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Foreword

Polymers are macromolecules composed of many repeated subunits of different
nature, leading to a broad range of compositions and properties. Both synthetic and
natural polymers play a major role in the life sciences. Whereas natural polymers
(nucleic acids, proteins, peptides) are the building blocks of biological structures
and functions and are the support of genetic and epigenetic events, the polymer-
ization of monomers through various modern synthetic routes (e.g., controlled
anionic or radical polymerization, ring-opening polymerization, etc.) enables the
design of synthetic polymers with unique physicochemical properties, including
robustness, viscoelasticity, and a tendency to form glasses and semicrystalline
structures rather than crystals. They may be combined to form tailor-made
supramolecular architectures. The versatility of these polymer structures and the
resulting properties offer many applications in the medical and pharmaceutical
fields. «Smart» polymers, designed to undergo reversible physical or chemical
changes in response to environmental stimuli (such as temperature, light, magnetic
or electric field, pH, ionic strength or enzymes) also hold great promise as drug
delivery systems, tissue engineering scaffolds, cell culture supports, bioseparation
devices, sensors, and even actuators systems. Because of their extraordinary ver-
satility, there is an increased interest to use polymers, either natural or synthetic, as
transporter material for the design of nanomedicines. The encapsulation of a drug
into polymer-based nanoparticles allows it, indeed, to protect the drug from
degradation/metabolization; to defend healthy cells and tissues from drug’s even-
tual toxicity; to improve drug bioavailability at the site of action (i.e., diseased
cells); and to allow better intracellular penetration and trafficking for drugs that
cannot cross the cell membrane. The ultimate goal is to increase the drug thera-
peutic index by improving the pharmacological efficacy while also reducing its
toxicity. Of course, the design of polymers for the construction of nanodevices is
key to making safe and efficient nanomedicines. When intravenous administration
is considered, the use of biodegradable polymers is mandatory to avoid intracellular
polymer overloading and thesaurismosis. The possibility to control the degradation
kinetics of a drug subsequently allows tailoring the drug release according to its
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therapeutic aim. The surface properties of the polymer when formulated as
nanoparticles is another important issue to monitor and avoid excessive comple-
ment activation, protein aggregation or thromboembolic event after intravenous
infusion. Therefore, surface functionalization of nanoparticles should help to hinder
such events or, to better address the nanomedicine in a very specific way toward the
targeted cells by decoration with specific ligands. Surface functionalization of
polymer-based nanoparticles may also permit the bioadhesion along epitheliums or
endotheliums or even the translocation through biological barriers, including the
blood-brain barrier. Other approaches, albeit less advanced, include the develop-
ment of polymer nanoparticles combining both therapeutic and imaging function-
alities and even nanodevices containing two or more drugs for synergistic
pharmacological efficacy.

The book edited by Drs. Vauthier and Ponchel, Polymer Nanoparticles for
Nanomedicines: A Guide for their Design, Preparation and Development,
represents a crucial and comprehensive work of information with highly advanced
research about the construction of polymer nanoparticles. The logical succession
of the different chapters runs in the following way.

Part I is devoted to the different methods for manufacturing nanoparticles with
clear explanations about the physicochemical principles allowing their formation.
Nanoparticles may be built using various preparation methodologies. For instance,
the so-called nanoprecipitation technique based on the “Ouzo” effect, the flash
nanoprecipitation process, and the solvent evaporation methods with their numer-
ous adaptations, are well explained. Apart from being prepared by pre-formed
polymers, nanoparticles may be constructed through the in situ polymerization of
monomers which sometimes allows better drug loading. Thanks to the versatility
of these different preparation processes, the size and the shape of the nanoparticles
may be controlled, which may further influence in vivo pharmacokinetic and
biodistribution after administration.

Therefore, the characterization of the nanoparticles is logically addressed in
Part II of the book. Physicochemical characterization includes polymer character-
ization, nanoparticle size, nanoparticle surface properties, drug loading and release,
nanoparticle stability, and batch-to-batch reproducibility. Electron microscopy, both
transmission and scanning, are also important methodologies for the direct visu-
alization of nanoparticles. The interactions with the immune system, the activation
of the complement at the surface of the nanoparticles, as well as the interaction with
cells and intracellular trafficking are dramatically influenced by the characteristics
of the nanoparticles. These processes are discussed in great detail.

Part III of the book discusses how to adjust the characteristics of polymer
nanoparticles with functionalities needed for specific pharmacological applications.
In this view, the choice of the best polymer, the encapsulation process and the drug
loading, as well as, the control of the drug release are at disposal of the formulation
scientists to construct the more efficient nanomedicines. Of course, the toxicological
aspects have to be taken into great consideration, especially the biodegradation
of the nanoparticle polymer core, the safety of the metabolites, the excretion
pathways, and the interaction with blood proteins which may also dramatically
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influence the nanoparticle biodistribution. A special chapter describes the concep-
tion of theranostic nanoparticles combining therapeutic and imaging properties for
personalized medicine.

The last part of the book discusses why polymer-based nanoparticles have
attracted so much interest, whereas only a few of them have been approved and
have reached the market or even the third phase of clinical trials. Regulatory
developments are also considered in a separate chapter.

I recommend reading this book, which assembles a profuse array of knowledge
on the conception and the development of polymer nanoparticles. It represents an
essential reference for a broad scientific community, including academic
researchers and industrial deciders. It should also attract students pursuing a mas-
ter’s degree or doctorate in the field of nanomedicine, whether their background is
in education, pharmaceuticals, chemistry, physico-chemistry, or even physics.

Patrick Couvreur

Membre de 1’Académie des Sciences, Professor

Université Paris-Sud and Institut Universitaire de France
Faculté de Pharmacie, Institut Galien Paris Sud, UMR CNRS
8612, Université Paris-Sud, Chatenay-Malabry, France
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Monocyte chemoattractant protein-1
Malondialdehyde

multiple-drug resistance

Oil-in-water emulsion

Major histocompatibility complex

Multi-inlet vortex mixer

Mesoporous nanoparticles

Mass of the polymer in the droplets

Mass of the polymer in the particles

Maximal possible effect

Poly(ethylene glycol)—poly(trimethylene carbonate)
Mononuclear phagocytic system

Magnetic resonance imaging

Mass spectrometry

Mitoxantrone

11-mercaptoundecanoic acid

Molecular weight

Molecular weight cut-off

N-acetyltransferase 1

n-butylcyaoacrylate

Nanocapsules

Neural cell adhesion molecule

New chemical entity



Abbreviations

NCS
NCs
NDA
NF-kB

NG
NIR
NK
nm
NMR
NO
NPs

ns
NTs
Oo/W
ODN
OEt
(0]
OLZ
OSHA
P4VP
PAA
PACA
PAGE
PAH
PALM
PAMAM
PAMPs
PBCA
PBDL
PBLG
PBMC
PBS
PCC
PCDA
PCEP

PCL
PCL-b-PEG
PCR

PCS

PD

PDI

PDM
PDMAEMA

XXV

Neocarzinostatin

Nanocapsules

New drug application

Nuclear factor kappa-light-chain-enhancer of activated B
cells

Nanogel

Near-infrared

Natural killer cells

Nanometer

Nuclear magnetic resonance

Nitric Oxide

Nanoparticles

Not specified

nanotubes

Oil-in-water emulsion

Oligonucleotide

Ethyl ester

Optical imaging

Olanzapine

Occupational safety and health administration
Poly(4-vinylpyridine)

Poly(acrylic acid)

Poly(alkylcyanoacrylate)

Polyacrylamide gel electrophoresis
Poly(allylamine hydrochloride)
Photo-activated localization microscopy
Poly(amido amine)

Pathogen-Associated Molecular Patterns
Poly(ButylCyanoAcrylate)

Poly(butylene succinate-co-butylene dilinoleate)
poly(y-benzyl-L-glutamate)

Peripheral blood mononuclear cells
Phosphate buffered saline

Physicochemical characterization
10,12-pentacosydonic acid

Poly[(cholesteryl oxocarbonylamido ethyl) methyl bis(ethy-
lene) ammonium iodide] ethyl phosphate
Poly (e-Caprolactone)
Poly(e-caprolactone)-block-poly(ethylene glycol)
Polymerase chain reaction

Photon Correlation Spectroscopy
Pharmacodynamics

Polydispersity index

2-(dimethylamino)ethyl methacrylate
Poly(dimethylamino ethyl methacrylate)



XXVi

PECs

PEC

PEDOT

PEG
PEG-PCL
PEG-PHDCA

PEG-PLA
PEG-PLL
PEI

PEO

PES
PES-DOX

PET

PEVA

PFC

PFPE

PGA
PGGA

PHB

Phe
PHPMA
PHPMAm
PIBCA
PIHCA
PIPAAN
PIT

PK

PLA
PLA-b-PEG
PLA-PEG
PLA-TPGS
PLGA
PLGA-b-PEG
PLGA-PEO
PLG-NCA
PLL

PLLA

PLT

PMA
PMLA
PMLABe
PMLABCgoHQQ
PMLAHe

Abbreviations

Peritoneal exudate cell macrophages
Polyelectrolyte complexes
Poly(3,4-ethylenedioxythiophene)
poly(ethylene glycol)
Poly(e-caprolactone)-poly(ethylene glycol)
Poly(methoxypolyethyleneglycol
cyanoacrylate-co-hexadecyl cyanoacrylate)
poly(ethylene glycol)-poly(lactide)
poly(ethylene oxide)-poly(lysine)
poly(ethylene imine)

poly(ethylene oxide)

Poly(ethyl sebacate)

Poly(ethylene sebacate) nanoparticles loaded with
doxorubicin

Positron emission tomography
Poly(ethylene-co-vinylacetate)
PolyFluoroCarbone

Perfluoropolyether

Poly(glycolide)

Poly(y-glutamic acid)
Poly(B-Hydroxybutyrate)

L-phenyl alanine methyl ester
poly(2-hydroxypropyl methacrylate)

Poly N-(2-Hydroxypropyl methacrylamide)
Poly(isobutylcyanoacrylate)
Poly(isohexylcyanoacrylate)
Poly(isopropylacrylamide)

Phase-inversion temperature

Pharmacokinetic

Poly(lactide)

Poly(lactide acid)-block-poly(ethylene glycol)
Poly(lactide)-poly(ethyleneglycol)
Poly(lactide)-tocopheryl poly(ethylene glycol succinate)
Poly(lactide-co-glycolide)
Poly(lactide-co-glycolide)-block-poly(ethylene glycol)
poly(lactide-co-glycolide)-poly(ethylene oxide)
y-propargyl-L-glutamate N-carboxyanhydride
Poly-L-lysine

Poly(L-lactide)

Platelet

Poly(methyl acrylate)

Poly(malic acid)

Poly(benzyl malate)

Poly(benzyl malate-co-malic acid)
Poly(hexyl malate)



Abbreviations

P MLAHCQ()HI 0
PMLAMe
PMLAMe,H,
PMM

P-NPs

PPG

PPIX

PPO
PRINT™
PRP

PRRs

PhotoS

PS
PS-b-P4VP
PS-b-PEG
PSD

PSMA

PSS

PTMC

PTX

PUL
PUL-PES-DOX

PVA
PVP
QCM-D
QDs
QELS
gqPCR
R&D
RA
RAFT
RBCs
real time-PCR
RES
Rg
RGD
RGDp
RI
RIA
RIS
RIV
RME
rms
RNA

XXVii

Poly(hexyl malate-co-malic acid)
Poly(methyl malate)

Poly(methyl malate-co-malic acid)
Poly(methyl methacrylate)

Polymer nanospheres

Poly(propylene glycol)

Protoporphyrin IX

Poly(propylene oxide)

Particle Replication IN non-wetting Template
Platelet-rich plasma

Pattern Recognition Receptors
Photosensitizer

Poly(styrene)
Poly(styrene)-block-poly(4-vinylpyridine)
Poly(styrene)-block-poly(ethylene glycol)
Particle size distribution
Poly(styrene-co-maleic acid/anhydride)
Poly(4-styrene-sulfonate)

Poly(trimethylene carbonate)

Paclitaxel

Pullulan

Poly(ethylene sebacate) nanoparticles loaded with
doxorubicin

Poly(vinyl alcohol)
Poly(N-vinyl-2-pyrrolidone)

Quartz crystal microbalance with dissipation monitoring
Quantum dots

Quasi-elastic light scattering

Quantitative Polymerase chain reaction
Research and Development Department
Rheumatoid arthritis

Reversible Addition Fragmentation Chain Transfer
Red blood cells

Real time polymerase chain reaction
Reticuloendothelial system

radius of gyration

Tripeptide arginine-glycine-aspartic acid
Tripeptide arginine-glycine-aspartic acid peptidomimetic
Refractive index

Radio-immuno-analysis

Risperidone

Rivastigmine tartrate

Receptor-mediated endocytosis

Root mean square

Ribonucleic acid



XXviii Abbreviations

ROS Reactive Oxygen Species

RP-HPLC Reversed phase high performance liquid chromatography
RREP Redox radical emulsion polymerization

SA Sialic acid

SAB Sodium acetate buffer

SBF Simulated body fluid

SBR Signal-to-background ratio

sCD14 Soluble CD14

SDS Sodium dodecyl sulfate

SEC Size exclusion chromatography

SEM Scanning electron microscopy

SGF Simulated gastric fluid

SIF Simulated intestinal fluid

siRNA small interfering RNA

SLF Simulated lachrymal fluid

SLNs Solid lipid nanoparticles

SLS Sodium lauryl sulfate

SnOct, Stannous octanoate

SPECT Single photon emission computed tomography
SPION Super paramagnetic iron oxide nanoparticles
SPR Surface plasmon resonance

SQ Squaraine

SR Scavenger receptor

SRBC Sheep red blood cell

ssDNA Single stranded deoxyribonucleic acid

SSF Simulated saliva fluid

STED Stimulated emission depletion

STORM Stochastic optical reconstruction microscopy
TAT Trans-activating transcriptional activator peptide
Tc T cytotoxic cell

TCR T cell receptor

T-CS Chitosan-glutathione conjugate

TDAR T cell Antibody Response

TDCN Thermo-responsive di-block copolymer nanoparticles
TEA Triethanolamine

TEM Transmission electron microscopy

Tf Transferrin

TfR Transferrin receptor

TGA Thermogravimetric analysis

Th T helper cell

THF Tetrahydrofuran

Thr N*-(methacryloyl)-threonine

TLR Toll-like receptor

T™MC TriMethylChitosan

TMT-Cys Trimethyl chitosan-cysteine conjugate



Abbreviations

TNF
TPGS
TPI
TPP
T-PS
TRA
Treg
TRPS
TSLs
U.S.
UCNP
uPA
uPAR
UPS
US
USA
uv
UVA
UVB
viv
VPTT
W/O/W
W/O
wlv
WGA
WPM
XRPD
Z-Avg.
ZnO

XXIX

Tumor necrosis factor

d-a-tocopheryl poly(ethylene glycol) 1000 succinate
Transitional Phase Inversion
TriPhenylPhosphate

Photosensitizer prodrug

All trans retinoic acid

T regulatory cell

Tunable resistive pulse sensing
Thermosensitive liposomes

United States

Up-converting nanophosphors

Urokinase plasminogen activator
Urokinase plasminogen activator receptor
United state pharmacopoeia

Ultrasound

United States of America

Ultraviolet

Ultraviolet A

Ultraviolet B

Volume/volume proportion

Volume phase transition temperature
Water-in-oil-in-water emulsion, double or multiple emulsion
Water-in-oil emulsion

Weight/volume proportion

Wheat germ agglutinin

Wet pearl milling

X-ray powder diffraction

Z-average

Zinc oxide
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