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STRUCTURE
DES
PHOSPHOLIPIDES

Tableau 1
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CATIONIC LIPIDS
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TEMPERATURE DE TRANSITION DE PHASE DES PL
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Fig.17 Formes d’'un liposome 2 trois instants différents et contour extrait aprés Fanalyse d'image
{adaptée de [17]).



WHAT IS A LIPOSOME ?

Hydrophobic or

Agqueous drug

: amphiphilic drug
e Spherical oo
e Diameter less than 1, 000 nm g =K E, 2L ’Ca?oé
e Avesicle S S =
e An aqueous phase oc‘;/ //%P = S S =
e Made of amphiphilic molecules 0868%626\\ 80
e One or more bilayer membrane 00 OO 080 00




PRINCIPLE OF LIPOSOME FORMATION
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.. Organic solvents

Lipid mixing
PHOSPHOLIPIDS ) 1 a
Solvent evaporation, formation of a thin
homogeneous film of lipids
\
4 Formation of liposomes
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Formation of liposomes by
mechanical energy




PREPARATION DES LIPOSOME PAR LA METHODE DE
BANGHAM

/\H//x




LIPOSOMES HOMOGENEIZATION

Multilamellar Unilamellar

Sources of Energy: Pressure, Extrusion, Ultrasounds etc.




MICROFLUIDIZER

(opfonal) [

!n Qut
;A
For
%Hmmmdh:drun J
[ |
Intsraction Aoy // Processed
Zhamber -proseming- r product
Haxt
axchangar
(optanal;
Strainer Faad pump

foptional) 44— Product feed



EXTRUSION
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PREPARATION BY REVERSE PHASE EVAPORATION

Organic solution
Non water-miscible

Aqueous
solution

Lipids in organic solvent Solvent evaporation Lipid film formation
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NSRS

Formation of a gel Disruption of the gel Lliposomes formation




PREPARATION BY REVERSE PHASE EVAPORATION
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PREPARATION DES LIPOSOMES PAR DIALYSE
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PREPARATION DES LIPOSOMES PAR INJECTION DE
SOLVANTS
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CONJUGATION STRATEGIES USED FOR CONSTRUCTION OF
ANTI-HER 2 IMMUNOLIPOSOMES

Park JW et al., Journal of Controlled Release 74, 95-113, 2001

A. Ls-MADb Linkage B. PEG-MADb Linkage C. Micellar Incorporation

SUV (70-100 nm) with PEG2000-derivatized disteroylphosphatidylethanolamine (PEG-PE). Anti-
HER2 MAb fragments consisted of rhuMAb HER2 (trastuzumab)-Fab’, scFv C6.5, scFv F5, or
variants of these. MAb fragments all contained a C-terminal cysteine for covalent conjugation.

(Left) Ls-MADb linkage. MAb fragments were conjugated to maleimide-terminated
phosphatylethanolamine (M-PE) at the liposome surface.

gMiddIe) PEgS-MAb linkage. MAb fragments were conjugated to maleimide-terminated PEG-PE
M-PEG-PE

(Right) Micellar incorporation. Preformed liposomes lacking functional sites for conjugation were

converted into immunoliposomes by incorporation of modified MAb fragments coupled to M-PEG-
PE, forming micelles which incorporate into liposomes




L' ENCAPSULATION DANS LES LIPOSOMES
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LIPOSOME STABILITY
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LIPOSOMES STABILIZATION
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NANOPARTICULES

Nanospheres et Nanocapsules



NANOPARTICULES: DEFINITION

NANOPARTICULES: structures
supramoleculaires solides
ultradispersees, généralement a
base de polymeres, ayant une taille
inférieure au micron

Ces objets peuvent étre de type
matriciels (NANOSPHERES) ou C el e ey
vesiculaires (NANOCAPSULES)
Le médicament vectorisé peut
s’associer a ces structures sous
différents états physiques

Nanospheres Nanocapsules




NANOPARTICLES PREPARATION
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- natural macromolecules
- synthetic polymers
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PREPARATION DE NANOPARTICULES
PAR POLYMERISATION

Polymérisation en émulsion et en suspension




PREPARATION DE NANOSPHERES PAR POLYMERISATION

En suspension

En émulsion
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Chauvierre et al. , Macromolecules, 36, 6018-6027 (2003)
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POLYMERISATION ANIONIQUE ET RADICALAIRE ET
ACTIVATION DU COMPLEMENT

Chauvierre et al., Cell Mol Biol, 50, 233-239 (2004)

Polymérisation radicalaire
Non activateur

Polymérisation anionique
Activateur

0O

Dextrane 71 000KD



. - CLICK CHEMISTRY » POUR LE COUPLAGE DE LIGANDS A
LA SURFACE DE NANOPARTICULES DE PACA
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Nicolas J et al., Macromolecules, in press, 2008
Nicolas J et al, Macromolecules, 41, 3758-3761 (2008)




PREPARATION DE NANOCAPSULES
PAR POLYMERISATION
INTERFACIALE




PREPARATION DE NANOCAPSULES PAR
POLYMERISATION INTERFACIALE
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. PACA NANOCAPSULE FORMATION

N

bert, J.R. Bertrand, E. Fattal, F. Subra, H. Pinto-Alphandary, C. Malvy,C. Auclair, P. Couvreur,

OH* \WATER OH’

0 0 OILY PHASE



NANOCAPSULES WITH AN AQUEOUS CORE/ FREEZE FRACTURE

Lambert et al., Pharm. Res., 2000

a) Before drying b) After drying



NANOCAPSULES PREPARATION BY INTERFACIAL

Injection of the orgamic
phase, Spontaneous
cmulsification

MNano=emulsion

[Diffusion Polycondensation

Diluted nanocapsules suspension

Evaporation
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Fig. 1. Mechanism of nanccapsules preparation using the new
interfacial polyvcondensation technigue (Montasser et al., 20017

K. Bouchemal et al /International Jowrnal of Pharmaceutics 269 (2004} §9-100



PREPARATION DE
NANOPARTICULES A PARTIR D'UN
POLYMERE PREFORME

Emulsion evaporation de solvant
Emulsion extraction de solvant



EMULSIFICATION-EVAPORATION DE SOLVANT

Emulsification

Evaporation
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Emulsification — solvent evaporation

Solvant (volatil) Emulsification

Polymeére
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Microfluidiseur
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Desgouilles et al., Langmuir 2003
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EMULSIFICATION-EVAPORATION DE SOLVANT

Solvant (volatil) Emulsification
Microfluidiseur

Polymeére

1

eau
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po densité
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C concentration massique du polymeére

Desgouilles et al., Langmuir 2003
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EMULSIFICATION-EXTRACTION DE SOLVANT

Emulsification

Extraction
du solvants
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des solvants
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PREPARATION DE
NANOPARTICULES A PARTIR D'UN
POLYMERE PREFORME

Nanoprecipitation




NANOPRECIPITATION: PRINCIPE GENERAL
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polymere non solvent

NANOPRECIPITATION ET DIAGRAMME DE PHASE

solution solvent
2 phases \

insoluble

colloidal
suspension

nanoprecipitation solvent

evaporation

— >

nanoparticles



INFLUENCE DU POIDS MOLECULAIRE ET DE LAVISCOSITE

Legrand et al. Int. J. Pharm 2007
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APPLICATION OF MICROFLUIDICS TO THE PREPARATION OF
PLA NANOPARTICLES BY NANOPRECIPITATION

(a)

Water
MNanoprecipitation
PLGA-PEG
in acetonitrile

Nanoparticle

Nanoparticle size
A
= _T}q/ hY
853
K| -
S|
}

I

PLGA-PEG
in acetonitrile

Water Nanoprecipitation

Karnik R et al., Nanoletters, 8, 2906-2912, 2008

(@)

(b)

The process occurs in three stages
involving nucleation of nanopatrticles,
growth through aggregation, and
results in kinetically locked
nanoparticles after a characteristic
aggregation time scale T,

The process of mixing can be
carried out in a microfluidic device
using hydrodynamic flow focusing,
where the polymer stream is focused
into a thin stream between two water
streams with higher flow rates.




MICROFLUIDICS FOR THE PREPARATION OF PLA
NANOPARTICLES BY NANOPRECIPITATION

WEtEl' Karnik R et al., Nanoletters, 8, 2906-2912, 2008

(a)
(@) A microfluidic device for
- hydrodynamic flow focusing of

 — . . g
polymeric nanoparticles in water.
Scale bar 50 pm.

fucused stream

PLGA-PEG
in acetonitrile

TEM image of nanoparticles
synthesized by nanoprecipitation
of PLGA15K-PEG3.4K by
hydrodynamic flow focusing




EFFECT OF FLOW RATIO ON NANOPARTICLE SIZE

Karnik R et al., Nanoletters, 8, 2906-2912, 2008
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PREPARATION DE NANOPARTICULES A
L’AIDE DE METHODES SPECIFIQUES
REPOSANT SUR CERTAINES PROPRIETES
PARTICULIERES DES POLYMERES

- Gélification
- Complexes d’inclusion

Formation de complexes électrolytiques
(polyplexes)




PREPARATION DE
NANOPARTICULES PAR
GELIFICATION

Repose sur une propriéeté particuliere
de certains polysaccharides

Changement de propriétes
physico-chimiques

.................................................................. >

Solution Gel



NANOPARTICULES D’ALGINATE

Rajaonarivony et al., J. Pharm. Sci., 1993
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NANOPARTICULES DE CHITOSAN

N

w
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@® nanoparticles

1.0 1.5

(mg/ml)

A aggregates

Calvo et al., J. Applied Polym., 63, 125-132, 1997
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E o EXEMPLE DE GREFFAGE D'UN ANTICORPS
A LA SURFACE DE NANOPARTICULES DE CHITOSAN PAR
L’APPROCHE BIOTINE/AVIDINE

Y. Aktas et al. , Bioconj. Chem., 16, 1503-1511 (2005)

0.6 14 854

i torypglrooy

Chitosan-PEG-Biotine



PREPARATION DE NANOPARTICULES
PAR AUTO-ASSEMBLAGE

Utilisation des propriétes d’inclusion
des Cyclodextrines
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NOVEL NANOTECHNOLOGY BASED ON THE “KEY
AND LOCK"CONCEPT

R. Gref et al., French Patent N° 02 08766 (2002)
R. Gref et al., J Control. Rel., 2006




SH-RMN

R. Gref et al., J Control. Rel., 2006
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PREPARATION DE
NANOPARTICULES PAR
INTERACTION ELECTROSTATIQUE




Nucleic acids

DNA POLYPLEXES

Chitosan
Poly(ethyleneimine)
Poly(aminoacid)

NH,*

4-\N H,*

NH,*

/ <y, NH,*
) NH,*

Dunlap et al., Nucleic. Acid. Res. 25: 3095-3101, 1997

DNA condensation

Colloidal particles
(polyplexes) d,;~20-80nm

AFM

Plasmid condensation with PEI




Concentration Micellaire Critique
CMC



AMPHIPHILIC BLOCK COPOLYMER MICELLES

Kakizawa and Kataoka, Adv. Drug. Deliv. Rev. 54: 203-222, 2002

shell: hydrophilic
segment

A

cationic copolymer

NS

ar

AR

anionic polymer

sponLansous
association

core: polyion complex

N_S\_s = hydrophilic segment
m = anionic segment
)‘M = cationic segment

Formation of polyion complex micelles




nucleic acid

BLOCK CO-POLYMER MICELLES

Hydrophilic segment PEG,
P(HPMA), dextran

Micelles

Cationic segments
Poly(ethyleneimine)
Poly(aminoacid)

Core:
polyion complex



ADRESSED BLOCK CO-POLYMER MICELLES

& A

Spontaneous
L se—

Self-Assembly

%%a“_i__-- — -

ca. 10-=50 nm
B = active agent {e.g. drug, fluorescent dye)
P = targeting group (e.9. oligosacchanide)

Typical examples of block copolymers are PEO-b-PPO, PEO-b-PCI, and PEO-b-PAsp.
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