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Abstract—The total synthesis of 5,10,15,20-tetra[3,5-(carboranylmethyl)phenyl]porphyrins 2-5 containing 36-43% boron by weight
are reported. All compounds were characterized by spectroscopic methods and, in the case of 2, by X-ray crystallography. The
water-soluble nido-carboranylporphyrin 5 (H,OCP) was found to have low dark toxicity toward V79 lung fibroblasts
(CSso = 250 uM), to be readily taken up by human glioblastoma T98G cells in culture and to localize subcellularly preferentially
in the cell lysosomes. In comparison with a known tetra(nido-carboranyl)porphyrin (6), HOCP (5) is taken up slower and to a lower
extent by T98G cells, possibly as a result of its higher hydrophilic character. The metal-free H,OCP (5) was also found to accumu-
late to a higher extent in T98G cells compared with its zinc(II) complex analog 4. Our studies show that carboranylporphyrins bear-
ing eight nido-carborane cages can still accumulate intracellularly and have low dark toxicity toward cells in culture, and therefore

might have promise for application in BNCT.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Boron neutron capture therapy (BNCT) is a binary ther-
apy for the treatment of high-grade gliomas and meta-
static brain tumors, currently undergoing clinical trials
in the US, Europe, and Japan."* In BNCT '°B-rich tu-
mors are irradiated with low-energy neutrons, producing
high linear energy transfer particles, “He** and "Li*",
which cause irreversible damage to tumor cells. These
charged particles have limited ranges in tissue of about
one cell diameter therefore the destructive effect is local-
ized to the '"B-containing tumor.>® For successful
BNCT, 15-30 pg of '°B/g of tumor must be selectively
delivered to tumor tissue; a lower amount of boron-10
is necessary to sustain a lethal '°B(n,o)’Li capture reac-
tion if the boron atoms localize intracellularly, in close
proximity to the cell nucleus.”® The only two boron
delivery drugs currently used clinically are disodium mer-
capto-closo-dodecaborane (BSH) and L-4-dihydroxybor-
ylphenylalanine (BPA). Both these agents have been
found to have low toxicity, moderate selectivity for glio-
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mas and low retention times in tumors. Considerable
higher therapeutic efficacy could be achieved in BNCT
with the discovery of new '°B-carriers of high boron con-
tent, capable of selectively delivering high amounts of
boron to tumor cells with low toxicity.? Porphyrins have
emerged as promising BNCT agents, because of their
known selectivity for tumor cells and easy synthesis with
high boron content.!®!! Porphyrin macrocyles contain-
ing up to 4 boron clusters (22-32% boron by weight) at-
tached to the porphyrin macrocycle via ester, amide,
ether, and carbon—carbon bonds have been synthesized
and evaluated in cellular and animal studies. The results
from these investigations show that this type of com-
pound can selectively deliver therapeutic concentrations
of boron to tumor cells with low toxicity.!%! The syn-
thesis of one porphyrin derivative bearing eight boron
cages linked to the porphyrin ring via ester bonds has
been reported' but no studies of its biological properties
were undertaken. We report herein the synthesis of bor-
on-containing porphyrins with eight carborane cages
(36-43% boron by weight) linked to the porphyrin mac-
rocycle via chemically stable carbon—carbon bonds. We
also describe our results from cellular studies using the
water-soluble octacarboranylporphyrin 5 and compare
them with those found for the zinc(Il) complex 4 and
for a known tetracarboranylporphyrin (6).'°
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2. Results
2.1. Porphyrin syntheses

Porphyrins 2-5, containing eight carborane cages linked
via carbon—carbon bonds to the meso-phenyl groups of
the porphyrin ring, were prepared according to Scheme
1. The key intermediate dicarboranylbenzaldehyde 1
was prepared in three steps from commercially available
3,5-dimethylbromobenzene, as we have previously re-
ported.!*!7 The condensation of benzaldehyde 1 with
pyrrole using trifluoroacetic acid (TFA) as catalyst fol-
lowed by oxidation of the porphyrinogen intermediate
with p-chloranil gave porphyrin 2 in 15% yield. Porphy-
rin 2 has high hydrophobic character and it is soluble in
nonpolar organic solvents, such as carbon tetrachloride
and toluene. Addition of one drop of acid, such as TFA,
increases the solubility of 2 in chloroform and dichlo-
romethane, via formation of the porphyrin dication. In
fact, porphyrin 2 was found to protonate readily, possi-
bly due to the inductive effect of the carborane cages.'®
The conversion of porphyrin 2 into the water-soluble
octa-anionic porphyrins 4 and 5 was performed under
mild conditions, using a 3:1 mixture of pyridine/piperi-
dine, at room temperature.!*!® The base-induced debor-
onation reaction gave a quantitative yield of the
corresponding octa(nido-carboranyl)porphyrin  when
performed on the zinc(I) complex 3, rather than on
the free base 2, and demetallation of porphyrin 4 to give
5 occurred smoothly under acidic conditions. The octa-
sodium salts 4 and 5 were obtained by cation exchange
using a Dowex resin in the sodium form. Both octa-

(nido-carboranyl)porphyrins 4 and 5 are highly soluble
in polar solvents such as in acetone, methanol, DMSO,
and water.

2.2. Molecular structure

Crystals of porphyrin 2 were grown by slow diffusion of
cyclohexane into a concentrated solution of 2 in dichlo-
romethane. The molecular structure of porphyrin 2 is
shown in Figure 1. The compound crystallized on an
inversion center, as a solvate with five cyclohexane mole-
cules and two dichloromethane molecules. One of the
cyclohexane molecules also lies on a center. The 24-atom
porphyrin core of the molecule is essentially planar, with
mean deviation 0.012 A and maximum 0.019(7) A. The
phenyl rings are nearly orthogonal to the porphyrin
plane, forming dihedral angles of 85.5(2) and 89.0(2)°
with it, and essentially orthogonal to each other, with
a dihedral angle of 89.7(2)°. The carborane cages are
all turned in the same direction with respect to the local
fourfold axis of the molecule, so that the overall symme-
try of the molecule is roughly Cg;,. Figure 1b shows the
molecule viewed slightly oblique to the approximate
mirror plane.

2.3. Dark cytotoxicity

The dark toxicity of H,OCP (5) toward V79 hamster
fibroblast cells was evaluated using a clonogenic assay,
as we have previously reported.'” Concentrations of
H,OCP (5) up to 250 uM and 24-h incubation time were
used in this assay. The results obtained are shown in

Scheme 1. (a) N-bromosuccinimide, benzoyl peroxide, 16 h reflux in CCly (33%); (b) 1-lithium-2-methyl-o-carborane, THF, Lil, room temperature
16 h (63%); (c) n-BuLi, THF, —78 °C for 30 min; (d) DMF, —78 °C for 30 min then 0 °C for 1 h; (¢) 5% aqueous HCI, room temperature for 15 min
(71%); (f) pyrrole, TFA, CH,Cl,, room temperature overnight; (g) p-chloranil, room temperature for 6 h (15%); (h) ZnCl,, THF/CH,Cl, (1:10),
pyridine (50%); (i) pyridine/piperidine (3:1), room temperature for 72 h; (j) Dowex 50WX2-100 in Na* form (quantitative); (k) TFA, H,SO,, 30 min

at room temperature (96%).



V. Gottumukkala et al. | Bioorg. Med. Chem. 13 (2005) 1633-1640 1635

Figure 1. The molecular structure of porphyrin 2 as determined by X-
ray crystallography. (a) Top view; (b) side view. Solvent molecules and
H atoms, except for N-H, are not shown.

Figure 2. Porphyrin concentrations up to 200 pM had
no significant effect on the rate of colony survival, but
a decrease in the number of colonies was clearly ob-
served at the higher concentration studied. The 50% col-
ony survival was estimated from Figure 2 to be
CSs5o = 250 pM.
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Figure 2. Cytotoxicity of H,OCP (5) toward V79 cells using a
clonogenic assay.

2.4. Cellular uptake

The concentration-dependent uptake of H,OCP (5) by
human T98G cells was investigated using concentrations
up to 200 uM for a period of 3 h. The results obtained
are shown in Figure 3. The uptake of H,OCP (5) system-
atically increased with the concentration of exogenous
porphyrin.

The time-dependent uptake of H,OCP (5), its zinc(II)
derivative 4 and of the known tetra(nido-carboran-
yl)porphyrin 6 by T98G cells was also studied and
the results obtained are shown in Figure 4. All porphy-
rins were evaluated under the same conditions, at a con-
centration of 10 pM. The amounts of all porphyrins
accumulated in cells increased rapidly with time in the
first four hours, although the amount of each porphyrin
determined at each time point differed considerably. For
the metal-free porphyrins 5 and 6, the amount taken up
by T98G cells reached a plateau after 4 h, whereas for
the zinc(IT) complex 4 increasing amounts of porphyrin
were consistently found over the 24 h uptake time period
examined in this study. The tetra(nido-carboranyl)por-
phyrin 6 (Fig. 5) was found to be taken-up to a signifi-
cantly higher extent by T98G cells compared with the
octa(nido-carboranyl)porphyrins 4 and 5.
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Figure 3. Concentration-dependent uptake of H,OCP (5) by T98G
cells, after a 3 h time period.
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Figure 4. Time-dependent uptake of HyOCP (5) (circles), ZnOCP (4)
(squares) and porphyrin 6 (diamonds) at 10 pM by T98G cells.
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Figure 5. Structure of tetra(nido-carboranyl)porphyrin 6.

2.5. Intracellular localization

To evaluate the preferential sites of localization of
H,OCP (5) in T98G cells, the cells were exposed to
50 uM concentration of porphyrin 5 for 4 h followed
by fluorescence microscopy. As shown in Figure 6B,
the intracellular fluorescence has a punctate pattern,
suggesting the cell lysosomes as the preferential sites of
localization for H,OCP (5). To confirm this hypothesis,
a co-localization experiment was performed using the
lysosome-specific probe lysoSensor, as shown in Figure
6C and D. The overlay between the porphyrin fluores-
cence and that of lysoSensor indicates that the two com-
pounds are localized in the same organelle.

3. Discussion

Several boron-containing porphyrins have been synthe-
sized and proposed as delivery agents for the BNCT of

tumors.'%!!" Most of these compounds contain 2 or 4
carborane cages linked to the porphyrin macrocycle
via ester, ether, amide or carbon-carbon bonds. The
nature of this linkage influences their stability and pos-
sibly their systemic toxicity. We have recently reported
expeditious synthetic routes to carboranylporphyrins
bearing hydrolytically stable carbon—carbon
bonds.!#16:17:19.20. The evaluation of both closo- and
nido-carboranylporphyrins in cellular and animal stud-
ies has shown that the porphyrin macrocycle is an excel-
lent platform for the selective delivery of boron to tumor
cells. Since high amounts of boron are needed for effec-
tive BNCT (15-30 pg/g tumor), porphyrins of high bor-
on content are potentially promising delivery vehicles
for this therapy. The octa-carboranylporphyrins 2-5
were synthesized in moderate yields as shown in Scheme
1. While the closo-carboranylporphyrins 2 and 3 are
highly hydrophobic and completely insoluble in water,
the octa-anionic nido analogs 4 and 5 show good solubi-
lity in polar solvents (e.g., water, methanol, DMSO) due
to their amphiphilic nature. The molecular structure of
porphyrin 2 (Fig. 1) exhibits a planar conformation with
the meso-phenyl rings orthogonal to each other and to
the porphyrin plane. In contradistinction, the molecular
structures of the Zn(II) complexes of carboranylporphy-
rins have shown nonplanar waved?' or saddle!® confor-
mations, as previously reported. We have also obtained
crystals of porphyrin 2 as the dication (dichloride and
dipicrate salts) and of zinc(IT) complex 3, but lower reso-
lution structures were obtained from these crystals.??

Porphyrin 5 was found to have low dark toxicity toward
V79 hamster fibroblast cells using a clonogenic assay
(CSs9 = 250 uM). This result is in agreement with cyto-
toxicity studies reported in the literature for this type of
compound, bearing up to four carborane cages.!”?3-2*
Our result indicates, for the first time, that a porphyrin
derivative bearing eight nido-carborane groups linked to
the porphyrin platform via carbon—carbon bonds shows

(B)

Figure 6. Intracellular localization of H,OCP (5) in T98G cells. A: phase contrast; B: porphyrin fluorescence; C: lysoSensor fluorescence; D: overlay.

Scale bar: 20 pm.
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similar low dark toxicity to that found for related car-
boranylporphyrins of lower boron content.

The uptake of carboranylporphyrin 5 in human glio-
blastoma T98G cells was found to be concentration
dependent (Fig. 3), in agreement with the literature.!®
At the lower concentrations tested (up to 50 uM) this
dependence was found to be linear, however at the high-
est concentrations (100 and 200 uM) the amount of por-
phyrin accumulated was lower than could be expected
due to saturation and possibly to residual cytotoxic ef-
fects. The accumulation of H>OCP (5) in T98G cells
was also time dependent (Fig. 4), as previously reported
for this type of compound.'®?3-2> The octa-anionic por-
phyrins 4 and 5 were accumulated in human T98G cells
to a significant lower extent than the tetra-anionic por-
phyrin 6, probably due to the higher hydrophilicity of
porphyrins 4 and 5 compared with 6. It is interesting
to note that the kinetics of uptake of the two metal-free
porphyrins 5 and 6 are very similar (Fig. 4). On the
other hand, the Zn(I) complex 4 was taken up at a
much slower rate than the metal free porphyrins 5 and
6. However, after 24 h incubation time the amounts of
Zn(IT) complex 4 and its metal-free porphyrin 5 found
in cells were very similar. These results suggest different
mechanisms of uptake of octa-carboranylporphyrins 4
and 5 into tumor cells, probably as a result of their dis-
tinct aggregation behavior'® and isomer composition.?¢
Even though the uptake of octa-carboranylporphyrins
4 and 5 was only approximately half that of tetra-carbo-
ranylporphyrin 6, the high boron content porphyrins
can potentially deliver therapeutic amounts of boron
to tumors with low systemic toxicity, because of their
significantly greater boron content. Furthermore, upon
activation with low-energy neutrons, the more hydro-
philic octa-anionic porphyrins could possibly induce
damage to the tumor vasculature in addition to the
tumor cells.?’

The preferential sites of localization of H,OCP (5) with-
in human T98G cells were found to be the cell lysosomes
(Fig. 6), in agreement with reported studies on this type
of compound.'®28-2° Negatively charged porphyrins are
often observed to localize subcellularly in the lysosomes,
which have a low internal pH, possibly as a result of an
endocytic mechanism of uptake.?” The tetra-anionic
porphyrin 6 has also been observed to localize preferen-
tially in the cell lysosomes.'®

4. Conclusions

Carboranylporphyrins of high boron content are promi-
sing sensitizers for application in the BNCT treatment
of tumors. The water-soluble octa-carboranylporphyrin
5 displays low dark toxicity toward V79 hamster fibro-
blast cells (CSs5y = 250 uM) using a clonogenic assay,
as previously observed for carboranylporphyrins of low-
er boron content. Similarly to tetra-carboranylporphy-
rins, the cellular uptake of H,OCP (5) is both
concentration- and time-dependent. The octa-anionic
porphyrins 4 and 5 are accumulated in human glioblas-
toma T98G cells to a significant lower extent than the

tetra-anionic porphyrin 6, probably as a result of their
higher hydrophilicity. The time-dependent cellular up-
take of the metal-free porphyrins 5 and 6 follows a simi-
lar profile, while the Zn(IT) complex 4 accumulates at a
slower rate over time. The metal free H,OCP (5) accu-
mulates faster and to a higher extent in T98G cells than
its Zn(II) derivative 4 at short time periods (up to 8 h),
although similar amounts of 4 and 5 were found after
24 h, demonstrating different uptake kinetics for these
two porphyrins. The preferential sites of subcellular
localization of H,OCP (5) in human glioblastoma
T98G cells are the cell lysosomes, possibly as a result
of its anionic nature and/or endocytic uptake.

5. Experimental
5.1. Chemistry

All reactions were carried out under an argon atmo-
sphere in dried solvents. Commercially available starting
compounds were purchased from Sigma—Aldrich and
used directly without further purification. Silica gel 60
(70-230 mesh, Merck) was used for column chromato-
graphy. Analytical thin-layer chromatography (TLC)
was performed using Merck 60 F254 silica gel (precoated
sheets, 0.2 mm thick). "H NMR spectra were obtained
using a Bruker DPX 250 MHz spectrometer; chemical
shifts are expressed in ppm relative to TMS (0 ppm).
Electronic absorption spectra were measured on a Per-
kin—Elmer Lambda 35 UV-vis spectrophotometer and
fluorescence spectra were measured on a Perkin—Elmer
LS55 spectrometer. Mass spectra were obtained on a
Bruker Prolix III MALDI-TOF mass spectrometer.
Melting points were measured on a MELT-TEMP
apparatus.

5.2. Bis|3,5-(1-methyl-o-carboranyl)methyl]benzaldehyde
@

The title compound was prepared according to the liter-
ature method,'* following the synthetic route shown in
Scheme 1, mp = 205-207 °C. MS (MALDI) m/z 446.4
[M™]. Anal. Calcd for C;sH34B»00: C, 40.34; H, 7.67.
Found: C, 40.38; H, 7.67. '"H NMR (CDCls) é ppm:
1.5-3.0 (br, 20H, BH), 2.20 (s, 6H, CHs3), 3.55 (s, 4H,
CH,), 7.30 (d, 1H), 7.68 (d, 2H), 10.04 (s, IH, CHO).

5.3. meso-Tetra|bis-3,5-(1-methyl-o-carboranyl)methyl-
phenyl]porphyrin (2)

A solution of aldehyde 1 (0.243 g, 0.54 mmol) and
freshly distilled pyrrole (0.050 mL, 0.72 mmol) in dry
dichloromethane (55 mL) was purged with argon for
15min. TFA (0.03 mL, 0.377 mmol) was added and
the final solution was stirred at room temperature over-
night (until complete disappearance of the starting alde-
hyde). After oxidation with p-chloranil (0.102 g,
0.41 mmol) for 6 h at room temperature, the final reac-
tion mixture was washed once with an aqueous satu-
rated solution of NaHCO; and once with water,
before being dried over anhydrous Na,SO,. After evap-
oration of the solvent under vacuum, the residue was
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purified by column chromatography using 1:2 dichlo-
romethane/petroleum ether for elution. The porphyrin
fraction obtained was recrystallized from dichlorome-
thane/methanol, to give 0.16 g (15% yield) of the title
compound, mp > 300 °C. MS (MALDI) m/z 1977.3.
'"H NMR (d-TFA/CDCl3) 6 ppm: —0.80 (br, NH),
1.5-3.1 (br, 80H, BH), 2.31 (s, 24H, CHj), 3.91 (s,
16H, CH,), 7.72 (s, 4H), 8.33 (s, 8H), 8.74 (s, 8H, B-
H). UV-vis (CHCl3) Apax: 419 nm (e 497,300), 509
(20,250), 543 (8300), 588 (6150), 642 (4300).

5.4. Zinc(IT)-meso-tetra|bis-3,5-(1-methyl-o-carboran-
yl)methylphenyl]porphyrin (3)

A solution of porphyrin 2 (0.089 g, 0.20 mmol) and
zin¢(IT) chloride (0.400 g) in THF (10 mL) and dichloro-
methane (100 mL) was stirred at room temperature for
3 h. The solvent was removed under vacuum and the
reaction mixture was purified on a short silica gel col-
umn, using 2:3 dichloromethane/petroleum ether for
elution. The title compound (0.050 g) was obtained in
50% yield, mp>300°C. HRMS (MALDI) m/z
2040.1766. "H NMR (CDCls) 6 ppm: 1.6-2.9 (br, 80H,
BH), 2.20 (s, 24H, CHy), 3.75 (s, 16H, CH,), 7.43 (s,
4H), 8.01 (s, 8H), 8.85 (s, 8H, B-H). UV-vis (CH,Cl,)
Amax: 419 nm (¢ 417,000), 547 (17,200), 582 (3200).

5.5. Zinc(Il)-meso-tetra]bis-3,5-(1-methyl-nido-carboran-
yl)methylphenyl]porphyrin tetrasodium salt (4)

Porphyrin 3 (0.050 g,0.0245 mmol) was dissolved in a
3:1 mixture of pyridine and piperidine (4.0 mL), and
stirred at room temperature in the dark for 72 h, under
argon. The solvent was completely removed under vac-
uum, the residue re-dissolved in a 40% aqueous acetone
solution and passed through a Dowex S0WX2-100 resin
in the sodium form. The porphyrin fraction was col-
lected, dried under vacuum, redissolved in a 70% aque-
ous acetone solution and again passed through the
ion-exchange resin. After removal of the solvent under vac-
uum, the anionic porphyrin was obtained as a crystalline
solid in quantitative yield, mp > 300 °C. '"H NMR (ace-
tone-dg) 0 ppm: —2.42 (br, 8H, BH) 1.6-2.9 (br, 72H,
BH), 2.00 (s, 24H, CH3), 3.46 (s, 16H, CH,), 7.86 (s,
4H), 8.06 (s, 8H), 9.91 (s, 8H, B-H). UV-vis [(CH;),CO]
Jmax: 425 nm (e 345,800), 556 (12,500), 595 (6200).

5.6. meso-Tetra]bis-3,5-(1-methyl-nido-carboranyl)meth-
ylphenyl]porphyrin tetrasodium salt (5)

To a solution of Zn(Il)-porphyrin 4 (0.016 g,
0.007 mmol) in 1 mL of methanol were added 2 mL of
TFA and one drop of sulfuric acid, and the final mixture
was stirred for 30 min at room temperature. The reac-
tion mixture was concentrated under vacuum, diluted
with methanol and neutralized by dropwise addition of
tricthylamine. The solvent was completely removed
under vacuum, the residue redissolved in a 40% aqueous
acetone solution and slowly passed through a Dowex
S50WX2-100 resin in the sodium form. The porphyrin
fraction was collected, concentrated under vacuum,
redissolved in a 70% aqueous acetone solution and again
passed through the ion-exchange resin. The solvent was

removed under vacuum to afford 0.015 g (96%) of the
title porphyrin, mp > 300 °C. '"H NMR (acetone-dg) 0
ppm: —2.59 (s, 2H, NH), —2.33 (br, 8H, BH), 1.5-3.0
(br, 72H, BH), 2.05 (s, 24H, CHs;), 3.45 (s, 16H, CH,),
7.86 (m, 4H), 8.07 (m, 8H), 9.12 (m, 8H, B-H). UV-vis
[(CH3)>,CO] Apmax: 420 nm (& 327,700), 516 (13,600), 552
(9900), 592 (5700), 647 (5700).

6. Molecular structure

The crystal structure of a cyclohexane/dichloromethane
solvate of porphyrin 2 was determined, using data col-
lected at 7= 105 K to 0 =22.5° with MoKa radiation
on a Nonius KappaCCD diffractometer. Crystal
data: C761'_I]42B80N4'5C6H12'2CH2C12, triclinic space
group Pl, a=11389(8), b=18753(13), c¢=
19.182(17) A, o =88.43(3), B =73.31(3), y="79.00(7)°,
V'=3851(5)A°®, Z=1, R=0.104 (F* > 20), Rw =0.275
(all F?) for 8372 unique data and 894 refined parameters.
An electron density peak at the porphyrin center likely
represents partial occupancy by a metal complex, the
identity of which remains uncertain. It was modeled as
substitution by 8% Cu. Crystallographic data (excluding
structure factors) for the structure in this paper have
been deposited with the Cambridge Crystallographic
Data Centre as supplementary publication no. CCDC
251020. Copies of the data can be obtained, free of
charge, on application to CCDC, 12 Union Road,
Cambridge, CB2 1EZ, UK, (fax: +44-(0)1223-336033
or e-mail: deposit@ccdc.cam.ac.uk).

7. Cell culture

Hamster lung fibroblast V79 cells and human glioblas-
toma T98G cells were obtained from ATCC. The V79
cells were maintained in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) and the T98G cells were maintained in 50%
of a-MEM/advanced MEM supplemented with 10%
FBS. Phosphate buffered saline (PBS), FBS, and trypsin
were purchased from Gibco, the Giemsa solution from
Fluka, Cyquant reagent from Molecular Probes, triton
X-100 from Calbiochem and lysoSensor from Molecular
Probes. The microscopy was performed on a Zeiss Axio-
vert 200M inverted fluorescent microscope fitted with a
standard Texas Red and FITC filter sets (Chroma Tech-
nology Corp.). Compounds 4 and 5 were dissolved in
DMSO prior to being diluted into medium; the final
DMSO concentration never exceeded 1%. All medium
solutions were filter sterilized (22 um pore size) prior
to use.

7.1. Dark cytotoxicity

Chinese hamster V79 cells were sub-cultured and incu-
bated for 24 h with porphyrin 5 solutions of 0 (stan-
dards), 100, 150, 200, and 250 uM concentrations, as
we have previously reported.!” After incubation, the
cells were washed with PBS and harvested by adding
0.25% trypsine in PBS solution for 10 min at 37 °C.
DMEM was then added, the cells counted and trans-
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ferred (100, 300, or 1000 cells for each porphyrin
concentration) to 10 cm Petri dishes containing 10 mL
DMEM. The clones were allowed to grow for 6-7 days,
then washed with PBS, fixed with methanol for 10 min
and stained with Giemsa solution for 40 min. After re-
moval of the Giemsa solution, the clones were washed
with ethanol/water (7:3) and counted. Each determina-
tion was performed in triplicate for each porphyrin
concentration.

7.2. Concentration-dependent cellular uptake

Human T98G cells were cultured on a 96-well plate at
the concentration of 20,000 cells/100 pL in each well.
A 200 uM solution of H,OCP (5) in DMSO was pre-
pared, filter sterilized, and two-fold dilution series were
accomplished to afford porphyrin concentrations of
200, 100, 50, 25, 12.5, 6.25, 3.125, and 0 uM. After 3 h
incubation time the cells were washed with PBS, and
100 pL of 0.25% triton X-100 in PBS was added to each
well. To obtain a standard graph for H,OCP (5) a
20 uM solution of H,OCP (5) in 0.25% triton X-100
was prepared and used to make a dilution series of 10,
5, 2.5, 1.25, 0.625, 0.3125, and 0 uM. The porphyrin
fluorescence was measured on a FLUOstar plate reader
using 570 nm excitation and 650 nm emission filters. The
standard curve for different cell numbers was obtained
by placing 100,000, 80,000, 60,000, 40,000, 20,000,
10,000, and 0 cells in the wells followed by incubation
for 3 h. The cell numbers were determined by adding
100 pL/well of a 2X stock solution of Cyquant reagent
in PBS. The plate was read on the FLUOstar plate read-
er using 480 nm excitation and 520 nm emission filters.

7.3. Time-dependent cellular uptake

Human T98G cells were subcultured as described above.
A stock solution of porphyrin 5 in DMSO was diluted
with a-MEM/advance medium to make a 10 uM solu-
tion, which was filter sterilized. After incubation for
48 h the 10 uM porphyrin solution was added and the
cells incubated for 24, 8, 4, 2, 1, and 0 h periods. The
cells were washed with PBS and 100 pL of 0.25% triton
X-100 in PBS was added to each well. The standard
graph for H,OCP (5), the porphyrin fluorescence and
cell numbers were determined as described above. The
same procedure was followed for the time-dependent
uptake of porphyrins 4 and 6.

7.4. Intracellular localization

T98G cells were grown ina Lab-Tek Il chamber coverglass
system with the same culture medium as described above.
H,OCP (5) was added to reach a final concentration of
50 uM. The cells were incubated in the dark for 4 h, then
washed with drug-free medium three times to remove un-
bound porphyrin. Fresh medium containing 50 mM
HEPES pH 7.2 was added to cells and these examined
immediately by fluorescence microscopy. Co-localization
experiments were performed using 100 nM concentration
of lysoSensor. The cells were incubated with porphyrin as
described above, and the lysoSensor was added 30 min be-
fore completion of the incubation time.
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