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Abstract

Photodynamic therapy (PDT) with a photosensitizer and laser irradiation has been shown to have potential effects in cancer chemotherapy.
However, the commercial drug clinically gave many problems due to the poor solubility of the photosensitizer in water and the photosensitivity
as an adverse reaction of PDT. We have examined best condition on the liposomalization of Zn-complexed coproporphyrin I (ZnCPI) as novel
photosensitizer.

The difference of pH in buffer significantly changed the ZnCPI entrapped ratio. The entrapped ratio of ZnCPI in PBS(—) buffer was 10.8 = 0.3%,
whereas, these levels in some lactate buffer (below pH 5.0) increased. The change between the molecular form <> ionic form of ZnCPI was occurred
due to the change of the pH of buffer, and the amount of ZnCPI in the liposomal membrane changed. The difference of this level was considered to
be contributed by the change of zeta potentials. Next, we examined the effect of the different pH of the buffer in liposomal preparation on the ZnCPI
distribution in each tissue after each liposome administration. At 2 and 6 h post-injection of ZnCPI liposome (pH 4.6), the ZnCPI concentration in
the plasma of Ehrlich ascites carcinoma bearing mice was shown to be higher compared to that in other groups. The ZnCPI concentrations in the
tumor after 2 and 6 h of ZnCPI liposome (pH 4.6) treatment were shown to be higher than that in other groups. In conclusion, it is considered that

the ZnCPI liposome (pH 4.6) had the effective antitumor activity with laser irradiation without the adverse reactions.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Photodynamic therapy (PDT) with a photosensitizer and laser
irradiation has been shown to have some effects on early or
superficial tumor (Hirano, 1991; Itou et al., 1991; Kato et al.,
1991; Hisazumi, 1987). Furthermore, PDT has been used on
some vascular diseases, such as arteriosclerosis or aging mac-
ular degeneration (Jenkins et al., 1999; Amemiya et al., 1999;
Blumenkranz et al., 2002; Obana et al., 1999). Photofrin as a
photosensitizer is a lipophilic agent, and was shown to be slowly
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metabolized in the body. Importantly, photofrin is retained in the
skin and produces some adverse reactions, including skin dam-
age or photosensitivity. The patient, after undergoing PDT, must
live in a dark room for 6-8 weeks due to this adverse reaction,
causing a decline in the quality of life (Bellnier and Dougherty,
1996). To decrease this adverse reaction or to increase the laser
sensitivity in PDT, some novel photosensitizers have been devel-
oped (Bonnett, 1995).

We have noted that Zn-complexed coproporphyrin I (ZnCPI,
Fig. 1) is water soluble and safe, as a novel photosensitizer.
ZnCPI exerts little concentration in the blood of adult humans
and was extracted from the meconium in man. As ZnCPI pro-
duces active singlet oxygen by laser irradiation, it has been
suggested to be an effective tool for PDT (Horiuchi et al., 1991).
However, ZnCPlis highly water soluble, disappears rapidly from
the blood and is difficult to target to the tumor (Horiuchi et al.,
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Fig. 1. Structure of Zinc-coproporphyrin I.

1991). Furthermore, it was expected that ZnCPI was not easy
to use in clinical therapy because of too high sensitivity against
pH. It is speculated that liposomalization of ZnCPI is able to
solve these problems by the stability of intraliposomal condi-
tions. We have suggested that the photosinseitizer in liposomes
was shown to be high generation of singlet oxygen (Sadzuka et
al., 2006). In addition, ZnCPI has the ability as a photosinsitizer
in physiological condition. We have tried the liposomaliza-
tion of ZnCPI and examined the blood circulation and tumor
accumulation.

In this study, some prepared liposomes were determined as to
their particle size and zeta potential on the surface of liposomes.
Furthermore, the preparation of liposomes was performed in
different pH buffers, as ZnCPI has four pK,’s (pK,: 4.17, 4.43,
4.77 and 4.87), and examined the entrapment ratio of ZnCPI and
the tissue distribution of ZnCPI in vivo.

2. Materials and methods
2.1. Materials

ZnCPI was synthesized from coproporphyrin I in our
laboratory. L-a-distearoylphosphatidylcholine (DSPC) and L-
a-distearoylphosphatidyl-DL-glycerol (DSPG) were kindly
donated by Nippon Oil & Fat Co. Ltd. (Tokyo, Japan). The
other chemicals used in this study were of the highest purity
available.

2.2. Preparation of liposomes

ZnCPI containing liposomes were prepared according to a
modification of the method of Bangham (Bangham et al., 1965).
DSPC/cholesterol/DSPG (100:100:60 pwmol) and ZnCPI was
dissolved in a chloroform/methanol mixture (3:7, v/v), and the
mixture was perfectly dispersed by sonication. The chloroform
and methanol were then evaporated to dryness under a stream of
nitrogen gas. The thin lipid film was evacuated in a desiccator
and then hydrated with 10 ml of phosphate buffered saline (—)
(PBS(—)) 0r9.0% sucrose in 10 mM lactate buffer in a water bath
at 75 °C for 10 min. The suspension was sonicated for 20 min at
75 °C after nitrogen gas bubbling. The liposome suspension was

extruded through two stacked polycarbonate membrane filters,
with 0.2-pm pores, and then passed five times through polycar-
bonate membrane filters with 0.1-pm pores to obtain liposomes
that were homogeneous in size.

Each liposome suspension was dialyzed against prepared
buffer at4 °C for 16 hr to remove and untrapped ZnCPI. The par-
ticle sizes and zeta potentials of the liposomes were measured
with an electophoretic light scattering apparatus (ELS 8000;
Otsuka Electronics Co. Ltd., Osaka, Japan). The entrapment
efficiency of ZnCPI in the liposome, as liposomes encapsu-
lating ZnCPI and adsorbed ZnCPI on liposomal surface, was
measured in the following way. The liposomal suspension was
were mixed for 30 s with 9.0% sucrose in 10 mM lactate buffer
(pH 4.0) and chloroform/isopropanol (1/1, v/v), and then cen-
trifuged at 1200 x g for 15 min. The ZnCPI as the molecular
form (no the ionic form) in the organic phase was calculated with
a fluorescence spectrophotometer (Hitachi F2000; Hitachi Ltd.,
Tokyo), at an excitation wavelength of 405 nm and an emission
wavelength of 580 nm.

2.3. Animals

Male CDF| mice (5 weeks old and weighing 20-25 g) were
obtained from Japan SLC Inc. (Hamamatsu, Japan). The animals
were housed in a room maintained at 25+ 1°C and 55+5%
relative humidity, and were given free access to regular chow
pellets and water.

2.4. Biodistribution of zinc-coproporphyrin I liposome

Ehrlich ascites carcinoma (Ehrlich) cells (5 x 10° cells/
animal) were transplanted onto the backs of CDF; mice.

ZnCPI (10 mg/kg, i.v.) was administered at the 14 days after
the inoculation. The mice were killed by cervical dislocation at
the second or sixth hours, and then the plasma was collected
and the solid tumors were immediately removed and weighed.
Tissue samples were homogenized in 10 volumes (w/v) of
10 mM phosphate buffer (pH 7.8). To each suspension (1.0 ml)
was added NaCl (0.5 g) and it was mixed for 60s with 4.0 ml
of tetrahydrofuran and then centrifuged (1200 x g, 15min).
The ZnCPI concentration was determined according to as
Section 2.2.

2.5. Statistical analysis

Statistical analysis was carried out using Student’s ¢-test and
ANOVA.

3. Results
3.1. Physicochemical characteristics of liposomes

The particle size and zeta potentials of some prepared lipo-
somes using various pH in buffers are shown in Table 1. The
particle sizes of the liposome in PBS(—) were indicated to be
115.3 £ 1.2 nm, whereas those in lactate buffer increased.
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Table 1
Physical properties of liposomal ZnCPI

Buffer pH Particle size (nm) { potential (mV)

PBS 7.4 1153 + 1.2 -322+1.6

Lactate 4.3 167.4 £ 5.6 —17.5 £ 0.7
4.6 1544 + 3.8 —292 £ 6.0
4.82 173.1 £ 53 —29.1£73
5.0 1723 £ 4.0 —353 + 8.4

Each data is expressed as means £ S.D. (n=3-4).

100

Encapsulated ratio (%)

-

pH482  pHS5.0 pH 7.4
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Fig. 2. Encapsulation efficiency of ZnCPI in liposomes. Each column represents
the mean £ S.D. of 3—4 samples. Significant differences from the level of the
PBS(—) group are indicated by (a) P<0.05 and (b) P<0.001.

3.2. Encapsulation ratio of ZnCPI in liposomes

The entrapment ratio of ZnCPI into liposome (PBS(—))
was 10.8 0.3% whereas those in liposomes (lactate buffer)
increased, and those in liposomes (pH 4.3, 4.6, 4.82 and
5.0) were 78.0£2.5,47.2+4.5,47.1£13.7 and 61.4 £+ 1.4%,
respectively (Fig. 2). However, liposomes were not formed in
the lactate buffer (pH 4.0). From these results, the entrapment
ratio of ZnCPI into liposomes using lactate buffer (pH 4.3-5.0)
was clarified to increase, compared with that using PBS(—). Fur-
thermore, in the judge from Table 1 and Fig. 2, the entrapment
ratio of ZnCPI was confirmed to be reversed in connection with
the absolute values of the zeta potentials.
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3.3. Effect of liposomalization on the ZnCPI concentrations
in tissues

The ZnCPI concentration in the plasma reached a max-
imum level (2.03 +0.31 pg/ml plasma) after 2h of ZnCPI
liposome (pH 4.6) administration, showing a significant high
level (P <0.01) compared with that in ZnCPI solution and other
liposomes. In contrast, these levels in the ZnCPI liposome (pH
4.3 or pH 5.0) groups were similar to that in the ZnCPI solution
group. At 6 h after treatment, it was shown that the ZnCPI con-
centration in the plasma in the ZnCPI liposome (pH 4.6) group
had a tendency to increase compared to that in the other groups
(Fig. 3(A)).

In the tumor, the ZnCPI concentration at 2h after ZnCPI
liposome (pH 4.6) administration was 1.68 ££0.19 pwg/g tumor
and significantly increased compared to that in the other groups
(P<0.01). Furthermore, the ZnCPI concentrations at 6 h injec-
tion in the tumor in the ZnCPI liposome (pH 4.6 or 5.0) groups
were higher than those in other groups (Fig. 3(B)).

4. Discussion

PDT using a photosensitizer has been applied in the early
stage of lung, gastric, esophagus and uterine cervix tumors
(Hirano, 1991; Itou et al., 1991; Kato et al., 1991; Hisazumi,
1987). However, there are many problems due to the poor solu-
bility of the photosensitizer in water and photosensitivity as an
adverse reaction of PDT, although many compounds have been
examined as photosensitizer candidates. We have noted ZnCPI
(Fig. 1) as an novel photosensitizer. For the purpose of the invest-
ment of clinical utility, we have examined best condition for the
liposomalization of ZnCPI, judging from size distribution, zeta
potential, entrapment ratio and tissue distribution.

In this study, the preparation of the ZnCPI liposome was
performed according to the Bangham method as a common
preparation method. It was expected that the liposome prepara-
tions in the different pH of buffers would change the entrapment
ratio of ZnCPI, as ZnCPI has four pK,’s (4.17, 4.43, 4.77 and
4.87). The entrapment ratio of ZnCPI in PBS(—) buffer was
10.8 + 0.3, whereas these levels in certain lactate buffers (below
pH 5.0) increased. Particularly, this level in lactate buffer (pH
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Fig. 3. Biodistribution of ZnCPI in tumor bearing mice after liposomal ZnCPI administration in the plasma (A) and tumor (B). Ehrlich ascites carcinoma bearing
mice were injected with each liposome (ZnCPI dose: 10 mg/kg). Data presented as the mean & S.D. (n=3). A significant difference from the level of the ZnCPI

solution, pH 4.3 and pH 5.0 group is indicated by (a) P<0.01.
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4.3) was shown to be 78.0 £ 2.5% as the maximum level. Thus,
the difference in the pH of the buffer significantly changed the
ZnCPI entrapment ratio (Fig. 2).

In general, when a drug is entrapped into a liposome using
the Bangham method, the entrapment ratio of hydrophilic drugs
is expected to be at a low level, and to be entrapped according to
volume ratio between the intraliposomal volume/extraliposomal
volume. In the case of using PBS(—), the entrapment ratio of
ZnCPl is considered to be at a low level, as ZnCPI was entrapped
into the water phase of the liposome by high ionic form, from
the judgement of pK, in ZnCPI. On the other hand, the increase
of the ZnCPI entrapment ratio into liposomes (lactate buffer)
was expected to be contributed by the high lipophilicity, and
then the solubility of ZnCPI into the liposomal membrane. This
condition was considered to be suitable for liposomal prepara-
tion. However, in the preparation with lactate buffer (pH 4.0),
a lipid film was not formed and no liposomal suspension was
prepared. It was speculated that this phenomenon was due to the
formation of the molecular aggregation of ZnCPI before lipid
film formation.

As for the zeta potential of these liposomes, except that in
lactate buffer (pH 5.0), the difference of the entrapment ratio
of ZnCPI was considered to be caused by the change of the
zeta potentials. From these results, the difference of the existing
site of ZnCPI into the liposome with the pH of the buffer was
discussed. Namely, the change of molecular form < ionic form
of ZnCPI occurred due to the change of the pH of the buffer, and
the amount of ZnCPI into liposomal membrane changed. The
difference of this level was considered to be caused by the change
of the zeta potentials. Thus, the ZnCPI liposome using by lactate
buffer (pH 4.3) was useful for the pharmaceutical sciences.

Next, we have examined the effect of different pH of buffers
in liposomal preparation on the ZnCPI distribution in each tissue
after each liposome administration. In this study, we examined
ZnCPl distribution, not liposome distribution, as ZnCPI has anti-
tumor activity. At 2 and 6 h post-injection of the ZnCPI liposome
(pH 4.6), the ZnCPI concentration in the plasma of Ehrlich
ascites carcinoma bearing mice was shown to be at a high level
compared to that in other groups. In contrast, these levels in
the liposome (pH 4.3 and 5.0) groups were similar to that in
ZnCPI solution group (Fig. 3(A)). In the preparation of ZnCPI
liposomes using lactate buffer (pH 4.3), ZnCPI was lipophilic in
this condition and was expected to be present in the liposomal
membranes. Thus, it is expected that this entrapment site in the
liposome induced a high ZnCPI level in the plasma. However,
the stability of the ZnCPI liposome (pH 4.3) was not maintained
in the plasma. Although this liposome was superior regarding the
entrapment ratio in the pharmaceutical properties, it is expected
that the drug aggregation was strong due to the high lipophilic
properties of ZnCPI at this pH, and the stability of the ZnCPI
liposome in the plasma was expected to be lower. In the prepa-
ration of the ZnCPI liposome (pH 5.0), ZnCPI had hydrophilic
properties and ZnCPI was speculated to exist in intraliposomal
space and to be adsorbed onto the extraliposomal surface. As the
adsorbed ZnCPI on the liposomal surface was desorbed in the
blood circulation of this liposome, the ZnCPI concentration in

the plasma on this liposome group was considered to be low. In
vitro experiment, the released level of ZnCPI from ZnCPI lipo-
some in the buffer (pH 5.0) was higher than that in other group
(data not shown). In contrast, pH 4.6 in liposomal condition is
the medium value between four pK,’s of ZnCPI. It is expected
that good balance of lipophilicity—hydrophilic as drug carrier
was keep in this pH. Namely, ZnCPI liposome (pH 4.6) was
shown to be useful in the high entrapment ratio of ZnCPI and
the effective blood circulation of ZnCPIL.

The ZnCPI concentrations in the tumor after 2 and 6h of
ZnCPIliposome (pH 4.6) treatment were shown to be higher than
those in other groups (Fig. 3(B)). Namely, it was considered that
the ZnCPI liposome (pH 4.6) had the effective antitumor activity
by laser irradiation.

In conclusion, in the case of the liposomal preparation of
ZnCPI, the ZnCPI entrapment ratio into the liposome using
lactate buffer was higher than that with PBS(—). Particularly,
the maximum level of the entrapment ratio was shown in the
ZnCPI liposome (pH 4.3). However, this liposome (pH 4.3) did
not have the properties of blood circulation or tumor accumu-
lation. The ZnCPI (pH 4.6) had effective properties of a high
entrapment ratio into the liposome, blood circulation and tumor
accumulation. Thus, judging from ZnCPI distribution and phys-
ical properties, the ZnCPI liposome (pH 4.6) was expected to be
useful for PDT. The development of this liposome is expected
to contribute to PDT and cancer chemotherapy.
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