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ABSTRACT

A serÃesof metallopurpurins was tested for their photodynamic activity
against transplantable /V-[4-(5-mtro-2-furyl)-2-thia*oyl|formarnide-in-
duced urothelial tumors growing in male Fischer CDF (F344/CrlBR)
rats. HistolÃ³gica! examination of tumors in animals treated with the
metallopurpurins and red light (>590 nm, 360 J/cm2) revealed tumor

necrosis 24 h after completion of therapy. Control tumors showed no
histolÃ³gica!change.

In 30-day tumor regrowth studies, 70% of animals treated with the
metallopurpurin derivative SnK I 2 were free of tumors while 50% of the
animals treated with the free-base purpurin ET2 were free of tumor.

Metallopurpurins have intense absorptions in the red region of the
visible spectrum, a region with good tissue penetration. The metallopur
purins are easily prepared from the corresponding purpurins with a high
degree of purity. This study demonstrates the potential of these photo-
sensitizers for photodynamic cancer therapy.

INTRODUCTION

Currently, dihematoporphyrin derivative is the most widely
used photosensitizer for clinical photodynamic cancer therapy
( 1). However, because of its poor absorption in the visible region
of the electronic spectrum and its contamination by other
various, as yet undetermined, porphyrin species, many research
groups are now seeking new efficient photosensitizers. Among
those showing promise are the metallophthalocyanines, which
can be prepared with a higher degree of purity than dihemato
porphyrin derivative and absorb at approximately 675 nm, an
absorption well-suited for photodynamic therapy (2, 3). In
addition, we have recently reported the synthesis, histological
study, and dose-response study of a class of photosensitizers
called purpurins (4, 5). The purpurins can conveniently be
prepared from porphyrins, are also of high purity, and absorb
at 695 nm, again, ideal for phototherapy (6).

Our success with these compounds led us to consider the use
of metallopurpurins as efficient photosensitizers and tumor
localizers. Although metalloporphyrins have not enjoyed the
same success as free-base porphyrins in this capacity, the me
tallophthalocyanines do exhibit preferential uptake and cyto-
toxicity (3). We decided, therefore, to synthesize and test a
number of metallopurpurins (Fig. 1) for their photodynamic
efficiency.

MATERIALS AND METHODS

The metallopurpurins were prepared from the corresponding pur
purins by the following general methods.

General Methods for Metal Insertion

Method A. The purpurin (50 mg) was dissolved in dichloromethane
(30 ml) and methanol (5 ml) added. To the resulting solution, the metal
salt was added and the resulting mixture refluxed until the reaction was
complete, as indicated by visible spectroscopy. The solution was allowed
to cool, the solvent evaporated, and the residue recrystallized from
dichloromethane:methanol (10:1).

Method B. As for Method A except that the solvent used was acetic
acid.

Method C. As for Method A except that the solvent used was
dimetti) Iformamidc.

Using these procedures, the following metallopurpurins were pre
pared. Visible spectra were recorded with a Bausch and Lomb Spec
tronic 2000. Unless otherwise stated, the solvent was dichloromethane.
(Numbers in parentheses denote the extinction coefficients, Â£,1 mol"'
cm-').

ZnET2 1 (Method A, 4 h, 74% yield, salt used: zinc acetate) Am.x
(nm) 402,429, 528, 570,608,655 (88,821 ; 49,641 ; 7,026; 7,436; 7,333;
18,000).

SnET2 2 [Method B, 12 h, 70% yield, salt used: tin (II) chloride]
Am.Â«(nm) 407, 435, 537, 573, 584, 612, 659 (123,727; 117,730; 8,276;
5,997; 6,597; 8,996; 30,347) (Fig. 2).

NÃ•NT2H23 (Method A, 12 h, 89% yield, salt used; nickel acetate)
Aâ„¢(nm) 396, 492, 545, 580, 623 (99,076; 9,238; 7,159; 10,855;
48,268).

ZnNT2H2 4 (Method A, 4 h, 92% yield, salt used: zinc acetate) Amax
(nm) 400, 507, 585, 630 (207,339; 6,803; 11,167; 59,444).

SnNT2H2 5 [Method B, 12 h, 65% yield, salt used: tin(II) chloride]
Xmâ€ž(nm) 412, 522, 536, 575, 592, 637, (221,911; 5,333; 5,818; 4,848;
6,981; 39,272) (Fig. 3).

AgNT2H2 6 (Method C, 12 h, 64% yield, salt used: silver acetate)
Aâ„¢.,(nm) 405, 413, 502, 575, 620 (relative intensities: 30, 31.43, 1,
1.57,5.57).

ZnNTl 7 (Method A, 4 h, 84% yield, salt used: zinc acetate) Xma,
(nm) 410, 430, 532, 570, 590, 632, 677 (205,900; 193,546; 13,727;
13,727; 13,727; 22,924; 41,180).

ZnJPl 8 (Method A, 4 h, 74% yield, salt used: zinc acetate) Xma,
(nm) 407,515, 533,575,618,655 (93,326; 6,263; 6,468; 7,084; 10,062;
24,333).

Solubilization Procedure

The metallopurpurins were prepared for injection by dissolving them
in Chremophor EL (BASF Wyandotte Corp., Parsippany, NJ), 50 mg
metallopurpurin to 1 ml Chremophor EL. The resulting solution was
diluted with 0.3 ml 1,2-propanediol and saline solution (0.9%) added
slowly with agitation to reach a final concentration of 5 mg per ml. For
control purposes, the vehicle injections were prepared by diluting 10-
fold the solution of Chremophor EL and 1,2-propanediol with 0.9%
saline solution.
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Tumor Model

The tumor model used was the transplantable Ar-[4-(5-nitro-2-furyl)-
2-thiazolyl]formamide-induced urothelial tumor (AY-27) grafted s.c.
into male Fischer CDF(F344/CrlBR) rats (Charles River Breeding
Laboratories, Boston, MA) as previously described (7). Two tumors
were implanted into each animal, one in each dorsal thigh, one of the
tumors serving as an internal control. Tumors generally became visible
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COgCHgCHj COgCHgCHj

1. H = Zn
2. H = SnClg

3. H = Ni
4. H = Zn
5. n = SnClz
6. M = Pg

COjCHjCHj

7. n = Zn

Fig. I. Structures of metallopurpurin derivatives
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Fig. 2. Visible spectrum of SNET2 in dichloromethane.

a phototherapy unit. The output lens of the projector was fitted with a
filter to allow only light with a wavelength greater than 590 nm to pass.
The light was reflected 90Â°by placing a 5 x 5-cm silver mirror 45Â°to

the axis of the light beam, 24 cm from the output lens of the projector.
The beam was then passed through a 6-cm-diameter double convex
lens with a focal length of 12 cm and focused to give a 1-cm-diameter
light beam at the surface of the tumor. The light intensity (200 mW/
cm2) at the tumor surface was measured with a radiometer/photometer

calibrated to read at 630 nm. The output of this light source as
determined by International Light Spectrophotometer-Radiometer Sys
tem (ILI7001586) (Newburyport, MA) is shown in Fig. 4. The tumor
temperature was monitored by a 24-gauge hypodermic thermistor probe
placed percutaneously beneath the surface of the tumor. Tumor tem
perature was maintained within 2Â°Cof core temperature (35Â°C)by a

jet of cool air directed over the tumor. Animals were anesthetized with
sodium pentobarbital (65 mg/kg) during phototherapy.
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Fig. 3. Visible spectrum of SnNT2H2 in dichloromethane.

within 1 wk of implantation and reached 1 cm transverse diameter
within 2 wk.

Phototherapy

The phototherapy procedure was as previously described (7). In brief,
a Kodak slide projector equipped with a Kodak Ektanar lens served as

600 050 700 7M 300

MKTH
Fig. 4. Spectral irradiance of phototherapy unit.
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Treatment Protocols, Histology

Animals were divided into eight groups of six animals per group,
each group receiving a different metallopurpurin. Animals were injected
with metallopurpurins (10 mg/kg body weight) via the dorsal tail vein,
24 h prior to phototherapy, under pentobarbital anesthesia (65 mg/kg).
Injection volumes of the metallopurpurin solutions ranged from 0.3 ml
to 0.5 ml, depending upon the weight of the animal. One of the two
tumors was exposed to 200 mW/cm2 of red light through the shaved
intact overlying skin for 30 min (360 J/cm2). The other tumor was

shielded from visible light with aluminum foil and served as an internal
control. At 4 and 24 h after completion of light treatment, 3 animals
in each group were euthanized with an intracardiac injection of satu
rated KC1and tumors were removed. Tumors were cut into small pieces
and fixed in 10% phosphate-buffered formalin (pH, 7.2). The fixed
tissue was embedded in paraffin, sectioned at 5 *im intervals, and stained
with hematoxylin and eosin. The slides were then examined with a
Nikon UFX II microscope fitted with a Nikon FA-35 camera.

Treatment Protocol, Tumor Regrowth

Twenty rats were divided into two groups of 10 each. One group
received injections i.v. of 1.0 mg/kg body weight of the free-base
purpurin ET2 while the other received 1.0 mg/kg body weight of
SnET2. One tumor was implanted into the left flank, as described
above, 10 days prior to the purpurin injection. The mean diameter of
the tumors at the time of phototreatment was 0.7 Â±0.2 cm. Twenty-
four h after purpurin injection, each animal was anesthetized and the
tumor exposed to red light (200 mW/cm2 for 30 min). Thirty days

later, the animals were euthanized and the left flank was examined both
grossly and microscopically (as described above) for tumor.

RESULTS

We have determined previously that the vehicle alone or in a
combination with light has no effect on tumor histology (4).
Similarly, shielded tumors in animals treated with metallopur
purin and light show no histolÃ³gica! change (Fig. 5). However,
histological sections of tumors treated with metallopurpurin
and light demonstrated that most of the metallopurpurins pos
sessed tumoricidal activity. Tumors of animals treated with
light and ZnNT2H2 4 showed vascular stasis, hemorrhage, and
tumor cell cytoplasmic vacuolization when examined 4 h after
treatment. Twenty-four h after completion of phototherapy,
tumors treated with ZnNT2H2 4 and light showed extensive
necrosis. However, a small rim of histologically viable tumor
cells appeared to be present, mainly at the periphery of the
tumor (Fig. 6). The metallopurpurins ZnET2 1 and ZnNTl 7
gave similar results except that no viable cells could be seen in
histological sections 24 h after treatment. The most active
compounds appeared to be SnNT2H2 5 and SnET2 2 (Table
1). After 4 h, extensive hemorrhage could be seen in histological
sections and at this point, only a small number of viable tumor

Fig. 5. iV-|4-(5-nitro-2-furyl)-2-thiazolyl)formamide tumor treated only with
the metallopurpurin SnET2 (no light). No tumor necrosis. H & E, x 100.

Fig. 6. Tumor treated with ZnNT2H2 and light, 4 h after completion of
phototherapy. Vascular stasis and vacuolization of tumor cells are evident. Mas
sive necrosis, with extravasation of erythrocytes. Some viable cells also evident.
H&E, x 100.

196

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/48/1/194/2431205/cr0480010194.pdf by guest on 19 M

ay 2023



PHOTODYNAMIC THERAPY

cells were present (Fig. 7). These viable-appearing cells were
completely absent from sections taken 24 h after phototherapy
(Fig. 8). The remaining metallopurpurins NÃŒNT2H23 and
ZnJP 8 appeared to have no effect on the tumor as indicated

i
Table I Histology

Light microscopy (H & E, x 100) of tumors treated with metallopurpurins
and light (360 J/cm! > 590 nm). Six animals per metallopurpurin with 3 animals
studied at 4 and 24 h.

Drug 4-H treatment 24-H treatment

ZnET2 1

SnET2 2

NÃŒNT2H23
ZnNT2H2 4

SnNT2H2 5

AgNT2H3 6

ZnNTI 7

ZnJPl 8

Hemorrhage, cytoplasmic
vacuolation, vascular
stasis, extensive necro
sis

Extensive hemorrhage, cy
toplasmic vacuolation.
vascular stasis

No tumor necrosis
Hemorrhage, cytoplasmic

vacuolation, vascular
stasis

Extensive hemorrhage, cy
toplasmic vacuolation.
vascular stasis

Minimal hemorrhage, cy
toplasmic vacuolation.
hemorrhage, mostly vi
able cells

Hemorrhage, cytoplasmic
vacuolation, vascular
stasis

No tumor necrosis

Extensive hemorrhage,
extensive tumor ne
crosis

Complete necrosis

No tumor necrosis
Extensive necrosis

Complete necrosis

Some hemorrhagic ne
crosis, mostly viable
cells

Extensive necrosis

No tumor necrosis

â€¢ "â€¢.*â€¢?','
XÂ«* .â€¢â€¢...

r

â€¢

â€¢
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Fig. 7. Tumor treated with SnET2 and light. 4 h after completion of photo
therapy. Extensive hemorrhage, only a few viable cells appearing. H & E, x 100.

Fig. 8. Tumor treated with SnET2 and light, 24 h after completion of photo
therapy. Complete necrosis. H & E, x 100.

by histolÃ³gica! examination. In no case did animals receiving
injection of the photosensitizer appear to suffer untoward ef
fects from the drugs. In addition, no animal treated with the
drug and light died during therapy.

Long-term studies were initiated using 10 mg/kg body weight
for both the free-base and metallopurpurin ET2 and SnET2.
These were chosen since they appeared most promising based
on the histolÃ³gica! findings. However, at 10 mg/kg extensive
skin necrosis and lower extremity edema developed following
treatment. After a series of preliminary experiments, 1.0 mg/
kg of both the metallo and free-base purpurins was chosen since
this dose produced no significant lower extremity edema or
restriction of limb motion. Shortly after completion of photo
therapy, tumors darkened indicating intratumoral hemorrhage.
Within 24-72 h, animals in both groups developed in eschar in
the skin directly over the tumor. This area healed in all of the
animals treated with SnET2 but was still present at 30 days in
5 animals treated with ET2. Thirty days after treatment, 7 of
10 (70%) of the animals treated with SnET2 showed no evi
dence of tumor regrowth whereas 5 of 10 (50%) of the animals
treated with ET2 showed no regrowth.

DISCUSSION

The metallopurpurins absorb visible light at lower wave
lengths than the corresponding purpurins (6), Xmaxtypically
being about 30 nm less than the parent macrocycle. The inten-
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sity of the absorption depends on the particular metal incor
porated. In dichloromethane, for example, SnNT2H2 5 has an
extinction coefficient of 39,272 (637 nm) which compares fa
vorably to the value of 39,455 (660 nm) for the corresponding
free-base macrocycle, however, the zinc derivative ZnNT2H2 4
shows an increase in intensity to 59,444 (633 nm). Based on
histolÃ³gica! examination of tumors treated with the free-base
(4) and the tin derivatives 2 and 5, it appeared that these
metalloderivatives were effective tumoricidal agents. In fact,
most of the metallopurpurins found to be active showed signif
icantly greater histological tumor destruction than the most
promising free-base purpurin when tested in the same tumor
model, even though all absorb at wavelengths below that of the
purpurins. The 30-day tumor regrowth studies supported this
observation although the difference between the metallo and
free-base purpurin tumor regrowth did not reach statistical
significance (x2 > 0.5). These results do confirm, however, that

the metallopurpurin derivatives are effective tumor photosen-
sitizers in this model.
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