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Development of Novel Sugar Linked Photosensitizers for Photodynamic Therapy
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Sugar-linked porphyrin and chlorin compounds have been synthesized.

these compounds against the HeLa cell line was also examined.

Phototoxicity of
For the porphyrin

dernivatives, the higher activity was observed for a derivative having four OH-protected sugar

moieties.
effective.
photodynamic therapy of the compounds.

For the chlorin derivatives, OH-unprotected free-base derivatives were generally

Singlet oxygen producing ability were examined to evaluate the activity on
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INTRODUCTION

has
photodynamic therapy (PDT) as clean and new modalities

Recently much attention been focussed to
of selective treatments of cancer. This treatment, which
results in the destruction of the cancer tissue, depends on
the presence of molecular oxygen, and hence this is the
example of the photodynamic effect. Porphyrin
derivatives have been used as effective photosensitizers.
However, the solubility into water, tumor selectivity, dark
toxicity and a deep penetration of the light into tissue of

these compounds are unsatisfied.  Therefore, the develop-
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ment of effective photosensitizers is highly desirable.

Since sugars have a number of OH groups and
exists in important biological molecular recognition site, it
can be expected that the introduction of sugar umits to
porphyrin derivatives increases water solubility and tissue
selectivity. From this point of view, we have synthesized
a series of new 5,10,15,20-tetrakis(m- or p-aldosylphenyl)-
porphyrin (TPP) in addition to zinc(II) compounds, where
D-glucose, D-galactose, D-xylose, and D-arabinose were
used as a sugar unit. The reduction of TPP vyielded
corresponding 5,10,15,20-tetrakis(m- or p-aldosylphenyl)-
the

combinatonial-like approach on order to evaluate the

chlorine (TPC) denvatives. Here we describe

phototoxicity and singlet oxygen producing ability of the

sixty-four denivatives of sugar-linked photosensitizers.



MATERIALS AND METHODS
Synthesis of the compounds. Porphyrin denvatives were
synthesized from pyrrole and sugar-linked benzaldehyde
by modified Lidsey’s method [1,2].
were obtained by similar procedure in the presence of zinc

Zinc-porphyrins

acetate. Chlornn derivatives were prepared by the diimide
of (3,4}

Overreduction was occurred, however, chloranil oxidation

reduction corresponding  porphyrins
was effective to obtain the chlorin.  Deprotection of

these compounds by NaOMe in MeOH/CHCl3 gave OH-
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Figure 1. Structures of photosensitizers
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All
spectrum  properties

deprotected  derivatives  quantitatively. new

compounds gave expected and
The general structures of the
The detailed

spectroscopic data of the compounds will be published

sufficient purity.
compounds are shown in Figure [
elsewhere.

Singlet oxygen assay. The photosensitizing ability of
these compounds, yielding singlet oxygen (102), was
evaluated by degradation of diphenylisobenzofuran
(DPBF) in DMSO according to the literature [1,2].
Phototoxicity against the Hela cell. 103 cancer cell
incubated in the growth media (100 pl of MEM (Minimum
Essential Medium) contains 10 % of Fetus Bovine Serum)
at 37 °C overnight was incubated for 2 more hours in the
presence of photosensitizer . The cell was washed with
cold MEM, 200 ul of MEM was added, and irradiated for 8
minutes (light source: 500 W halogen lamp (A > 500 nm
for porphyrin derivatives and A > 600 nm for chlorin
denivatives), fluence 65 mW/cmz) Incubation was
continued for 24 more hours and the number of surviving

cells was analyzed by MTT assay.

RESULTS AND DISCUSSION

Synthesis. OH-protected sugar-linked porphyrin derivatives
were successfully prepared by modified Lindsey's method
from pyrrole and OH-protected sugar-linked benzaldehy de.
Zinc ion promotes the reaction significantly by a template
effect

were not

Actually, meta-glucosilated porphyrin dervatives
obtained in the absence of zinc acetate.
Removal of zinc from zinc-porphyrin was performed by
the treatment of 4M hydrochloric acid  Thus obtained
OH-protected sugar-linked porphyrin was converted to
The

deprotection of the compounds were performed by sodium

corresponding chlonn by the diimide reduction [3,4)

methoxide.

All chlorin compounds have larger molar



extinction coefficient on their Q[ band compared with
comresponding porphyrin derivative Band I in their
absorption spectra shifts to lower energy as expected with
reduction of TPP (645 nm) to TPC (650 nm).

Table 1. Singlet Oxygen Producing Ability of Porphyrin

Derivatives'

Compounds Relative Scale of ¢ 'O,
p-TacGlcPP 1.4

p-TGIcPP 1.3
Zn-p-TacGIcPP 3.6
m-TacGlcPP 13
p-TacGalPP 13
p-TacXylPP 1.5
p-TacAraPP 1.7

TPPS 1.0

'Solvent: DMSO. Measurements were carried out under O,
saturated condition at 27 °C. Light source: A > 500 nm
halogen lamp (250 W).

Table 2. Singlet Oxygen Producing Ability of Chlorin

Derivatives'

Compounds Relative Scale of ¢ 'O,
p-TacGlcPC 1.1

p-TGlePC 3.7
Zn-p-TacGlePC 0.7
m-TacGlcPC 20
p-TacGalPC 0.3
p-TacXylPC 0.5
p-TacAraPC 1.6

TPPS 1.0

'Solvent: DMSO. Measurements were carried out under O,
saturated condition at 27 °C. Light source: A > 600 nm
halogen lamp (250 W).
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Singlet Oxygen Producing Ability. These compounds
This
rate was measured by diphenylisobenzofuran (DPBF) in
DMSO [1,2]. The observed rate constants (kghs) are
listed in Tables 1 and 2.

The photodynamic efficiency generating singlet

produced singlet oxygen upon phototrradiation.

oxygen for porphyrin derivatives is almost identical in all
compounds. Retardation by sodium azide, which is a well-
known singlet oxygen quencher, confirms that this reaction
is accompanied with generation of singlet oxygen.

Under the same experimental conditions, these sugar-

linked porphyrins were almost as effective as
hematoporphyrin (HP) and tetraphenylporphyrin
tetrasulfonic acid (TPPS) which are known as

photosensitizers that produce singlet oxygen -efficiently.
Zinc porphyrin derivatives show times as higher ability for
'0, evolution than that of free-base porphyrin derivatives.
This higher efficiency of zinc porphyrin may be due to the
The chlorin

denvatives showed rather scatter trend for the singlet

longer life-ime of excited triplet state.

oxygen production.

Photocyrotoxicity. Sugar-dependent significant differences
in phototoxicity agaist the HeLa cells have been observed
(Figure 2).
increase solubility into water and have little or no dark

All OH-deprotected compounds prepared
cytotoxicity. Since the photodynamic efficiency in
generating singlet oxygen is almost identical in all the
porphyrin derivatives, the in vitro photocytotoxic results
indicates that tetracarbohydrated porphyrins with OH-
protected sugar by acetyl groups specifically increases the
incorporation of the drug into the cell

In constrast to the results from porphyrin
derivatives, the higher activity was observed in OH-free
The

detailed discussion about these results will be published

compounds for tetraglycoconjugated chlonns.

elsewhere.



para Glycosylated para-Glycosylated Zinc-

Tetraphenylporphyrin  Tetraphenylporphyrin
OH-Protected ~ OH-Free ~ OH-Protected ~ OH-Free
DGlucose 1 @ 2 (O 5 X e X
D-Galactose o @ 1w © 1 X 1 ©
D-Xylose 17 X 1 X 22 X =2 X
D-Arabinose z © 2 X 2 X = ©
meta-Glycosylated meta-Glycosylated Zinc-
Tetraphenylporphyrin  Tetraphenylporphyrin
OH-Protected  OH-Free ~ OH-Protected  OH-Free
D-Glucose s X s X a7 O 38 A
D-Galactose a1 X 2 (O # X s« X
D-Xylose % X = X = X = X
D-Arabinose % X 2 X e A e ©
Figure 2. Photocytotoxicty of compounds against
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HelLa cell m-THPC  (5,10,15,20-tetrakis(m-

hydroxyphenyl)chlorin). [Photosensitizer]=1.0X 10°M liradiation time was 8 min; the percentage of cell swrvival was

determined by MTT assay after 24 h incubation. Light source: 500 W halogen lamp

Cell survival: @%10%:; O%20%; AS50%; X 250%

CONCLUSIONS

Here we show the synthesis and sugar-dependent

phototoxicity of the sugar-linked porphyrin derivatives
against the Hel.a cell.  These results are very important to

develop the high functional photosensitizers in PDT
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