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Abstract

Freeze-drying has been considered as a good technique to improve the long-term stability of colloidal nanoparticles. The
poor stability in an aqueous medium of these systems forms a real barrier against the clinical use of nanoparticles. This article
reviews the state of the art of freeze-drying nanoparticles. It discusses the most important parameters that influence the success
of freeze-drying of these fragile systems, and provides an overview of nanoparticles freeze-drying process and formulation
strategies with a focus on the impact of formulation and process on particle stability.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In the last decade, significant effort has been done to
develop nanoparticles for drug delivery [1–5]. The
colloidal systems offer a suitablemeans for delivering as
well as small molecules than macromolecules such as
proteins or peptides by either localized or targeted
delivery to the tissue of interest. These systems in
general can be used to provide targeted (cellular/tissue)
delivery of drugs, to improve oral bioavailability, to
sustain drug effect in target tissue, to solubilize drugs for
intravascular delivery, and to improve the stability of
therapeutic agents against enzymatic degradation [6–9].

Nanoparticles are submicron sized colloidal poly-
meric systems. According to the process used in

preparing nanoparticles, nanospheres or nanocapsules
can be obtained [1–4,10]. Nanocapsules are vesicular
systems in which a drug is confined inside a cavity
surrounded by a polymeric membrane, whereas nano-
spheres are matrix systems in which a drug is dispersed
throughout the particles.

The submicron size of nanoparticles offers a
numerous advantages over microparticles. Nanoparti-
cles have in general relatively higher intracellular
uptake compared to microparticles. It was demonstrat-
ed that nanoparticle size of 100 nm showed 2.5 fold
greater uptake compared to 1 μm and 6 fold higher
uptake compared to 10 μm microparticles in Caco-2
cell line [8]. Similar results were obtained when these
formulations of nano- and microparticles were tested
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