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Supervisor’s Foreword

Light has long been used for medicinal purposes. By combining the action of this
source of energy, a photosensitive drug and molecular oxygen, a new therapeutic
modality, namely photodynamic therapy (PDT), has been developed. This can be
used for the treatment of some localized and superficial cancers, as well as certain
non-cancerous conditions. Compared with the traditional therapies in oncology,
photodynamic therapy is relatively non-invasive and has fewer side effects, higher
tolerance of repeated doses, and higher specificity that can be achieved through
precise delivery of light with modern fiber optic systems and various types of
endoscopy. Although positive therapeutic outcomes have been reported, only a
few photosensitive drugs have been clinically approved so far and they still suffer
from a number of deficiencies, such as weak absorption in the tissue-penetrating
near-infrared region, sustained skin photosensitivity, low initial selectivity, and
long drug-to-light intervals. As a result, considerable efforts have been expended
in the development of more efficient photosensitizers toward targeted PDT and that
can conjugate with chemotherapeutic agents to achieve dual cancer therapy. This
multi-disciplinary field of study has received much current attention.

This thesis describes a series of novel phthalocyanine-based photosensitizers,
including their molecular design, synthesis, spectroscopic and photophysical
properties, in vitro photodynamic activity, and potential of being used for com-
bined chemo- and photodynamic therapy and targeted PDT. After a general
overview of the background and current status in this research area given in
Chap. 1, the details of the studies are presented in the following chapters for
conjugates with a chemotherapeutic oxaliplatin derivative, a polyamine ligand
with a view to targeting the polyamine transporters over-expressed in tumor cells,
and a ferrocene-based quencher that can inhibit their photodynamic activity, yet
can be removed under a tumor-associated environment, such as low pH and high
thiol concentration, thereby restoring their photocytotoxicity. A dual activatable
photosensitizer has also been reported for the first time. The activation effects have
been well demonstrated both in solution and at the cellular level. The studies
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reported in the thesis are original and significant, and can stimulate further
investigations in this important research field. We imagine that ‘‘smarter’’
photosensitizers that can respond selectively at tumors could be developed in the
near future, which could advance further this promising treatment modality.

Hong Kong, May 2013 Dennis K. P. Ng

xii Supervisor’s Foreword
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Chapter 1
Introduction

1.1 Introduction

Photodynamic therapy (PDT) involves the administration of a non-toxic drug
known as photosensitizer systemically, locally, or topically to a patient bearing a
lesion, which is frequently, but not always cancer [1, 2]. After an incubation
period, the lesion is illuminated by red visible light (620–690 nm). In the presence
of oxygen, it leads to the generation of cytotoxic reactive oxygen species (ROS)
and consequently to cell death and tissue destruction [3, 4]. The use of PDT as a
cancer therapy is particularly attractive because of its potential specificity. This is
due to the fact that the photosensitizer can localize in the malignant tissue. When
the light is directly focused on the lesion, the ROS that generated during photo-
sensitization results in cellular destruction in that particular region. In recent years,
PDT has become a subject of intense investigation as a possible treatment
modality for various forms of cancer [4–6].

1.1.1 History of Photodynamic Therapy

The use of light in the treatment of disease can be traced back over 4,000 years
[7–9]. Ancient Egyptian, Indian, and Chinese civilizations used light to treat
various diseases including psoriasis, rickets, vitiligo, and skin cancer [10]. Reports
of contemporary PDT first appeared during the investigations led by Finsen in the
late nineteenth century [11]. He found that exposure of red light can prevent the
formation and discharge of smallpox pustules [11]. He also successfully demon-
strated phototherapy by employing heat-filtered light from a carbon-arc lamp in
the treatment of cutaneous tuberculosis, for which he won the Nobel Prize in
Physiology and Medicine in 1903 [12]. In 1900, Raab, a German medical student
discovered that a combination of acridine red and light can kill a species of
paramecium [13]. He reported that the combined cytotoxic effect was greater than
that of the individual components. In the same year, Prime, a French neurologist,
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