JIAICIS

COMMUNICATIONS

Published on Web 10/19/2002

Polymerized Bicontinuous Cubic Nanoparticles (Cubosomes) from a Reactive
Monoacylglycerol
Da Yang, David F. O'Brien,* and Seth R. Marder*

C. S. Mavel Laboratories, Department of Chemistry, Weisity of Arizona, Tucson, Arizona 85721

Received March 4, 2002

Biological and synthetic lipids can, under appropriate conditions ~
of temperature and concentration, form hydrated nonlamellar 097 P
assemblies such as inverted bicontinuous cubijg @@d inverted
hexagonal (i) phases:3 Those inverted cubic phases which are 071
bicontinuous with respect to the aqueous and the lipid regions can
be considered as organic analogues of zeolites. If such cubic phases 05
can be dispersed in water in the form of colloidal particles with a :
highly ordered internal structure, they are expected to be useful 0311
for a variety of applications, for example as drug carriers or /
bioreactors. Gustafsson et al. demonstrated that the cubic phases 011
of monoglycerides/Poloxamer 407 (P&RPPQ/PEQyg)/water sys- . — p
tem can be dispersed into submicron particles, which they termed 01 Wavelength (nm)

“cubosomes™:* Technological applications of the lipid assemblies  rigre 1. Absorption spectra of the cubosomes before and after poly-
may be possible through stabilization of the nonlamellar architec- merization. Regular lines show the absorption before and after sample

ture. It has been demonstrated that polymerization is an effective exposure to UV light from a high-pressure Hg/Xe lamp. Dotted lines show
way to stabilize self-organized lipid phagesincluding Q8 and absorption before and after redox polymerization.

H,21% phases. The goal of this research is to stabilize cubosomes
through suitable polymerization reactions, thereby expanding the

temperature and concentration range over which they can be used ¢ o, anisotropic phase, most probably a lamellar liquid crystalline
Here, the phase behavior of a polymerizable heterobifunctional phase, due to the fact that lipiddoes not have a large enough
monoacylglycerol (MAG), a readily synthesized lipid, has been pyqrophobic portion to attain sufficient curvature at the water
studied. Certain compositions of MAG/water plus cross-linking hydrocarbon interface, which is necessary for the change from
monomers yield a bicontinuous cubic phase, which can be dispersed meliar to cubic structure A cross-linking monomer was
into cubosomes in water using Poloxamer 407. The polymerization j,iroduced into the system, which localizes in the hydrocarbon
of the hydrated MAG in the lipid region successfully stabilized egion, to force the formation of cubic phase. Increasing amounts
the cubosome nanopartlc_les. The lipid used for these studies wasys this cross-linking monomer, divinyl benzene, was added to lipid
3-(2,4,13- E)-tetradecatrienoylpn-glycerol (1). 1 and the phase behavior of the mixtures studied. A hydrated 9/1
OH molar ratio mixture of lipidl and divinyl benzene at the concentra-
Ho\)\/o P tion of 25 wt % water became clear after incubation at room
M\WV temperature for 1 day. This isotropic character of the sample was
0 confirmed by examination with cross-polarized light. The clear
cubic gel was stable up to at least 5.
The cubic gel was dispersed into hanoparticles by ultrasonication
: ! ] in the presence of Poloxamer 407 (P&PPQ/PEQg) as the
dimethyl-1,3-dioxalane-4-methanol, followed by deprotection of the dispersing agent. All dispersions had a water content of 95 wt %.
isopropylidene protecting group. The 2,4, E3g)-tetradecatrienoic The average diameter of the cubosomes was 300 nm as determined
acid was accessible in three steps from commercially available by quasi-elastic light scattering (QELS). The UV spectrum of the
9-decen-1-ol, which was oxidized to the corresponding aldehyde hydrated lipid shows the dienoyl absorption peak at 262 &7
under Swern oxidation conditions. The Wittilorner reaction of % 10* M1 cm-Y). UV polymerization of the cubosomes was
this aldehyde with trimethyl 4-phosphonocrotonate gave methyl- achieved by using 2 mol % of 4-(dimethylamino)benzophenone as
2,4,13-tetradecatrienoate. Hy(_jrolysig of this methyl es_ter usil_wg a photoinitiator. A sample was irradiated at 20 with a high-
KOH/metha_noI affords the desired acid. The stereochemlcal purity pressure Hg/Xe lamp, resulting in essentially complete conversion
was determmec_j biH NMR spectr_o_scopy. The _produ_ctmlxture of of the dienoyl group with 3 h (Figure 1). A separate redox
(E.B) and €,2)-isomers were purified by urea inclusion complex- polymerization was performed at room temperature with a 1:1:1

ation;] to k;])rovide_th_e pkl:rel_f(,El)-isomer_. fthe i . . molar ratio of [monomer]/KS,0¢/NaHSQ. This redox chemistry
The characteristic physical properties of the inverted bicontinuous generates hydroxyl radicals, which can diffuse across the lipid layers

cuhblc phars]e 'nd”?e a h'grlll VASC?(S'% and_ tran;p;\rency to “ght’dand initiate the polymerization of both reactive groups regardless
whereas the sample Is totally dark when viewed between crossedys e |ocation. High conversion (95%) of the dienoyl group was
*To whom correspondence should be addressed. E-mail: smarder@u.arizona.edu.aChleved V_Vlthm 1 day (Flgure 1. The_nature Of_the resultlng
* Deceased. polymers, linear or cross-linked, was studied by particle dissolution

polarizers. A sample of lipid with 25 wt % water remained opaque
after incubation at room temperature for a week. This is indicative

This novel heterobifunctional lipid was obtained from the
acylation of 2,4,13K,E)-tetradecatrienoic acid withS(-(+)-2,2-
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structure of the cubosome before and after polymerizattdiNMR
spectra of cubosomes formed from partially deuterdtedere
obtained at room temperature in the presence of 7.4 wt % Poloxamer
4071 Provided the local environment of the lipid does not change
significantly upon polymerization, a cubic phase should theoretically
exhibit a characteristic sharp singlet peak, due to its isotropic
nature'® An isotropic signal with a full-width at half-maximum of
~8-UV before polymerization 0.5 ppm was obtained from cubosome sample prior to polymeri-
—A—UV after polymerization . . . .
_o-Redox before polymerization zation. UV polymerization of the NMR sample resulted in a
~O-Redox after polymerization progressive broadening of the original isotropic signal, an expected
consequence of the decreased lateral diffusion of the polymerized
. ; . . . - 2 lipids. This provides strong evidence that the cubosome structure
[Triton X-100)[Lipid] is preserved upon polymerization.
Figure 2. Stability test of polymerized cubosomes vs surfactant (Triton In summary, we have demonstrated that stabilized bicontinuous
X-100). The average of mean diameters of various polymerized and cubic nanoparticles (stabilized cubosomes) can be readily prepared
unpolymerized cubosomes, determined by QELS is shown as a function of i3 ¢ross-linking polymerization of cubosomes prepared from
the molar ratio of Triton X-100 to lipid. . ST . . .
reactive amphiphiles. The ability to form stable biocompatible
nanoparticles with interpenetrating water channels of high internal
surface area provides opportunities for the sequestration and release
of relatively large molecules from these novel nanopatrticles. In this
regard, Jeong et al. have recently shown that macromolecules of
ca. 3 nm in diameter can diffuse in the water channels of the
bicontinuous cubic phase formed from a MAG, such as monoolein
as well as in those of a polymerizable MAG.
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