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Abstract: With the advancement of nanotechnology and ultrasound molecule imaging, a novel contrast agent has be-
come a new research approach. Liquid perfluorocarbons coated with different materials as ultrasound contrast agents
exhibit different characteristics. This article reviews the background, application and prospect of perfluorocarbon
nanoparticle.
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Figure 1. Scheme of a new phase-shift agent!*?
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Figure 2. Confocal microscopy image (scale bar = 10 um) (Left). SEM images of microcapsules (right)®*”!

Bl 2. PLGA R B RERNBEE R (FRK 10 k) AR FEREERRY

/ PLGA DSF'E-PEG\i
F'B Stealthiness
—_—
After nanoparticle
Polymeric preparation
Nanocapsule
(NC)

izl

Residual PVA

¢ Lt

PEGylated Nanocapsule (NC-PEG)

Figure 3. Scheme of surface modification of polymeric nanocapsule!®!
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Figure 4. (a) SEM images for near-monosdisperse negatively charged polystyrene particles; (b) TEM image shows polystyrene-silica
core/shell particles revealing thin silica lamination; (c) The etched hollow particles under TEM; (d), () SEM and TEM image of
OTES-TSPA-TEOS composite hollow particles; (f) SEM (left) and TEM (right) images of composite laminate of TSPA-TEOS particle®?®
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Figure 5. In vitro ultrasound images of SonoVue and PEG-HSS in physiological saline solution recorded at different imaging times!

5. B4 5 S RERE A T R 8 & TR E A ST

SiO2@mSiO2

MSNCs

MSNC-PFH

Figure 6. Schematic illustration of the fabrication process of MSNC-PFHE
6. B LA CK _—SUEREFENREE™

4. FHEEBSRE

B AR RS OB A3 B TUAE B8 5 iR T T
RLF 2, AHH AT AL VE 2 RS AR 0 1) RS
SR PG R AR S e, WAREVERE, A
RO R R R AR @A A
TEE SRRSO P I 70 H T AN SRR, PRI R e e 1A
FesE A B AR, BRI R (X A
FORISN SRR, FR BRI A, A RE AR R
FIXSEE, BRI S . BN A, R
o7 2K SR T X N AR 2 4 BB AT R . 53— T3 TS
BB A GRS, FIERE SR, (HAEY
BIFEGS, FRAlEERAE < 400 nm kT, BTl HATH
I 52 77 B S L TR A TR PR 0 B AR E AR AE — SE I T
Ao PRI, i AR E AR SR A G R, i L BERE
EARE M PIAREA L, SRt s 9L W
SEHERTTURIIAG, WRRE TAEE S IHT7 . B
SR ISR AT — M IR 2GS . 2 ThRERTIE
S, W EIRAWE TR 7T AR Al AR I HE R

5. Buis

SRR X SRR R 4 (No. 81101142), | ARE H

Copyright © 2013 Hanspub

SR L 4(S2011040005922) A1 F 1L K 2 A J A
Wk 45 9% (121gpy06) 25 T A 7T 10 S5 o

£EHk (References)

[11 M. S. Liu, D. M. Long. Perfluoroctylbromide as a diagnostic
contrast medium in gastroenterography. Radiology, 1977, 122(1):
71-76.

[2] T. Cyrus, P. M. Winter, C S. D. aruthers, et al. Magnetic reso-
nance nanoparticles for cardiovascular molecular imaging and
therapy. Expert Review of Cardiovascular Therapy, 2005, 3(4):
705-715.

[3] R. Diaz-Lopez, N. Tsapis, M. Santin, et al. The performance of
PEGylated nanocapsules of perfluorooctyl bromide as an ultra-
sound contrast agent. Biomaterials, 2010, 31(7): 1723-1731.

[4] G M. Lanza, K. D. Wallace, M. J. Scott, et al. A novel site-
targeted ultrasonic contrast agent with broad biomedical applica-
tion. Circulation, 1996, 94(12): 3334-3340.

[S] G M. Lanza, P. M. Winter, S. D. Caruthers, et al. Magnetic reso-
nance molecular imaging with nanoparticles. Journal of Nuclear
Cardiology, 2004, 11(6): 733-743.

[6] M. M. Kaneda, S. Caruthers, G. M. Lanza, et al. Perfluorocarbon
nanoemulsions for quantitative molecular imaging and targeted
therapeutics. Annals of Biomedical Engineering, 2009, 37(10):
1922-1933.

(71 JAWE, AT, WSS, RS AR D ) S TR 9K R i
S ] & K ARSNFELD]. P EBERAROR, 2012, 28(1):
52-54.

8] ZHE, FER. WERKMAKR—— T L IR RFEY
FULI]. W PR RS R 22 35, 2008, 10(12): 830-832.

[9] LALEE, Ao X, EENI. BRI T’ A Y
SR FCHE R[], P EA AR SIBIT, 2010, 7(6): 684-
687.

19



[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

20

LTS TR 7 i

Wd, EEN, WITLEE. A IR KR FMIR 75 X)L
FUH TR R CT RARSLIBBIT[]. hEEFBRE
A, 2008, 24(9): 1341-1344.

HKUZERE. WA SR AN A G SURORLEE [ U O UL SE BRI 5T
[D]. HEHE K2, 2010.

P. S. Sheeran, S. Luois, P. A. Dayton, et al. Formulation and
acoustic studies of a new phase-shift agent for diagnostic and
therapeutic ultrasound. Langmuir, 2011, 27(17): 10412-10420.
W. Cui, J. Z. Bei, S. G. Wang, et al. Preparation and evaluation
of poly(L-lactide-co-glycolide) (PLGA) microbubbles as a con-
trast agent for myocardial contrast echocardiography. Journal of
Biomedical Materials Research Part B: Applied Biomaterials,
2005, 73B(1): 171-178.

J. R. Lindner. Microbubbles in medical imaging: Current appli-
cations and future directions. Nature Reviews Drug Discovery,
2004, 3(6): 527-533.

J. A. Straub, D. E. Chickering, C. C. Church, et al. Porous PLGA
microparticles: AI-700, an intravenously administered ultra-
sound contrast agent for use in echocardiography. Journal of
Controlled Release, 2005, 108(1): 21-32.

A. L. Klibanov. Ultrasound molecular imaging with targeted micro-
bubble contrast agents. Journal of Nuclear Cardiology, 2007, 14
(6): 876-884.

E. Pisani, N. Tsapis, J. Paris, et al. Polymeric nano/microcap-
sules of liquid perfluorocarbons for ultrasonic imaging: Physical
characterization. Langmuir, 2006, 22: 4397-4402.

F. Yuan, M. Dellian, D. Fukumura, et al. Vascular permeability
in a human tumor xenograft: Molecular size dependence and
cutoff size. Cancer Research, 1995, 55(17): 3752-3756.

G. M. Lanza, D. R. Abendschein, C. S. Hall, et al. In vivo mo-
lecular imaging of stretch-induced tissue factor in carotid arter-
ies with ligand-targeted nanoparticles. Journal of the American
Society of Echocardiography, 2000, 13(6): 608-614.

R. Diaz-Lopez, N. Tsapis, M. Santin, et al. The performance of
PEGylated nanocapsules of perfluorooctyl bromide as an ultra-

=0

SR FURE iR

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

sound contrast agent. Biomaterials, 2010, 31(7): 1723-1731.

R. Diaz-Lopez, N. Tsapis, D. Libong, et al. Phospholipid deco-
ration of microcapsules containing perfluorooctyl bromide used
as ultrasound contrast agents. Biomaterials, 2009, 30(8): 1462-
1472.

E. Pisani, N. Tsapis, B. Galaz, M. Santin and B. Romain. Per-
fluorooctyl bromide polymeric capsules as dual contrast agents
for ultrasonography and magnetic resonance imaging. Advanced
Functional Materials, 2008, 18(19): 2963-2971.

ILALHE. A HBRT PLGA MR HIFU Re& IR
SEIRRFFE[D]. EREER K2, 2012.

20k, TR, SRH, WK, ISR IE R R f A S
RERFFU[AL | ARG EVEE TSRO 32 FAFL &R
[C]. J7N: T ARABEDE 2 TR 45, 2012: 162-169.

C. J. McDonald, M. J. Devon. Hollow latex particles: Synthesis
and applications. Advances in Colloid and Interface Science,
2002, 99(3): 181-213.

J. Gallardo, P. Galliano, R. Moreno, et al. Bioactive sol-gel coat-
ings for orthopaedic prosthesis. Journal of Sol-Gel Science and
Technology, 2000, 19(1-3): 107-111.

J.-M. Yeh, C.-J. Weng, W.-J. Liao, et al. Anticorrosively enhanc-
ed PMMA-SiO, hybrid coatings prepared from the sol-gel ap-
proach with MSMA as the coupling agent. Surface & Coatings
Technology, 2006, 201: 1788-1795.

P. L. Lin, R. J. Eckersley and E. A. H. Hall. Ultrabubble: A lami-
nated ultrasound contrast agent with narrow size range. Ad-
vanced Materials, 2009, 21(38-39): 3949-3952.

H. Hu, H. Zhou, J. Du, et al. Biocompatiable hollow silica mi-
crospheres as novel ultrasound contrast agents for in vivo imag-
ing. Journal of Materials Chemistry, 2011, 21: 6576-6583.

X. Wang, H. Chen, Y. Chen, et al. Perfluorohexane-encapsulated
mesoporous silica nanocapsules as enhancement agents for high-
ly efficient High Intensity Focused Ultrasound (HIFU). Advanc-
ed Materials, 2012, 24(6): 785-791.

Copyright © 2013 Hanspub



