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Abstract

Cellular processes depend on the fidelity of intracellular membrane traffic. Lipids, proteins, receptor ligands and solute
molecules are trafficked to distinct compartments within the cell through both the biosynthetic and endocytic pathways. An
appreciation of these pathways is vital for a complete understanding of intracellular drug delivery. Recent advances in
fluorescence imaging have facilitated the analysis of these pathways in great detail. It is now possible to gain insight into the
real-time dynamics of cellular components and macromolecular pharmacological agents as they are delivered into and traffic
within single cells. Here, we discuss the analysis of intracellular drug delivery from the perspective of fluorescence imaging of
both living and fixed cells. This review aims to cover trafficking pathways, markers for subcellular compartments, fluorescent
labels for intracellular structures and pharmacological agents and relevant recent developments in imaging technology. In
particular, we shall focus on the application of live cell imaging to the study of endocytic drug delivery.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The organization of mammalian cells is highly
complex. Compartmentalization is maintained
through the organization of the cytoplasm into
multiple intracellular structures that have their own
distinct identity and function. Proteins, lipids and
solutes are transported between these compartments
in an ordered manner by membrane traffic pathways
[1]. The biosynthetic pathway delivers newly syn-
thesised proteins through the cell to their final
destination; this might be lysosomes, the Golgi
apparatus or, for secretory proteins, the extracellular
space. The endocytic pathway controls the transport
of molecules, such as receptor ligands and solutes
entering the cells [2]. These pathways are obviously
interdependent and many of the compartments and
protein machines are common to both. An under-
standing of the trafficking itinerary of pharmaco-
logical agents delivered to cells via endocytic
pathways requires knowledge of intracellular mem-
brane traffic, the molecular dynamics of the organ-
elles concerned and an appreciation of the
capabilities and limitations of state-of-the-art tech-
nology that is utilised to increase knowledge in this
field [2-6].

Individual compartments within the endocytic
pathway are continually in flux [2]. The steady-
state distribution of compartment “markers” is
maintained through a balance of targeting, retention
and retrieval mechanisms. A critically important
concept is that there are no truly “resident”

components of compartments. Proteins and lipids
are continually moving between compartments and
the balance of traffic between them defines the
steady-state localization. Trafficking is not 100%
efficient leading to a broad distribution across
compartments. In the context of drug delivery, the
endocytic pathway is most relevant and it is on this
that we shall focus this review. Modern drug design
requires the delivery of drugs to a specific location
in the cell. Their site of action may be exclusively
within the inside of a range of organelles or the
agent may require escape from endosomes (endo-
somolytic) or lysosomes (lysosomolytic) prior to
reaching its target. Clearly, different systems are
required to promote early escape from endosomes
compared with a requirement for delivery to and
utilisation of a lysosomal protease for release of
drug into the cytosol. In most cases, it is also
important that the drug is not exported from the cell
following its entry into recycling or secretion
pathways. The plasma membrane and downstream
organelles, therefore, pose major barriers to effective
drug delivery but increasing knowledge of endocy-
tosis and agents that perturb or manipulate endocytic
pathways are opening new avenues for more
efficient intracellular delivery.

Endocytosis is a term used to describe multiple
methods of internalisation. These include clathrin-
dependent endocytosis, clathrin-independent endocy-
tosis, macropinocytosis and internalisation via cav-
eolae [7,8]. Many agents that are delivered to cells
will also be delivered to compartments outside of the
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