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ABSTRACT

The design of photobiological active photosensitizing molecular model for photodynamic therapy has been attracted
as a research for the development of cancer treatment, and has been interested in the effective method for cancer
treatment and the photosensitizer having more stable wavelength. Furthermore, the development of photosensitizer has
been already carried out from the first generation molecule to the third one, and the research of smart photosensitizer
as the fourth generation has been requested. As a fact, the selective killing of the only cancer cell is very difficult
problem, and the present photodynamic therapy has the problem of killing of the normal cell. So, I have designed the
new modelling of photosensitizer having the smart recognizing unit and the magnetic nanoparticle as well as having the
several effective recognizing unit. In particular, the new model design of the photosensitizer having lanthanide metal
has suggested for the development of photodynamic therapy. The model design of these new photosensitizing molecules
will be introduced in the poster section for the new turning point of the development of photosensitizer.
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|. Introduction

The photobiological active molecular model for
photodynamic therapy has been attracted as a
research for the development of cancer treatment,
and more functionalized molecular models have
been developed for the research of smart and stable
photobiological active molecule systematically [1].
In addition, these systematical researches have been
competed on the clinical and molecular level all
over the world. Until every developed
photosensitizer for photodynamic therapy (PDT)
showed photosensitivity and side effect of the skin
part for human, and the development of
photosensitizer having more smart and less
photosensitivity for human has been demanded.
Furthermore, the research of  the stable
photosensitizing molecule showing the longer
wavelength and longer life time has been also tried
for the development of photodynamic therapy. I
have been researched the model molecule for
photodynamic therapy having metal complexes and
prepared several types of those complexes having
Ru(Il) complexes [2]. Herein, I will introduce the
model design having Ru(Il) complexes and novel
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porphyrin derivatives for photodynamic therapy,
which is included several results on the
photophysical properties of the novel synthesized
Ru(Il) complexes related to photosensitizer [3].

II. Generation of photosensitizer

The first generation of photosensitizer such as
hematoporphyrin have the chemical structure of
nonmetal porphyrin prepared from hemin having
iron ion, which is commercialized as photofrin 1
and photofrin 2 seperated from the aqueous gel
filtration as shown in Fig. 1. This photosensitizer
has been showed the long photo-curation time
(~48h) at 630 nm photo-irradiation following to
photo-sensitivity for about one month. As sown in
Fig. 2, several metal porphyrin derivatives such as
purpurin and reduced purpurin has been used for
photodynamic therapy, which is included the metal
ions of Ni, Ag, and Sn in the porphyrin ring.
These second generation has the similar wavelength
(620 nm - 638 nm) compared with the first
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Fig. 1. The first generation of photosensitizer

Reduced Purpurin (chlorin, NT2H2)

Fig. 2. The second generation of photosensitizer

generation for the curation. The metal porphyrin
having nickel ion and silver ion does not show
PDT response, while that having tin metal showed
PDT response. Furthermore, the synthetic
porphyrinoids  photosensitizer have the curative
wavelength between 640 nm and 720 nm except to
naphthalocyanins having between 740 nm and 780
nm, while the natural porphyrinoids such as
pheophorbides,  bacteriochlorins ~ and  bacterio-
pheophorbides have the longer curative wavelength
between 680 nm and 760 nm. It is caused from the
formation of the triplet excitation state.
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Table 1. PDT response of the second generation
of photosensitizer

Acronym MW Metal Qmax PDT
@ (hm) response
NT2H2 632 - 665 ++
NiNT2H2 691 623 None
AgNT2H2 740 620 None
SnNT2H2 g22 638 +ohh
(Cl,)

Table 2. Curative wavelengths and fluorescence
detection of second generation of photosensitizer

Type of sensitizer Fluorescence detection Curative wavelengths

{nm) (nm)
Synthetic porphyrinoids S¢S, ST,
Phthalocyanines 601 670-690
Naphthalocyaning 770 740-780
Benzoporphins 530 690
Purpurins 675 640-690
Chlorins 525 680
Porphycenes 645-730 640-720
Natural porphyrinoids
Pheophorbides 515, 540 680
Bacteriochlorins 530 760
Bacteriopheophorbides 525-530 760

The third generation of photosensitizer is
characterized as the lanthanide porphyrin having the
binding site of ethylene ether group as shown in
Fig.3. In particular, the gadolinium (Gd) and
lutetium (Lu) porphyrin was used as the smart
photosensitizer for PDT. It is suggested that this
binding site recognizes the abnormal cell selectively
because of the flexible and abundant electron group.
In addition, this photosensitizer has the longer
absorption wavelength between 700 nm and 800
nm. However, it was showed that this has several
problems such as the transparency of the
excitation light and the photo-sensitivity for one
month.
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Fig. 3. The third generation of photosensitizer

Il. New photosensitizer and model design
for PDT

The new photosensitizer having the effective and
selective binding has been requested for PDT, and
the construction of photoinduced energy/electron
transfer system such as Ru(Il) complexes has been
synthesized and measured for the possibility as PDT.
In fact, the photophysical properties of Ru(Il)
complex have the excellent excited state and redox
property, which have the longer life time as 0.6ps
[4]. The stable and effective Ru(Il) complexes for
the photoinduced energy/electron transfer system
prepared and several interesting results were obtained
by the introduction of Os(II) photosensitizing unit
connected to pheazine ligand site. As shown in Fig.4,
the new longer 730 nm emission was appeared at the
Os(I) photosensitizing unit by the 440 nm excitation
light in the Ru(Il) photosensitizing unit.
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bearing four recognizing site as bipyridine unit in
the  porphyrin  derivative, = which  has the
tetrakis(4-benzoic aid) porphyrin as the starting
compound as shown in fig. 5. Herein, the
bipyridine unit is condensed with the benzoic acid
site of porphyrin by peptide bond followed to
attached magnetic nanoparticle such as Fe ion, Ni
ion and Co ion and so on, which is induced to the
selective and effective binding to abnormal cell.
This evident observation will be tried as the atomic
force microscopy after preparing the self -ssembled
monolayer sample. Furthermore, we suggested the
model design as the construction of the lanthanide
complexes bearing polypyridyl phenazine site such
as europium (Eu’") ion and terbium (Tb*") ion as
shown in Fig.6. It was known that this model
complexes has more easy synthesis and longer ms
life time even if the excitation wavelength is
shorter one as 340nm — 360nm.

Fig. 5. The new porphyrin having magnetic
nanoparticle
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Fig. 4. The dinuclear Ru(Il)Os(ll)
showing photoinduced energy transfer

complex

Herein, it was showed that the life time in the
Ru(II) center had 9 ns at 600 nm and the life time
in the Os(II) center had 30 ns at 730 nm. We was
known that these results were caused by the
photoinduced energy transfer from the Ru(Il) center
to the Os(Il) center [5]. We had the model design

Fig. 6. The new lanthanide complexes having
polypyridy! ligand
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IV Conclusion

Until now, various photosensitizers have been
developed for the effective treatment of PDT, but
the utilization for PDT has been the problematic
things because of the photo-sensitivity and longer
curative time in vivo. So, the more effective and
smart photosensitizers have been requested by the
use of lanthanide metal ions and other ligands. We
suggested the model design of the porphyrin
derivative bearing the smart binding site with
magnetic nanoparticles as well as the lanthanide
complexes with polypyridyl phenazine site. It was
considered that these complexes have the effective
and selective binding to abnormal cell by the
magnetic  ability and flexible electron-abundant
binding ability, which is observed by atomic force
microscopy. These model designs for PDT will be
opened the new way to develop the smart PDT
photosensitizer.
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