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Scheme

ABSTRACT
Magnetic nanoparticles (MNP) have enormous potential to be used as
contrast agents on MRI, because the magnetisms they possess are
proportional to contrast effects. However, when applied, myriads of
serum proteins rapidly adsorb to the particles and their function suffers
drastic changes. The phenomenon is called ‘bio-corona effect’. Due to
the effect, nanoparticles are rapidly removed from blood. The effect
renders the particles to sufficient size for mononuclear phagocytic cells
to engulf. One of the prevailing methods to overcome this challenge is to
coat the particles by polyethylene glycol (PEG) groups. Nonetheless, it is
known that the ligands easily form polymers, which increases the size of
the particles. It results in vulnerability to mononuclear phagocytic system
(MPS). Therefore, we synthesized and coated zwitterionic dopamine
sulfonate (ZDS) to Zn2+ doped nanoparticle (Zn0.4Fe2.6O4) through ligand
exchanging method. We compared the size, zeta potential, and stability
of nanoparticles coated with different ligands such as PEG and silica. We
expected that the smaller size and neutral charge of ZDS will prevent the
elimination from the blood. Due to the enhanced permeability effect
(EPR), which provides a room for the nanoparticles to penetrate and
reside in tumor tissue, elongated blood circulation could efficiently
convey the particles to the tumor sites. We intravenously injected these
particles to cancer xenografted BALB/c nude mice and successfully
observed the contrast effect on MRI images.
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Figure 7. (a) T2-weighted MR images of ZDS, PEG, silica coated MNPs were measured via MRI. (b)
Graph of R2 values by concentration of ZDS, PEG, silica coated MNPs. Each particles are drawn in
red, yellow, blue respectively. (c) The slope of the graphs implies the r2 value of each particles.
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Figure 1. The liver is the primary organ for the mononuclear phagocytic system (MPS) that entraps a
vast majority of the administered nanoparticle dose. Kupffer cells are aligned through the liver
sinusoid. The nanoparticles are engulfed by phagocytic cells mostly according to their size.
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Figure 8. (a) T2-weighted MR images of a mouse injected with ZDS-coated, PEG-coated,
and Silica-coated Zn0.4Fe2.6O4 nanoparticles, (b) Graphs of R2 values of ZDS-coated,
PEG-coated, and silica-coated Zn0.4Fe2.6O4 nanoparticles by time.
Figure 2. (a) Smooth muscle layer is surrounding the endothelial cells. It maintains the airtight
pathway for nanoparticles to pass by. (b) On the other hand, the mother vessels formed by tumor
angiogenesis are flaccid and provides the fenestration for nanoparticles to diffuse into the tumor
tissue. This leads to the lingering movement of nanoparticles inside the tumor cells.
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Figure 5. TEM image of 13nm Zn0.4Fe2.6O4 nanoparticles (core) attached to different ligands. (a) Core
coated with oleic acid/oleic amine (OA), (b) core coated with ZDS, (c) core coated with PEG, (d) and
core coated with silica. (e) The graph shows the size distribution of each particles. ZDS, silica, PEG
coated particles are depicted in color of red, green, blue respectively. (f) The graph shows the zeta
potential of each particles.
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Figure 6. After the synthesis and purification of ZDS, it was characterized by NMR. NMR spectrum of
zwitterionic dopamine sulfonate (ZDS) demonstrated that the molecule synthesized was pure ZDS.
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Figure 3. When nanoparticles are applied to a biological system, their surface is surrounded by
biomolecules such as serum proteins. This drastically changes the feature of nanoparticles, rendering
new ‘biological character’ of those molecules. Bio-corona effect contributes to the increment of the
nanoparticle diameter, and it facilitates MPS to devour the particles.
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Figure 4. By using zwitterionic dopamine sulfonate (ZDS) as a ligand to conjugate on the MNP surface,
bio-corona effect is alleviated due to its neutral charge. Furthermore, thin coating it provides help
MNPs to circumvent the MPS processes.
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We synthesized and coated zwitterionic dopamine sulfonate (ZDS) to Zn2+
doped superparamagnetic nanoparticles (Zn0.4Fe2.6O4). The particles were
small sized, neutral, and stable enough to circumvent bio-corona effect,
which results in the mononuclear phagocytic system (MPS) that sequesters
nanoparticles through out the body.
2 days post-injection demonstrated the prolonged blood circulation of
the nanoparticles. The resulted R2 values in tumor site of mice injected
with the ZDS coated particle outweighed that of PEG, silica coated controls.
The in vivo study using BALB/c nude mice exhibited relatively darker T2
contrast images due to higher MNP concentrations. This result elucidated
the fact that attaching zwitterionic ligands to MNPs will bestow the
opportunity to use intravenous injection of nanoparticles to track cancer
residing in unknown regions.

0.1

J. Jang, H. Nah, J. Lee, S. Moon, M. Kim, J. Cheon, Critical enhancements of
MRI contrast and hyperthermic effects by dopant-controlled magnetic
nanoparticles, Angew. Chem, 48, 1234-1238 (2009).
J. Lazarovits, Y. Chen, E. Sykes, W. Chan, Nanoparticle-blood interactions:
the implication on solid tumor targeting, Chem. Commun., 51, 2756-2767
(2015).
H. Wei, N. Insin, J. Lee, H. Han, J. Cordero, W. Liu, M. Bawendi,Compact
Zwitterion-Coated Iron Oxide Nanoparticles for Biological Applications,
Nano Lett, 12, 22-25 (2012).
H. Wei, OT. Bruns, MG. Kaul, EC. Hansen, M. Barch, A. Wisniowska, O.
Chen, Y. Chen, N. Li, S. Okada, JM Cordero, M. Heine, CT Farrar, DM.
Montana, G. Adam, H. Ittrich, A. Jasanoff, P. Nielsen, MG.
Bawendi,Exceedingly small iron oxide nanoparticles as positive MRI
contrast agents, PNAS, 114, 2325-2330 (2017).
S. Wilhelm, A. Tavares, Q. Dai, S.Ohta, J.Audet, H. Dvorak, W.
Chan,Analysis of nanoparticle delivery to tumours, Nature Reviews, 1-12
(2016).

