AT\

(- S \HED
W LETTERS

Pergamon Tetrahedron Letters 39 (1998) 4505-4508

"’
3
I
—
=
>
T
T
o
e

SUGAR-DEPENDENT PHOTOCYTOTOXIC PROPERTY
OF TETRA- AND OCTA-GLYCOCONJUGATED
TETRAPHENYLPORPHYRINS
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synthesized. Phototoxicity of these compounds again: h HeLa cell lm e were compared to
tetraglycosylated tetraphenylporphyrins.  The hlghest activity was observed for a
derivative having four OH-protected glucose moieties. Singlet oxygen producing ability
was also examined to explain the difference in photocvtotoxicities. © 1998 Elsevier Science Ltd.

explain 1ce in photocyto ities.
All rights reserved.
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New photosensitizers in the photodynamic therapy (PDT) have been extensively

explored in this decade. 1,2 Since the antitumor activity is believed to be the result of activation
of molecular oxygen by the sensitizer mcorporated into the cancer cell, many efforts have been

made to increase the s g et oxXygen qudnlum effici Nncy and cellular re guiuuu property Uf the
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and some derivatives have been provea to possess aii axtxvﬁy in Yo rowever, no

systematic study focused on the phototherapeutic effect of the hydrophilic nature of sugar-
linked porphyrin derivatives has been reported. It is therefore, important to check out the
correlation between the hydrophilic property of the compound and the phototherapeutic
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activity. Here we report the in vitro photocytotoxicity of four families of OH-protected and
unprotected sugar- linked tetraphenylporphyrms in order to clarify the effect of amphiphilic
character and carbohydrate recognition on photodynamic activity.

Compounds 1-3 were prepared by the literature methods.8/9 Octaglucosylated derivative
4a was synthesized by modified Lindsey's method? in 32 % yield from
bis(tetraacetylglucopyranosyloxy)benzaldehyde (5), which was obtained by condensation of 3,5-
dihydroxybenzaldehyde with acetobromoglucosel4 in the presence of Ag2O13 (90 %).
Deprotection of 4a by NaOMe in MeOH gave 4b quantitatively. All new compounds gave
expected spectrum properties and sufficient purity.16

The electronic absorption spectra of these porphyrins were recorded in DMSO. The Amax

and € of the compounds are summarized in Table 1. Compounds 4a and 4b have rather smaller
molar extinction coefficients at bands I and III, which might indicate the development of

asymmetry in the n-electron cloud.17

Tahla 1 Cuanrtral NMatna Af Qrigarlinkad Parnhurineg in DAMCO
Table 1. Spectral Data of Sugar-linked Porphyrins in DMSO
Amax /nm (€ /104 M-1em-1)
Compound Soret Band IV Band III Band II Band 1
1a 421 (45.4) 517 (1.75) 554 (1.04) 593 (0.52) 648 (0.56)
b 423 (46.2) 518 (1.74) 555 (1.17) 593 (0.54) 648 (0.63)
2a 422 (48.7) 517 (1.87) 554 (1.16) 594 (0.57) 648 (0.62)
i) 422 (43.5) 518 (1.59) 554 (1.05) 593 (0.49) 648 (0.56)
3a 421 (40.7) 517 (1.59) 553 (1.16) 587 (0.67) 648 (0.52)
3b 423 (46.7) 518 (1.76) 553 (1.18) 593 (0.56) 649 (0.65)
4a 419 (41.0) 453 (1.86) 547 (0.59) 587 (0.67) 642 (0.37)
513 (1.96)
45 422 (36.8) 452 (1.66) 550 (0.56) 588 (0.57) 642 (0.35)
515 (1.68)

The photosensitizing ability of these compounds, yielding singlet oxygen (102), was

evaluated by degradation of diphenylisobenzofuran (DPBF) in DMSO.18  The observed rate
constants (kobs) are listed in Table 2. 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.19,.20  No remarkable
difference in photodynamic activity among the sugar moieties of the sensitizer was found. The
nrtaa]nrnevlahﬁd compounds 4 exhibited slightly small kghs values, nrequ_mab]v due to their
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small molar extinction coefficients at Q bands

Table 2. Observed Rate Constants of DPBF Degradation by Singlet Oxygen in DMSO Solution2

Compound 1a lab 1 2a 2 3a 3% 4a 4 HP TPPS

kobs /1025116 0013 15 17 15 16 19 12 10 13 15

are within # 5 %. Initial concentrations: {sensitizer] = 6.5
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The photocytotoxic properties of these glycosylated sensitizers were evidenced against the
HeLa cell line. 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 pl of

MEM was added, and irradiated for 8 minutes (light source: 500 W halogen lamp (A > 500 nm),

fluence 65 mW/cmZ2). Incubation was continued for 24 more hours and the number of
surviving cells was analyzed by MTT assay. The cytotoxicity of these compounds in the dark
was found to be small at low drug concentrations (e. g ~15 % at 10-9 M) The cell survival is
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1-methyl pyrluuuum-&-yx)‘porp yri ate (TMPyP) are included
r comparison. Most reactive derivative 1a was also examined at lower concentrations and
as revealed to be at least 10 times more reactive than TPPS and TMPyP (Data not shown).

The effect of protection of the hydroxyl group in the carbohydrate moiety was drastic in
tetraglucose-linked porphyrm 1. Similar but smaller effect was seen in 2. Almost no effect of
OH protection was observed in 3. Comparing the data of porphyrins that have four protected
sugar parts (i.e.,1a, 2a and 3a), tetraacetylglucose was found to bring about the most effective
results in a series of glycopyranosyl substituents examined here.

Since the puutuu_'y'ﬁamic cuiCiei‘lCY in generatmg smgxu oxygen is almost identical in all
the compounds, the in vitro photocytotoxic results of tetracarbohydrated porphyrins 1-3 indicate
that the glucose moiety protected with acetyl groups specifically increases the incorporation of
the drug into the cell. Octa-glucosylated derivative 4a, which was synthesized in order to
increase the site of recognition toward the membrane permeability, did not exhibit any marked
effect, probably because of its bulky spherical structure. A globular structure with the highly
water-soluble character of 4b was inferior to a flat hydrophobic form like compound 1a with
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Figure 1. Photocytotoxicity of compounds 1-4 against the HeLa cell. Irradiation
time was 8 min; the percentage of cell survival was determined by MTT assay after

e percentage of
24 h inr*nhnhnn Light source: 500 W halogen | mp ()\ > 500 nm), fluence 65
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The high reactivity of compound 1a demonstrates the necessity of screening of the sugar
moiety and protective group of the sugar-linked photosensitizers. These observations could
provide important information for the exploration of new glycoconjugated photosensitizers.

This work was partly supported by Grant-in-Aid for Scientific Research from the Ministry
of Education, Science, Sports and Culture, and a grant from the San-Ei Gen Foundation.
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