JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

A Fullerene-Paclitaxel Chemotherapeutic: Synthesis,
Characterization, and Study of Biological Activity in Tissue Culture

Tatiana Y. Zakharian, Alexander Seryshev, Balaji Sitharaman,
Brian E. Gilbert, Vernon Knight, and Lon J. Wilson

J. Am. Chem. Soc., 2005, 127 (36), 12508-12509+ DOI: 10.1021/ja0546525 « Publication Date (Web): 20 August 2005
Downloaded from http://pubs.acs.org on March 25, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 13 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0546525

JIAIC[S

COMMUNICATIONS

Published on Web 08/20/2005

A Fullerene —Paclitaxel Chemotherapeutic: Synthesis, Characterization, and
Study of Biological Activity in Tissue Culture

Tatiana Y. Zakharian, Alexander Seryshev,* Balaji Sitharaman, Brian E. Gilbert,®
Vernon Knight,¥ and Lon J. Wilson*
Department of Chemistry and the Center of Nanoscale Science and Technology, RiessityniP.O. Box 1892,
Houston, Texas 77251-1892, Department of Molecular Physiology and Biophysics, Baylor College of Medicine,
One Baylor Plaza, Houston, Texas 77030, and Department of Molecular Virology and Microbiology,
Baylor College of Medicine, One Baylor Plaza, Houston, Texas 77030

Received July 13, 2005; E-mail: durango@rice.edu

Liposome aerosol delivery has been successfully used for lung
cancer therapy employing a variety of lipophilic chemotherapetitics.
It offers significant advantages over other methods of drug
administration, including substantially higher drug concentration
in the lungs, lower dosage requirements, reduced systemic toxicity,
and noninvasive administratiGr-lowever, rapid clearance of the
drugs from the lungs after cessation of aerosol delivdras
prompted us to design a lipophilic slow-release system to enhance
therapeutic efficacy. Fullerene ¢ has potential to produce such
an ideal lipophilic slow-release system since it is biologically stable
and a convenient three-dimensional scaffolding for covalent at- Figure 1. Paclitaxel () and paclitaxel-2succinate 2).
tachment of multiple drugs to create single-dose “drug cocktails”.
This drug-delivery strategy adds to the growing list of potential
biomedical applications for fullerene derivatives which include
neuroprotective agentsHIV-1 protease inhibitor8,bone-disorder
drugs® and X-ray contrast agentsPaclitaxel {, Figure 1) was
selected as a prototype drug for this study since it is regarded as
one of the most promising drugs against lung cafiéanthermore,
it has been shown in vitro that the cytotoxicity of paclitaxel is more
dependent on exposure time than on increased paclitaxel concentra
tion.? In this Communication, we report the synthesis of @-C
paclitaxel conjugate designed as a slow-release drug-delivery systern

Scheme 1.

Synthesis of Paclitaxel—Fullerene Conjugate?
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and demonstrate that, as a liposome formulation, it possesses
significant anticancer activity in tissue culture.
The extensive reports describing structtaetivity relationships
for paclitaxel® were used to suggest a successful approach for the
conjugate design. All modifications of thé-Bydroxyl group of o B

paclitaxel reported so far have resulted in loss of biological activity
of the derivatives, except for the ones which contained groups such
as esters or carbonates that can be cleaved by enzymatic or othe
physicochemical mechanisrifsi! Similar potencies and selectivities

of the latter prodrugs and paclitaxel itself, as well as isolation of
paclitaxel from aqueous solutions of these prodrugs under conditions
appropriate for cell culture experiments, are consistent with a
mechanism of action dependent on paclitaxel reléaSince it has
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also been established that thiehgdroxyl group is more reactive
than the 1- and 7-OH group8,we selected this position for
modification to an ester with further coupling to a fullerene amino

a Reagents and conditions: (a) ethylmalonyl chloride, pyridine;@#l
60%; (b) Go, |2, DBU, toluene, 54%; (c) TFA, CkCl,, quantitative; (dR,
TEA, EEDQ, CHCl,, 47%.

derivative 6, Scheme 1) through a spacer containing a free carboxyl hydroxypropyl)carbamates] with ethylmalonyl chloride (Scheme
group @, Figure 1). Succinate was used as a linker because 1). BingelHirsh addition to G, followed by deprotection of the
derivatization of paclitaxel with succinic anhydride has been shown amino group, gaveb. Paclitaxel-2-succinate ) was prepared

to proceed in high yield?
Synthesis of the g—paclitaxel conjugate was initiated with the
asymmetrical malonatd) available by treatment aért-butyl N-(3-
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according to the published procedtfreand coupled tob using
EEDQ to yield6.

Spectroscopic and MALDI-TOF MS data f@r are consistent
with the assigned structure. The presence of the conjugate was
verified by MALDI-TOF MS with the molecular ion peak at/z
= 1844. The!H NMR of 6 in CDCl; displayed resonances at
5.47 ppm (H in Scheme 1), which confirmed the presence of a

10.1021/ja0546525 CCC: $30.25 © 2005 American Chemical Society
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Figure 2. Kinetics of hydrolysis o6 in bovine plasma at 37C. Conjugate

liposomal suspension which was examined by microscopy under
polarized light. The suspension was found to be stable with no
evidence for drug precipitation. The mean diamete66DLPC
liposomes was found to be 2.7, as measured by light scattering
(NICOMP). The IGq value for6—DLPC was determined through

an experiment designed to compare this value with 1@lues for
paclitaxe-DLPC,5—DLPC, and DLPC-only liposomes, prepared
as described for6—DLPC. Cells were exposed to different
concentrations of these formulations for 1 h, medium was replaced
with drug-free medium, and growth was compared to that of
untreated control cells after 2 days of additional incubation.

6 was incubated in the presence of bovine plasma, and the concentrations:-)_DLPC and DLPC-only did not show any cytotoxicity in the

of 6 (M) and paclitaxel 4) were determined at the indicated time points
using reverse-phase HPLC. The curved fits are only to guide the eyes.

2'-ester group, and at 2.79 (H, in Scheme 1) and 6.01 ppm {H
in Scheme 1), which proved amide formation upon EEDQ coupling.
It has been suggested previously that the biodistribution and
biological activity of fullerene derivatives depend on their deriva-
tization and aggregation stafeThus, the aggregation properties
of 6 and paclitaxel were studied as a function of concentration in
aqueous solution (10% DMSO) using a Brookhaven 90Plus
submicrometer particle-size analyzer. Eothe average hydrody-
namic diameter[y) varied from 120 to 145 nm for the concentra-
tion range 0.0040.05 ug/mL and was found to be essentially
invariant with concentration. The aggregate sizes were broadly
distributed for all concentrations, with a polydispersity index (PDI)

studied concentration range. The meagylZalues for6—DLPC

and paclitaxet DLPC were 410 and 253 nM, respectively, revealing
similar potencies of these formulations. Thus, it seems reasonable
to expect sufficient concentrations of paclitaxel, delivered by
6—DLPC to lungs by small-particle aerosol, to be therapeutic
against lung cancer.

In summary, we have designed and synthesized the figst C
based slow-release system of paclitaxel for liposome aerosol
delivery to the lungs. With both clinically relevant kinetics of
hydrolysis and significant anticancer activity in tissue culture, the
conjugate holds promises for enhanced efficacy of paclitaxel in vivo.
Pharmacokinetics and antitumor activity studies6oin animal
models are in progress.
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the concentration of the aggregates without affecting the particle
size. These data are in striking contrast to the aggregation behavio
of paclitaxel itself, for which 4 and 0.04g/mL solutions did not
show any scattering. Thus, thgg€omponent ob greatly increases
the tendency of paclitaxel to aggregate in aqueous (10% DMSO)
solution.

The Gyo—paclitaxel conjugated] is stable in the solid state and
in aprotic organic solvents as well as in agueous media (10%
DMSO) at physiological pH. However, incubation@®ith bovine
plasma at 37C resulted in the release of paclitaxel, with the half-
life of hydrolysis around 80 min (Figure 2). Assuming a similar
half-life for 6 in vivo and the ability of6 to remain in lungs, a
several-fold increase in the exposure time of cancer cells to the
drug should be achieved l§/since the half-life of paclitaxel itself
in the lungs has been reported to be only 20 min after delivery by
aerosoP

Finally, 6 was examined for its ability to form stable dilau-
roylphosphatidylcholine (DLPC) liposome formulations and its
antitumor activity against human epithelial lung carcinoma A549

cells as a liposome suspension. DLPC is desirable for aerosol

delivery of lipophilic agents because it has a low transition
temperature (about-6 °C), similar to the fluidity of phosphati-
dylcholine in mammalian cell membran¥s.To prepare the
6—DLPC liposomes, 1 mg 06 was dissolved in 1820 uL of
DMSO and mixed with 1 mL ofert-butyl alcohol containing 10
mg of DLPC. The drugphospholipid mixture was then frozen at
—80 °C and lyophilized to a dry powder. Before use, it was

resuspended in sterile water and vortexed to form a homogeneous

r

Supporting Information Available: Spectral data for compounds
4—6, experimental procedures, and DLS data (PDF). This material is
available free of charge via the Internet at http://pubs.acs.org.
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