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Permeability of biological membranes is a key function for dialysis under conductivity controlling. The suspension behaved
exchanges of matter between cells and their environment. In living as a magnetic fluid composed of monodisperse superparamagnetic
systems, the chief transport mechanism of solutes across membranegrains of 8 nm in diameter (Supporting Informatidh).
is diffusion through pores or channels normally mediated by  The liposomes were prepared by hydration of egg phosphati-
peptides and proteiridMlany other molecules also act on membrane dylcholine (EPC) films in the presence of the maghemite particle
permeability, with sometimes dramatic effects. Soluble surfactants suspension twice diluted with 23 mM NaC ([Fe(Ill)], 315 mM;
are among the most active orfeShey are efficient enhancers of  [EPC], 13.7 mM) followed by sequential extrusion through poly-
permeability and can even provoke lysis of lipid bilayers. If one carbonate filters of decreasing pore diameters (0.8/0.4/0.2/0)2
considers that many metabolites and therapeutics belong to this clasflonencapsulated particles were removed by gel exclusion chro-
of compounds, it is of prime importance to understand their action matography (GEC)? Figure 1a reports GEC profiles of unloaded
mechanisn¥~> Moreover, surfactants are powerful tools for solu- EPC vesicles used as standards (peak L) and maghemite particles
bilizing and purifying biological membrane components or for the (peak F), injected separately. The two peaks present no overlapping.

delivery of drugs:’ This allowed the recovery of maghemite-loaded liposomes free of
A widely accepted strategy for modeling surfactamembrane external particles by collecting the sample fraction eluting in the
interactions consists of characterizing the surfaetpid structures 5—7 mL volume range (Figure 1b). The chromatography of this

produced by the progressive addition of surfactant to lipid vesicles fraction verified the absence of contaminating external particles
or liposomes until surfactarlipid mixed micelles are obtained. (Figure 1c).

The present report deals with the first stage of the vesicle-to-micelle  The cryo-transmission electron microscopy (cryo-TEM) picture
transition corresponding to sublytic surfactant concentrations. At principally showed maghemite-loaded vesicles, unilamellar and
this stage, the surfactant molecules insert into the liposome spherically shaped with diameters centered around 200 nm (Figure
membrane without disruption. Only the permeability of the lipid 2a). The entrapped particles presented neither cooperative aggrega-
bilayer is affected. Despite the accumulated evidence for permeationtion nor adhesion onto the lipid bilayers. They looked identical to
of high-molecular-mass solutes across the liposome membrane, onghose of the initial suspension with unit diameters close to the
remaining challenge is to prove the formation of real holes in the magnetic size of 8 nm (Figure 2b). Quasi-elastic light-scattering
lipid bilayer* The major snag arises from the use of hydrophilic (QELS) measurements (Coulter Electronics Apparatus) confirmed
polymers as permeability markers which can unfortunately adapt the cryo-TEM analysis. Hydrodynamic diameters of 22060
variable conformations, more or less stretched, and do not neces+|iposomes) and 13 5 nm (/-Fe,05 particles) were found, the
sarily require large openings to pass across a lipid bil&yere slight excess size arising from the water layer carried by the vesicles
novelty here is to replace polymers by solid nanoparticles of definite or particles into their Brownian motion. The liposomes were stable
size and shape. A reliable method is proposed for producing large gver 6 months.

unilamellar phospholipid vesicles encapsulating calibrated particles  Tpe encapsulation efficiency of the liposomess the ratio of

of maghemite(-F&0s), specially synthesized to be stable in neutral  the number of particles contained in the internal volume of the
aqueous media. The leakage of the particles was induced by thejinosomes (i.e., maghemite content of the GEC-purified fraction)
action of the nonionic surfactant ocigto-glucopyranoside (OG), o the total number of particles added to the lipids before liposome
chosen as a model because the mechanism of phospholipidioymation (i.e., maghemite content of the preparation before GEC
solubilization by this surfactant is one of the best documehted. ification). Both contents were determined from the absorption

~ Monodispersg-Fe;0s nanocrystals were synthesized by oxidiz-  gpectra of maghemite at 490 nm. Total solubilization of the
ing magnetite (F#D,, 1.3 mol) into HNQ, 2 N (1 L) containing  phaspholipids into micelles ([EPGE 1 mM) by OG ([OG]= 25
Fe(NQy)s (1.3 mol) under boiling. After being decantation-sieved, e was performed before analysis to get the total release of the
the maghemite particles were suspended in water with 70 g of gnyanned particles from the liposomes and to suppress parasitic
sodu_Jr_n citrate (NaC) before being h_eated ar@tfor 30 min _and scattering of light by vesicles. It resulted im@of 1 Fe(lll) mol %
precipitated in acetone at %1% Highly stable nanoparticles, e maghemite particle encapsulated per one hundred). This
negatively charged, were recovered in pH 7 water (0:63 M [Fe- amounted to an average compositiog){([Fe(Il1))/[EPC]) of 0.23

(1] from flame spectrometry) and 23 mM NaC adjusted by o) of Fe(iil) encapsulated per mol of EPC, allowing one to detect
down to 0.1% particle leakage.

T Equipe Physico-Chimie des Systes Polyphase ; i ; i
+ Laboratoire des Liquides lonigues et Intérfaces Chasge When su_rfgctant is added to liposomes, it partitions betv_veen
8 Uppsala University. water and lipid aggregates. Each stage of the vesicle-to-micelle
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2 1 o partly still inside the liposomes. Maghemite leakage increased with
b o F increasing OG concentration, from 3 mol % at 2.5 mM OG up to
‘L | 14 mol % at 10 mM OG (Figure 1d, inset), and was time-limitéd.
1 - Such a passage of solid spheres across lipid bilayers cannot be

explained otherwise than by OG-catalyzed formation of pores, the
diameter of which, at least, equalized that of the spheres, that is, 8
nm. Indeed, particle negative charge and preservation of both vesicle
size and concentration rather ruled out any lipid-assisted mechanism,
exocytosis-like, which would have modified vesicle characteristics
or even destroyed a part of them, especially at 14 mol % leakage.
Restricted leakage of nanospheres ascertained that the liposome
membrane was only temporarily opened by OG before it definitively
closed up again.
0 — M These experiments prove the ability of OG to help the transport
5 7 9 11 13 5 7 9 11 13 of solid particles across lipid membranes. The temporary passage
V. (mL) V. (mL) of rigid spheres, twice larger than the thickness of a phospholipid
Figure 1. Gel exclusion chromatograms of (a) pure 300 nm EPC liposomes bilayer, strongly inclines towarF‘ the fo.rma_tlon of real openings or
(20 mM EPC) and maghemite particles (300 mM Fe(lll)), both injected POres by transient and local disorganization of the membrane by
separately; (b) mixture of EPC and maghemite particles after extrusion (13.7 the surfactant. Such a structural evolution exemplifies the self-repair
mM EPC, 315 mM Fe(lll)); (c) liposome fraction (2 mM EPC) collected  pehavior of lipid assemblies which is a key function of living
:2;2;5];0";;1”3?2(;6& ?_:r'r:?(‘é‘; ?:gu%c;tttgg il:?ig 'r?ﬂ(\?)gg'}gr(g) m?nhjgg systems. Applicationwise, this work provides a reliable method for
were performed with a & 11 cm Sephacryl $1000 column connected to ~Producing unilamellar magnetic-fluid-loaded liposomes. These tools
an injection valve and a HPLC Hitachi pump (model L3000, Merck). are of interest for membrane permeability studies, but also promising
Aqueous eluent: 23 mM NaC {&) or 10 mM OG, 23 mM NaC (d). Flow  for biomedical applications as biocompatible vectors of magnetic

rate: 0.2 mL/min. Sample loading: 0.1 mL (a,c,d) or 0.3 mL (b). Liposomes icles, regarding encapsulation rate, dimensions, and staility.
(L) and free maghemite particles (F). Inset: released maghemite versus ' ' ’

OG concentration; [Fe(ll1)] in mol % is the ratio of peak F surface area to Supporting Information Available: y-FeOs; grains magnetization
that from liposomes fully solubilized by 25 mM OG. curve (PDF). This material is available free of charge via the Internet

at http://pubs.acs.org.
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