during liquid preparation and subsequently removing the camphor
by sublimation during freeze-drying. The final particles were resuspended in
filtered deionized water or porcine blood and cavitation threshold for each of the
suspension was determined by broadband emissions from collapsing cavitation
bubbles following exposure to short pulses of ultrasound (1Mhz, 5cycles) of
increasing amplitude. We show that presence of these particles lowers the
cavitation threshold of water and porcine blood in a size dependent manner. For
water, cavitation threshold dropped from 6.0MPa in pure sample to 3.0MPa with
200nm nanoparticles and to about 1.0MPa with larger microparticles. In case of
porcine blood sample cavitation threshold was 2.2MPa without any particles,
which dropped to 1.0 MPa with 60µm particles while 200nm particles did not have
any effect. Introduction of camphor or use of double emulsion method to increase
surface roughness showed little effect on cavitation threshold. We show that
biocompatible microspheres and nanoparticle can be used for lowering the
cavitation threshold of the medium in a controlled manner.
Session M1 – Invited Paper
FOOD PROTEIN-BASED MATERIAL AS ORAL DELIVERY
VEHICLES FOR NUTRACEUTICAL PRODUCTS
Muriel Subirade
Canada Research Chair in Proteins, Biosystems and Functionnal
Foods, Université Laval, Québec, G1K 7P4, Canada;
muriel.subirade@fsaa.ulaval.ca
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The emergence of bioactive food compounds (nutraceuticals compounds) with
health benefits provides an excellent opportunity to improve public health. Indeed,
the role of nutraceutical compounds –vitamin, probiotic, peptide, antioxidant..- in
the pathology of several diseases is now well established The addition of health
promoting food ingredients to the food matrix as a potentially simple means of
modulating the risks of diseases therefore holds much promise for the scientific
community as it tries to develop innovative functional foods that may have
physiological benefits or reduce the risks of diseases. However, the effectiveness
of these products in preventing diseases relies on preserving the bioavailability of
their active ingredients. This represents undoubtedly a great challenge since
these molecules are generally sensitive to environmental conditions encountered
in food processes (i.e., temperature, oxygen, light) or in the gastro-intestinal tract
(i.e., pH, enzymes, presence of other nutrients), which limit their activity and
potential health benefits. However, bio- and microencapsulation can be used to
overcome these limitations. This has been a daunting task for the pharmaceutical
industry in the past decades. The growing interest in effective and selective
delivery of bioactive agents to the site of action has led to the development of new
encapsulation materials. Despite the successful elaboration of many synthetic
polymers as microencapsulating media, such polymers cannot be used in food
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applications that necessitate compounds recognized as safe (GRAS).
Food proteins are widely used in formulated foods, partly because of their
nutritional value, but especially for their functional properties, which include
gelling, foaming and emulsification and underlie many food sensory attributes.
Among these functional properties, the network forming ability of protein and the
ability to adsorb spontaneously to interfaces to stabilize polyphasic systems offer
the possibility of developing GRAS biocompatible carriers for oral administration
of sensitive nutraceuticals in a wide variety of foods. The aim of this presentation
is to describe various types of protein-based materials obtained from food
proteins that can be used as carriers for oral administration of sensitive active
compounds not only for food applications but also pharmaceutical or medical
uses.
Session F3 – Keynote Paper
INTRACELLULAR DELIVERY OF POLYELECTROLYTE
CAPSULES FOR ON-SITE SENSING AND MANIPULATION
Gleb B. Sukhorukov
School for Engineering and Materials Science, Queen Mary
University of London, Mile End Road, E1 4NS, London, UK;
g.sukhorukov@qmul.ac.uk
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One of the challenges in the bionanotechnology field is development of
nano-sized delivery systems comprising different functionalities. These systems
should enable to ship and to carry bioactive substances to pre-defined site and
unload it in designed time and place. Layer-by-layer assembled capsules are
have been intensively studied in last few years owing to their ability to
encapsulate a wide range of chemicals, for their permeability to be modified and
their responsiveness to different factors and functionalities to be tailored in one
capsule entity. Current research leads to the fabrication of carriers with remote
guiding and activation by optical, magnetic and ultrasound addressing, what
envisages unique applications as multifunctional biomaterials in-vivo. Submicron
sized capsules are good model to mimicking bio-chemical processes in a confined
geometry imitating cell organelles, whilst delivered inside cell (including neurons)
and tissues the capsules could serve as intracellular reporter or enzymatic
reactor. The talk discusses possible solutions and promising applications.
Session F3 – Invited Paper
FILAMENTOUS THERAPEUTIC ENZYME ENCAPSULATING
POLYMER NANOCARRIERS
Eric Simone
Vertex Pharmaceuticals, Inc., Cambridge, MA 02139, USA;
Eric_Simone@vrtx.com
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Nanoscale carriers of non-spherical geometries represent a rapidly emerging
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class of drug delivery vehicles. These carriers potentially offer several advantages
in terms of drug loading capacity, site-specific drug-targeting, sub-cellular
addressing, and circulation behavior in the bloodstream. This thesis establishes a
new drug delivery platform, based upon amphiphilic, biodegradable diblock
copolymers formulated into filamentous or spherical structures. Through
manipulation of the ratio of hydrophobic to hydrophilic polymer blocks, and thus
the degree of amphiphilicity of the copolymer, the carrier geometry is controlled.
These carriers are capable of encapsulating and protecting an active, therapeutic
antioxidant enzyme, catalase, when processed with a distinct freeze-thaw
modified double emulsion. Further, based upon unique phase-alignments that
occur during particle synthesis, a relatively mild modification of the enzyme is
capable of significantly enhancing encapsulation and carrier protection of the
cargo protein to external proteases. These modifications and enhancements do
not interfere with the diblock polymer formation of either filamentous or spherical
nanocarriers. However, while maintaining comparable ratios of hydrophobic to
hydrophilic domains in the diblock polymer, alteration of the total polymer
molecular weight affords control of the physical properties of nanofilaments, such
as stiffness, length and thickness.
Session F3 – Contributed Paper
STIMULUS-SENSITIVE PARTICLES AT LIQUID INTERFACES:
SELF-ASSEMBLY AND STABILIZING PROPERTIES
To Ngai
Department of Chemistry, The Chinese University of Hong Kong,
Shatin, N. T. Hong Kong; tongai@cuhk.edu.hk

213

The phenomenon of adsorption of colloidal particles at interfaces between two
immiscible liquids, such as on the surfaces of droplets, has been under
investigating for nearly a century. However, attention to many aspects of this
problem has recently grown, partially because of the tremendous potential for
materials development. Here we will illustrate the examples of how solid or
flexible particles of colloidal size can undergo directed self-assembly onto the
liquid-liquid interfaces. We will show that depending on the hydrophobicity and
charging state, such particles can play the same roles as the small-molecule
surfactants or polymers, are adsorbed onto the surface of droplets and provide
excellent stability against coalescence and ripening. In addition, we will
demonstrate that such particle-stabilized emulsions can act as a template for the
fabrication of novel materials such as microcapsules and porous membranes
which should have a great potential for applications in the field of cosmetic or
pharmaceutical industries.
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Session F3 – Contributed Paper
NUCLEOLIPID-BASED MICROTUBES FOR STORAGE AND
DELIVERY OF BIOACTIVE COMPOUNDS
Paula Pescador1, Holger Scheidt1, Nicolai Brodersen2, Jürgen
Liebscher2, Andreas Herrmann3, Daniel Huster1, Anna Arbuzova3
1
Institute of Medical Physics and Biophysics, University of Leipzig,
Härtelstrasse 16-18, 04107 Leipzig, Germany; 2Institute of Chemistry,
Humboldt University Berlin, Brook-Taylor-Strasse 2, 12489 Berlin,
Germany; 3Institute of Biology, Humboldt University Berlin,
Invalidenstrasse 42, 10115 Berlin, Germany;
paula.pescador@medizin.uni-leipzig.de
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Hollow cylindrical microtubes were self-assembled in aqueous solution from a
binary mixture composed of a phospholipid and a cholesterol-based nucleolipid (a
nucleoside bearing a lipophilic group). These structures have diameters ranging
between 0.5 and 3 micrometers and lengths between 10-100 micrometers,
depending on the composition of the mixture and the conditions of preparation.
The microtubes are open on both ends. Solid-state and high-resolution NMR
experiments were carried out to study the nature and properties of the lipid tubes,
along with differential scanning calorimetry and fluorescence microscopy. Dried
lipid tubes were loaded with different model macromolecules by rehydration in a
solution of the target compounds. Furthermore, the walls of the tubes were also
functionalized through the incorporation of lipophilic oligonucleotides, which were
then free to hybridize with the corresponding complementary strands. Thus, these
novel lipid microtubes may offer promise as multifunctional vehicles for the
sustained release of active substances.
Session F3 – Contributed Paper
FOAM-TEMPLATED FUNCTIONAL PARTICLES
Kosta Ladavac1, David M. Kaz2, Rodrigo E. Guerra2 and Vinothan N.
Manoharan1,2,
1
Harvard School of Engineering and Applied Sciences, Harvard
University, Cambridge, MA 02138, USA; 2 Department of Physics,
Harvard University, Cambridge, MA 02138, USA;
kosta@seas.harvard.edu
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We will present a new method to produce polymer particles loaded with active
ingredients by processing intro dry and solid polymer foam. Formulation is
general, demonstrated for three different polymers in combination with five
different actives, and foams of 30% and higher active loading and high surface
area can be achieved. We will further discuss drug release from this polymer
based formulation.
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Session F3 – Invited Paper
CALCIUM CARBONATE MICROPARTICLES FORMULATED IN
SUPERCRITICAL CO2: APPLICATION FOR PROTEIN
ENCAPASULATION
Frank Boury
INSERM U646, 10 rue André Boquel 49100 Angers, France ;
frank.boury@univ-angers.fr
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There is currently a compelling need to encapsulate active molecules in
microparticulate systems. The aim of the present study was to validate the
encapsulation of therapeutic proteins within CaCO3 microparticles formulated in
supercritical (SC)-CO2. We firstly formulated and fully characterized
lysozyme-loaded microparticles before applying this process to another model
therapeutic protein, insulin.
The obtained microparticles were spherical and mainly composed of vaterite
polymorph of CaCO3. Their diameters ranged from 1 to 5 µm, with Zeta potentials
varying between -10 to -25 mV. Protein loading could be tuned according to the
starting protein concentration. Lysozyme remained biologically active and in vitro
kinetic release demonstrated that insulin, of lower molecular weight, was released
faster than lysozyme. Moreover, lowering pH greatly increased the amount of
protein released.
In the future, encapsulation of therapeutic proteins in SC-CO2 will certainly
become a major alternative to traditional formulation processes, due to the
limitation encountered with toxic compounds and the high efficiency of this
“green”, mild and robust process.
Session F3 – Invited Paper
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SIZE SELECTION: PROGRAMMING ACCESS TO ENCAPSULATED
BIOMOLECULES IN MESOPOROUS HOLLOW SPHERES

Dara Van Gough and Paul V. Braun
Department of Materials Science and Engineering, University of
Illinois at Urbana-Champaign, Urbana, IL 61801, USA;
pbraun@illinois.edu

Lyotropic liquid crystal (LLC) templating typically describes the process of
programming periodic nanostructures into an inorganic material using a
self-assembled surfactant phase. Combined with a core template, LLC templating
was used to synthesize ZnS mesoporous hollow spheres with a fixed pore size.
The replication of the LLC order was verified in the pore structure of the hollow
spheres use transmission electron microscopy. The effect of the surface
chemistry on the fidelity of shell formation was investigated. Taking advantage of
the fixed mesopore size, an enzyme, soybean peroxidase, with dimensions larger
than the pore diameter was encapsulated within the core volume through use of a
reverse emulsion. The activity of the encapsulated enzyme was verified using of a
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fluorogenic substrate. Size-selected access from bulk solution to the
encapsulated peroxidase was demonstrated through incubation with a protease
and a small molecule inhibitor.
Session F3 – Contributed Paper
MICROFLUIDIC DIRECTED ASSEMBLY OF
LIPOSOME-HYDROGEL HYBRID NANOPARTICLES
Jennifer S. Hong1, Samuel M. Stavis1, Laurie E. Locascio1, Silvia H.
DePaoli Lacerda3, Srinivasa R. Raghavan2, and Michael Gaitan1
1
National Institute of Standards and Technology, Semiconductor
Electronics Division, Gaithersburg, MD, USA; 2University of Maryland,
Department of Chemical and Biomolecular Engineering, College Park,
MD, USA; 3Center for Biologics Evaluation and Research, Food and
Drug Administration, Bethesda, MD, USA; jennifer.hong@nist.gov
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A major barrier preventing the application of nanoparticles as delivery vehicles at
the clinical level is the lack of size control due to bulk preparation methods that
are not reproducible from batch to batch. Recently, microfluidic-directed
assembly via hydrodynamic focusing has demonstrated reproducible size control
and continuous-flow formation of nanoscale liposomes, thus potentially
minimizing the need for size post-processing steps typically required in bulk
methods. We have applied hydrodynamic focusing within a microfluidic device to
direct the assembly of liposome-hydrogel hybrid nanoparticles, a novel class of
nanoparticles that is primarily prepared in bulk. On-chip, liposomes composed of
DPPC:Cholesterol:DCP self-assembled and simultaneously encapsulated a
monomer hydrogel precursor mixture into their cores. From a single lipid
formulation, liposomes were formed at varying volumetric flow-rate-ratios
(VFRRs) of the monomer-buffer outer sheath streams to the central
lipid-isopropanol stream. The precursor hybrid nanoparticles were collected at
each VFRR and UV-irradiated off-chip to polymerize the encapsulated hydrogel
precursor into a gel. Size characterization with asymmetric flow field-flow
fractionation and multi-angle light scattering verified that we produced highly
monodisperse and discrete size distributions at each VFRR in the 150-300 nm
diameter range, where the average particle size decreased with increasing VFRR.
Transmission electron microscopy confirmed the hydrogel core composition and
nanoparticle shape, and further confirmed the size versus VFRR trend. We
believe this method may be optimized and extended to other hybrid nanoparticle
systems of current interest.
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Session F3 – Contributed Paper
STABILITY AND CONTROLLED RELEASE MECHANISMS OF
BIOCIDES ENCAPSULATED IN LIPOSOMES
Aysegul Aygun, Kathryn Torrey, Ashok Kumar and Larry D.
Stephenson, U.S Army Engineer Research and Development Center,
Construction Engineering Research Laboratory, PO Box 9005,
Champaign, IL 61826-9005, USA; Aysegul.Aygun@usace.army.mil
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It may be possible to neutralize biological contaminants using a controlled release
system, similar to those used in targeted drug delivery mechanisms, in which
biocides are encapsulated within liposomes. In this study, photosensitizers
embedded within a cholesterol-stabilized liposome membrane provide a
mechanism for on-demand release of the encapsulated biocide surrogates using
either detergents or external light stimuli. A colorimetric assay that utilizes
β-galactosidase (β-gal) and o-nitrophenyl-β,D-galactopyranoside (ONPG) is used
to quantify encapsulation and % release of contents. When the β- gal cleaves
ONPG, it produces o-nitrophenol (ONP) and galactose. The ONP acts as an
optical reporter that absorbs light at a wavelength of 420nm, which is analyzed
using an absorption spectrometer. Structural properties after freeze-thaw cycles
and subsequent membrane disruption are being evaluated. Optical microscopy
and scanning electron microscopy (SEM) are performed to observe the
morphology of the liposomes before and after release. In this talk,
structure-property relations and control release data from these stable liposomes
will be presented together with results from characterization and performance
testing.
Session F3 – Invited Paper
HALLOYSITE NANOTUBES AND NANOCOLLOIDS: HIGH
PAYLOAD DRUG NANOCARRIERS
Viviana Vergaro1, Elshad Abdullayev2, Giovanna Giovinazzo3, Angelo
Santino3, Roberto Cingolani1, Yuri M. Lvov2 and Stefano Leporatti1
1
National Nanotechnology Laboratory of CNR-INFM, University of
Salento, IIT- Italian Institute of Technology Lecce Unit, Lecce, 73100,
Italy; 2Institute for Micromanufacturing, Louisiana Tech University,
Ruston, LA 71272, USA; 3Institute of Sciences of Food Production
C.N.R. Section of Lecce, via Monteroni, 73100, Lecce, Italy;
stefano.leporatti@unisalento.it
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One way to utilize the high functionality and stability of bio-related materials is to
create hybrids consisting of materials of biological origin and inorganic materials.
Halloysite is defined as a 1:1 layered aluminosilicate, chemically similar to kaolin,
which has predominantly hollow tubular structure in the submicron range. As for
most natural materials, the size of halloysite particle varies within 1-2 microns of
length and 15-100 nm of inner diameter depending on the deposits or even within
different locations in a specific deposit. Halloysite nanotubes (HNTs) are efficient
nano-containers capable of entrapping a range of active agents within the inner
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lumen, followed by their retention and slow release. The lumen of the halloysite
tube accomodates globular protein diameters, allowing their entrapment within
their inner lumen. The desired features of pharmaceutical drug delivery for
intravenous administration are their small size, biodegradability, high content of a
drug in a final preparation, prolonged circulation in the blood, and the ability to
target required areas. Drug nano-colloids are encapsulated by combination of
layer by layer (LbL) techniques and ultrasonication. A combination of high
resolution imaging technique such as TEM, SEM and SFM have been employed
to elucidate HNTs structure. We have performed cytotoxicity tests by using both
carriers, utilizing neoplastic cell lines (breast and cervical cancer cells).
Furthermore HNTs internalisation has been confirmed by Confocal Laser
Scanning Microscopy (CLSM) after their functionalisation with fluorescence
molecules. Our results indicate that also drug-nanocolloids have been readly
uptaken by neoplastic cells. HNTs exhibit a high level of biocompatibility.
Furthermore we have successfully encapsulated bioactive compounds (e.g.
resveratrol) in HNTs and studied their anti-neoplastic effect into model cancer cell
lines. The synergetic action of polyphenols and drug-nanocolloids has also been
successfully tested and preliminary results show an increased apoptoptic action
on neoplastic cells.
Session G5 – Invited Paper
ULTRA SMALL METAL OXIDE NANOPARTICLES FOR
MOLECULAR T1 MR IMAGING
Gang Ho Lee
Department of Chemistry, College of Natural Sciences, Kyungpook
National University, Taegu 702-701, South Korea;
ghlee@mail.knu.ac.kr
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We developed a simple and general one-pot synthesis of water-soluble ligand
coated ultra small paramagnetic or superparamagnetic metal oxide nanoparticles
with average particle diameters (davg) ranging from 1 to 3 nm. We applied them to
molecular magnetic resonance (MR) imaging. These include iron oxide,
manganese oxide, and gadolinium oxide nanoparticles which are coated by
various hydrophilic and biocompatible ligands. We especially find that the ligand
coated ultra small gadolinium oxide nanoparticles are the superior candidates for
use as T1 MRI contrast agents.
Session G5 – Invited Paper
MULTIMODAL DRUG DELIVERY FOR IMAGING AND THERAPY OF
CANCER USING PLGA NANOPARTICLES
Anthony J. McGoron
Florida International University, Miami FL, USA; mcgorona@fiu.edu
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Successful chemotherapy treatment requires that the drug be sequestered only in
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the target tissue at toxic concentrations so that nontarget tissue exposure is
minimized. The accumulated dose of many chemotherapy drugs, and therefore
their therapeutic effect, is limited by irreversible non-target tissue toxicity.
However, it is difficult to ensure that the drug targets only the tumor. Combining
multiple imaging and therapy modalities in the same drug may improve treatment.
Fluorescence imaging allows precise location, size, and invasiveness of a tumor
to be determined. Light can also be used to stimulate a photo-activated drug for
hyperthermia treatment (killing tumors by heat) or to modify chemotherapy drug
release. Novel drug delivery systems combining imaging tracers (e.g., quantum
dots, carbon nano-tubes, gold nano-rods, or organic dyes) with therapy into
nano-sized liposomes or polymers has the potential to enhance the efficacy of
treatment by ensuring and verifying that the drug reaches the target tissue with
minimal nontarget tissue uptake. Thus, new technologies are being developed to
create complex nano-scale materials as drug delivery vehicles and sensors which
allows for more specific drug design. Intravenously administered nanoparticles
have been shown to accumulate in many tumors. The reason could be the high
leakiness of tumor blood vessels and possibly due to cancer cell’s increased
ability to engulf small particles. For selectivity the surface may be decorated with
antibodies specific to a particular cell or tissue. To enhance drug delivery to
tumors following intravenous injection vascular residence time must be prolonged.
For optimal performance, particles used for systemic drug delivery should have a
small size distribution, uniform surface properties, must be able to complex
various molecules very efficiently, must remain in the circulation long enough to
be removed by the target tissue rather than the reticuloendothelial system, and
must be biocompatible and biodegradable. Small particles with neutral surfaces
and prepared with polymers of high molecular weights are slowly cleared by
macrophages compared to large particles with high surface potentials and
prepared with polymers of low molecular weights. Nanoparticles coated with a
higher molecular weight dextran or poly-ethylene-glycol (PEG) leads to a
decrease of surface charge (towards neutral), which increases their circulation
time. This presentation will review advances in near-infrared imaging combined
with chemotherapy and hyperthermia delivered by PLGA nanoparticles for the
treatment of cancer and discuss optimal nanoparticle drug design.
Session G5 – Invited Paper
FUNCTIONAL SOFT NANOSPONGES FOR SINGLE OR
COMBINATION THERAPY AND IMAGING
Alice van der Ende and Eva Harth
Department of Chemistry, 7619 Stevenson Center, Vanderbilt
University, TN 37235, USA; eva.harth@vanderbilt.edu
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We will report on developed 3-D nanosponge architectures as versatile delivery
systems based on their adjustable nature in size, cross-linking density and
release kinetics. The encapsulation of small, hydrophobic drugs can be
accomplished after nanoparticle formation in high loading percentages. In vivo
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tumor growth delay studies in two cancer models with peptide targeted
nanosponges showed a five times increased efficacy in comparison with
traditional chemotherapy. ‘Click’-chemistries are utilized as intermolecular
cross-linking procedures to entrap peptide therapeutics and siRNA during the
formation of the nanosponges. Dendritic molecular transporter as cell penetrating
units have been tested to deliver antibodies and peptides into cells. Furthermore,
multifunctional bimodal imaging reagents are developed that complex comprise
lanthanides, targeting units and molecular transporter units.
Session G5 – Contributed Paper
FROM RATIONAL DESIGN TO PROBE OPTIMIZATION – THE
ROLE OF NANOPARTICLE VALENCY IN SINGLE CANCER CELL
DETECTION WITH MAGNETIC RELAXATION
Charalambos Kaittanis 1, 2, Santimukul Santra 1, and J. Manuel
Perez 1, 2, 3
1
Nanoscience Technology Center, 2 Burnett School of Biomedical
Sciences – College of Medicine, and 3Department of Chemistry,
University of Central Florida, 12424 Research Parkway, Suite 400,
Orlando, Florida 32826, USA; ckaittan@mail.ucf.edu
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Nature widely employs multivalent interactions, confering specificity and fidelity in
biological processes and biochemical reactions. Acknowledging this and the need
for development of sensitive cancer diagnostics, we investigated how the
nanoparticle’s valency – the amount of targeting ligands on the nanoparticle – can
modulate the magnetic relaxation detection pattern. We hypothesized that
nanoparticles with high valency could exhibit large shifts in the spin-spin
relaxation times (ΔΤ2) at high target concentration, due to the formation of
extensive assemblies. On the other hand, we anticipated that a low-valency
nanosensor could exhibit high ΔΤ2 at low target concentrations, because more
nanosensors could associate with a given member of the target population. To
test this, we prepared valency-engineered nanosensors, in order to detect the
folate receptor on cancer cells, as this receptor is overexpressed in several
primary and metastatic cancers. Both high-valency antibody- and
small-molecule-carrying nanosensors exhibited prominent ΔΤ2 at high lung
cancer cell concentrations, as opposed to their low-valency counterparts. Notably,
the high-valency small-molecule-carrying nanosensor was able to detect a single
cancer cell in blood within 15 minutes. Furthermore, we corroborated our
mammalian cell findings using valency-grafted bacterial and toxin nanosensors.
Overall, we demonstrate the pivotal role of valency in nanoparticle design yielding
sensitive probes, as well as the use of molecular mimicry to perform detection,
isolation and confirmation of cancer biomarkers in clinical samples.
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Session G5 – Invited Paper
INEXPENSIVE METHODS FOR PRODUCING MAGNETIC AND
NON-MAGNETIC PARTICLES AND THEIR USE IN BIO AND
PETROLEUM RELATED APPLICATIONS
Lars Kilaas, Heidi Johnsen, Heléne Vrålstad, Justyna Justynska,
Stephan Kubowicz and Per M. Stenstad
SINTEF Materials and Chemistry, Synthesis and Properties,
Trondheim, N-7465, NORWAY; lkilaas@sintef.no
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Magnetic and non-magnetic micron sized particles have been produced by use of
oil-in-water, water-in-oil and oil-in-oil minisuspension polymerisation techniques.
Inexpensive superparamagnetic and ferromagnetic particles for isolation of DNA
and RNA on automated platforms may be produced by use of cheap commercial
available reagents. The polymerisation techniques are also used to produce
porous silica particles for binding of enzymes and to encapsulate different types of
molecules like peptides, DNA and tracer molecules for detection of water
breakthrough in hydrocarbon reservoirs. Oil-in-oil emulsions have also been
useful to encapsulate solid water soluble substances for slow release of e.g.
corrosion and scale inhibitors for enhanced oil recovery (EOR). Examples on
production of different types of particles and their use will be presented.
Session G5 – Invited Paper
POLYMER NANOREACTORS FOR BIOSENSING AND
CONTROLLED DELIVERY OF DRUGS
Wolfgang Meier and Ozana Onaca
Department of Chemistry, University of Basel, Klingelbergstr. 80,
4056 Basil, Switzerland; wolfgang.meier@unibas.ch
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Similar to conventional lipids also suitable amphiphilic block copolymers may
self-assemble in aqueous media to membrane-like superstructures. The physical
properties of these membranes can be controlled to a large degree via the
chemical constitution, the molecular weight and the hydrophilic-to-hydrophobic
block length ratio of these polymers. Compared to conventional low molar mass
building blocks (e.g. lipids), membranes based on macromolecular self-assembly,
not only have the advantage of superior stability and toughness, but in addition
offer numerous possibilities of tailoring physical, chemical and biological
properties since many functions can be implemented simultaneously in one single
macromolecule.
Moreover, other well-defined functions such as recognition, cooperativity,
regulation, replication, and catalysis can be introduced by combining these
superstructures with suitable functional units from Nature, e.g., by incorporation of
integral membrane proteins. Recently we used this concept to prepare polymer
nanoreactors by encapsulating water-soluble enzymes inside the aqueous
compartments of block copolymer vesicles. Channel proteins were used to
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selectively control the exchange of substrates and products with the environment.
By introducing appropriately derivatized (e.g. biotin, thiol etc.) polymers we
succeeded to immobilize intact block copolymer vesicles and functional
nanoreactors on solid supports. Successful immobilization of intact nanoreactors
has been monitored by confocal fluorescence microscopy), QCM-D, imaging
ellipsometry and AFM. Immobilized polymer nanoreactors were used as
chemically and mechanically stable, nanometer-sized compartments to follow
folding/unfolding of single proteins and to monitor enzymatic reactions down to a
single nanoreactor scale. Model reactions were used to demonstrate the potential
of these structures for biosensing and the local production of bioactive
compounds.
In addition these nanometer-sized (bio-) reactors that can be targeted to
predefined cells. After cellular uptake they retain their function over extended
times inside the living cells thus acting as a sort of an artificial organelle that
continuously exchanges molecular information with the host organism. This opens
new ways for controlled drug delivery and intracellular sensing.
Session G5 – Contributed Paper
METAL-ENCODED MICROSPHERES FOR MASS CYTOMETRY:
STANDARDS AND MULTIPLEXED BIOASSAYS PLATFORMS
Ahmed I. Abdelrahman, Olga Ornatsky, Dmitry Bandura, Vladimir
Baranov, and Mitchell A. Winnik.*
Department of Chemistry, University of Toronto, 80 St George Street
Toronto ON M5S3H6, Canada; mwinnik@chem.utoronto.ca,
aabdelra@chem.utoronto.ca
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Mass cytometery is a novel technique that analyzes particles on an individual
basis. It is based on an inductively coupled plasma ion source and a time of flight
mass spectrometer. We describe the synthesis and characterization of
metal-encoded polystyrene microspheres for mass cytometry calibration and
mass cytometry-based highly multiplexed bioassays.
Polystyrene microspheres were synthesized by multiple-stage dispersion
polymerization with diameters on the order of 2 µm and a very narrow size
distribution. Different lanthanides were loaded into these microspheres through
the addition of a mixture of LnCl3 salts and excess acrylic acid dissolved in
ethanol to the reaction after about 10% conversion of styrene, i.e., well after the
particle nucleation stage was complete. Individual microspheres contain ca. 106 108 chelated lanthanide ions, of either a single element or a mixture of elements.
With a variety of lanthanides at different levels of concentration, we could achieve
an encoding variability much higher than that available with fluorescent encoded
beads such as those sold by Luminex. To demonstrate the usefulness of
element-encoded beads for highly multiplexed immunoassays, we carried out a
proof-of-principle model bioassay involving conjugation of mouse IgG to the
surface of La and Tm containing particles, and its detection by an anti-mouse IgG
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bearing a metal-chelating polymer with Pr.
These metal-encoded microspheres were also verified for their use as internal
standards for mass cytometry. When mixed with KG1a or U937 cell lines,
metal-containing polymer beads were shown not to affect the mass cytometry
response to the metal content of element-tagged antibodies specifically attached
to these cells.
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Abstracts of Poster Program
Poster Session P1
CHITOSAN NANOPARTICLES INSIDE ALGINATE
MICROPARTICLE FOR ORAL DELIVERY OF CLOSTRIDIUM
BOTULINUM TOXIN IMMUNOGLOBULIN
Ghislain Garrait and Muriel Subirade
Biosystems and Functionnal Foods, Université Laval, Québec, G1K
7P4, Canada; muriel.subirade@fsaa.ulaval.ca
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Although Clostridium botulinum is essentially responsible of food poisoning,
botulinum neurotoxin can be used as biological weapons because it is known to
be the most toxic substance known to human. In man, botulism results from
absorption of botulinum toxin into the circulation from a mucosal surface (gut or
lung). Once toxin is absorbed, the bloodstream carries it to peripherical
cholinergic synapses (neuromuscular junction) and it is internalized. The toxin
blocks acetylcholine release causing flaccid paralysis and the death. Actually, the
treatment of botulism is mainly symptomatic. Thus, it was suggested to use
antibodies (IgG) to neutralize the effect of toxin in human. However, to avoid the
degradation of IgG and increase stability until to the physiological target within the
organism, it is essential to protect them from digestive environment. The aim of
this work was to develop an oral delivery system composed by biopolymers such
as chitosan and alginate to provide the protection of IgG against gastric acidity
and to release them in the lymphatic and blood circulations. First, an experimental
procedure was developed to obtain chitosan nanoparticles in order to protect IgG
of intestinal environment and to provide their release into bloodstream. The effect
of factors such as chitosan and sodium sulfate concentrations, agitation and
sonication was studied in order to obtain a homogeneous particles distribution.
The particle size and zeta potential were evaluated by a dynamic light scattering
technique and laser Doppler Anemometry using a Mastersizer and Zetasizer,
respectively. In optimal conditions, nanoparticles were obtained with mean
diameters of about 600 nm and a surface charge of about +11 mV. Secondly, the
obtained nanoparticles were entrapped into alginate microspheres in order to
protect them from gastric degradation. Thus, several ratio nanoparticles:alginate
were studied to develop microparticles with size of about 200 µm. Thirdly, the
localization of both polymers and antibodies in the microparticles was determined
using fluorescein isothiocyanate (FITC) labeled chitosan, rhodamine B
isothiocyanate (RITC) labeled alginate and Alexa Fluor® 405 labeled IgG by
confocal laser scanning microscopy (CLSM). By imaging with CLSM, a
homogeneous distribution of the alginate, chitosan nanoparticles and antibodies
was observed throughout the particle wall and matrix. In conclusion, this work has
resulted in the development of original and innovative mixed chitosan-alginate
particles. This system therefore appears to be potential vehicle to protect the IgG
against gastric and intestinal environments and provide an extended controlled
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release profile. At present, ex vivo and in vivo experiments are developed to
validate this new drug delivery system.
Poster Session P1
STUDY OF β-LACTOGLOBULIN AS A POTENTIAL CARRIER OF
FOLIC ACID
Li Liang and Muriel Subirade*
Institut de recherche sur les nutraceutiques et les aliments
fonctionnels (INAF/STELA), Université Laval, Québec, QC, Canada;
Muriel.Subirade@fsaa.ulaval.ca.
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Folic acid (FA) is a synthetic form of the B group vitamin known as folates, which
are essential cofactors for a variety of physiological processes and play an
important role in the prevention of neural tube defects in infants and possibly in
the intervention on vascular diseases and several types of cancers. However, FA
is known to be sensitive to ultraviolet radiation, which degrades it rapidly by
breakage of the C9-N10 bond to yield inactive pteridine and
p-aminobenzoylglutamate. β-Lactoglobulin (β-LG), the major whey protein in
bovine milk, has been reported to possess three potential sites for binding to a
wide range of hydrophobic and amphiphilic compounds. In this work, the
interaction of β-LG with FA was studied using fluorescence spectroscopy in order
to determine the FA binding constant and mode and the influence of the protein
on FA photo-degradation. In 10 mM phosphate buffer at pH 7.4, self-association
of FA occurs by association of the benzyl group above 20 µM, followed by
association of pterin moieties above 100 µM. At ≤ 20 µM FA, the binding constant
and number of FA to β-LG are 2.0 (± 0.6) × 106 M-1 and 1.30 (± 0.03) when excited
at 280 nm and 4.3 (± 2.2) × 105 M-1 and 1.17 (± 0.04) at 295 nm, as determined by
protein intrinsic fluorescence. FA binds to the surface of β-LG, possibly in the
groove between the α-helix and the β-barrel. Fluorescence analysis of the pterin
portion of FA shows that complexation with β-LG decreases FA
photo-degradation to 40% and 6% when β-LG concentrations are equal to and 8
times the FA concentration. It is thus suggested β-LG complexes could be used
as an effective carrier of FA in food and pharmaceutical industries and FA-β-LG
complexation a useful model of interactions between proteins and bioactive
compounds.
Poster Session P1
LOW VISCOSITY HIGHLY CONCENTRATED DISPERSIONS OF
STABLE SUBMICRON IgG PROTEIN PARTICLES FORMED BY
SWIFT FREEZING
Keith P. Johnston, Maria A. Miller, Jennifer A. Maynard
Department of Chemical Engineering, University of Texas, Austin, TX
78712, USA; kpj@che.utexas.edu
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Protein and peptide therapeutics address needs in a wide range of diseases
including cancer, infectious and inflammatory diseases. Despite their successes,
administration of these therapeutics is limited by the lack of efficacious
alternatives to intraveneous delivery of the required 100-500 mg doses. Here, we
report a novel formulation strategy compatible with subcutaneous injection that
preserves IgG activity: aqueous-based, translucent dispersions of submicron
particles that achieve 200 mg/ml IgG concentrations with apparent viscosities of
19-33 cP. These dispersions were prepared by generation of sub-micron IgG
particles, formed with a novel rapid spiral wound in-situ freezing technology
(SWIFT) that preserves protein stability by limiting the protein’s exposure to
liquid/gas and liquid/ ice interfaces. Dispersions of these particles in a solution
containing PEG300 and n-methyl-2-pyrrolidone in buffer at the protein isoelectric
point restricted protein solubility to <40 mg/ml and prevented complete particle
dissolution. The low apparent viscosities of these dispersions result from the low
viscosity of the initial solution and the low intrinsic viscosities ([η]). Additionally,
antibody stability against denaturation and aggregation (as measured by HPLC
SEC and ELISA) was enhanced by low solvation and decreased protein mobility
of the solid state. The ability to form active, highly concentrated dispersions of
therapeutic proteins with low viscosities, in contrast with highly viscous protein
solutions, presents the possibility of subcutaneous injection and more effective
treatment of disease.
Poster Session P1
PREPARATION OF WATER-BASED MAGNETITE SUSPENSION
FOR BIOMEDICAL APPLICATION
Teppei Kikuchi, Ryo Kasuya, Jeyadevan Balachandran
Graduate School of Environmental Studies, Tohoku University, 6-6-20,
Aramaki, Aoba-ku, Sendai 980-8579, Japan;
kikuchi@bucky1.mail.kankyo.tohoku.ac.jp
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Magnetite nanoparticles for magnetic fluid hyperthermia were synthesized by
thermal decomposition of iron(III) acetylacetonate (Fe(acac)3) in the mixture of
oleic acid and oleylamine. The average diameter of narrow size-distributed
magnetite nanoparticles varied between 5 and 12 nm depending on the
experimental parameters such as the ratio between Fe(acac)3 and the oleic
acid-oleylamine mixture and reaction temperature. Though the as-synthesized
particles were coated with oleic acid and dispersible in organic solvent, these
particles could be re-dispersed in water after surface modification using
amphiphilic co-polymers composed of poly(maleic anhydride−alt−1−octadecene)
and polyethylene glycol methyl ether. Infrared spectra of the sample indicated the
existence of −COOH groups on the surface for further conjugation to
biomolecules.
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A GREEN HYDROTHERMAL SYNTHESIS OF
MAGNETIC-PHOTOLUMINESCENT CARBON COATED
TELLERIUM NANOSTRUCTURES
Tim D. Mulliger and Sanjay R. Mishra, and S. Guha
1
Department of Physics, The University of Memphis, Memphis, TN,
USA; 2Department of Physics and Astronomy, University of
Missouri-Columbia, MO, USA; srmishra@memphis.edu
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The recent upsurge in synthesizing nanomaterials of controlled shape and size for
use in a myriad of medical and commercial applications has prompted a similar
upsurge in the methods for synthesizing such nano-scale structures. There has also
been rising interest in the use of carbon-coated nanomaterials and nano-scale hollow
carbon shells for numerous applications, including suitable drug delivery systems.
Another field of use for such nanomaterials is that of biosensors and chemical
detection systems.
The interesting optical properties of crystalline tellurium, especially its highly
luminescent property in the blue-violet region, make it a useful candidate in
bio-detection and biosensor systems. The size and shape of nano-scale tellurium
particles has been shown to affect some of the element’s optical properties,
particularly absorbance and photoluminescence.
Poly(vinylpyrrolidone) has been previously used as a stabilizing and structure
directing agent in the growth of tellurium nanostructures using a hydrothermal
process, and extensive research has focused on PVP’s role in other synthesis
methods. Studies have also been done concerning the amount of PVP placed into a
synthesis process and the resulting size of produced particles, but these tests involve
such methods as a chemical reduction process, microwave (MW)-polyol method, or
wet phase inversion technique. No published work could be found on the analysis of
altering the molecular weight of PVP or the PVP to tellurium source ratio in a
hydrothermal synthesis process with the use of tellurium as the nanostructure
backbone.
The carbon coating of nano-scale particles for the use in magnetic nanoparticle
doping has also attracted recent attention due to the large number of applications for
magnetized nanostructures. Production and magnetic particle doping have been
already been achieved for some time through such techniques as decomposition in
supercritical CO2 modified with ethanol, a hydrothermal route, and various other
methods.
This work describes a low temperature hydrothermal synthesis of photoluminescing
ultra-thin tellurium nanostructures with the use of PVP as a surfactant and hydrazine
hydrate as a reducing agent. The effects of the PVP molecular weight on the
diameter of the produced tellurium nanostructures are examined in the same
hydrothermal process; the effects of the ratio of PVP to sodium tellurite used in the
hydrothermal process are also analyzed. This work also describes a similar green
hydrothermal process for a uniform carbon coating of the as-prepared tellurium
nanostructures. Magnetic-photoluminescing nanocomposite structure is achieved by
doping iron oxide on the Te-C nanostructures through sonochemistry. Finally, hollow

216

Poster Abstracts

carbon nanostructures are also prepared by removing the tellurium core of
as-prepared nanostructures through a chemical treatment process.

Poster Session P1
NON-INVASIVE DELIVERY OF BIODEGRADABLE DRUG-CONTAINING
NANOPARTICLES BY OCULAR IONTOPHORESIS
Hong Wang, Peyman Moslemy, William Schubert, Tom Sanford, Begona
Ruiz-Perez, and Michael Patane
Eyegate Pharmaceuticals, Inc., 100 Beaver Street, Waltham, MA 02453,
USA; pmoslemy@eyegatepharma.com
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Iontophoresis is a non-invasive modality for drug delivery in which a low voltage electric
field is used to enhance penetration of an ionized drug or a charged drug-containing
carrier into and across the ocular surface. This study is aimed to evaluate the
transscleral iontophoresis of polymeric nanocarriers of PKC412 (Midostaurin), a
selective protein kinase C inhibitor with anti-VEGF activity, which may potentially offer
therapeutic utility for diabetic macular edema and age-related macular degeneration.
The iontophoretic delivery system (EyeGate® II) consists of an ocular applicator, a
return electrode patch, a low-voltage DC generator, and electrical wires and
connectors. The ocular applicator houses two main components: (1) an annular
reservoir (17 mm OD x 14 mm ID x 3 mm H) with a polyurethane-based foam insert that
can be saturated with a test article; and (2) a circular shaped inert electrode.
For these studies, PKC412 was encapsulated in poly(d,l-lactide-co-glycolide) by an
emulsification-solvent diffusion-evaporation method resulting in nanoparticles with the
following characteristics: mean diameter 260 nm, polydispersity index 0.16, zeta
potential +67 mV, and drug loading 57%.
Transscleral iontophoresis of PKC412 nanoparticles (1 mg/mL) was performed on adult
New Zealand white rabbits. Ten animals were equally divided into four test groups and
one control group. Animals in the test groups received one single or two consecutive
iontophoretic doses of nanoparticles on each eye. The ocular device was loaded with
approximately 0.25 mL of nanoparticle dispersion and placed on the animal’s eye while
two return electrodes were attached to the animal’s ears, and all were connected to the
low-voltage generator. Various iontophoresis dosing regimens combining low (+2 mA
for 5 min) and high (+4 mA for 2.5 or 5 min) currents were applied to evaluate the effect
of current intensity and application time on particle delivery to ocular tissues. Animals in
the control group were treated with a single topical drop of nanoparticles (0.05 mL at 1
mg/mL) on each eye. All animals were euthanized 15 min after receiving the treatment
in the second eye, and ocular tissues were harvested immediately. Tissues were
homogenized (if necessary), and homogenates were treated with appropriate chemical
extraction procedures. PKC412 levels were determined by HPLC with UV detector.
Transscleral delivery of PKC412 nanoparticles in rabbits was enhanced by
iontophoresis. The amount of nanoparticles delivered to the anterior and posterior
tissues increased 2- to 4-fold compared to topical (passive) application. Application of
iontophoresis at low current (+2 mA) was more favorable in terms of overall
nanoparticle transport. Regardless of iontophoresis dosing regimen, the largest
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amounts of nanoparticles was delivered to conjunctiva and to a lesser degree to sclera.
Nanoparticle delivery to posterior tissues including vitreous humor, retina and choroid
was observed; the encapsulated drug levels in these areas were considerably lower
than those in the outer tissues but surpassed the reported therapeutic levels.
The combination of iontophoresis and nanoencapsulation technologies may provide a
unique opportunity for development of a non-invasive ocular drug delivery system with
extended release features.
Poster Session P1
FABRICATION OF SURFACTANT FREE NANOCOLLOID
SOLUTION BY USING ULTRAFAST LASER ABLATION
Makoto Murakami, Bing Liu, Andrius Marcinkevicius, Yuki Ichikawa,
Zhendong Hu, Wei Qian, and Yong Che
IMRA America, Inc., Ann Arbor, MI 48105, USA;
mmurakam@imra.com
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In this presentation, we describe a simple technique for the preparation of stable
solutions of metallic nanoparticles by using ultrafast laser ablation. Nano-colloids
produced by this approach, which consist solvent (eg. water) and surfactant free
metallic nano-particles such as Au, Ag, Pt, Cu, and their alloys, are demonstrated.
Main advantage of this method compared to conventional wet chemical
techniques is the ability to produce pure nanoparticles of many materials in a wide
range of solvents. Our surfactant free nano-colloids will be of great interest for
many applications in various areas, such as in biomedical and environmental
fields. For example, the surfactant free Au and Ag nano-colloids have several
benefits for surface enhanced Raman scattering (SERS) spectroscopy. The
background signal from the surfactants normally appearing in the SERS
experiments using chemically synthesized metallic nanoparitcs will not be
observed from our nanoparticles. We will also present the other approach based
on laser fragmentation for producing various nanocolloids. Several organic
materials, which are not water-soluble, could be dispersed into water very well by
utilizing the laser fragmentation process.
Poster Session P1
SYNTHESIS AND CHARACTERIZATION OF POLYMER
NANOPARTICLES DOPED WITH A LUMINESCENT EUROPIUM
COMPLEX AND SILVER NANOPARTICLES
Jessie Desbiens and Anna Ritcey
Chemistry Department and CQMF, Université Laval, Québec, Canada;
jessie.desbiens.1@ulaval.ca
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Miniemulsion polymerization is now well-known and used for the preparation of
polymer nanoparticles. In our work, we use this method to introduce one or more
doping agents in the resulting polymer nanoparticles with the aim of conferring
additional functional properties. The first generation of doped particles obtained
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by miniemulsion polymerization consisted of polystyrene doped with an
organometallic europium complex, selected for its unique photoluminescence
properties. The resulting particles have diameters between 40 and 100 nm and
can be doped to up to 2 weight % of the europium complex without showing
complex cristallinity. Beyond this concentration, inhomogeneous materials are
obtained with the excess lanthanide complex existing as a second crystalline
phase. Fluorescence measurements indicate that the luminescence properties of
the complex are maintained within the polymer matrix. The second generation of
polymer nanoparticles, currently under investigation, are doped simultaneously
with the fluorophore and silver nanoparticles. The surface properties of silver
nanoparticles are known to modify the fluorescence properties of neighbouring
molecules. By this approach, it will be possible to study the impact of the size and
the proximity of silver nanoparticles on the fluorophores confined within the
polymer particles.
Poster Session P1
SURFACE FUNCTIONALIZED CHITOSAN NANOPARTICLES FOR
GENE DELIVERY
Meenakshi Malhotra and Satya Prakash
Biomedical Technology and Cell Therapy Research Laboratory,
Department of Biomedical Engineering, McGill University, Montreal,
Quebec, Canada, H3A 2B4; meenakshi.malhotra@mail.mcgill.ca
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Protein and peptide therapeutics address needs in a wide range of diseases
including cancer, infectious and inflammatory diseases. Despite their successes,
administration of these therapeutics is limited by the lack of efficacious
alternatives to intraveneous delivery of the required 100-500 mg doses. Here, we
report a novel formulation strategy compatible with subcutaneous injection that
preserves IgG activity: aqueous-based, translucent dispersions of submicron
particles that achieve 200 mg/ml IgG concentrations with apparent viscosities of
19-33 cP. These dispersions were prepared by generation of sub-micron IgG
particles, formed with a novel rapid spiral wound in-situ freezing technology
(SWIFT) that preserves protein stability by limiting the protein’s exposure to
liquid/gas and liquid/ ice interfaces. Dispersions of these particles in a solution
containing PEG300 and n-methyl-2-pyrrolidone in buffer at the protein isoelectric
point restricted protein solubility to <40 mg/ml and prevented complete particle
dissolution. The low apparent viscosities of these dispersions result from the low
viscosity of the initial solution and the low intrinsic viscosities ([η]). Additionally,
antibody stability against denaturation and aggregation (as measured by HPLC
SEC and ELISA) was enhanced by low solvation and decreased protein mobility
of the solid state. The ability to form active, highly concentrated dispersions of
therapeutic proteins with low viscosities, in contrast with highly viscous protein
solutions, presents the possibility of subcutaneous injection and more effective
treatment of disease.
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Poster Session P1
NANOTECHNOLOGY BASED TARGETED CANCER PREVENTION
AND THERAPY
Debatosh Majumdar; A. R. M. Ruhul Amin; Zhuo (Georgia) Chen;
Dong M. Shin
Department of Hematology and Medical Oncology, Emory Winship
Cancer Institute,Emory University School of Medicine, 1365 C Clifton
Road, Room # 3094, Atlanta, GA 30322, USA; dmajumd@emory.edu;
dmshin@emory.edu
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Luteolin is a flavonoid present in many vegetables, fruits and herbs, and exhibits
anticancer property against multiple tumor types. However, the short half-life of
luteolin reduces its in vivo efficacy. Our previous study of luteolin’s efficacy to
induce apoptosis against multiple lung cancer cell lines has demonstrated that
cells with wild-type p53 were much more sensitive to luteolin as compared to those
with mutant or, no p53. The anatomical location of lung provides advantage to
locally deliver drugs at high concentration using aerosol dosage form.
In this effort, hydrophobic luteolin has been encapsulated in polylactic
acid-polyethylene glycol-methyl ether (PLA-PEG-OMe) diblock copolymer to give
water soluble nanoparticles. Solution of PLA-PEG-OMe (65 mg) and Luteolin (10
mg) in MeOH (4.5 mL) was added dropwise to a polyvinyl alcohol solution (550 mg
in 55 mL water) with continuous stirring. The resulting solution was stirred for 20 h.
The solution was filtered using millipore Millex-HN syringe driven filter unit with
cut-off 0.45 mm. The filtrate was purified followed by lyophilization to obtain the
pure polymer encapsulated luteolin nanoparticles in powder form. Dynamic light
scattering (DLS) and transmission electron microscope (TEM) studies have shown
that the average size of the nanoparticles is about 200 nm. UV-Vis spectroscopic
analysis of both free and encapsulated luteolin showed the absorbance maxima at
about 261 nm and 353 nm. The efficacy of luteolin against H460 lung cancer cell
line has been tested using colony formation assay. At a concentration of 15 mM,
both encapsulated and free luteolin completely eradicated cancer cells and no
colony was observed in either case.
In another effort, luteolin has been encapsulated in polylactic acid-polyethylene
glycol-carboxylic acid (PLA-PEG-COOH) diblock copolymer to give water soluble
nanoparticles. UV-Vis spectroscopic analysis of luteolin nanoparticles showed the
absorbance maxima at about 271 nm and 394 nm. Sanctity of luteolin in the
nanoparticles was confirmed using 1H NMR. DLS and TEM studies have shown
that the average size of the nanoparticles is about 15 nm. Zeta potential of the
nanoparticles is -6.69 mV in PBS (1X) solution. EGFR antibody and GE 11 peptide
have been conjugated to the COOH functionalities of luteolin nanoparticles. Such
EGFR antibody- and GE 11 peptide-conjugated nanoparticles will be biologically
characterized and may be potential candidates for aerosol delivery in lung cancer
chemoprevention and therapy.
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Poster Session P1
GALACTOSYLATED NANOCRYSTALLITES OF INSOLUBLE
ANTICANCER DRUG FOR LIVER TARGETING THERAPY
Wei Wei, ZhanguoYue and Guanghui Ma
Institute of Process Engineering, Chinese Academy of Sciences,
Beijing, 100190, PR China; ghma@home.ipe.ac.cn
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Camptothecin (CPT), along with many of its analogues (denoted as CPTs), is
considered the most promising anticancer drug that targets the nuclear enzyme
topoisomerase I. However, despite of the prominent effectiveness against a wide
range of carcinomas in vitro, the clinical application of CPTs has not been
achieved due to their poor water solubility in the physical condition.[10] To
overcome this barrier, the carboxylate salt form of CPTs has been used in clinical
therapy. Unfortunately, it has shown a far lower anticancer efficacy than expected
since the lactone ring in CPTs which no longer exists in the carboxylate salts has
been demonstrated to play an important role in the cytotoxicity of cancer cells.
Pristine HCPT powder extracted from camptotheca acuminata decne usually
exhibits a disordered aggregate morphology. These aggregates can easily be
dissolved in NaOH solution (pH=10) to form carboxylate salt (Na+HCPT-) at a
concentration of 2 mg/mL. When an acid buffer containing 0.2 wt% galactosylated
chitosan (GC) was added into the Na+HCPT- solution, the lactone ring was
reformed, and HCPT nanocrystallites of ca. 20 nm were obtained. These
nanocrystallites showed a narrow size distribution and a remarkable colloidal
stability, which are favorable for intravenous injections.
Cytotoxicity study showed that, compared to conventional Na+HCPT- solution,
as-prepared HCPT nanocrystallites greatly induced the HepG2 cell death at a
lower concentration, which could be contributed to the following three aspects. We
first demonstrated that GC located on the HCPT nanocrystallites enhanced the
cellular internalization through asialoglycoprotein receptor-mediated pathway.
Furthermore, these nanocrystallites also exhibited the advantage of nuclear entry
due to their very small particle size and the electrostatic interaction between the
negatively charged nucleus and the positively charged HCPT nanocrystallites. In
addition, the nanocrystallites enabled HCPT to preserve the lactone ring, and
therefore, could present a higher activity against topoisomerase I after they
entered the nucleus. All these results, along with a couple of surprises, strongly
supported HCPT nanocrystallites as a prosing candidate for liver targeting therapy.
Poster Session P1
A DUPLEX OLIGODEOXYUNCLEOTIDE-DENDRIMER
BIOCONJUGATE AS A NOVEL DELIVERY VEHICLE OF
DOXORUBICIN FOR IN VIVO CANCER THERAPY
In-Hyun Lee, Mi Kyung Yu, and Sangyong Jon
Department of Life Sciences, Gwangju Institute of Science and
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Technology, 1 Oryong-dong, Gwangju 500-712, Republic of Korea;
syjon@gist.ac.kr
We report here a novel doxorubicin-delivering vehicle consisting of dendrimer and
oligonucleotides loaded with doxorubicin and we evaluate its efficacy in animal
tumor model and in vitro model. The doxorubicin loaded dendrimer conjugate was
formed with a 183.6:1 ratio of doxorubicin bound to oligonucleotide via
intercalation. Pharmacokinetics of the our system showed much slower clearance
in plasma up to 5.3 hr compared to 0.65 hr for free doxorubicin. In mice bearing
4T1 murine breast tumor allografts, the dendrimer conjugate (doxorubicin 1 mg/kg)
was more effective than same concentration of free doxorubicin (1 mg/kg) and
resulted in similar reduction of tumor size compared to free doxorubicin (4 mg/kg).
Furthermore, higher drug concentration was retained in tumor as compared to free
doxorubicin. Our dendrimer conjugate showed no signs of severe systemic toxicity
or cardiotoxicity compared to free doxorubicin in mice as indicated by body
weights and heart tissue histology. This approach delivers chemotherapeutic
agents, improves pharmacokinetics of the free drug, lowers drug toxicity, increase
drug concentration in tumor, and is effective against tumor.
Poster Session P1
SYNTHESIS OF SILICA NANOPARTICLES FOR CONTROLLED
DELIVERY OF ANTICANCER DRUGS
Florence Bouyer2, Anna Winter1, Johnny Moretto, Alexandra Fauger1,
Matthieu Varache1, Bruno Chauffert2 and Frederic Bouyer1
Laboratoire 1Interdisciplinaire Carnot de Bourgogne, UMR
5209-CNRS-Université de Bourgogne, BP 47870, 21078 Dijon, France;
frederic.bouyer@u-bourgogne.fr; 2Faculté de Médecine, INSERM,
UMR 866, 21079 Dijon, France
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Silica nanoparticles have recently shown several potential applications in biology
such as diagnosis, biodetection or drug delivery. In the latter application, silica
nanoparticles can be used either to stabilize oil-in-water (o/w) emulsions
containing hydrophobic drugs or to encapsulate drugs in the mineral matrix. Our
study was designed to synthetize silica nanoparticles containing the anticancer
drug cisplatin to improve its efficiency to cure cancer. Cisplatin
(cis-dichlorodiammine platinum(II) ; CDDP) is a platinum-based chemotherapy
drug widely used to treat various types of solid cancers, including testicular,
ovarian or colon cancers. However, its clinic use is limited by severe toxic side
effects, and renal toxicity. Thus, a more selective and effective delivery of CDDP to
cancer cells is required in order to reduce drug toxicity, prolonge blood residence,
and improve its therapeutic potentials.
In the first part of our study, silica nanoparticles were synthesized by combinaison
of sol-gel and water-in-oil (w/o) microemulsion chemistry to encapsulate CDDP.
Two formulations were used: one consists in polymerizing silica in
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water/NH3/Triton X100/cyclohexane w/o microemulsion. In the other formulation,
we used a surfactant and a dispersing media approved by the european
pharmacopea to obtain a stable microemulsion. The influence of several
parameters (water content, water/NH3 ratio, surfactant/water ratio etc… ) on the
particle size was investigated. The amount of encapsulated CDDP was also
measured with the various formulations.
The second part of the study was devoted to the particle functionnalization : a PEG
silane or a fluorescent molecule were grafted before (in situ) or after (ex situ) the
washing step of the nanoparticles.
Finally, different features of silica nanoparticles were investigated in vitro in human
colic HCT116 cancer cells. The absence of cytotoxicity of bare silica nanoparticles
required stringent washing procedure only with the Triton X100 based
microemulsion. Fluorescent nanoparticles added to cancer cells suggest their
internalization. Results expressing cytotoxicity of CDDP doped nanoparticles will
be also presented.
Poster Session P1
EFFICACY OF PACLITAXEL-ELUTING EXPANSILE
NANOPARTICLES IN BREAST CANCER
Kimberly Ann V. Zubris1, Aaron P. Griset1, Rong Liu2, Yolonda L.
Colson2, and Mark W. Grinstaff1
1
Departments of Biomedical Engineering and Chemistry, Boston
University, Boston, MA 02215; kzubris@bu.edu; 2Division of Thoracic
Surgery, Department of Surgery, Brigham and Women’s Hospital,
Boston, MA 02215
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Paclitaxel-loaded nanoparticles were prepared using a miniemulsion
polymerization technique, which combines high-energy emulsification and
photoinduced free radical polymerization of an acrylate monomer and crosslinker.
Following polymerization, dynamic light scattering (DLS) measurements revealed
suspensions of small diameter, relatively monodisperse particles measuring
approximately 100 nm in diameter. Scanning electron microscopy (SEM)
micrographs confirm the spherical shape and smooth morphology of these
particles. Upon exposure to endosomal pH (~pH 5), the nanoparticles undergo
cleavage of their protecting groups, a hydrophobic to hydrophilic shift, and
subsequent particle expansion and drug release. Using rhodamine-conjugated
particles, we have been able to visualize this particle expansion via fluorescence
light microscopy. As our primary therapeutic interests lie in the prevention of
tumor metastases in breast cancer, in a prelude to in vivo studies, we have
performed cell cytotoxicity experiments with paclitaxel-loaded and unloaded
nanoparticles against a human breast adenocarcinoma cell line (MDA-MB-231).
No significant cytotoxicity was observed with the unloaded polymer nanoparticles,
similar to untreated controls. However, upon loading particles with paclitaxel at a
dose of 10 ng paclitaxel per 1 µg of polymer, we observed a dose dependent
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cytotoxic response with an IC50 value consistent with the IC50 of free paclitaxel. In
vivo studies to assess the establishment of breast cancer in mice treated with
intraperitoneal (IP) paclitaxel, paclitaxel-loaded nanoparticles, and unloaded
nanoparticles are ongoing. In summary, we have synthesized drug-loaded
expansile polymeric nanoparticles from an acrylate monomer using a
miniemulsion technique. These particles release paclitaxel via a pH-dependent
mechanism designed to mediate intracellular drug delivery.
Poster Session P1
PACLITAXEL-LOADED NANOPARTICLES PREVENT MALIGNANT
PERITONEAL MESOTHELIOMA IN VIVO
Yolonda L. Colson1, Kimberly Ann V. Zubris2, Emily B. Southard1,
Aaron P. Griset2, Rong Liu1, and Mark W. Grinstaff2
1
Division of Thoracic Surgery, Department of Surgery, Brigham and
Women’s Hospital, Boston, MA 02215; 2Departments of Biomedical
Engineering and Chemistry, Boston University, Boston, MA 02215,
USA; kzubris@bu.edu
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Despite the use of systemic chemotherapy or cytoreductive surgery, abdominal
carcinomatosis from mesothelioma leads to decreased survival and poor quality of
life due to progressive intestinal obstructions from locoregional recurrence or
repeated surgical debulking. The addition of perioperative intraperitoneal
chemotherapy improves survival but application is hampered by toxicity, local
complications and limited efficacy. It is our goal to use expansile drug-loaded
nanoparticles in the prevention of malignant peritoneal mesothelioma. Paclitaxel
was encapsulated within expansile polymer nanoparticles prepared from a
monomer that responds to mildly acidic environments. Upon exposure to an
endosome (~pH 5), the hydroxyl protecting groups of these expansile
nanoparticles is cleaved and the particles expand due to a hydrophobic to
hydrophilic transformation. In order to establish that nanoparticle-mediated
intracellular delivery of paclitaxel results in increased effective tumor cytotoxicity,
mesothelioma tumor cells (MTSO-211H) were treated with paclitaxel-loaded
nanoparticles, unloaded nanoparticles and paclitaxel alone. Both the paclitaxel
control and the paclitaxel-loaded particles displayed a dose-dependent decrease
in cell viability whereas the unloaded particles did not exhibit tumor cytotoxicity.
Having established that paclitaxel-loaded nanoparticles were effective in vitro, we
subsequently assessed the efficacy of the particles in preventing the implantation
and growth of mesothelioma tumor cells in vivo. Animals treated with
paclitaxel-loaded expansile nanoparticles exhibited decreased tumor growth and
disease severity and significantly prolonged survival compared to those treated
with intraperitoneal (IP) paclitaxel, suggesting that the unique delivery mechanism
of expansile nanoparticles may play a role in the prevention of recurrent
mesothelioma following surgical debulking for peritoneal malignancies. In
summary, we have demonstrated that paclitaxel-loaded expansile nanoparticles
are capable of inhibiting mesothelioma tumor growth in vitro and preventing tumor
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implants with superior survival in vivo.
Poster Session P1
REDUCING NON-SPECIFIC TOXICITY OF CISPLATIN IN HEAD AND
NECK CANCER BY TARGETED THERAPY USING
CISPLATIN-HEPARIN-FOLIC ACID NANOPARTICLES
Xiang-Hong Peng1,3, Yiqing Wang2, Donghai Huang1,3, Yuxiang
Wang1,3, Micheal B, Spewark4, Zhuo (Georgia) Chen1,3, Shuming
Nie2,3, Dong M. Shin1,3*
1
Department of Medical Oncology/Hematology, Emory University
School of Medicine, Atlanta, GA 30322, USA; 2Department of
Biomedical Engineering, Emory University School of Medicine, Atlanta,
GA 30322, USA; 3Winship Cancer Institute, Emory University School of
Medicine, Atlanta, GA, 30322, USA; 4Emory University, Atlanta, GA
30322, USA; xpeng@emory.edu
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Cisplatin( DDP) is a platinum-based chemotherapy drug which was widely used to
treat various types of cancer including Head and Neck Squamous Cell Carcinoma
(HNSCC). However, very little DDP reaches the tumor tissue due to poor
specificity and it induces dose-limiting toxicities. The delivery of DDP selectively
into a tumor mass has the potential to minimize toxicity to normal tissues and to
improve the antitumor efficiency. We have developed novel nanoparticles by
conjugating folic acid to modified heparin, then loaded cisplatin (DDP) into the
targeted nanoparticles. Uptake and biodistribution of DDP delivered by the
nanoparticles or the free DDP form in vitro and in vivo was quantified by inductively
coupled plasma–mass spectrometry (ICP-MS). We showed that DDP-HeparinFolic Acid (FA) Nanoparticles are specifically internalized by FR-expressing
HNSCC KB cells in vitro (17 fold higher than free DDP), and the formation of a
platinum-DNA-adduct of KB cells treated by DDP-Heparin-FA nanoparticles is
about 2-fold higher than that of DDP (4 hrs incubation with 0.4ug/ml DDP at 37°
C). Systemic delivery of DDP-Heparin- FA nanoparticles (2.5 mg/kg; 4 times
treatment at 3 days intervals) into nude mice bearing KB cell tumors (6
mice/group) lead to selective accumulation of the DDP in subcutaneous tumor
lesions (74 ppb/mg tissue for HFDDP, 16.5 ppb/mg tissue for DDP, P<0.05), and
have significant antitumor activity. Furthermore, mice receiving DDP-Heparin-FA
nanoparticles showed no significant body weight loss or damage to liver or spleen,
whereas mice that received free DDP had significant weight loss and massive
organ damage. Our results suggest that DDP-Heparin-FA nanoparticles have the
potential to be used for delivery of this highly toxic chemotherapeutic agent with
reduced side effects in HNSCC.
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Poster Session P1
PROTEOME ANALYSIS AFTER ATTENUATION OF MOUSE
MELANOMAS BY STEM CELL TARGETED MAGNETIC
HYPOTHERMIA
Gwi-Moon Seo1, Sivasai Balivada1, Raja Shekar Rachakatla1, Marla
Pyle1, Hongwang Wang2, Thilani N. Samarakoon2, Raj Kumar Dani2,
Viktor Chikan2, Stefan H. Bossmann2 and Deryl L. Troyer1
1
Department of Anatomy and Physiology, Kansas State University,
Manhattan, KS, 2Department of Chemistry, Kansas State University,
Manhattan, KS; gseo@vet.k-state.edu; troyer@vet.k-state.edu
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Magnetic hyperthermia is a potential cancer treatment, particularly in combination
with radiotherapy and chemotherapy. Bimagnetic Fe/Fe3O4 core/shell magnetic
nanoparticles (MNPs) can generate heat when exposed to an alternating magnetic
field (AMF). This kills cancer cells by elevating temperatures to a therapeutic
temperature of 42-45 °C. We have observed significantly decreased tumor
volumes when mouse subcutaneous melanomas were treated with MNPs
preloaded into tumor-homing neural stem cells and then exposed to AMF. We
have used 2-DE (2-dimensional electrophoresis) combined with a mass
spectrometry technique (MALDI-TOF) to identify differentially expressed proteins
from tumors exposed to short AMF after I.V. injection of MNP-loaded NSCs. We
identified 11 proteins such as PGK-1 and neurotensin receptor 1 after analysis by
2-DE and mass spectrometry. PGK-1 and neurotensin receptor 1 proteins were
highly expressed in tumors from the mice receiving AMF after IV delivery of
NSC-MNP. PGK-1 overexpression in tumors has been shown to reduce tumor
size due to multiple mechanisms, including inhibition of angiogenesis. These
findings provide the background for further investigation to reveal potential
mechanisms of tumor attenuation by AMF after targeted delivery of MNPs by stem
cells that traffic to tumors.
Poster Session P1
SURFACE CHARACTERIZATION OF GOLD AND SILVER
NANOPARTICLES TO PREDICT FATE AND BEHAVIOR IN
BIOMEDICAL APPLICATIONS
Robert I. MacCuspie, De-Hao Tsai, Tae Joon Cho, Gheorghe Stan,
Frank W. DelRio, Andrew J. Allen, Vince A. Hackley, Robert F. Cook
National Institute of Standards and Technology, Ceramics Division,
Gaithersburg, MD 20899-8520, USA; robert.maccuspie@nist.gov
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Quantitative characterization of nanoparticle (NP) surfaces is essential to
predicting the fate and behavior of NPs in biologically relevant conditions. Here,
the surfaces of gold and silver NPs are characterized via a suite of
physico-chemical techniques under conditions aligned with either optimal
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characterization or those most biomedically relevant. Example coatings ranging
from polymers such as polyethylene glycol (PEG) or Newkome-type dendrons, to
proteins such as bovine serum albumin (BSA) are investigated. Properties such
as the thickness of the coating can be elucidated by combining dynamic light
scattering (DLS) with in situ small angle x-ray scattering (SAXS), while the density
of coatings by x-ray photoelectron spectroscopy (XPS) elemental analysis,
revealing insight on the molecular conformation of the coating molecules, which
caused steric repulsion during ligand exchange reactions. By combining
solution-phase characterization such as DLS or nanoparticle tracking analysis
(NTA) with dry techniques such as electrospray differential mobility analysis
(ES-DMA), experiments such as competitive adsorption kinetics can be conducted
to determine relative binding affinities to the nanoparticles. Additionally, atomic
force microscopy (AFM) mechanical property measurements in liquid and in air
may also provide novel methods of characterizing NP surface coatings through
properties such as the elastic modulus obtained from force volume maps. In
conclusion, no one characterization tool provides all of the critical information
needed for identifying and quantifying a NP surface coating. However, the
combination of multiple measurement approaches in addition to an understanding
of the metrology involved provides detailed insight into predictive parameters such
as the stability of the coatings on the NP surface against competitive desorption or
the physical size changes in diameter, which can ultimately facilitate
understanding the impacts on colloidal stability and aggregation under biologically
relevant conditions.
Poster Session P1
REVERSIBLE pH-INDUCED MICROPHASE SEPARATION PROBED
BY FLUORESCENCE RESONANCE ENERGY TRANSFER IN
POLYMER-POLYMER COMPOSITE NANOPARTICLES
Mohsen Soleimani †,‡, Willie Lau §, and Mitchell A. Winnik†,‡,*
†
Department of Chemical Engineering, University of Toronto, Toronto,
ON, M5S3E5, Canada; ‡ Department of Chemistry, University of
Toronto, Toronto ON M5S3H6, Canada. § Dow Advanced Materials,
The Dow Chemical Company, 727 Norristown Road, Spring House,
Pennsylvania 19477; Mohsen.Soleimanikheibari@utoronto.ca;
mwinnik@chem.utoronto.ca
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Controlling the morphology of composite polymer nanoparticles requires not only
suitable synthetic strategies but also appropriate techniques to scrutinize the
structure on the desired length scales. Fluorescence resonance energy transfer
provides a versatile tool for probing structures down to length scales as small as a
few nanometers. FRET takes place nonradiatively between an energy donor
chromophore and an energy acceptor chromophore. The rate of FRET is sensitive
to the inverse sixth power of the distance between the two chromophores.
Therefore, FRET is a sensitive spectroscopic ruler.
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In this report we describe the use of FRET to decipher the internal structure of
composite nanoparticles designed to exhibit a pH-induced morphology change.
We synthesized these nanoparticles by successive starved fed-seeded emulsion
polymerizations in which we labeled the components inside a particle selectively
with donor or acceptor dyes. The particles are composed of a relatively high
molecular weight copolymer (Mn ≈ 65,000) labeled with
dimethylamino-2-methacryloxy-5-methyl-benzophenone (NBenMA) as the
acceptor dye and a carboxylated oligomer (Mn ≈ 2,000) labeled with
phenanthrylmethyl methacrylate as the donor dye.
We show that the donor fluorescence decay of the particles undergo significant
changes with pH. The extent of energy transfer decreases as one adds base to
increase the pH and deprotonates the carboxylic acid groups. This effect is
reversible i.e. adding acid protonates the COOH groups and increases the extent
of energy transfer to its initial value. We show that one can use Monte Carlo
simulation to obtain the concentration profiles of each component inside the
nanoparticles at each pH. These results suggest the formation of a core-shell
structure at high pH. The shell is composed of ionized donor-labeled oligomers.
The shell-component remixes with the acceptor-labeled core as the pH decreases.
Many cycles are possible before the particles precipitate at high ionic strength. By
combining dynamic light scattering data with those obtained from analyzing the
fluorescence decay profiles, we obtained detailed information about the
morphology of the particles.
Poster Session P1
PARTICLE SIZE AND DENSITY MEASUREMENT USING
ULTRA-HIGH-RESOLUTION MASS SENSORS
Ken Babcock1, Steve Markakis1,2 and Kerri-Ann Hue3
1
Affinity Biosensors, Santa Barbera, CA; 2Massachusetts Institute of
Technology, Cambridge, MA, 3Particle Sizing Systems, LLC, Port
Richey, Florida; kahue@pssnicomp.com
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Ultra-high-resolution mass sensors consisting of MEMs-fabricated, suspended
microchannel resonators were used to determine the size of various nano- and
micro- particles, both inorganic and biological, including cells. With femtogram
(10-15 g) mass resolution, ultra-high resolution mass sensors can weigh individual
particles suspended in fluid, and so measure their mass, density, and size. Particle
size analysis with ultra-high resolution mass sensors provides excellent accuracy
and resolution compared to mature technologies such as light scattering. This
technique also provides quantitative information via the ability count particles.
Furthermore, by measuring the buoyant mass of particles in various solvents,
density can be determined.
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Poster Session P1
AN IN VIVO EXPERIMENTAL STUDY OF MOUSE MELANOMA
THERAPY BY NEURAL STEM CELL-TARGETED MAGNETIC
HYPERTHERMIA
Raja Shekar Rachakatla1, Sivasai Balivada1, Gwi-Moon Seo1, Marla
Pyle1, Hongwang Wang2, Thilani N. Samarakoon2, Raj Kumar Dani2,
Viktor Chikan2, Stefan H. Bossmann2, Deryl L. Troyer1
1
Department of Anatomy and Physiology, Kansas State University,
Manhattan, KS, 2Department of Chemistry, Kansas State University,
Manhattan, KS; rajashek@vet.ksu.edu; troyer@vet.k-state.edu
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Magnetic Hyperthermia promises to be a viable alternative in the treatment of
localized cancerous tumors. Stem cells, such as neural stem cells (NSCs) that
migrate specifically to tumors may allow targeted delivery of magnetic
nanoparticles. Fe/Fe3O4 core/shell magnetic nanoparticles (MNPs), which are
coated with a dopamine-oligoethylene glycol monolayer, were acquired from
NanoScale Corporation (Manhattan, KS). The treatment consisted of loading
NSCs with magnetic nanoparticles (MNPs), transplanting them intravenously into
C57BL/6 mice with subcutaneous B16-F10 melanomas, and exposing the mice to
an alternating magnetic field (AMF). The MNPs dissipate energy in the form of
heat, causing a localized rise in temperature and potential tumor cell death. NSCs
carrying MNPs were transplanted five days after tumor inoculation. On the 8th,
9th, 10th days post-tumor initiation, mice were exposed to AMF for 10 minutes by
using an A/C magnetic field apparatus (366 KHz frequency and 5KA/m amplitude;
Superior Induction Co, Pasadena, CA). After transplantation of NSCs loaded with
MNPs into B16-F10 tumor bearing mice, NSCs were found near or within
metastatic lung tumors; whereas only a few widely-scattered NSCs were found in
other tissues. Tumor bearing mice which received NSCs loaded with MNPs and
subsequent AMF exposures showed a significant decrease in tumor size
compared to tumor bearing mice with either saline only or saline and subsequent
AMF exposures. These results indicate the effectiveness of stem cells for targeted
delivery of bifunctional core shell MNPs for hyperthermia therapy, and
demonstrate that MNPs delivered by stem cells can be potentially used for cancer
therapies.
Poster Session P1
HOMING STUDIES OF MONOCYTES, ENDOTHELIAL CELLS, AND
RAT UMBILICAL CORD CELLS LOADED WITH Fe/Fe3O4
CORE/SHELL MAGNETIC NANOPARTICLES IN A SUBCUTANEOUS
MOUSE MELANOMA MODEL
Sivasai Balivada1, Raja Shekar Rachakatla1, Marla Pyle1, Hongwang
Wang2, Stefan H. Bossmann2 and Deryl L. Troyer1
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Department of Anatomy and Physiology, Kansas State University,
Manhattan, KS, 2Department of Chemistry, Kansas State University,
Manhattan, KS; sivasai@k-state.edu; Troyer@vet.k-state.edu
Magnetic nanoparticles have a variety of biomedical applications, such as cell
tracking, hyperthermia, cell sorting, drug delivery, MRI, etc. Apart from these
applications, iron magnetic nanoparticles can be histologically identified using
Prussian blue staining. We tested homing properties of three different cell types in
a subcutaneous mouse melanoma model by loading cells with Fe/Fe3O4 core/shell
magnetic nanoparticles and a fluorescent dye, SP-DiIC18(3). After loading with
magnetic nanoparticles, 1x105 monocytes (RAW264.7), 1x105 endothelial cells
(MS-1), or 0.5 x105 rat umbilical cord cells (RUCs) were injected intravenously into
mice bearing B16-F10 subcutaneous tumors. Mice were sacrificed at three time
points (30 mins, 2days, 4days) after injection, and tissues were collected.
Histological analysis was performed on Prussian blue and Hoechst stained serial
cryosections of lung, liver, and tumor. Monocytes were found around the tumor
after 2days and 4days. RUCs and endothelial cells were found in and around
tumors after 4 days. For all three types, a few scattered cells were noted in lungs
and liver, with the highest number 30 minutes after cell transplantation. These
results indicate that monocytes, endothelial cells, and rat umbilical cord cells will
be useful as delivery cells for cell-based cancer therapy using magnetic
nanoparticles.
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Kosice, Slovakia; konerack@saske.sk
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Amyloid aggregation is common pathological feature of many serious diseases
such as Alzheimer′ s and Parkinson′s diseases, prion-related transmissible
spongiform encephalopathy and diabetes type II. Amyloid-related diseases are
associated with presence of amyloid aggregates formed by conversion of soluble
protein into oligomers or fibrils with dominated beta-sheet structure. In vivo,
amyloid deposits consist of a single predominant protein component that is
characteristic of each disease. Insulin was recognized as the main component of
the amyloid aggregates in patients with insulin-dependent diabetes. Massive
amyloid structures formed by lysozyme variants are found in the liver and kidney of
individuals affected by hereditary systemic amyloidosis. We have investigated
effect of two magnetic fluids on amyloid aggregation of human insulin and hen egg
white lysozyme as model amyloidogenic proteins. The protein amyloid aggregates
were prepared by incubation of soluble protein in presence of salt in acid solution
and high temperature. The typical amyloid character of amyloid aggregates was
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confirmed by spectroscopic and microscopy techniques. Magnetite nanoparticles
were prepared by co-precipitation of ferric and ferrous salts in alkali medium.
Consequently, freshly prepared magnetic particles were electrostatically (MF1)
and sterically stabilized (MF2) in water to prevent their agglomeration. The
prepared magnetic fluids were characterized by scanning electron microscopy
(SEM), transmission electron microscopy (TEM) and photon cross correlation
spectroscopy (PCCS) method to obtain information about morphology, particle
size, size distribution and polydispersity. TEM as well as SEM analysis of the
magnetic particles showed almost spherical morphology of particles with average
core size of 5 nm and with the following hydrodynamic diameters: DH (MF1) = 26
nm, DH (MF2) = 89 nm respectively. The interaction of MFs with lysozyme and
insulin amyloid aggregates was detected by two independent spectroscopic
methods – Thioflavin T (ThT) assay and ANS assay
(8-anilinonaphthalene-1-sulfonic acid) respectively. We have found that both MFs
are able to interact with amyloid fibrils in vitro resulting into destruction of amyloid
aggregates. The extent of fibril disruption depends on MF concentration. The
incubation of lysozyme amyloid aggregates with both MFs caused extensive
decreasing of the amount of amyloid aggregates (90%). The similar effect was
observed for both MFs in presence of insulin amyloid fibrils. MFs caused 70%
reduction of amyloid aggregates. The depolymerizing effect of MFs was confirmed
by electron microscopy. The obtained results indicate that presence of MFs led to
disassembly of insulin and lysozyme amyloid aggregates. These features make
MFs of potential interest as therapeutic agents against amyloid-related diseases.
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One of the various possibilities how to deliver and concentrate drug in the area of
interest (tumor site) is magnetically controlled drug targeting. Polymer
nanospheres (NPs) created by poly(DL-lactide-co-glycolide) (PLGA) with lactide to
glycolide ratio of 85:15 and 50:50 or poly(lactic acid) (PLA) were used for drug
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encapsulation. As a stabilizing agent of the polymeric NP formulations either
Pluronic or albumin was used. The anticancer drug entrapped in the NPs was
Taxol (TAX). We have prepared and characterised polymer based particles
(typical diameter ~ 250 nm) of approximately spherical shape (nanospheres) using
scanning electron microscopy (SEM), photon cross corelation spectroscopy
(PCCS) (morphology and size distribution) and differential scanning calorimetry
(DSC). For the preparation of magnetic NPs (MNPs), magnetite (Fe3O4), a
biologically acceptable magnetic material was used. Fe3O4 particles, coated by
sodium oleate and poly(ethylene glycol), were dispersed in water, forming a
magnetic fluid (MFPEG). This MFPEG was used at the preparations of MNP
samples. Using IR spectroscopy, TAX was successfully identified in the magnetic
polymer nanospheres with encapsulated drug TAX (TAXMNPs). It was confirmed
in experiments of in vitro drug release testing of different TAX loaded NP (TAXNP)
and TAXMNP formulations that the presence of agents for increasing the aqueous
TAX solubility (sodium salicylate or N,N-diethylnicotinamide) in the release media
was essential. In vitro cytotoxicity of different nanoparticle compositions was
evaluated using B16 melanoma cells. Blank PLGA NPs did not exhibit cytotoxicity.
During three-day expositions to nonmagnetic TAXNP suspensions growth
inhibitions of around 90 % were reached at concentrations of the orders of
magnitude of 0.1 µg TAX/ml with TAXNPs with Pluronic and 0.01 µg TAX/ml with
TAXNPs with albumin. In vivo intravenous toxicity was evaluated. Both blank and
TAX loaded nonmagnetic NPs, and MFPEG were non toxic, with LD50 higher than
120 mg/kg of PLGA. In vivo antitumor activity was evaluated using mice that were
bearing B16 melanoma. TAXMNPs targeted by external magnetic field caused a
reduction of tumor weight.
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Paclitaxel (PTX) is a potent anticancer drug disturbing the growth and spread of
cancer cells in the body. Although PTX is available for the treatment of various
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cancers including breast cancer, lung cancer, and ovarian cancer, its clinical
usefulness is obstructed by a delivery problem caused by its unfavorable
pharmacokinetic and physical properties. Many adverse reactions of the PTX
treatment, such as hypersensitivity reactions, nephrotoxicity, and neurotoxicity
have been known to be caused by the presence of Cremophor EL. To overcome
the obstacle of PTX, we have developed pH-sensitive block copolymer micelle
containing paclitaxel (psm-PTX), responding acidic environment of tumor tissue.
The pH-sensitive block copolymer is synthesized by step polymerization, of which
shell has a hydrophilic MPEG and the core has hydrophobic but pH-sensitive
poly(β-amino ester), forming a self-assembled micelle. The psm-PTX showed a
sharp pH-sensitive micellization-demicellization behavior as confirmed by
fluorescence spectroscopy and dynamic light scattering (DLS). This novel
nanoformulation of PTX displayed enhanced in vitro cytotoxicity induced by
ionizing radiation in human lung cancer A549 cells compared to the free drug
(Taxol). In subcutaneous xenograft murine models bearing A549, psm-PTX
achieved superior anti-tumor effects by it self, paticurally when combined with
ionizing radiation. The psm-PTX might be the most promising PTX delivery system
for the human cancer treatment.
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The mammalian target of rapamycin (mTOR) is a central regulator in many
fundamental biological processes including proliferation, growth, differentiation,
and survival. Because dysregulations of mTOR signaling are associated with
tumorigenesis, mTOR pathway provides potential targets for cancer therapies.
Nevertheless, most of mTOR inhibitor has extremely low solubility in water which
restricts broad range of application in vivo. As sirolimus is water-insoluble
compound, sirolimus is conventionally administrated orally, which has low
bioavailability. Bio-degradable polymer nano particles offer stable intravenous
formulations of sirolimus and delayed releasing time of drugs. We evaluated the
mTOR inhibition activity and radiosensitization activity of PNP-sirolimus comparing
with sirolimus in vitro and tumor growth inhibitory activity in xenograft mouse
model. PNP-sirolimus efficiently inhibited downstream target substrates of mTOR.
Also, PNP-sirolimus significantly decreased clonogenic cell survival rate in
combination with ionizing-radiation on several human cancer cell lines. The
treatment of A549 xenograft mouse model with PNP-sirolimus by intravenous
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administration combined with ionizing-radiation dramaticaly delayed the tumor
growth. The PNP-sirolimus displayed radiosensitization effects both in vitro and in
vivo ttrstment, and its clinical availability of sirolimus was remarkably improved by
polymeric nano particle.
Poster Session P1
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The presentation is aimed at providing an overview of the recent research efforts
in terms of critical parameters that have successfully led to understanding-driven
development of magnetic drug targeting carrier characterized by a core-shell
structure. The core-shell nanoparticles incorporate the advantages of
superparamagnetic core and biodegradable macromolecule shell conjugated with
chemotherapeutic payload. This system can efficiently deliver the therapeutic
agent at the site of tumor cells through engineering of size, structure,
functionalization, and tumor-targeting ligand selection. Additionally, using targeted
site-localized alternating magnetic field, the chemotherapeutic agent can be
activated or ‘switched-on’ to obtain controlled and desired drug release profile.
Furthermore, the magnetic carrier has potential use in biomedical applications
including hyperthermia and magnetic resonance imaging.
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Joel Zazyczny, Barry Arkles
Gelest, Inc. 11 E. Steel Road, Morrisville, PA 19067, USA;
jzazyczny@gelest.com

255

The demand for surface modified and functionalized nanoparticles, nanopowders
and nanocrystals is greater than ever. There is a continued effort to improve the
performance of nanoparticles that are used in a variety of applications with a
primary focus in biomedical, pharmaceutical, cosmetic, ceramic and
semiconductor. A new class of compounds has been synthesized to maximize
bonding efficiency, while optimizing performance in an environmentally friendly
manner. Cyclic azasilanes can be reacted with a variety of hydroxyl laden
nanoparticles via a ring opening reaction that is thermodynamically driven without
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the formation of volatile by-products. Cyclic azasilanes offer a higher level of
monolayer deposition compared to traditional organosilane and metal-organic
chemistries. They find utility as coupling agent, surface modifier and
functionalizer.
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Antibody or ligand-mediated targeting of long circulating liposomes to
over-expressed receptors on tumor cells has been recognized to be a promising
approach to improve liposomal anticancer formulations. Controlling the degree of
surface functionalisation is often a crucial parameter in order to bind enough
ligands to achieve targeting binding without enhancing the clearance by the
reticuloendothelial system. Despite this, very little effort has been done in order to
quantify the degree of surface functionalization.
We have developed a method to site-specific conjugate ligands to alkyne
functionalized liposomes and at the same time quantifying the degree of
functionalization without prior purification or use of laborious equipment.
3-Azido-coumarin, a non fluorescent profluorophore, has been attached to cRGD
by standard Fmoc SPPS chemistry. By adding this 3-azido-coumarin
functionalized peptide to the alkyne modified liposomes under standard Click
conditions (CuSO4 and sodium ascorbate), triazole formation triggers a strong
fluorescence signal by which the exact degree of functionalization can be
monitored in real time. This approach, which is applicable to a wide range of
ligands, may serve as a new tool to control the degree of surface functionalization
and thereby controlling the fate of the targeted liposomes.
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The main problem with systemically administered targeted silicon nanoparticles is
liver and spleen tropism. We have studied the organ tropism of thermally
hydrocarbonized porous silicon nanoparticles derivatized with undecylic acid
(UnTHCPSi) in healthy mice. We have modulated the surface of the particles by
adsorbing polyethylene glycol (PEG), size 10 kDa, or with chitosan/algenate
polyelectrolyte multilayers using layer-by-layer coating method. 125-Iodine
labelled modulated particles were injected IV in tail vein and the mice were
sacrified either immediately or 10 minutes after injection. The radioactivity of
plasma and organs were measured and presentage of injected dose / g tissue
(%ID/ g) and plasma (% ID/ ml) were measured. The adsorbtion of the
nanoparticles on the venous epithelium of liver and spleen were studied by
microscopy.
There was clear difference between the adsorbtion of PEGylated and lbl-coated
nanoparticles suggesting better in vivo shielding properties of chitosan/algenate
polyelectrolyte multilayers compared to PEG.
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The chronic indwelling medical devices market is rapidly expanding and the use of
these devices is often complicated by infections with biofilm-forming microbes that
are resistant to various antimicrobial agents. The complications following internal
fixation in orthopedic battlefield trauma cause significant setbacks and have
devastating consequences. The biofilms are resistant to treatment and often result
in multiple surgeries ranging from tissue debridement and bone excision to soft
tissue flaps. Their increased antibiotic resistance of bacterial strains also results in
difficult to treat infections, higher cost for treatment and poor treatment outcomes.
Resistance has become common among the types of pathogens that commonly
associated with perioperative orthopedic implant infections. Many of these
infections are nosocomial, or as it is more commonly referred, healthcare acquired
infections (HAI). There have been few studies of focused on the development of
antimicrobial interfaces for orthopedic implants. Typically these coatings provide
protection only in the ex-vivo environment reducing the bioburden until it is
inserted into the body. The need for industrially relevant, biocompatible,
cost-effective and highly concentrated antimicrobial agents for chronic indwelling
devices still remains. In an effort to address this need we have developed a novel
biomass mediated method for synthesizing (SNP) and formulated these particles
into biocompatible PEG hydrogel nanocomposite coatings to impart antimicrobial
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properties of oxidized surfaces simulating orthopedic fixation devices.
A hydrogel was chosen as the coating/delivery vehicle as high
biocompatability and tunable mechanical stability. The hydrogel coating on the
implant is designed to be resorbable by the body post surgery, releasing the silver
payload over several months reducing the potential for infection and improving
healing. The hydrogel nanocomposite provides a stable silver reservoir in the form
of SNP. These coatings are demonstrated to be cytotoxic to microbial cells and
non-cytotoxic to human cells. SNP and the film morphology are characterized
using Transmission Electron Microscopy (TEM), Atomic Force Microscopy (AFM)
and UV-Visible Spectrophotometery.
The concentrations of SNP in the hydrogel coatings were varied and optimized to
achieve 4-5 log reduction of viable CFU’s for each challenge microorganism. The
antimicrobial testing was conducted by ISO standard protocol to increase the
regulatory relevance of the testing and allow convenient comparisons to previously
published results. The release of silver from specimens to the bacterial solution
was profiled by ICP-OES.
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Streptavidin coated magnetic particles are gradually being introduced as suitable
tools in diagnostics of neurodegenerative diseases. As streptavidin with four
binding sites has the strongest affinity for biotin, biotinilated antibodies can capture
specific protein molecules that can easily be detected. A method for synthesis of
such particles is described. We prepared magnetic beads covered by streptavidin.
Two different protocols were used to attach streptavidin to the surface of the
beads: 1 - physical adsorption and 2 - chemical coupling. Streptavidin was
attached to the surface via surface functional groups –COOH, -OH and -CONH2.
Magnetic beads were of two different dimensions: micrometer-size (~ 1 µm) and
nanometer-size (~12 nm). Batches with or without adding the blocking agent BSA
were prepared. BSA blocks unoccupied places and thus prevents binding of
unspecific molecules to the beads. The attachment strength of streptavidin to the
surface of beads towards washing was studied. Especially with chemical bonded
streptavidin, we obtained very good stability and also high detection sensitivity.
Washing with PBS was performed after binding of the second antibody and before
the colour reaction. The results of our research showed that such a treatment
gives much better results and lower background. Our results indicate that second
antibody adsorbs on the surface, what can also cause a high background. The
corresponding immunocapture tests the magnetic beads gave good results. By
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using our functionalized magnetic nanoparticles, large amounts of prions can be
isolated from the solution, which in turn helps to diagnose disease in earlier state.
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Several layers of phospholipid vesicles (Ø~100nm) were assembled on a solid
support given by Layer-by-Layer (LbL) particles consisting of a spherical silica
core (Ø~4µm) coated with several polyelectrolyte layers with alternating charge.
The last, negatively charged layer was modified by covalent attachment of DNA
oligonucleotides. Oligonucleotides with a covalent attached lipophilic anchor
(lipophilic oligonucleotides) of the complementary sequence were inserted into
vesicles’ membrane promoting the formation of a vesicle layer on the particles via
sequence specific DNA hybridization. A second and a third layer of vesicles was
assembled using lipophilic oligonucleotides complementary to those of the first
and the second vesicle layer, respectively.
Vesicles, immobilized on LbL particles represent nanocontainers with interesting
properties: Encapsulated molecules stay entrapped for several days, and can be
released by the addition of melittin, a small peptide from bee venom. Although the
vesicles are situated in close proximity they do not fuse, however, fusion can be
triggered with melittin. The silica core allows transport of the containers to the
desired destination, as it was shown using an optical tweezer. Subsequent
release of an encapsulated dye was monitored on a microsecond time scale. In
recent work the presented system is studied for its application as a microreactor
for enzymatic reactions.
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Calcium phosphate nanoparticles (CPNPs) have recently been reported as a new
class of nontoxic, biodegradable carriers for in vivo imaging and therapeutic
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applications. These ~20 nm particulates can be synthesized to encapsulate a
variety of organic molecules for various applications and their surfaces
bioconjugated for a range of specific targeting schemes. The primary function of
the CPNP matrix is to shield the payload and provide adequate protection from
photochromic alterations and molecular degradations until the target site is
reached. This, in turn, imparts improved emission signals, photostabilities, and
fluorescent lifetimes, as well as localized dosing and reduced systemic exposures
when encapsulating fluorescent molecules or bioactive drugs, respectively. Here
we report the optimization of these nanoparticulates for simultaneous imaging and
photodynamic therapy with the near infrared active indocyanine green (ICG).
Particular attention is given to optimizing the encapsulated ICG content for both
maximal fluorescent emission and singlet oxygen generation. The concentration
that yields the highest fluorescent signal and incidence of triplet state transfer is
presented as a function of particle diameter. Additionally, the pH dependent
solubility of calcium phosphate can be exploited to control dissolution and
encapsulate-release behaviors. A range of silicate content in the CPNP matrix is
investigated and the relationship between dopant percent and intracellular
dissolution rates is presented. Controlling the material composition of the CPNP
matrix tailors the in vivo behavior of the carriers, which can be designed for
application-specific functions such as long-term imaging protocols where
dissolution is suppressed, or rapid drug delivery schemes for which timely
dissolution and payload release is desirable. Thus, this work outlines the function
of two parameters of ICG encapsulating CPNPs, encapsulate content and material
composition of the matrix, to optimize the performance in simultaneous near
infrared imaging and photodynamic therapy applications.
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Micron and sub-micron sized core-shell particles consisting of a calcium carbonate
(CaCO3) mineral shell were generated for the purpose of controlled-release
applications, such as drug/chemical delivery. The particles were generated by
coating oil-in-water emulsion droplets and liposomes with a polymer-induced
liquid-precursor (PILP) to amorphous calcium carbonate, which is a process
developed by the Gower research group. The results are CaCO3–coated
microcapsules that encapsulate either hydrophobic chemicals of interest, in the
case of coated oil-in-water emulsions, or hydrophilic chemicals of interest, in the
case of coated liposomes. Size and morphological analyses were performed by
various microscopic techniques, where it is observed that a smooth and
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continuous mineral shell is created by this precursor process. Confocal
microscopy is being used to visualize an oil-soluble fluorescent dye dissolved in
the oil phase of the emulsion to verify encapsulation of chemicals of interest within
the interior of the capsules. We are presently examining the degradation capability
of the calcium carbonate shell to demonstrate that it can be intentionally degraded
under certain conditions to allow for the controlled release of the agent of interest.
We believe that these core-shell particles have a myriad of potential applications in
situations where intentional, controlled release of a drug/chemical is required.
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Bio-nanocapsule (BNC) consisting of hepatitis B virus surface antigen (HBsAg) L
proteins and phospholipids is used as an efficient and safe non-viral carrier for the
human liver-specific delivery of genes and drugs. However, HBsAg protein has so
far been used as an immunogen of HB vaccine, it is indispensable to reduce the
immunogenicity and antiginicity of BNC for the administration to HB vaccinees and
chronic hepatitis B patients. We hereby developed a new type of BNC of lowered
immunogenicity by incorporating two amino acid substitutions derived from HBV
escape mutants, namely Gln (amino acid 292) to Arg, and Gly (amino acid 308) to
Arg. The modified BNC abrogated more than 50% of the binding activity to
anti-HBs immunoglobulin (HBIG), a naturally occuring anti-HBV antibodies in
human. Moreover, we found that the immunogenicity of modified BNC is
significantly lower than that of original BNC. Therefore, we designated the
modified BNC as a low immunogenic BNC (Li-BNC). Furthermore, Li-BNC has
successfully retained the delivery ability to the human hepatocytes. Li-BNC
effectively delivered DNA plasmid to HepG2 cells as well as oroginal BNC.
Intravenously injected Cy7-labeled Li-BNC showed excellent delivery ability to
human hepatocyte-derived tumor in mice in the presence of high titer of anti-HBV
antibody in blood. Doxorubicin (DXR)-containing Li-BNC inhibited the tumor
growth in xenograft mice more effectively than DXR alone. These results strongly
suggested that Li-BNC is a promsing human liver-specific DDS/GDS carrier
applicable for not only normal human but also HB vaccinee and HBV-infected
patients.
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Alginate is an anionic polysaccharide, extracted from cell walls of brown algae.
Alginate forms gels in the presence of divalent cations. Such gels are widely used
in pharmaceuticals, food packaging, dentistry etc. Alginate gels are being
investigated for controlled drug delivery technology, because of their easy-to use
properties and biocompatibility. Calcium alginate is the most common form of
alginate-based controlled release encapsulants.
In the present work, various materials (polysaccharides, clay, nanoparticles) are
used as dopes to strengthen calcium alginate beads. Prepared beads were
characterized via XRD and SEM. Encapsulating efficiencies and swelling ratios of
beads were investigated. Bovine serum albumin (BSA) is selected as model drug.
Release profile of BSA in simulated gastric (SGF) and simulated intestinal (SIF)
fluids were analyzed via spectrophotometric method. As the bead walls are
strengthened and BSA is adsorbed on dope materials (e.g clay and nanoparticles),
it is shown that release speed is significantly slowed down.
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Dyed and/or fluorescent polymeric particles may be used as a valuable tool in
diagnostics and therapy. With the functionalisation and covalent attachment of a
targeting agent, the particles may be used for creating a specific probe for one of
many diseases that exhibit characteristic biomarkers at a cellular level. The work
demonstrates the encapsulation of dyes into template polystyrene microspheres,
using a simple swelling and de-swelling method. Briefly, the dye is dissolved and
trapped in the organic phase of a biphasic system and then an emulsion is formed.
Polystyrene particles are introduced, and are swollen by droplets of organic
solution that enter between the polystyrene chains of which the microspheres are
composed, causing the microspheres to swell. The solvent is then evaporated,
de-swelling the microsphere, and leaving the solute dye trapped within the
microspheres. The "swelling and de-swelling" method of encapsulation is easily
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performed using hydrophobic dyes that are easily dissolved and retained in
organic solutions, however, special conditions are required for fluorescein, an
amphiphilic molecule with limited solubility. The section on fluorescein
encapsulation suggests a simple solution to problems with reagent solubility, and
in future may prove to be relevant for other reagents, and in a wider range of
applications. Following entrapment of dye, the microspheres may be coated with
gelatine, giving amine functionalisation, then crosslinked with glutaraldehyde:
securing the coating, preventing leakage of dye, and providing aldehyde
functionalisation available for conjugation to biological targeting agents.
Poster Session P1
GENERATION OF MULTI-COLOR MONOVALENT QUANTUM DOTS
FOR TUMOR MARKER PROFILING
Hong Yan Liu and Xiaohu Gao
Department of Bioengineering, University of Washinngton , Willam
H .Foege Building N530M, Seattle, Washington 98195, USA;
xgao@u.washington.edu
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With the development of targeted therapies in cancer, it is imperative to establish
methods for analyzing multiple tumor biomarkers accurately and quantitatively in
needle tumor biopsies. Accurately and efficiently capturing a specific “molecular
portrait’’ of each patient’s tumor plays a crucial role in the diagnosis and treatment
cancers and are challenging the current method of peroxidase-based
immunohistochemistry which is not stoichiometric and only one stain can be done
on a section. Nanotechnology is becoming a fundamental driver of advances in
cancer research. In this regard, bioconjugated quantum dots (QDs) are particularly
attractive as an emerging new probe for tumor biomarker profiling owing to its high
multiplexing and quantification capabilities. QDs possess unique advantages
compared to organic dyes and fluorescent proteins, such as high brightness and
photostability, simultaneous excitation of multiple fluorescence colors with a single
excitation wavelength.Although QDs have become a new biological labeling entity,
the “perfect ’’ QD bioconjugates, in which the number of biomolecules per
nanoparticle and the orientation of the biomolecules are precisely controlled, are
still not available and pressing in need for accurate and quantitative detection
biomarker expression. The lack of orientation control can cause the loss of
QD-ligand activity while the lack of stoichiometric control will bring about variation
in signal quantification.
We have developed a panel of multi-color orientation controlled monovalent QD
Probes by hybrid gel electrophoresis and new designed electro -eluter systems .
Novel monovalent QD probes will provide an unprecedented precision tool in
determining the molecular fingerprints of individual cancers, the accurate
quantitative measurement of tumor markers will provide the essential information
for cancer diagnosis and personalized treatment.
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Poster Session P1
STEALTH SOLID LIPID NANOPARTICLES ENCAPSULATING LEAD
SELENIDE QUANTUM DOTS FOR WHOLE ANIMAL NEAR
INFRARED FLUORESCENCE IMAGING
Adam Shuhendler1, Preethy Prasad1, Claudia Gordijo1, A. Michael
Rauth2, Kui Yu3 and Xiao Yu Wu1
1
Department of Pharmaceutical Sciences, Leslie Dan Faculty of
Pharmacy, University of Toronto, Toronto, Canada, M5S 3M2; 2Ontario
Cancer Institute, Toronto, Canada, M5G 2M9; 3National Research
Council of Canada, Ottawa, Canada, K1A 0R6;
adam.shuhendler@utoronto.ca
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For effective whole animal fluorescence imaging, fluorescent probes with
excitation and emission wavelengths in the near infrared (NIR) region (~650 to 900
nm) are required. The NIR light not only can penetrate deep into tissue in live
animals, but can also provide a spectral window within which tissue
autofluorescence is minimized. Recent advances in the synthesis of
semiconductor materials have generated quantum dots possessing excitation and
emission wavelengths in the NIR region. Lead selenide (PbSe) quantum dots are a
class of semiconductor nanocrystals with spectral characteristics in the NIR range;
however their in vivo use is limited due to the inherent toxicity of Pb. Herein, PbSe
quantum dots have been synthesized and encapsulated into “stealth” solid lipid
nanoparticles (SSLN) to reduce their in vivo toxicity. The NIR fluorescent probe
PbSe-SSLN present a corona of poly(ehtylene glycol) chains to the aqueous
environment, significantly reducing plasma protein absorption and enhancing
biocompatibility. The PbSe-SSLN dispersion is also stable in aqueous
environments, making this fluorescent formulation amenable to whole animal
imaging. The encapsulation of the PbSe quantum dots in the lipid matrix of SSLNs
was confirmed using transmission electron microscopy. Both the spectral and
formulation characteristics including the particle size and zeta potential of the
PbSe-SSLN formulation were characterized. The PbSe-SSLN did not show any
toxic effect on cells or mice. The PbSe-SSLNs, with sizes less than 200 nm and an
average zeta potential of about -20 mV, were injected intravenously into breast
tumor-bearing nude mice and imaged using an IVIS 200 imaging system with 710
nm excitation and 840 nm emission wavelengths. Bright red fluorescence was
observed in the mice, suggesting successful application of this novel NIR
fluorescent PbSe-SSLN system to whole animal imaging.
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Poster Session P1
DEVELOPMENT OF HIGHLY LUMINESCENT ROBUST QUANTUM
DOT-BASED REPORTER BARCODES FOR ULTRASENSITIVE
DETECTION OF CANCER BIOMARKERS
Shivang R. Dave and Xiaohu Gao
Department of Bioengineering, University of Washington, Seattle WA
98195, USA; xgao@uw.edu
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The development of fluorescent spectroscopic barcodes as highly sensitive probes
capable of multiplexed detection of biomarkers has been an area of interest
relevant to many research areas including gene expression profiling, molecular
imaging, fundamental biophysics and clinical diagnostics. We have developed
quantum dot (QD) encoded barcodes on both the nano- and micro-scale by
employing bottom-up and top-down approaches, respectively. Current attempts to
fabricate nanoscale probes that incorporate nanoparticles suffer from broad size
distribution, low nanoparticle incorporation, fluorescent quenching, or potential
degradation of the fluorescent barcode due to harsh conditions of the reaction or
assay milieu. Recently, we reported the preparation 100 nm QD nanobarcodes
based on QD amphiphilic polymer assembly, encoded with >250 pre-protected
multicolor QDs at precisely controlled doping levels to yield multiplexable
fluorescent probes exhibiting high brightness compared to traditional fluorophores.
Herein, we describe the preparation of surface-modified robust barcodes that
prevent nanoparticle leakage, reduce non-specific binding and enhance barcode
pH and chemical stability. Furthermore, we also have developed polymeric QD
microbeads that exhibit excellent pH and chemical stability via a microfluidic chip
with the ability to precisely control relative QD doping levels.
Poster Session P1
UPTAKE OF QUANTUM DOTS BY PLANTS
Annie R Wang1, Hengyi Xu2, John Dixon2, Zoraida, P Aguilar2,
Y. Andrew Wang2
1
Fayetteville High School, Fayetteville, AR 72701. USA
2
Ocean NanoTech, LLC. 2143 Worth Lane, Springdale, AR 72764,
USA, awang@oceannanotech.com
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Nanotechnology is quickly becoming a more common word used in science and
everyday life. Nanoparticles are platform for the nanotechnology and some
nanoparticle-based products have been used in our daily life. Many researches
have focused on the toxicity of nanoparticles in small animals and cells. However,
little attention has been paid to the uptake of the nanoparticles by plants. The
nanoparticles, when released into the environment, will eventually find their way
into water and soil and might be absorbed by plants; thus, beginning their climb up
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the food chain. This presentation is aimed to study how plant absorbs
nanoparticles and how these nanoparticles are distributed in plants. The red
fluorescence quantum dots with the inorganic size less than 10 nm were chosen
as the optical probe to study their uptake by Mung bean sprouts (Vigna radiata)
due to their high stability, high brightness and nanosize. The experimental results
showed that the Mung bean sprouts were able to adsorb the quantum dots and the
quantum dots were accumulated at the plant’s root and tip. The affected Mung
bean sprouts showed a stunted growth.
Poster Session P1
SMALL-MOLECULE-CONJUGATED NANOSENSORS FOR THE
SENSITIVE DETECTION OF TOXINS VIA MAGNETIC RELAXATION
Oscar J. Santiesteban 1,3,Charalambos Kaittanis1,2, Santimukul
Santra1, Tuhina Banerjee2, Ken Teter2, J.ManuelPerez1,2,3
1
Nanoscience Technology Center, 2 Burnett School of Biomedical
Sciences – College of Medicine, and 3Department of Chemistry,
University of Central Florida, 12424 Research Parkway, Suite 400,
Orlando, Florida 32826, USA; jmperez@mail.ucf.edu;
osanties@mail.ucf.edu
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Magnetic nanosensors (MRnS) offer multiple benefits that can be used to design
sensitive and robust diagnostic tools. High sensitivity, stability, and ease of
surface modification make this approach a strong contender against the more
commonly used heat-labile antibodies. Providing picomolar detection ranges, even
at higher temperatures where antibodies are impractical, makes MRnS a good
replacement for diagnostics in remote locations where specific storage
requirements are not available. Amid the most widespread and effective virulent
factors affecting humans are bacterial and fungal toxins. Hence, there is a need for
sensitive toxin diagnostics that can be used in remote point-of-care locations and
reduce the time required for validation of test results. Using
carbohydrate-conjugated MRnS, we were able to detect toxins with high sensitivity
and specificity.
Poster Session P1
DEVELOPMENT OF LANTHANIDE ION-BASED LUMINESCENT
NANOPARTICLES
Ariane Beaupré, Marie-Christine Dorais and Anna Ritcey
Chemistry Department and CERMA, Université Laval, Québec,
Canada; ariane.beaupre.1@ulaval.ca
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The unique luminescence properties of lanthanide ions have long been recognized
and arise from numerous transitions within their partially filled 4f electronic shell.
The use of lanthanide ions, particularly in bioimaging applications, offers several
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advantages over organic fluorophores. In addition to better photostability,
lanthanide ions also exhibit narrow emission bands. Luminescent nanoparticles
also offer advantages when compared to molecular probes in that they are
resistant to degradation and are often less toxic. In this project, we obtained
lanthanide-doped yttrium fluoride nanoparticles through an inverse microemulsion
synthesis. We demonstrated that it is possible to dope the nanoparticles to a
certain extent without perturbing the yttrium fluoride crystal structure. The
fluorescence spectra of Eu3+ doped nanoparticles are found to differ significantly
from that of Eu3+ in solution and also depend on the exact doping conditions.
Composite nanoparticles with varying core-shell architectures were also prepared.
In general, these structures show an increase in luminescence intensity as well as
changes in the relative intensities of the characteristic bands. The synthesis and
doping conditions are currently being optimized and studied in conjunction with the
physical characteristics of the nanoparticles. Fluorescence lifetimes are also
being investigated for both the doped nanoparticles and the core-shell structures.
Parallel work includes the chemical modification of the particle surface through the
addition of a silica shell in order to facilitate conjugation to molecules of interest for
biological imaging. Silica-coated particles that can, in part, be dispersed in
aqueous media have been obtained but not without the simultaneous nucleation of
free silica. Ongoing work thus includes the optimization of the synthesis to
eliminate the production of extraneous silica.
Poster Session P1
MODIFICATION OF GOLD NANORODS AS STABLE CONTRAST
AGENT
Xiaoge Hu and Xiaohu Gao
Department of Bioengineering, University of Washington, Seattle, WA
98195, USA; xgao@u.washington.edu
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Gold nanorods (GNR) have been exploited as tools for biomedical applications
including imaging, therapy, biomedical detection, and drug delivery owing to their
unique shape/size dependent properties, strong absorption/scattering of light, and
biocompatibility. Although the use of GNRs for biomedical applications is very
promising, the combination of three key factors, surface functionalization, colloidal
stability, and cytotoxicity, has hindered the widespread use of GNR for in vivo
targeting. Some modification strategies have been exploited for replacing or
screening CTAB on GNRs to solve the cytotoxic problem, but the stability to the
pulse laser irradiation still need to be addressed in order to get higher and more
stable signals when they are applied in photoacoustic imaging and photothermal
therapy, because the photo fluencies often result in GNR shape changes that
significantly reduce the efficiency of photothermal transmission or acoustic wave
generation. Here we introduced a new method for surface engineering of GNR
through ligand replacement, followed by silica encapsulation and amphiphilic
polymer coating, to produce a contrast agent that is colloidal stable, less toxic,
surface functional, and resisting to thermal deformation.
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Poster Session P1
ULTRA-SMALL Au NANOPARTICLES IN CELLS
Xuan Zhang1; Hicham, Chibli1; Kalonji Ntumba1; Jay Nadeau1
1
Departement of Biomedical Engineering, McGill University, Montreal,
QC, Canada. H3A 2B4; xuan.zhang3@mail.mcgill.ca
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Gold nanoparticles have long been proved by FDA, and it is a very popular topic in
hydrophobic drug delivery. In this work, red-fluorescent ultra-small Au
nanoparticles are synthesized with a tiopronin shell for any potential
functionalization. These extremely water-soluble particles have a mean diameter
of 2.8nm, and emission ranging from 650nm to 860nm with the peak at 780nm.
Doxorubicin, a hydrophobic anticancer agent, is conjugated to Au nanoparticles.
Toxcity test shows that the conjugates are significantly more lethal to B16
melanoma cells than doxorubicin alone while the Au NPs itself does no harm. And
at certain concentrations, Au-Dox is up to five-fold more cytotoxic. The mechanism
of action of the conjugate is further explored. Bcl2 transfected Hela cells, a cell line
resistant to apoptosis, are used to find out the role of conjugate in apoptosis.
Oxidative DNA damage Elisa experiment is also done to answer if the DNA is
damaged by oxidation. This exploration offers a potential way in the use of gold to
be an efficient drug delivery agent.
Poster Session P1
SYNTHESIS AND CHARACHTERIZATION OF ZINC BLEND
LUMINESCENT NANOPARTICLES FOR MEDICAL/BIOCHEMICAL
APPLICATIONS
Thomas R. Morris II, Mazen Minkara, Richard Gilstrap, Hisham
Menkara, & Christopher J. Summers
PhosphorTech Corporation, 351Thornton Rd. Suite 130; Lithia Springs,
GA. 30122 USA, Thomas@phosphortech.com
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We report the synthesis and characterization of the zinc blend nanoparticle system
for luminescent applications. ZnSe and ZnS phosphors have been critical to the
phosphor industry where bulk materials have been needed, but the past decade
has seen much progress in the synthesis of these materials as colloidal
nanoparticles that nearly eliminate the scattering effects that are so common in
bulk materials. Other systems such as cadmium blends are known for their
efficiency, but have been avoided in many applications, especially medical and
biochemical, due to the inherent toxicity of cadmium. For this reason, there is a
growing interest in the zinc blend system for nanoparticles. Methods have been
explored to manipulate crystal growth and to produce notable structures with
unique quantum confinement and properties. Understanding the relationship
between synthesis and the resulting structure is critical to optimizing the resulting
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properties that are needed for specific applications. The synthesis methods utilize
a wide range of organic coordinating solvents to partially passivate the surface of
the particles during the nucleation and growth phases of the particles. We use
these methods to compare and contrast different doping schemes and to achieve
size-tunable absorption bands and size-independent emissions with large Stokes
shift. In one structural investigation, ZnSe was grown around a MnSe core with a
thin outer layer of ZnS that was grown from H2S. At a thickness no greater than
two nanometers, the outer layer of ZnS was thick enough to reduce the surface
energy of the ZnSe and thin enough to allow nearly 100% transmission of the light.
Through this structural change, exitons prefer to recombine on the Mn dopants
rather than the relaxed surface defects causing these particles to have better
quantum yield than the particles with no ZnS coating. The luminescent properties
of these structures were enhanced by more than 3X using in-situ optical feedback
to monitor and optimize the growth conditions. Optimization of precursors also
enabled better control of the nucleation process and to minimize the formation of
undoped nanoparticles while growing larger doped particles up to 10nm. The
resulting properties obtained in the presented nanostructures give separate
absorption and emission bands with high optical conversion efficiencies. Finally,
scalability was demonstrated by increasing the concentrations and volumes of the
precursors for greater manufacturing yields.
Poster Session P2
QUANTUM DOTS FOR BIOSCIENCE
Hengyi Xu, Zoraida P. Aguilar, Y. Andrew Wang
Ocean NanoTech, LLC. 2143 Worth Lane, Springdale, AR 72764,
USA, awang@oceannanotech.com
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Quantum dots (QDs) with high quantum yield and high colloidal stability are
currently under intense study. Their biocompatible properties give them great
potential for applications in diagnostics and sensing. We synthesized and
commercialized a series of QD products. The emission of the QDs are in the range
of 530-620 nm with a quantum yield of higher than 50%. These hydrophobic QDs
have converted to biocompatible and biolinkable hydrophilic nanoparticles for
biomedical applications using an amphiphilic polymer coating. Collaborating with
several research groups, we report our recent progress in the study of biomedical
related applications of our QDs.
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Poster Session P2
IRON OXIDE NANOCRYSTALS FOR BIOSCIENCE
Hengyi Xu, Zoraida P. Aguilar, Y. Andrew Wang
Ocean NanoTech, LLC. 2143 Worth Lane, Springdale, AR 72764,
USA, awang@oceannanotech.com
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Iron oxide nanocrystals with high magnetization value and well controlled size and
surface chemistry are currently under intense study due to their broad applications
in biomedical research, such as magnetic resonance imaging (MRI),
bio-separation, hyperthermia therapy, drug delivery. Recent advances in iron
oxide nanocrystals synthesized at elevated reaction temperature allow the
preparation of monodisperse particles with a size range of 4-50 nm. However, the
hydrophobic nature of the iron oxide nanocrystals prevents their application in
biomedical applications. Several approaches to convert the new generation of iron
oxide nanocrystals to water soluble nanocrystals have been developed. Each
method has their strength and weakness. However, common requirements of
water soluble nanocrystals for biological application are high stability, less
non-specific bindings, less RES uptake for in vivo applications, less toxicity original
from the surface coating. In this talk, we present Ocean’s progress in the
synthesis of iron oxide nanocrystals in the size range of 5-50 nm, their surface
modification with superior colloidal stability, multi-functional groups for flexible
bioconjugation scheme. We will also reported our recent results in MRI imaging,
drug delivery and bio-separation by the size tunable iron oxide nanoparticles.
Poster Session P2
FORMULATION AND CHARACTERIZATION OF ITRACONAZOLE
NANOPARTICLES MADE BY ADVANCED EVAPORATIVE
PRECIPITATION INTO AQUEOUS SOLUTION
Stephanie Bosselmann1, Masao Nagao1,2, Keat T. Chow1,
Robert O. Williams III1
1
The University of Texas at Austin, Division of Pharmaceutics, Austin,
TX 78712-1081, USA, 2Takeda Pharmaceutical Company Limited,
Pharmaceutical Technology, Osaka, Japan;
sbosselmann@mail.utexas.edu
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Introduction. Evaporative precipitation into aqueous solution’ (EPAS) is a particle
engineering technology capable of producing micron-sized drug particles
stabilized by surfactants and/or polymers. Specifically, an organic drug/stabilizer
solution is sprayed into a heated aqueous solution through a custom-made
atomizing nozzle. Rapid evaporation of the volatile solvent leads to precipitation of
the drug in the form of suspended particles. In order to overcome disadvantages
associated with EPAS, we developed ‘advanced evaporative precipitation into
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aqueous solution’ (AEPAS), a process that employs emulsions rather than organic
drug solutions and eliminates the need for a customized nozzle.
Purpose. The objective of the present study was to develop a process that
combines emulsion templating and EPAS for forming nanoparticles of the poorly
water-soluble drug itraconazole (ITZ).
Methods. ITZ and lecithin were dissolved in dichloromethane and emulsified with
PVP K17 aqueous solution via sonication. This O/W emulsion was then injected
into an aqueous solution maintained at 80°C. Suspended particles were recovered
by centrifugation and lyophilized using a benchtop tray lyophilizer. The mean
particle diameter (M50) of suspended as well as lyophilized particles redispersed
in water was determined by laser light scattering. DSC and XRD were used to
assess the amorphous nature of the composition. SEM gave information about ITZ
nanoparticle morphology. Furthermore, supersaturated dissolution testing in acidic
and neutral media was conducted.
Results. The M50 of suspended particles 20 min after injection of the emulsion
into the heated aqueous phase was determined to be 290 nm. However, after
redispersion of lyophilized ITZ particles in water the M50 increased to 4.73µm.
SEM pictures revealed micron-sized agglomerates of distinct nanoparticles. To
optimize the lyophilization process sucrose was added as a cryoprotectant at a
concentration of 2% (w/v) of the emulsion and the M50 after redispersion in water
was determined to be 240 nm. SEM confirmed discrete spherical particles
embedded into the sugar matrix. XRD and DSC analysis confirmed the amorphous
nature of ITZ particles. Dissolution testing revealed high and sustained ITZ
supersaturation levels at acidic as well as neutral pH.
Conclusion. AEPAS was shown to be an efficient technology for preparing
nanoparticles of the poorly water-soluble drug, ITZ. AEPAS particles have
immediate applications for oral, parenteral and pulmonary administration of water
insoluble drugs.
Poster Session P2
ENHANCED STABILITY OF AMORPHOUS KETOPROFEN MADE BY
RAPID FREEZING THROUGH THE DEPOSITION OF
HYDROPHOBIC PLASMA-POLYMERIZED FILMS
Stephanie Bosselmann1, Donald E. Owens III2, Rachel L. Kennedy2,
Matthew J. Herpin2, Robert O. Williams III1
1
Division of Pharmaceutics, College of Pharmacy, University of Texas
at Austin, Austin, TX 78712 , 2AeonClad Biomedical LLC, Austin, TX
78738; sbosselmann@mail.utexas.edu
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Introduction. The full potential of many drugs is not realized due to poor aqueous
solubility. One approach of delivering those drugs is to formulate them in the
amorphous state for the reason that the solubility of amorphous materials is
generally higher than that of their crystalline counterparts. Nevertheless, whenever
amorphous material is present there must be significant concern since the
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amorphous state is less thermodynamically stable compared to the crystalline one.
As a result, crystallization of amorphous drugs may occur during long-term storage
and lead to changes in the release characteristics and, consequently, to changes
in bioavailability. One important factor that can accelerate crystallization of a
metastable amorphous system is the presence of water e.g. in the case of the drug
being exposed to humidity. The coating of an amorphous drug system with a
plasma-polymerized film that renders the surface totally hydrophobic will prevent
water from entering the system and consequently inhibit crystallization.
Purpose. The objective of the present study was to demonstrate that the
deposition of a thin hydrophobic plasma-polymerized film on amorphous
ketoprofen (KET) is able to inhibit crystallization of the drug.
Methods. Rapid freezing (RF) was employed to produce amorphous aggregates
of KET and Methocel™ E5 (RF-KET). A pulsed plasma enhanced chemical vapor
deposition process (PPECVD) was utilized to deposit thin films polymerized from
perfluorohexane (C6F14) onto the surface of amorphous RF-KET. DSC was used
to assess the amorphous nature of the compositions. USP dissolution testing was
performed using apparatus 2 at 50 rpm in McIlvaine’s buffer pH 6.8. To evaluate
the stability of uncoated and coated RF-KET, samples were stored at 40˚Celsius
and 75% relative humidity. The process of crystallization was monitored using
DSC and SEM.
Results. DSC testing confirmed the amorphous nature of RF-KET. The
amorphous character was also maintained during the PPECVD process. Uncoated
and hydrophobically coated RF-KET exhibited a rapid dissolution rate with more
than 80% of KET released. After one week, the uncoated RF-KET stored at
elevated temperature and humidity crystallized while the coated sample was
stable for up to 5 months at accelerated conditions.
Conclusions. A hydrophobic coating, applied through plasma-polymerization,
inhibited crystallization of KET. The AeonClad plasma coating technology
represents a promising new way to increase drug stability through surface
modification.
Poster Session P2
POLYMER NANOPARTICLES AS NANOFORMULATION AGENTS
Hung Pham, Fugang Li, Jane Betty Goh, Jose Dinglasan and Darren
Anderson
Vive Nano, Inc., 700 Bay Street, Suite 1100, Toronto, Ontario, Canada,
M5G 1Z6; hpham@vivenano.com
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An approach to produce polymer nanoparticles with tailored characteristics to
accommodate different nanoformulation applications is presented. Polymer
nanoparticlesare made from the collapse of polyelectrolytes in the presence of
counterions and/or different solvents. The size and size distribution,
hydrophobic/hydrophilic character, as well as surface interaction characteristics of
collapsed polyelectrolyte nanoparticles can be controlled by varying the degree of
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crosslinks and the degree of chemical modification of the parent polyelectrolyte
chain. Depending on the characteristics of the polymer nanoparticles (i.e. size and
its distribution, hydrophobic/hydrophilic character, degree of crosslinking, etc.)
different molecules like dyes, pigments, agricultural and pharmacological active
ingredients, and aromatics can be loaded into the polymer nanoparticles. Polymer
nanoparticles made with this approach are typically smaller in size (10-50 nm) than
those achievable using other methods. The extent of hydrophobicity of these
particles characterized by fluorescence spectroscopy using pyrene as the
fluorescent probe will be presented.
Poster Session P2
PREPARATION AND APPLICATION OF MICROGEL-STABILIZED
HIGH INTERNAL PHASE EMULSIONS
Zifu Li and To Ngai
Department of Chemistry, the Chinese University of Hong Kong,
Shatin, N.T., Hong Kong; zfli@cuhk.edu.hk
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High internal phase emulsions (HIPEs) are often defined as very concentrated
emulsions where the volume fraction of the internal phase exceeds 0.74, the
maximum packing density for monodisperse hard spheres. They occur as end
products in a wide range of areas including the food, cosmetic, and
pharmaceutical industries. Conventional HIPEs are commonly stabilized by large
amounts (5-50 vol%) of small-molecule surfactants. Here we present that using
soft poly(N-isopropylacrylamide) (PNIPAM)-based microgel particles as solely
emulsifier, we successfully prepare stable highly concentrated oil-in-water (o/w)
emulsions with the internal volume fraction as high as 0.90. Microgel particles can
be adsorbed to the oil-water interface and provide excellent stability against
coalescence and ripening. At the same time, under a high shearing rate, excess
particles simultaneously form a gel in the continuous phase to trap oil droplets in
the gel matrix, which in turn inhibits creaming of the oil droplets and hence
increase the shelf life of the emulsion. In addition, we will demonstrate that the
release of encapsulated pyrene molecules from such microgel-stabilized emulsion
consequently depends on pH and temperature values, thereby offering a new
degree of the controlled release of active ingredients.
Poster Session P2
AN INVESITGATION INTO THE EFFECT OF THE ADDITION OF
HYDROPHILIC POLYMERS ON THE PHYSICOCHEMICAL
PROPERTIES OF SELF-EMULSIFYING DRUG DELIVERY SYSTEMS
FOR POORLY WATER-SOLUBLE DRUGS
Sheng Qi, Ilaria Leopardi1
School of Pharmacy, University of East Anglia, Norwich, UK; 1 Faculty
of Pharmacy, University of Camerino, Italy; sheng.qi@uea.ac.uk
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Self-emulsifying drug delivery systems (SEDDS) are widely used for the delivery of
poorly water soluble drugs. However, crystallisation of drug in high drug loading
formulations often leads to significant reduction in absorption. Recently a new
formulation approach has been developed to prevent precipitation of the drug by
the addtion of a water-soluble cellulosic polymer (or other polymers) which is
named the supersaturatable self-emulsifying drug delivery system (S-SEDDS).
The effects of the polymer on the physicochemical properties and the drug release
behaviour of the self-emulsifying formulations are not yet fully understood. This
study investigated the effects of the addtion of hydroxypropyl methylcellulose
(HPMC) at different concentrations to Labrasol based SEDDS containg nifedipine,
a poorly water-soluble model drug. The particle size measuerments revealed that
with the addition of HPMC the the average droplet size of the emulsion after
dispersion in water was increased. After being dispersed in water for 2 hours, the
droplet size showed no siginficant change with time. However, it was noted that
the the average droplet size of the formulations changed with the concetration of
HPMC in the formulation. The S-SEDDS formulation with 1% (w/w) HPMC showed
the least increase in droplet size. Broader size distributions and increased average
droplet size from 1µm to 6µm was observed with increasing the HPMC
concentration from 1% to 5% w/w. Polarasied light microscopy images of the
mixing of S-SEDDS with water revealed the process of droplet formation. The
dissolution of HPMC particles and the formation of small emulsion droplets
occurred spontaneously within the first 15mins of mixing. The droplet size
appeared increased once the dissolution of the HPMC was complete. This is in
good agreement with the particle size measurements. It seems reasonable to
suggest that the addition of HPMC altered the strucutre of the emulsion droplets,
which casued the increase in droplet size. After dispersion in water, the drug is in
its supersaturated state which often leads to drug percepitation over time. The
drug precipitation behaviour of the S-SEDDS formulations containing HPMC at
different concentrations was investigated. It was found that the formulation with
1% (w/w) HPMC has the least drug precipitation (approximately 5% w/w) within 6
hours of dispersion in water. With increasing the HPMC concentration in the
formulation, 10-20% drug was observed to precipitate out within 1.5hours. This
demonstrates the existence of an optimal polymer concentration for minimising
drug precipitation after disperion in aqueous media.
Poster Session P2
DESIGN AND FABRICATION OF NANOPARTICLE ENABLED
MESOSCALE SURGICAL INSTRUMENTS
Gregory R. Hayes, Jacob Kerr, Jihane Assabaa, Milton Aguirre, Mary
I. Frecker, and James H. Adair
Materials Science and Engineering Department, The Pennsylvania
State University, State College, PA 16802, USA; grh144@psu.edu;
jha3@psu.edu
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In minimally invasive surgery (MIS), procedures are performed using small
instruments (1-5 mm in diameter) inserted through small incisions. The benefits of
MIS include reduced surgical trauma, shorter hospital stays, reduced
postoperative use of narcotics, and more rapid return to full activity. There is also
a need for order of magnitude smaller and more versatile instruments in some
surgical applications. However, the surgical instrument industry has reached the
limit of what can be done with conventional materials and manufacturing methods.
There is a need for new technology that will overcome the barriers associated with
the physical properties of traditional materials and existing manufacturing
techniques.
The processing of micron scale ceramic and metal parts for various applications,
including medical instruments, has been investigated. Structural and functional
integrity in the micron regime relies heavily on the grain size of the material. Small
grain size allows both increased strength and facilitates small, complex mold
filling. Therefore, nanoparticle colloidal suspensions must be used to enable the
fabrication process. The manufacturing of molds on the micron scale was
achievable via a modified lithography technique that incorporates a known-volume
approach, utilizing SU-8 50 photoresist (MicroChem). Two colloidal suspensions,
an aqueous dispersion of nanoscale yttria stabilized zirconia at 45 vol%, and a
non-aqueous dispersion of 316L stainless steel at 60 vol% are cast into the molds.
Upon burnout and sintering of these filled molds, free standing, dense, ceramic
and metal parts are obtained.
The medical device selected is a monolithic compliant micro forceps that, due to its
two-dimensional design, can be manufactured using this new fabrication process.
Size optimization techniques are employed to determine the effect of dimensional
parameters and material strength on the performance of the compliant micro
forceps. Initially, material strength data is collected and used as a constraint in the
optimization routine, which calls on finite element analysis to determine the optimal
dimensions of the device. Upon fabrication, the final parts are filtered/cleaned and
experimentally tested in order to update material strength properties. The
procedure is then repeated based on design and material property improvements
through subsequent iterations. Future work includes the expansion of this process
to true 3D processing and to incorporate a wider range of materials.
Poster Session P2
COLLOIDAL PROCESSING OF NANOPARTICLES AND
COMPOSITES FOR BIOMEDICAL APPLICATIONS
Rong Ma, Yingying Li and Igor Zhitomirsky
Department of Materials Science and Engineering , McMaster
University, Hamilton, Ontario, L8S4L7, Canada; zhitom@mcmaster.ca
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New methods have been developed for the fabrication of inorganic and organic
nanoparticles for biomedical applications. The inorganic nanoparticles of
hydroxyapatite and metal oxides were prepared as nanorods or nanowires with
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high aspect ratio. The efficient electrosteric stabilization of the nanoparticles was
achieved using novel anionic and cationic dispersants, which were adsorbed on
the particle surface via the surface chelating mechanism. It was shown that
chemical precipitation in the presence of the dispersants resulted in improved
dispersion and enabled particle size control on the nanometric scale. Chitosan,
alginate and hyaluronate were used for the fabrication of organic particles,
containing heparin, antimicrobial agents, albumin, glucose oxidase, haemoglobin
and other drugs, proteins and enzymes. The mechanism of the composite
particles formation was based on the electrostatic and non-electrostatic
interactions of the biopolymers and other functional materials. The electrokinetic
properties of the nanoparticles were investigated and itilized for the fabrication of
novel organic-inorganic nanocomposites. The microstructures of organic-inorganic
nanocomposites were designed for the controlled release of antimicrobial agents
and drugs. The nanocomposites, containing organic and inorganic particles
showed improved biocompatibility and were investigated for the application in
biomedical implants and efficient biosensors.
Poster Session P2
INTERACTIONS BETWEEN A SILICA PARTICLE AND A
HYDROPHILIC SURFACE IN A THERMORESPONSIVE TRIBLOCK
COPOLYMER SOLUTION
Xiaoling Wei1, Xiangjun Gong2, Guangzhao Zhang3 and To Ngai1 *
1
Department of Chemistry, The Chinese University of Hong Kong,
ShaTin, N. T., Hong Kong, 2Department of Physics, The Chinese
University of Hong Kong, ShaTin, N.T., Hong Kong and 3Hefei National
Laboratory for Physical Sciences at Microscale, Department of
Chemical Physics, University of Science and Technology of China,
Hefei, China; weixl@cuhk.edu.hk
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Total internal reflection microscopy (TIRM) is a method for the precise
measurement of interaction potentials between a free-moving spherical particle
and a flat surface based on the single particle evanescent wave. This work
describe the use of TIRM to directly measure the interaction between a
micron-sized silica sphere and a flat surface in a thermoresponsive triblock
copolymer poly(styrene)-b-poly(N-isopropoylacrylamide)-b-poly(sytrene)
(PS-PNIPAM-PS) micelle solution. Our results reveal that the interaction between
the single silica particle and flat surface mediated by the thermoresponsive
micelles can be reversibly tuned through temperature change. At high temperature
(≥ 30 °C), a long-range attaction (~100 nm) induced by the micelles was
measured. However, this attactive force disappeared as far as the soultion
temperture was decreased to room temperature. The process is fully reversible.
Our results sugguest that the origin of this attractive force comes from the
thermo-induced ordering of the triblock copolymer micelles confined between the
gap of silica particle and flat surface, which in turn leads to a imbalance osmotic
pressure inside and outside the gap.
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Poster Session P2
A SUBSTITUTION METHOD OF SKIN PERMEATION SYSTEMS BY
POLYMERIC MEMBRANE
Yoon Kyun Hwang and Jin-Woong Kim
Amorepacific Corporation R&D center, Yongin-si, 446-729, Republic of
Korea; yoonkyun@amorepacific.com
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This study provides the alternative method to evaluate the permeability of drug and
cosmetic materials. Contrary to usual transdermal delivery testing, we used
membrane having similar flux instead of animal skin, which allows studying the
permeation difference by iontophoresis as well as passive permeability. Cellulose
ester membrane was the most convenient for our purpose that had similar
behavior with skin permeability. As a proof of the concept, caffeine (CF) and
triamiondil (TAD) was used as the model material compared with results from the
permeation testing by using porcine skin. The permeability was assessed by
HPLC. The results showed that this membrane can be used for the fast prediction
of drug permeability and is able to evaluate the effect of iontophoresis. The use of
iontophoresis was confirmed to enhance the permeation greater than passive
delivery.
Poster Session P2
REMOVAL OF AQUEOUS DYE POLLUTANTS USING CARBON
NANOPARTICLES SYNTHESIZED BY CO-PYROLYSIS METHOD
N. Akrapattangkul, S. Monchayapisut, N. Leelaviwat, C. Poonjarernsilp,
A. Soottitantawat and T. Charinpanitkul*
Center of Excellence in Particle Technology, Department of
Engineering, Faculty of Engineering, Chulalongkorn University,
Bangkok, Thailand; ctawat@chula.ac.th
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Carbon nanoparticles (CNPs) which are multi-walled carbon nanotubes
(MWCNTs) and carbon nanocapsules (CNCs) synthesized by co-pyrolysis of
ferrocene/glycerol mixture could be utilized for removal of industrial dyes in
aqueous solutions. The synthesized CNPs containing Fe nanoparticles within
their carbon shell are subject to characterized by using transmission electron
microscopyand (TEM), scanning electron microscopy (SEM), X-ray diffraction
(XRD), Raman spectroscopy and BET surface area measurementanalysis. It is
also found that the CNPs could strongly respond to external magnetic field. In this
work, suspension of Benefix Black B (Reactive Black 5) and Benecion Red P8B
(Reactive Red 31) are treated by the synthesized CNPs comparing to treatment
using commercial activated carbon. Effects of particle size and CNP loading as
well as dye concentration on adsorption capacity and kinetics with respect to each
specific dye pollutant are experimentally examined and reported.
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Poster Session P2
CORROSION RESISTANCE PROPERTIES OF CaO-SiO2
NANOCOMPOSITES ON Mg ALLOYS BY A SOL–GEL DIP COATING
TECHNIQUE
Hye Sung Kim, Jin Woo Ahn
Department of Nanomaterials Engineering, College of Nanoscience &
Nanotechnology, Pusan National University, 50 Cheonghak-ri,
Samnangjin-eup, Miryang-si, Kyongnam 627-706, Korea;
hsk@pusan.ac.kr
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Magnesium and its alloys are highly susceptible to corrosion, and this has limited
its useful bio-applications. One way to provide corrosion protection is to coat the
surface to physically prevent contact with the environment. Sol–gel coatings have
been reported to provide corrosion protection to metals. In this study, CaO-SiO2
coating layer by Sol-gel process is made on Mg-Zn-Y alloy. Mg-alloys is prepared
by spark plasma sintering of mechanical alloyed powder. The corrosion properties
and adhesion behaviour as content of tetra orthosilicate(TEOS) (0~20vol%) is
investigated. Despite of slight surface crack, excellent corrosion property is
obtained from 10 vol% TEOS.
Poster Session P2
EFFECT OF SILICATE DOPING ON DISSOLUTION OF CALCIUM
PHOSPHATE NANOPARTICLES
Trevor Goff, Olisa Pinto, Erhan I. Altinoglu, James H. Adair
Material Science and Engineering, Pennsylvania State University,
University Park, PA 16802, USA; tmg249@psu.edu; jha3@psu.edu
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The effectiveness of a calcium phosphate nanoparticulate drug delivery system
depends on the ability to tune dissolution of the carrier such that the payload is
only released when the designated cells or tissue are reached. Control of the
dissolution properties of calcium phosphate permits colloidally stable
nanoparticulates to remain intact until localizing at the desired site and undergoing
dissolution. The amount of silicate dopant in calcium phosphate nanoparticles has
been shown to affect the solubility as well as dissolution properties. The pH
dependence of solubility was investigated as well as the effect of undersaturation
on dissolution kinetics. The dissolution kinetics were measured using a titration
system to maintain a constant undersaturation during the dissolution of the
nanoparticles. It is demonstrated that the dissolution rate and release of cargo can
be controlled via the silicate concentration, an important result in designing
nanocomposite particles for the bioimaging and delivery of chemotherapeutics to
cancerous lesions.
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Poster Session P2
USING NANOPARTICLES AS FLOTATION COLLECTORS
Songtao Yang and Robert Pelton
Department of Chemical Engineering, McMaster University, Hamilton,
ON, L8S4L7, Canada; peltonrh@mcmaster.ca
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Flotation is a very important separation process for mineral processing in which air
bubbles are passed through an aqueous suspension of mineral particles and
unwanted gangue. By selectively manipulating the mineral particle surface
properties, it is possible induce selective attachment of the air bubbles to mineral.
The particle laden bubbles rise to the surface and the surface foam phase is
separated from the gangue. In conventional flotation, small hydrophobic
molecules, called collectors, are adsorbed onto minerals surfaces to selectively
hydrophobically modify mineral surfaces. Typically collectors are short alkyl chains
(2-6 carbon atoms) terminated by a xanthate or thiocarbonate or other functional
group that will chemi-sorb or selectively physically adsorb onto the target mineral
surface. By lowering the surface energy, the collector facilitates mineral particle
adhesion to air bubbles during flotation. In this paper, we describe a completely
new type of collector, not based on small, water-soluble hydrophobic molecules,
but instead based on much larger colloidally dispersed nanoparticles.
Nanoparticles have the potential to increase hydrophobicity and introduce
nanoscale roughness on mineral particles surfaces.
Here we present our efforts to demonstrate our invention by using hydrophobic
polystyrene (PS) nanoparticles to improve the flotation efficiency of hydrophilic
glass beads. We evaluate the influence of conditioning time, PS nanoparticle
concentration, fixed PS coverage ratios, PS nanoparticle particle size, and surface
charges on the flotation efficiency of glass beads. PS coverage on the glass beads
increased with conditioning time. High coverage of latex was required for good
flotation recovery. The recovery of glass beads increased with fixed PS coverage
ratio. Flotation recovery does not seem to be sensitive to latex particle diameter
over the range (78~353nm) when conditioning 60 minutes. However, PS latex
particle size has significant effect on glass beads recovery when conditioning
shortly (5 minutes). The higher diameter resulted in the lower recovery. This work
demonstrates that it is possible to replace molecular hydrophobic collectors with
nanoparticles.
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Poster Session P2
HEALTH RELATED ASPECTS OF NANOMATERIALS
Regine Hedderich
NanoMat, KIT/Forschungszentrum Kaflsruhe, POX 3640, 76021
Germany; regine.hedderich@int.fzk.de
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Nanotechnology must be developed in a safe and responsible manner. Ethical
principles must be adhered to and potential health, safety or environmental risks
scientifically studied, also in order to prepare for possible regulation. Societal
impacts need to be examined and taken into account. Dialogue with the public is
essential to focus attention on issues of real scenarios. The poster will give an
overview on health related nanomaterial research projects financed in Germany
and Europe. Research focuses principally on safety aspects of nanotechnology,
outreach, road-mapping, standardisation and metrology. The projects Nanocare,
INOS and Tracer were promoted by the BMBF. In 2006, the project NanoCare was
initiated by various industries, research companies and universities. Under the
direction of the Federal Ministry for Education and Research (BMBF), more
transparency for the public in the field of nanotechnology is to be created in the
coming years. The project comprises 3 main areas that build on each other: The
generation of knowledge, knowledge management and transfer of knowledge. The
focus of the generation of knowledge is the research into primary particles, particle
agglomerates as well as their behavior in media and systems. To characterize
nanoparticles, the most modern analytical methods of various institutes are used.
The data gained during research is processed, interpreted and structured in the
scope of a web portal (www.nanopartikel.info).
Poster Session P2
CYTOTOXICITY OF CALCIUM PHOSPHOSILICATE
NANOPARTICLES IN HUMAN CANCER CELLS: EFFECTS OF
SURFACE FUNCTIONALITIES AND PARTICLE SIZE
Amra Tabakovic and James H. Adair
Materials Science and Engineering, The Pennsylvania State University,
University Park, PA 16802, USA; axt212@psu.edu, jha3@psu.edu
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Calcium phosphosilicate nanoparticles (CPSNPs) synthesized using a double
reverse microemulsion approach have shown promise as both drug delivery and
bioimaging agents. As with any other nanoparticle system designed for
biomedical applications, toxicities based on surface and size properties are critical
parameters that need to be evaluated for CPSNPs. We investigate how different
surface functionalities and varying nanoparticle size influence the cytotoxicity of
CPSNPs in human cancer cells. We synthesize CPSNPs with carboxylic acid and
PEG functionalities, as well as target moieties specific to the cell line. The size of
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CPSNPs is controlled by varying the molar ratio of water to surfactant (Igepal
CO-520). Presence of surface functional groups is confirmed via zeta potential
measurements, and nanoparticle size and morphology are determined via
transmission electron microscopy. Cytotoxicity in human cancer cells is evaluated
using cell viability methods.
Poster Session P2
EFFECTS OF PARTICLE SIZE IN MACROPHAGE RESPONSES
L.-Y. Wang, H. Yue, W. Wei, G.-H. Ma
Institue of Process Engineering, Chinese Academy of Science, Beijing,
100190, China; wanglianyan@home.ipe.ac.cn
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A deeper understanding of how the physical properties of particles regulate
specific biological response is becoming a crucial requirement for their successful
biomedical application. To provide insight on their design and application, J774A.1
cells are exposed to particles with different diameters (430 nm, 1.9 µm, and 4.8
µm), and the size effects on a series of cellular responses in macrophages are
evaluated. Cellular uptake study depicts that compared with other particles,
nanosized particles accumulate in the cells at a faster rate, to a larger amount, and
with a higher surface area. The uptake intermediates are also trapped, and results
show that the particle internalization involves steps of filopodia sensing, skeleton
rearrangement and morphology change. Further investigation on cellular
trafficking reveals that only nanosized particles are transported via lysosome
pathway. In addition, nanosized particles also prefer to promote the secretion of
specific molecule signals, including TNF-α, IFN-γ, IL-12 and CD80/CD86, rather
than the immune suppressor IL-10. All these results, along with a couple of
surprises, are discussed in the view of clinical practice. They are expected, in
principle, to establish the basis of new design concepts for particle-based
biomedical applications.
Poster Session P2
GENE EXPRESSION PROFILING OF ALUMINIUM NANOPARTICLE
TOXICITY IN HUMAN NEUROBLASTOMA CELLS
Kwang-Man Choi, Jum-Ji Kim, Mi-Young Lee
Department of Medical Biotechnology, SoonChunHyang University,
Asan, Chungnam, 336-745, Korea; miyoung@sch.ac.kr
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Aluminium nanoparticle has been one among the most abunduntly produced
nanoparticles as abrasives, wear-resistant coatings and drug delivery systems. In
this study, the differential gene expression by aluminium nanoparticles were
examined through DNA microarray analysis in human neuroblastoma
cells. Among the whole 44,049 genes tested, 3,148 genes were changed
significantly by aluminium nanoparticles. We identified several interesting targets
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and functions in relation to aluminium nanoparticle-induced toxicity through gene
ontology analysis. The genes involved in the signal transduction, transport,
transcription, cell cycle, cell differentiation, immune response, apoptosis and
proliferation were upregulated by aluminium nanoparticle treatment. The selected
genes in relation to toxicity were validated using real time PCR and further
characterized in this investigation. *This subject is supported by Ministry of
Environment (Republic of Korea) as "The Eco-technopia 21 project" to M.Y. Lee.
The travel was finantially supported by SoonChunHyang University BioPharm
Human Resource Development Center
Poster Session P2
AIRBORNE NANOPARTICLE-INDUCED DIFFERENTIAL PROTEIN
EXPRESSION PROFILE OF HUMAN BRONCHIAL EPITHELIAL
CELLS
Yu-Mi Jeon1, Seul-Ki Park1, Hyung-Sun Youn2, Bu-Soon Son3,
Mi-Young Lee1
1
Department of Medical Biotechnology, SoonChunHyang University,
Asan, Chungnam, 336-745, Korea; miyoung@sch.ac.kr; 2Department
of Biomedical Laboratory Science, SoonChunHyang University, Asan,
Chungnam, 336-745, Korea ; 3Department of Environmental Health
Science, SoonChunHyang University, Asan, Chungnam, 336-745,
Korea
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Epidemiological studies have confirmed the relationship between exposure to
airborne particles and mortality in cardiopulmonary diseases. Increased
application of nanotechnology increases the level of nanoparticles in the air and
thus also increases health risks. They may stimulate, respond to, and interact with
target cells and tissues to induce undesirable side effects. However, the
mechanism of the side response by airborne nanoparticles has not yet been
investigated. In order to investigate the changes in protein expressions involved in
the damage response after exposure to airborne nanoparticles, airborne
nanoparticles were collected at typical industrial region and clean region in Korea.
The alterations of the protein expression patterns upon treating the collected
airborne nanoparticles were analyzed in human bronchial epithelial cells through a
proteomic approach, and the differentially expressed protein spots were identified
by Matix Assisted Laser Desorption/Ionization Time-of-Flight (MALDI-TOF) Mass
spectrometry. The selected proteins by using proteomics could be candidate
biomarkers in relation to airborne nanoparticle toxicity. *This subject is supported
by Ministry of Environment (Republic of Korea) as “The Eco-technopia 21 project”
to M.Y. Lee.
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Poster Session P2
CELLULAR UPTAKE AND CYTOTOXICITY OF SILICA
NANOPARTICLES
Z. Q. Chu, Y. J. Huang, and Quan Li
Department of Physics, The Chinese University of Hong Kong, Shatin,
New Territory, Hong Kong; liquan@phy.cuhk.edu.hk;
zqchu@phy.cuhk.edu.hk
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With the recent development of nanotechnology, various nanoparticulate systems
have been proposed to serve as functional units for biomedical applications in
many innovative ways. However, understanding on the interactions between the
nanoparticle and the cell, in particular, the cellular uptake, transport, subcellular
distribution, and excretion of the nanoparticles, are very limited. In the present
work, we have carried a systematic study on the interaction of silica NPs with
human cells. Endocytosis is identified as a major pathway for nanoparticles to
enter the cell interior, and most of the nanoparticles are located in vesicle-like
organelles of diameters in the range of tens to hundreds of nanometers within the
cytoplasm, before their excretion via exocytosis route. A number of experimental
parameters, including the nanoparticle size, surface, incubation medium and
duration are found to significantly affect the cellular uptake of the particles. By
varying the nanoparticle concentration and incubation duration, we have also
evaulated the cytotoxic effect of these silica nanoparticles based on the
tetrazolium reduction (methylthiazolyldiphenyl-tetrazoliumbromide; MTT). Little
cytotoxicity effect is identified for both crystalline and amorphours silica
nanoparticles of different sizes (ranging from 20-400 nm) in a wide range of
concentrations (0.15625µg/ml-100µg /ml). These results shed light on the general
understanding of nanoparticle-cell interactions, and pave the road for
nanomedicine development using nanoparticle drug carriers.
Poster Session P2
TITANATE NANOTUBES AS NEW CARRIERS IN THE FIELD OF
CARDIOVASCULAR DISEASES: SYNTHESIS,
FUNCTIONALIZATION, INTERNALIZATION AND TOXICITY
Anne-Laure Papa1, Laure Dumont2, Lionel Maurizi1, Pierre Athias3,
David Vandroux2 and Nadine Millot1
1
Laboratoire Interdisciplinaire Carnot de Bourgogne, UMR 5209
CNRS/Université de Bourgogne, BP 47870, 21078 Dijon cedex,
France; nmillot@u-bourgogne.fr; 2 NVH Medicinal, Centre Hospitalier
Universitaire, 21000 Dijon, France ; 3 Institut de Recherches
Cardiovasculaire, Centre Hospitalier Universitaire, IFR Santé-STIC, BP
77908, 21079 Dijon Cedex, France.
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The cultures of neonatal rat cardiomyocytes (CM) represent a very useful tool for
the observation and the understanding of the cellular aspects of cardiac diseases.
However, their uses are limited by low transfection efficiency with conventional
techniques unless viral vectors which provide stable long-term transgene
expression.
This study presents the development of a novel non-viral carrier for cardiac
myocytes based on the use of functionalized titanate nanotubes (TiONts). TiONts
are synthesized by an hydrothermal treatment (150°C, 5 bar) in strongly basic
conditions (NaOH, 10 mol/L). These nanotubes have a tubular morphology being
rolled up in spiral with an inner cavity: they develop large specific surfaces and
they are charged in surface with hydroxide groups. This particularity inferes an
increase of possible interactions with their outside environment and increases
possibilties of grafting.
Grafting of dye molecules (e. g. rhodamin) on nanotubes allows the detection of
the TiONts internalized in CM cells by fluorescence microscopic technique and
flow cytometry.
Transmission Electron Microscopy datas show, as for them, that up to 80% of CM
internalized TiONts without sign of toxicity. TiONts are located in vesicles near the
nucleous.
Nanomaterial dispersion step is an important parameter, especially for biomedical
fields. The main advantage in polyethylenimine (PEI) use for biological application
is its proton sponge effect. This property permits a direct access to cytosol after
cellular internalization. That is the reason why this polymer was selected as first
dispersant to study TiONts as delivery system. For example, functionalizing these
TiONts with appropriate amount of appropriate PEI allow the binding of DNA and
do not change the internalization rate and the toxicity. These results suggest that
further development of these TiONts may provide a new useful tool for research
and clinical gene therapy in the field of cardiovascular disease.
Poster Session P2
INTERACTIONS BETWEEN SUB-10 NM IRON AND CERIUM OXIDE
NANOPARTICLES AND 3T3 FIBROBLASTS : THE ROLE OF THE
COATING AND AGGREGATION STATE
M. Safi and J.-F. Berret
Matière et Systèmes Complexes, UMR 7057 CNRS Université Denis
Diderot Paris-VII, Bâtiment Condorcet, 10 rue Alice Domon et Léonie
Duquet, 75205 Paris, France;
jean-francois.berret@univ-paris-diderot.fr
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Recent nanotoxicity studies revealed that the physico-chemical characteristics of
engineered nanomaterials play an important role in the interactions with living
cells. Here, we report on the toxicity and uptake of the cerium and iron oxide
sub-10 nm nanoparticles by NIH/3T3 mouse fibroblasts. Coating strategies include
low-molecular weight ligands (citric acid) and polymers (poly(acrylic acid), MW =
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2000 g mol-1). Electrostatically adsorbed on the surfaces, the organic moieties
provide a negatively charged coating in physiological conditions. We find that most
particles were biocompatible, as exposed cells remained 100% viable relative to
controls. Only the bare and the citrate-coated nanoceria exhibit a slight decrease
of the mitochondrial activity for cerium concentrations above 5 mM (equivalent to
0.8 g L-1). We also observe that the citrate-coated particles are internalized by the
cells in large amounts, typically 250 pg per cell after a 24 h incubation for iron
oxide. In contrast, the polymer-coated particles are taken up at much lower rates
(< 30 pg per cell). The strong uptake shown by the citrate-coated particles is
related to the destabilization of the dispersions in the cell culture medium and their
sedimentation down to the cell membranes. In conclusion, we show that the
uptake of nanomaterials by living cells depends on the coating of the particles and
on its ability to preserve the colloidal nature of the dispersions.
Poster Session P2
siRNA DELIVERY INTO CANCER CELLS BY PHAGE-FUSION
PROTEINS
Deepa Bedi, James Gillespie, Olusegun A. Fagbohun and Valery A
Petrenko
Department of Pathobiology, College of Veterinary Medicine, Auburn
University, AL 36849, USA; petreva@vetmed.auburn.edu;
bedidee@auburn.edu; petreva@auburn.edu
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RNA interference (RNAi) holds considerable promise as a therapeutic approach to
silence disease-causing genes. Ideally, delivery of siRNA should be targeted to
three levels: to the target tisue, to the target cell type, and the subcellular
compartment. Primary obstacle in achieving the addressed delivery of siRNA in
vivo includes, non competetive cells uptake by non target cells, degradation by
nucleases and endosomal trapping. A new challenge in the targeted delivery of
siRNA, is development of highly selective, stable, active and physiologically
acceptable ligands that would navigate the encapsulated drugs to the site of the
disease and control their unloading inside the cancer cells. In this study, we
propose targeted delivery of PRDM14-specific siRNA to MCF-7 breast cancer
cells by a cancer-specific phage fusion protein identified using phage display. The
landscape phage bearing MCF-7-specific peptide, VEEGGYIAA was selected
from a landscape library f8/8 and a biopanning protocol against MCF-7 cells. The
selectivity of the phage was determined by measuring its binding to MCF-7 cells in
comparison with control MCF-10A and HepG2 cells. VEEGGYIAA phage
demonstrated very high selectivity towards the target MCF-7 cells binding them at
a level 26 times higher than MCF-10A cells, and 13 times higher than HepG2
cells. The VEEGGYIAA phage bound MCF-7 at the level 83 fold higher than the
control VPEGAFSS phage demonstrating high selectivity towards target MCF-7
cells. PRDM-14 specific siRNA-fusion protein complex was prepared by
centrifugation of siRNA with isolated phage protein in 30Kda MWCO centricon
units. The complex formation was analyzed by gel-shift assay, size-exclusion
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chromatography and proteinase K treatment. Silencing of PRDM-14 gene and
protein expression by the complex was analyzed by semi-quantitative PCR and
western blot. It was found that around 50% of the siRNA was non-covalently
associated with the phage-fusion protein. siRNA is highly encapsulated by the
protein and can be released only by tretament with high concentration of
proteinase K. Incubation of MCF-7 cells with the complex for 72 h showed
significant downregulation of PRDM-14 gene and protein expression as compared
to PRDM-14 specific siRNA encapsulated into a nonrelated control phage protein
or to the scrambled siRNA encapsulated into the cell-specific protein. Our results
demsonstrate that pVIII coat protein displaying cancer cell-targeting peptides can
be effectively used to deliver siRNA into the target cells and silence target specific
genes.
Poster Session P2
ANTISENSE SILVER NANOSCALE DRUG DELIVERY SYSTEM FOR
PHOTOACTIVATED GENE SILENCING
Paige K. Brown, Ammar T. Qureshi, Daniel J. Hayes, and W. Todd
Monroe
Biological & Agricultural Engineering, Louisiana State University and
LSU AgCenter, Baton Rouge, LA 70808, USA;
pbrow11@tigers.LSU.edu; tmonroe@LSU.edu
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This study seeks the development of a silver nanoparticle-based platform for
nucleic acid oligonucleotide delivery and photoactivated gene silencing. The
unique properties of metal nanoparticles in general and silver nanoparticles
(SNPs) in particular, which include tunable electronic and photonic characteristics,
contribute to their potential as novel carriers of gene therapeutics with enhanced
stability, cell uptake, and photo-activated functionality. In this study we
demonstrate a citrate-reduction based synthesis of 40-80nm SNPs that are
functionalized with DNA oligonucleotides via terminal thiol linkages.
DNA-functionalized SNPs show better stability in solution than the
non-functionalized form. Preliminary in vitro assays as well as fluorescent
confocal microscopy of treated cell-cultures show photorelease within the
UV-wavelength range and potentially at longer wavelengths. As a demonstration
of the advantages and utility of these nanohybrids we investigate several
parameters such as: enhanced stability to nucleases, increased hybridization
activity upon photorelease, and improved cellular uptake over traditional
solution-phase nucleic acid delivery approaches. Non-toxic, UV-photoactivated
silver nanohybrids of antisense therapeutics may be advantageous for prolonging
the lifetime of oligonucleotides in the physiological environment, and also for
achieving delivery and desired diffuse intracellular distribution of therapeutic
nucleic acids. These properties suggest the potential to achieve light-induced,
spatiotemporally-controlled gene silencing for gene expression studies as well as
genetic nanomedicines.
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Poster Session P2
ENCAPSULATION OF RNA IN CALCIUM PHOSPHOSIICATE
NANOCOMPOSITE PARTICLES FOR CANCER TREATMENTS
Olisa Pinto and James H. Adair
Materials Science and Engineering, Pennsylvania State University,
University Park, PA 16802, USA; pinto@psu.edu
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Novel approaches to encapsulate RNA in nanoparticles are continuously being
developed in an effort to improve the stability of short interfering RNA (siRNA) for
in vivo and in vitro delivery. We present a novel approach of encapsulating transfer
RNA (tRNA) in calcium phosphosilicate nanocomposite particles (CPNPs) by a
protective organic layer. The process presented is as an alternative to the
commonly used cationic liposome method. This approach serves as a platform for
encapsulation of a wide range of short interfering RNA (siRNA) sequences within
CPNPs that can be used to treat a variety of diseases.
Poster Session P2
EFFICIENT LIPOSOMAL NANOCARRIER-MEDIATED
OLIGODEOXYNUCLEOTIDE DELIVERY INVOLVING DUAL USE OF
A CELL-PENETRATING PEPTIDE AS A PACKAGING AND
INTRACELLULAR DELIVERY AGENT
Phei Er Saw, Young Tak Ko, Sangyong Jon
Department of Life Sciences, Gwangju Institute of Science and
Technology, 1 Oryong-dong, Gwangju 500-712, Republic of Korea;
pheier@gist.ac.kr; syjon@gist.ac.kr
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The effective use of oligonucleotide therapeutics, such as antisense
oligodeoxynucleotides (ODNs) and small interfering RNAs (siRNAs), requires
efficient delivery systems capable of intracellular penetration. Cell-penetrating
peptides (CPPs), including arginine-rich peptides, have been extensively studied
as tools for enhancing intracellular uptake efficiency of various bioactive
molecules, including nanoparticles and liposomes. CPPs also have an ability to
form tight complexes with nucleic acids, such as ODNs and siRNAs, making CPPs
effective as packaging agents. Here, we constructed a CPP-modified liposome
loaded with complexes of nona-arginine (9R) and NF-κB decoy ODNs, and
evaluated intracellular uptake and anticancer activity in vitro. We found that
9R/ODN complexes were efficiently loaded into liposomes that were effectively
internalized into U87MG glioblastoma cells and sensitized cells to the effects of
paclitaxel. This nanocarrier is currently being studied as to be delivered in vivo by
intravenous method. It is worth mentioned that this liposomal nanocarrier might
also be capable of dual oligonucleotide delivery and chemotherapy. To the best of
our knowledge, this is the first report describing the dual use of 9R CPP as a cell
penetrating and a complexing agent within a single nanoparticle.
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Poster Session P2
SURFACE FUNCTIONALIZED CHITOSAN NANOPARTICLES FOR
GENE DELIVERY
Meenakshi Malhotra and Satya Prakash
Biomedical Technology and Cell Therapy Research Laboratory,
Department of Biomedical Engineering, McGill University, Montreal,
Quebec, Canada, H3A 2B4; meenakshi.malhotra@mail.mcgill.ca
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This work introduces a novel scheme of synthesizing peptide tagged PEGylated
chitosan polymer. This product was synthesized through chemically modifying the
hydroxyl groups of chitosan with polyethylene glycol. This polymer was further
conjugated chemoselectively to a cell penetrating peptide. Here PEG acts a linker
to conjugate two compounds on its either side. The various intermediates and the
final product formed during the synthesis were characterized using 1H NMR and
FTIR spectra. The morphological details of the final polymer were studied using
TEM. The nanoparticles were prepared using TPP as a crosslinker. siRNA was
complexed with the polymer following an ionic-gelation scheme. The particles
obtained were approximately 5 nm in size and have proved efficient cell
transfection in neuronblastoma cells. The implication of the proposed study is the
delivery of macromolecules and therapeutic molecules for in vitro as well as in vivo
studies with its major contribution in the application of biomedical engineering.
Poster Session P2
SPRAY-FREEZE-DRYING OF PROTEINS AND VACCINES: A
THOROUGH INVESTIGATION OF DRUG STABILITY DURING
NANO- AND MICROPARTICLE MANUFACTURE
Sebastian Vonhoff 1, Heiko Schiffter 2
1
Institute of Pharmaceutical and Biopharmaceutics, University of
Erlangen, Germany; 2 Institute of Biomedical Engineering, Department
of Engineering Science, University of Oxford, UK;
heiko.schiffter@eng.ox.ac.uk
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Spray-freeze-drying (SFD) is a relatively new particle preparation process
consisting of (i) the atomization of a liquid solution or suspension using a suitable
nozzle system, e.g. an ultrasound atomizer, (ii) the rapid freezing of the resulting
droplets in a cryogenic liquid and (iii) the subsequent sublimation of the ice at low
temperature and pressure in order to achieve a dry product. The properties of the
resulting particles are dependent on the solution concentration, excipient
formulation, atomization conditions, type of cryogen and the freeze-drying cycle.
This leads to a vast number of possible process conditions which all can have a
substantial effect on particle properties as well as drug stability. Effects of
processing conditions on the product properties and stability of model proteins
such as alpha-chymotrypsin and human serum albumin, of pharmaceutical
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proteins such as insulin and glucagon and of a protein-based vaccine has been
investigated in this work. SFD of dilute solutions with a solid content of 5 mg/ml
led to highly porous products. Re-suspension of these powders for size
measurement resulted in protein nanosuspensions due to breakup of the porous
structure. The mean volume diameter was 238 ± 39 nm independent of the nozzle
type used. The SFD of higher concentrated solutions (> 50 mg/ml) resulted in
discrete microparticles with mean volume diameters between 20 µm and 60 µm
depending on the operational frequency of the ultrasound nozzle (25 kHz to
120 kHz) used for atomization. Nozzle frequency and powder input could be
directly linked to protein instabilities during atomization. Spray temperature
increases to more than 70°C with the occurrence of cavitation effects measured by
sonochemical reactions could be detected resulting in denaturation and aggregate
formation of the processed proteins. Surprisingly, rapid freezing of the droplet
sprays in liquid nitrogen could preserve protein stability and activity to some
extend. However, further denaturation and aggregation occurred during
freeze-drying. The loss of enzyme activity or protein aggregation could directly be
linked to changes in the molecular structure of the tested proteins. In particular a
newly developed algorithm for evaluation of spectra from Fourier Transform
Infrared (FTIR) spectroscopy enabled to correlate loss of enzyme activity or
aggregate formation with a loss in native secondary structure and increase in
intermolecular beta-sheet content. Formulation of the proteins with well-known
cryo- and lyoprotectants, such as trehalose or sucrose, resulted in increased
stability during processing. However, oxidative stresses occurring during
atomization with ultrasound nozzles could not be inhibited with these excipients.
Addition of ascorbic acid as antioxidant improved protein stability and enzyme
activity substantially. In combination with polysorbate 80 (to avoid protein
adsorption at interfaces) and polyols as protectants during freezing and drying,
structure and activity of each tested protein could be preserved during SFD and
subsequent storage. In conclusion, spray-freeze-drying can be used to
manufacture protein loaded microspheres and nanoparticles for drug delivery and
mucosal vaccination. However, precise formulation and process design is
necessary to obtain a product with the desired specifications and a stable and
active pharmaceutical protein drug.
Poster Session P2
OPTIMISATION STUDIES FOR MAKING FREE-FLOWING
COMPACTABLE POWDER AND GRANULE CONTAINING RAMIPRIL
WITH HIGH CONCENTRATION OF HPMC AT 60ºC AND 0.5 %
HUMIDITY
Buket Aksu1, Ayca Yıldız2, Özgen Özer1, Tamer Güneri1
1
Ege University, Faculty of Pharmacy, Department of Pharmaceutical
Technology, Bornova-Izmir-Turkey, 2Istanbul University, Faculty of
Pharmacy, Department of Pharmaceutical Technology, 34116,
Istanbul-Turkey; baksu@santafarma.com.tr
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Granulation is a process by which fine powders are agglomerated into larger
particles using a liquid binder. Flow properties of granules are of critical
importance in fabrication of reproducible tablet formulations. An optimum flow of
granules should be achieved to ensure uniform feed from funnel into dies to obtain
tablet formulations with acceptable content uniformity, weight variation and
physical consistency. In our study, therefore, with an eye to developing optimum
tablet formulations of ramipril which is an angiotensin-converting enzyme inhibitor,
granule formulations were fabricated by wet granulation technique and the effect
of some parameters such as granule size, drying temperature, type and amount of
lubricants on their flow characteristics were investigated.
Fabrication granule formulations. Ramipril (5 mg) and other additives (Lactose
monohydrate, pregelatinised starch, Ac-Di-Sol, sodium hydrogen carbonate,
ferrum oxide) were granulated in “High shear granulator” (ProCept, Belgium)
HPMC solution (0.75:1) and passed through an oscillating granulator fitted with
0,250 mm screen, and dried in a hot-air oven at 60ºC. After re-sieving using 0.80
mm and 1.25 mm screens, the granules were blended with different amount of two
distinct lubricants (magnesium stearate and sodium stearyl fumarate) for 5 min.
Granule flow characterization. Granule characterization was performed on
unlubricated and lubricated granules using Powder reometer (TA-XTPlus, Stable
Micro Systems, UK). A cylindrical vessel was partly filled (140 mL) with each
granule formulation and set on the platform of the apparatus. A helical blade which
moves into the granule bed was used to probe and to measure a) the cohesion
(Cohesion test), b) the caking (Caking test) and c) the changes on granule flow
properties due to the increasing and decreasing flow speeds (Powder flow speed
dependence test).
Cohesion test results showed that the addition of both lubricants decreased the
cohesiveness of granule formulations. Whereas the lubricant concentration and
screen size (0,8 mm and 1,2 mm) did not significantly change the cohesiveness of
the granules. Caking test indicated that the caking strength decreased with the
addition of lubricants independently of concentration. On the other hand screen
size were effected to caking characteristics. Granules which were sieved through
the 0.8 mm screen and lubricated with 1.2 % sodium stearyl fumarate had lowest
caking strenght Granules which were sieved through the 0,8 mm screen size
showed better flow properties than granules which were sieved through the 1,2mm
screen size. On the other hand, granules which were lubricated with 1.2 % sodium
stearyl fumarate for both screen size (0.8 mm and 1,25 mm) had lowest
compaction coefficient.
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Poster Session P2
ENABLING FORMULATIONS FOR INHALED PROGRAMS IN LEAD
OPTIMIZATION
H. Yu1, H. Tanfara, D. Hutchings, R. Desmangles, T. Nguyen, R.
Sharma, S. -D. Clas, D. Meisner, G. Leclair2, N. Belliveau, C.M. Tan 3
Basic Pharmaceutical Science, Merck Frosst Canada Ltd., Kirkland,
QC, Canada ; 1Basic Pharmaceutical Science, Merck Sharp & Dohme
Corp. Boston, MA, USS; 2Presently at Faculty of Pharmacy, University
of Montreal, Montreal, QC, CANADA; 3In Vivo Sciences-Central
Pharmacology, MRL– Merck Frosst Canada Ltd., Kirkland, QC,
CANADA; hongshi_yu@merck.com
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The pulmonary route of administration has been used for many years for the local
treatment of lung diseases. In order to deliver the drug effectively to the lung,
aerosols need to meet specific mean aerodynamic particle sizes, between 1-5 µm.
Dry powder inhalers (DPI), metered dosed inhalers (MDI), and nebulizers are
commonly used pulmonary formulation delivery devices. While MDIs and DPIs are
often more preferred for clinical studies, these devices are challenging to use in
pre-clinical studies in the Lead Optimization (LO) space due to significant
compound requirements as well as complexity in formulation development.
Nebulization of solution and suspension-based systems can provide fast high
through-put screening and facilitate the selection of lead compounds with much
less drug requirement. In collaboration with Central Pharmacology, a Basic
Pharmaceutical Science workflow using nano-collodial dispersion formulation
preparations was developed. Preparation and characterization of the nano
suspensions were standardized to enable compound screening for inhaled PK/PD
pharmacology in vivo studies. The workflows included the evaluation of particle size
reduction processes as well as the material characterization of micronized API in
order to assess the developmental risks of preclinical candidates selected for
inhalation.
Over the last 2 years greater than 500 batches of nanosuspension formulations were
prepared and administered in preclinical studies demonstrating the utility of this
approach. The method has provided a means to facilitate the selection of inhaled
drug candidates and was capable of supporting all in-house inhalation programs.
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Poster Session P2
NOVEL VESICLES OF PACLITAXEL
Ajay J. Khopade, N. Arulsudar, S. Bhowmick, T. Rajamannar
Sun Pharma Advanced Research Co. Ltd. Tandalja, Baroda 390020
GJ India. ajkhopade@sunpharma.com
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The taxane derivatives exhibit very poor solubility in water thus limiting their
administration to patients. The commercially marketed paclitaxel injection is
formulated as a non-aqueous solution in Cremophor EL and dehydrated alcohol.
However, use of Cremophor EL lead to various adverse effects such as serious or
fatal hypersensitive and hypertensive reactions, bradyarrhythmia, anemia,
neutropenia and/or peripheral neuropathy. Thus it is evident that the major
problem associated with formulating a taxane composition is hydrophobicity of
taxanes, which: a) makes it difficult to formulate a composition which contains
solubilized form of the drug and which is stable, without any substantial
aggregation or crystallization of the drug or change in appearance of the
formulation till a desired period of time. b) necessitates the use of large amount of
solubilizers, phospholipids and surfactants.
We report a novel way to prepare paclitaxel vesicles using polymers and lipids in
less than paclitaxel quantities. The paclitaxel molecules interact with each other
and with solvent atoms through an extensive network of hydrogen bonds.
Povidone is believed to be involved in interactions with paclitaxel. However,
paclitaxel precipitates from the solution of povidone, paclitaxel and polyethylene
glycol, upon dilution with water. Given the potential for precipitation upon dilution
with water, the fatty acid and cholesterol ester, are added to achieve self-assembly
of paclitaxel rather than precipitation during reconstitution. The self-assembly is
dependent on the polymer concentration, molecular weight and ratio of paclitaxel
and lipids. Almost spherical particles to vesicles of mean size ~ 150 nm are
prepared. The particles are stable at high concentrations due to the negative -potential of > − 25 mV.
Poster Session P2
PROTECTION OF FUNCTIONAL FOODSTUFF-DRIVEN
COLORANTS FROM ENVIRONMENT BY ISOLATION WITH SILICA
NANOCAPSULES – A MODEL STUDY
Han Do Ghim, So Min Lee, Jeong Hyun Yeum, Jin Hyun Choi
Department of Advanced Materials Science and Engineering,
Kyungpook National University, Daegu 702-701, Korea; Se Geun Lee,
Sung Jun Lee, Sang Won Jeong, Division of Nano & Bio Technology,
Daegu Gyeongbuk Institute of Science & Technology, Daegu 704-230,
Korea; hdghim@knu.ac.kr
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Silica nanocapsules containing melanin, a lypophilic model material for
foodstuff-driven colorants, were prepared by copolymerization of
triethoxyvinylsilane (TEVS) and 3-aminopropyltriethoxysilane) (APTES) by using
ATO as surfactant. To introduce melanin into the core of silica nanocapsules, we
adopted cosurfactant such as n-butanol, isopropanol, and acetonitrile. These
cosurfactants also played a role for controlling the particle sizes and their
distributions for silica nanocapsules. Mean particle sizes of silica nanocapsules
are decreased by an order of n-butanol>isopropanol>acetonitrile revealed by
transmission electron microscopy. However, in light scatterin experiments, silica
nanoparticles adopting acetonitrile has broadened particle size distribution
characteristics indicating aggregation between nanocapsules. Nanocapsules
adopting isopropanol as cosurfactant results silica nanocapsules of under 100nm
in diameter. However, melanin contents of these nanocapsules examined by
HPLC measurement were some what low compared with n-butanol which results
silica nanocapsules of ca. 200nm in diameter. Monomer ratios (TEVS : APTES)
were also effective for silica nanocapsule size control; in this study, silica
nanocapsules could not prepared by homopolymerization of APTES and capsule
of most minute size could be obtained at TEVS : APTES = 20 : 1 with 2 wt% of
AOT. Melanin amount in synthesis media has enourmous effects not only for size
of nanocapsules but for strength of wall-forming silica matrix. At over 0.3 v/v% of
melanin contents, wall structure of resulting silica nanocapsules were destroyed
gradually and perfectly aggregate at over 1 v/v%. Cumulative release profiles of
melanin from silica nanocapsules were evaluated by using HPLC measurement for
supernatant ethanol of release media, followed by ultracentrifugation. Burst effects
of melanin releasing can be effectively controlled by osmosis purification steps for
silica nanocapsules. Effects of surfactant and cosurfactant contents on silica
nanocapsule size, morphology, and releasing profiles were also evaluated.
Poster Session P2
IN VITRO AND IN VIVO PERFORMANCE OF BIOCOMPATIBLE
NEGATIVELY-CHARGED SALBUTAMOL-LOADED
NANOPARTICLES
Erik Rytting, Michael Bur, Regis Cartier, Thierry Bouyssou, Xiaoying
Wang, Michael Krüger, Claus-Michael Lehr, and Thomas Kissel
Phillips-Universität Marburg, D-35032 Marburg, Germany; Saarland
University, D-66123 Saarbrücken, Germany; Boehringer Ingelheim
Pharma GmbH & Co. KG, D-55216 Ingelheim am Rhein, Germany,
D-88397 Biberach an der Riss, Germany; erik.rytting@utmb.edu
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The development and performance of a novel nanoparticle-based formulation for
pulmonary delivery has been characterized chronologically through the particle
preparation process, in vitro testing of drug release, biocompatibility, degradation,
drug transport in cell culture, and in vivo bronchoprotection studies in
anaesthetized guinea pigs. This study demonstrates excellent agreement of the in
vitro and in vivo experiments undertaken to prove the feasibility of the design,
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thereby serving as an example highlighting the importance of in vitro test methods
that predict in vivo performance. Nanoparticles were prepared from the newly
designed negatively-charged polymer poly(vinyl sulfonate-co-vinyl
alcohol)-g-poly(D,L-lactic-co-glycolic acid) loaded with salbutamol free base.
Average particle sizes of blank and drug-loaded nanoparticles prepared at the
various stages of the investigations were between 91 and 204 nm; average zeta
potential values were between -50.1 and -25.6 mV. Blank nanoparticles showed
no significant toxicity, and no inflammatory activity was detected in Calu-3 cells.
Sustained release of salbutamol from the nanoparticles was observed for 2.5
hours in vitro, and a prolonged effect was observed for 120 minutes in vivo. These
results demonstrate good agreement between in vitro and in vivo tests and also
present a promising foundation for future advancement in nanomedicine strategies
for pulmonary drug delivery.
Poster Session P2
ENCAPSULATED PALM TOCOTRIENOLS FOR TARGETED
DELIVERY
Mei Han Ng and Yuen May Choo
Malaysian Palm Oil Board, 6, Persiaran Institusi, Bandar Baru Bangi,
43000 Kajang, Selangor; meihan@mpob.gov.my
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Tocotrienol is a group of compounds with structural similarity to tocopherols, or
better known to be vitamin E. Studies have revealed that while tocopherols or
vitamin E containes beneficial health properties such as antioxidative and
anti-cancer, these beneficial properties are far more superior in tocotrienols.
Unlike tocopherols, which can be synthetically produced, the tocotrienols can only
be cultivated from natural sources with palm oil being one of its richest source. To
date, tocotrienols are extracted from palm oil and is available in the form of health
supplements. Due to its antioxidative property, the tocotrienols are very
susceptible to oxidation and easily destroyed in acidic condition. As such, the
availability of tocotrienols for absorption by the body is much reduced. Efforts are
made to ensure that the tocotrienols consumed reaches the targeted site for
maximum absorption in vivo. In this respect, a method has been developed to
encapsulate the palm tocotrienols for controlled release in the body. The
tocotrienols were first dispersed as an oil in water emulsion using high shear
processing resulting in an emulsion with average particle size of 300nm. Suitable
polymeric material was introduced to the oil in water emulsion to encapsulate the
tocotrienols. The encapsulated tocotrienols are stable in low pH, thus ensuring
their survival in the acidic stomach condition. In vitro studies showed that the
encapsulated tocotrienols were slowly released from its coating material over 6
hour period. Combined with the antioxidant and anticancer properties of the
tocotrienols, its availability in controlled release encapsulated form is an
advantage for drug delivery applications.
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AMPHIPHILIC POLYMER-COATED SPION WITH ANTIBIOFOULING
PROPERTIES FOR MRI CANCER IMAGING
Jinho Park,a Mi Kyung Yu,a Yong Yeon Jeong,b Jin Woong Kim,b
Kwangyeol Lee,c Vu Ngoc Phanc and Sangyong Jona.
a
Cell Dynamics Research Center, Research Center for Biomolecular
Nanotechnology, Department of Life Science, Gwangju Institute of
Science and Technology, 1 Oryong-dong, Gwangju 500-712, Republic
of Korea. bDepartment of Radiology, Chonnam National University
Medical School, 1 Hak-dong, Gwangju 501-746, Republic of Korea
c
Department of Chemistry, Korea University, Anam-dong, Seoul
136-701,Republic of Korea; kairos09jh@gist.ac.kr; syjon@gist.ac.kr
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Superparamagnetic iron oxide nanoparticles (SPIONs) are currently being widely
used as T2-contrast agent for magnetic resonance imaging (MRI). Herein, we
report a development of a diverse amphiphilic polymer-coated SPIONs with
excellent antibiofouling properties. By this method, ultrasmall polymer-coated
SPIONs,(<30nm) can be yielded and they are stable under physiological
conditions. In addition, the ability of each amphiphilic polymer-coated SPION to
block non-specific protein adsorption was demonstrated by incubation with BSA
solution, a model plasma protein. The result indicates that our SPIONs have
higher antibiofouling effect as compared to the conventional dextran-coated
SPIONs (Feridex®). In vivo MR Imaging with Lewis lung carcinoma (LLC)
tumor-bearing mouse resulted in approximately 30% T2 signal drop in tumor
tissues, indicating that the SPIONs can reach tumor tissues via passive targeting.
In summary, this ultrasmall, stable, amphiphilic polymer-coated SPIONs is an
excellent candidate for MRI contrast agents for cancer targeting.
Poster Session P2
SURFACE MODIFIED GADOLINIUM PHOSPHATE
NANOPARTICLES AS MRI CONTRAST AGENTS
Matthieu F. Dumont1, Celine Baligand2, Maria de Castro2, Glenn A.
Walter2 and Daniel R.Talham1
1
Department of Chemistry, University of Florida, Gainesville, FL
32611-7200, USA. 2Department of Physiology and Functional
Genomic, University of Florida, Gainesville, FL 32610, USA;
talham@chem.ufl.edu; dumont@ufl.edu
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Gadolinium 3+ (S=7/2) induces very high nuclear relaxivity of surrounding water
molecules making it very effective as a contrast agent in magnetic resonance
imaging. However, there are recent concerns about the decomplexation of
commercial chelates releasing toxic Gd3+ cations. We are exploring the surface
modification of inorganic coordination polymers where Gd3+ is coordinated to
phosphate ligand, reasoning that this framework should be stable in biological
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conditions. The gadolinium phosphate nanoparticles have been synthesized in a
water/oil microemulsion using IGEPAL CO-520 as surfactant resulting in 50 nm
nanoparticles that are highly dispersible and stable in water. Nanoparticles have
been characterized by zetametry, FT-IR, XRD, UV-Vis, fluorescence, SQUID
magnetometry and HRTEM. Using surface modification chemistry previously
demonstrated for zirconium phosphonate surfaces, we have demonstrated facile
DNA functionalization of gadolinium phosphate nanoparticle surfaces terminated
with Gd3+. Bioactivity is demonstrated by complementary strand hybridization and
monitored by confocal laser scanning microscopy. The fluorescence data show
that the Gd3+ on surface of the particle has an essential role in stabilizing the
specific binding of the DNA on surface of the particle. The MR relaxivity
measurements were collected at 600 and 750 MHz Solutions of nanopure water,
Feridex® and Omniscan® (both commercially available contrast agent) in 0.25%
agarose were used for comparison and control purposes. MRI data confirm that
GdPO4 nanoparticles have relaxivities (r1, r2, r2*) comparable to commercially
available contrast agents. In addition, the data suggest that the biofunctionalization
of the surface of the NP does not prevent their function as contrast agents.
Poster Session P2
PARAMAGNETIC ULTRASMALL GADOLINIUM OXIDE
NANOPARTICLES AS ADVANCED T1 MRI CONTRAST AGENTS
Ja Young Park,1 Myung Ju Baek,2 Gang Ho Lee,1,2
Department of Chemistry1 and Department of Nanoscience and
Nanotechnology,2 College of Natural Sciences, Kyungpook National
University, Taegu 702-701,South Korea; ghlee@mail.knu.ac.kr;
pjy0404@nate.com

312

Hydrophilic ligand coated paramagnetic ultrasmall gadolinium oxide nanoparticles
with particle diameter (d) of ~ 1 nm were synthesized by using three kinds of
Gd(III) ion precursors. A large longitudinal relaxivity (r1) of 9.9 s-1mM-1 was
estimated. As a result, high contrast in vivo T1 MR images of the brain tumor of a
rat was observed. From the d dependence of r1, it is found that the optimal range
of d for the maximal r1, which may be used as an advanced T1 MRI contrast agent,
is 1 – 2.5 nm.
Poster Session P2
WATER SOLUBLE AND Mn(II) ION SURFACE DOPED ULTRASMALL
GADOLINIUM OXIDE NANOPARTICLES FOR A HIGHLY SENSITIVE
T1 MRI CONTRAST AGENT
Myung Ju Baek,1 Eun Sook Choi,2 Gang Ho Lee,1,2
Department of Chemistry2 and Department of Nanoscience and
Nanotechnology,1 Kyungpook National University, Taegu 702-701,
South Korea; meju1018@nate.com; ghlee@mail.knu.ac.kr
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We designed ultrasmall gadolinium oxide nanoparticles as a highly sensitive T1
MRI contrast agent which are heavily surface doped by Mn(II) ions. The surface
doped nanoparticles ranged from 1 to 1.5 nm in diameter. They were further
coated with hydrophilic and biocompatible ligand for in vivo MR imaging. The
surface doping reduced toxicity of ultrasmall gadolinium oxide nanoparticles while
keeping a very high logitudinal relaxivity r1 of ultrasmall gadolinium oxide
nanoparticles. They showed a very high contrast in in vivo T1 MR images of a rat.
Poster Session P2
A DRUG LOADED APTAMER-GOLD NANOPARTICLE
BIOCONJUGATE FOR COMBINED CT IMAGING AND THERAPY OF
PROSTATE CANCER
Dongkyu Kim, † Yong Yeon Jeong‡ and Sangyong Jon†
†
Department of Life Science, Gwangju Institute of Science and
Technology (GIST); 1 Oryong-dong, Buk-gu, Gwangju 500-712,
Republic of Korea ‡Department of Diagnostic Radiology, Chonnam
National University Medical School, Gwangju 500-712, Republic of
Korea ; dgkim@gist.ac.kr; syjon@gist.ac.kr
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Computed tomography (CT) is one of the most useful diagnostic tools among
commonly used biomedical imaging techniques, which also include magnetic
resonance imaging (MRI), positron emission tomography (PET), and ultrasound.
However, currently available CT contrast agents, which are based on small
iodinated molecules, possess a number of limitations, including a lack of targeted
molecular imaging, short imaging time, and renal toxicity. Here, we report a
multifunctional nanoparticle for targeted molecular CT imaging and therapy of
prostate cancer. By functionalizing the surface of gold nanoparticles (GNPs) with
an A9 RNA aptamer that binds to prostate-specific membrane antigen (PSMA), we
established a targeted molecular CT imaging system capable of specific imaging
of prostate cancer cells that express the PSMA protein. The resulting PSMA
aptamer-conjugated GNP showed more than four-fold greater CT intensity for a
targeted LNCaP cell than that of a non-targeted PC3 cell. Furthermore, the
aptamer-conjugated GNPs after loading of doxorubicin were significantly more
potent against targeted LNCaP cells than against non-targeted PC3 cells.
Poster Session P2
COATED NANOGOLD AND THE BRAIN – A MULTIMODE
MICROSCOPY DISTRIBUTION STUDY FROM MOUSE TO CELL
Fernanda Sousa1, Subhra Mandal2, Chiara Garrovo1, Alberto Astolfo3,
Alois Bonifacio4, Diane Latawiec5, Ralf Hendrik Menk6, Fulvia Arfelli3,
Sabine Huewel7, Giuseppe Legname5, Hans-Joachim Galla7, Silke
Krol1*
1
CBM – Cluster in Biomedicine, AREA Science Park, 34012

315

276

Poster Abstracts
Basovizza ,Trieste, Italy; 2SISSA - Scuola Internazionale Superiore di
Studi Avanzati - International School of Advanced Studies, Trieste,
Italy; * fernanda.sousa@istituto-besta.it; Silke.Krol@istituto-besta.it;
3
Department of Physics, University of Trieste and INFN, Via Valerio 2,
34127 Trieste, Italy; 4Center of Excellence for Nanostructured
Materials, University of Trieste, via Valerio 2, I-34127 Trieste, Italy;
5
Laboratory of Prion Biology, Neurobiology Sector, Scuola
Internazionale Superiore di Studi Avanzati - International School of
Advanced Studies, AREA Science Park, Trieste, Italy; 6 Sincrotrone
Trieste S.C.p.A. di interesse nazionale, AREA Science Park, 34012
Basovizza, Trieste, Italy; 7Institute for Biochemistry, Westf.
Wilhelms-University, Muenster, Germany
Since neurodegenerative diseases such as Alzheimer’s and Parkinson’s are
becoming an increasing burden in an aging population, there is a strong need for
effective treatments. Many drugs that are very promising in vitro hold limited in vivo
efficacy hampered mainly by the blood-brain barrier. The blood-brain barrier in
fact, prevents the introduction of an effective drug concentration into the brain. In
this study, the distribution of coated nanogold is shown in detail, starting with the
distribution observed in a living animal down to sub-cellular level. The coated
nanogold particles with 2 layers consisting of poly-sytrenesulfonate and a
co-adsorbed layer of human serum albumin and poly-allylamine were especially
prepared to serve as an in vivo drug for the treatment of prion disease. By means
of near infrared time-domain (NIR-TD) imaging the biodistribution in a mouse and
especially the head was monitored for up to 7 days after intravenous inoculation of
nanoparticles. The peak concentration could be observed in the brains of mice
after 19h. A precise localization of areas with high particle concentration was
obtained through x-ray microtomography, confocal laser microscopy, and
fluorescence microscopy. It was found that the particles mainly accumulate in the
hippocampus, thalamus, hypothalamus, and the cerebral cortex.
Poster Session P2
USE OF ZnS NANOPOWDERS FOR BIOAPPLICATIONS
Myriam Moussaoui and Rachida Saoudi
Université de Lyon, Université Jean Monnet, Laboratoire Hubert Curien
CNRS UMR5516,18 Rue du Professeur Benoît Lauras, 42000,
Saint-Etienne, France; myriam.moussaoui@univ-st-etienne.fr;
saoudi@univ-st-etienne.fr
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Many research efforts have been devoted to the development of simple approach
to synthesize semiconductor nanoparticles for different applications. In this study,
we present the elaboration of small and monodisperse ZnS nanopowder with size
ranging from 3 to 8 nm by a simple, low-cost and mass production chemical
method. The nanoparticles were characterised by X-ray powder diffraction (XRD),
UV-vis absorption and photoluminescence spectroscopy. The photocatalytic
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activity of ZnS nanopowders was investigated by using Rhodamine 6G water
dispersed under UV illumination, sun light and in dark. ZnS nanoparticles appear
to be a good candidate for potential environmental applications such as water
purification. We also present application of fluorescent ZnS nanoparticles as
cellular biomarkers. Fluorescent microscopy images of osteoblastic MC3T3-E1
cells revealed that the ZnS nanoparticles were biocompatible and were penetrated
cells and nucleus regardless of their size.
Poster Session P2
USE OF ZnS NANOPARTICLE EMISSIONS FOR CELL LABELING
M. Moussaoui¹, R. Saoudi¹, S. Palle1, J.C. Caissard²
¹Universite de Lyon, Universite Jean Monnet, Laboratoire Hubert
Curien CNRS UMR5516, 18 Rue du Professeur Benoit Lauras, 42000,
Saint-Etienne, France; 2Université de Lyon, Université Jean Monnet,
Laboratoire de Biotechnologies Végétales Plantes Aromatiques et
Médicinales, 23 rue Dr Paul Michelon 42023, Saint-Etienne, France;
myriam.moussaoui@univ-st-etienne.fr; saoudi@univ-st-etienne.fr
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In this contribution, ZnS nanoparticles (NP) with size ranging from 2 to 200 nm
were prepared from an easy and economic chemical method. The ZnS NP were
characterised by X-ray powder diffraction (XRD), UV-vis absorption, fluorescence
confocal microscopy and Scanning Electron Microscopy (SEM). The as prepared
ZnS nanopowders exhibit strong green and red fluorescence under UV excitation.
We use the emission properties of ZnS NP to investigate the intracellular labeling.
The experiments demonstrate the ZnS NP internalization without alteration of
cells. Hence, the ZnS NP can be good candidates for drug delivery and
bio-imaging applications.
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Formulations for the Future From Fundamentals to Processing
June 7 - 10, 2010
Stockholm, Sweden
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www.chemsoc.se/sidor/KK/formulaVI/
315

Meetings of Interest

June 9-11, 2010 in Stockholm
The international conference of "Integrating Nanomaterials in
Formulations" - NanoFormulation2010 will be held June 9-11, 2010
in Stockholm/ Sweden. The conference is organized within the InForm
project which is a European coordination action integrated in the seventh
framework of the European Commission. NanoFormulation2010 is the first
in a series of 3 conferences.
The scope of the conference is to present new results in research,
development and applications of innovative formulation technologies
where nanomaterials play an essential role. NanoFormulation 2010 will
bring together leading researchers and practitioners from the entire world
to exchange knowledge and best practices in a variety of activities that
include seminars, on-site visits, and networking sesions.
NanoFormulation2010 is closely linked to the conference Formula VI
which will be organized in the same facilities from June 7-10, 2010. A joint
networking session on Wednesday, June 9, and a joint session on
Thursday, June 10, will enable participants of both events to communicate,
exchange ideas and are an ideal forum for networking.

http://www.nanoformulations2010.com/
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