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Abstract—The dicationic bis(4-N-methylpyridiniumoxy)phthalocyaninatosilicon(IV) has been synthesised and examined for its
photodynamic activities towards HepG2 and J774 cancer cell lines; the photocytotoxicity is greatly enhanced by complexation
with bovine serum albumin.
© 2003 Elsevier Ltd. All rights reserved.

Photodynamic therapy (PDT) is an innovative treat-
ment for several types of cancer and wet age-related
macular degeneration.1 Its applications in many other
areas such as removal of plaque that accumulate on
arterial walls and treatment of infectious diseases, acne
and pre-cancerous skin lesions are also being exam-
ined.2 One of the critical elements determining the
efficacy of this therapeutic approach rests on the photo-
sensitising agents involved. Photofrin®, which is a com-
plex mixture of hematoporphyrin derivatives, is still
widely used clinically despite the deficiencies such as
complex composition, poor absorption of tissue-pene-
trating red light and prolonged retention. As a result,
there has been a great demand for second-generation
photosensitisers which are more effective and less

toxic.3 Owing to the desirable photophysical and photo-
chemical properties, ease of chemical modification and
low toxicity in the absence of light, phthalocyanines
have received much current attention.4 While emphasis
has been placed on anionic (e.g. -SO3

− and -CO2
− substi-

tuted) and non-ionic (e.g. -OH, -F substituted) phthalo-
cyanines, photodynamic activities of cationic analogues
have only been sporadically reported.5 The very differ-
ent polarity of the photosensitisers may greatly affect
the cellular uptake, subcellular localisation and eventu-
ally the photosensitising efficiency. Cationic lipophilic
photosensitisers appear to have selective affinity for
mitochondria, which are believed to be the targets for
the initiation of apoptosis by PDT.6 Photosensitisers
that localise to mitochondria seem to have higher pho-

Scheme 1.
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tocytotoxic effects than those that localise at other
cellular sites.7 We describe herein the preparation and
photodynamic activities of an easily accessible and
structurally well-defined new dicationic phthalocyanine,
namely bis(4-N-methylpyridiniumoxy)phthalocyan-
inatosilicon(IV) diiodide (1), together with its bovine
serum albumin (BSA) conjugates towards HepG2
human hepatocarcinoma cells and J774 mouse mam-
mary tumour cells of monocyte-macrophage origin.
Serum albumins are major plasma proteins with many
important functions, but their use for targeted delivery
of photosensitisers remains little studied.8

Compound 1 was prepared from the commercially
available silicon phthalocyanine dichloride (2) as shown
in Scheme 1. Treatment of 2 with 4-hydroxypyridine in
the presence of pyridine in toluene led to the substi-
tuted product 3, which underwent methylation readily
to give 1 in high yield. The new compounds 1 and 3
were fully characterised with various spectroscopic
methods and elemental analysis.9 The UV-vis spectrum
of 1 in water was typical for non-aggregated phthalo-
cyanines, showing the B band at 349 nm, a sharp Q
band at 695 nm together with two vibronic bands at
624 and 662 nm. The spectrum was virtually unchanged
upon standing under ambient conditions for 2 hours
indicating that the compound is relatively stable in
aqueous media. When excited at 615 nm in water, the
compound showed a relatively strong fluorescence emis-
sion at 701 nm with a quantum yield of 0.15 [with
reference to unsubstituted zinc phthalocyanine in N,N-
dimethylformamide (DMF) (�f=0.30)]. It is worth not-
ing that fluorescence of phthalocyanines in aqueous
media is rarely observed due to the strong hydrophobic
interactions, leading to the formation of non-fluores-
cent aggregates.10 The axial pyridinium groups are
therefore very effective to inhibit aggregation of 1.

To enhance the biocompatibility and selectivity, com-
pound 1 was complexed with BSA, which is a common
protein carrier for anticancer drugs to improve their
passive targeting properties.11 The conjugates were pre-
pared by stirring mixtures containing different molar
ratios of 1 (dissolved in <5% DMF) and BSA (20:1,
10:1 and 2.5:1) in 50 mM tris(hydroxy-
methyl)aminomethane–HCl buffer of pH 7.4 with 0.1
M NaCl at ambient temperature for 2 h, followed by
chromatography on a G-100 Sephadex column (dry
bead diameter=40–120 �m) using a 20 mM aqueous
NH4HCO3 (pH 8.3) eluent. The 1-BSA conjugates col-
lected as the first blue fraction were then lyophilised to
remove NH4HCO3 and water. The protein contents
were determined with the Bio-Rad protein assay kit
using BSA as standard,12 while the phthalocyanine
concentrations were measured spectroscopically in
DMF (�670=2.2×105 mol−1 dm3 cm−1). The molar ratios
of 1 to BSA were found to be 8:1, 5:1 and 1:1 in the
three conjugates. Interestingly, the UV-vis spectra of
these conjugates are very different from that of 1. As
shown in Figure 1, the spectrum of 1-BSA (1:1) conju-
gate in phosphate buffered saline (PBS) shows three
absorptions in the visible and near-IR region, which is
remarkably different from the typical non-aggregated

Figure 1. Electronic absorption spectra of 1 (—) and 1-BSA
(1:1) conjugate (---) in PBS (pH 7.4).

phthalocyanine spectrum of 1. The exact nature of
these peculiar bands, in particular the near-IR band at
ca. 840 nm, remains elusive at this stage, but similar
spectral features were observed in the solid-state spectra
of distorted oxo(phthalocyaninato)titanium(IV).13

Molecular distortion due to �–� atomic contacts along
the molecular stack lifts the doubly degenerate excited
state of this compound, giving two absorption bands at
660 and 840 nm.

The photodynamic activities of 1 and its BSA conju-
gates, under illumination with a red light (690 nm
diverged from a Ti:sapphire laser) with a fluence rate of
ca. 1 mW cm−2, towards HepG2 and J774 cell lines
were examined.14 The cell survival was determined by
means of the colourimetric MTT assay.15 Figure 2
shows the survival curve for HepG2 using 1 as the
photosensitiser. While 1 is relatively non-toxic in the

Figure 2. Dark- (�) and photo- (�) cytotoxicities of 1
towards HepG2. For the latter, the cells were illuminated with
a red laser light (690 nm, 1.5 mW cm−2, 5.5 J cm−2). Values
are expressed as mean±SD (n=3).
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absence of light, it has a high photocytotoxicity which
increases with the concentration. The activity of 1 is
significantly enhanced by conjugation with BSA. As
shown in Figure 3, the photodynamic efficiency is
higher for conjugate with a higher BSA content; the 1:1
complex is the most efficient system in this study.
Reducing the light dose also reduces the photoactivity.
When 4 �M of 1 was used, the cell viability increases
from 20 to 81% as the light dose decreases from 5.5 to
1.8 J cm−2 (Figures 2 and 3). The enhancement in
photoactivity by conjugation with BSA is even greater
for J774. With 4 �M of 1 and under a total fluence of
1.8 J cm−2, the cell viability greatly decreases from 74
(for 1) to 2% [for 1-BSA (1:1)] (data not shown),
probably due to the macrophage origin of J774 which
has a high affinity for BSA.8b

In summary, we report herein the dicationic phthalo-
cyanine 1, which apparently fulfils most of the criteria
for second-generation photosensitisers including ease of
preparation, unique composition, high stability and
being non-aggregated in aqueous media, strong absorp-
tion in the red visible region, low dark-toxicity and high
photoactivity. The photodynamic activities of this com-
pound are greatly enhanced by conjugation with BSA
protein, which serves as a promising vehicle for targeted
delivery of phthalocyanine photosensitisers. Further
studies are in progress to optimise the efficiency of these
systems.
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