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Magnetic Targeted Drug Delivery System:
Present and Conventional

ooty e bl

Organic based molecular magnet
1. Keap magnetic properties in even aystemic ciroulation
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2) Yoshihiro Ishikawa, Haruki
Eguchi, "Magnetic anti-cancer compound in
hyperthermic therapy”, The 11t International
Congress of hyperthemic Oncology, Kyoto, Aug.
2012

[FEFBEE]
Magnetic anti-cancer compound in
hyperthermic therapy

Yoshihiro Ishikawa' and Haruki Eguchi?
1Cardiovascular Research Institute, Yokohama
City University, Graduate School of Medicine,
Yokohama 236-0004, Japan

2Advanced  Applied Science  Department,
Research Laboratory, IHI Corporation, Yokohama
235-8501 Japan

Background

Cancer cells are more sensitive to an increase in
‘temperature than normal cells, and are known
to develop apoptosis upon exposure to mild heat.
This phenomenon has been .commonly utilized
in cancer therapy for decades. In the modern
era, such hyperthermic therapy has been
performed in the interval stage during the
course of cancer radiation or chemotherapy.
Hyperthermic therapy can be performed easily
with less harmful side -effect. However,
therapeutic effectiveness may not be so great by
itself. To improve its effectiveness, researchers

have developed new technology, such as
radiofrequency-based or magnetic
nanoparticles-based techniques. Nevertheless,

these techniques may not be very different from
the conventional one because they are given in
the interval stage of the conventional cancer
therapy.

Method

We have developed anti-cancer compound that
is magnetic by itself.

Results

It exhibits strong anti-cancer effect similar to
cisplatin on various cancer cells while it
possesses potent magnetic property at the same
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time. Using this magnetic property, the drug
can be delivered to the target tissue by a
magnet in a controlled manner. Upon exposure
to an alternating magnetic flux density, the
temperature of the compound quickly can rise to

90 degree. Further, quantitation of the
compound by MRI is also feasible. Using this
compound, cancer chemotherapy and
hyperthermic therapy can be conducted
simultaneously.

Conclusion

Finding of such magnetic anti-cancer

compounds may enable us to develop new
therapeutic strategy in future cancer treatment.

3) Feng X, Fukumura H. Sato I, Eguchi H,
Ishikawa Y, “A new cancer treatment strategy
with magnetic anti-cancer compound with
hyperthermia”, The 11tk International Congress
of hyperthemic Oncology, Kyoto, Aug. 2012
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Major therapeutic strategy for cancer includes
surgery, chemotherapy, and radiotherapy.
Hyperthermic treatment may be included;
however, it is technically difficult to increase the
temperature of the target cancer tissue in an
efficient manner. Here we present a new
hyperthermic therapy using EI236, a novel
magnetic anticancer compound. EI236
possesses not only anti-cancer, but magnetic
property. Thereby, EI236 generates heat power
when exposed to an alternating current
magnetic field (ACMF).

A rabbit cancer model was generated by
transplanting VX2 cancer cells to the thigh area.
Rabbits were treated by EI236 in the presence
or absence of ACMF. An indwelling. catheter
was inserted into the saphenous artery and
used for drug injection. The size of the tumor
was measured daily for 7 days. Rabbits ware
sacrificed after the completion of the treatment,
and histopathological changes of the tumor were
evaluated.



HE staining exhibited increased necrotic ratio
in the group with EI236 injection, which was
even greater in the group with additional ACMF.
Apoptosis ratio showed similar results. MIB-1
index was decreased with EI236 injection, and
was further decreased with additional ACMF.

These findings demonstrated that EI236 by
itself exhibits anticancer effect, alike other
anticancer compounds. However, EI236
exhibited increased anticancer property in the
presence of ACMF, suggesting a novel and
simultaneous treatment strategy of
chemotherapeutic and hyperthermic treatment
using Ei236.

4Itaru Sato, Kenji Misudo, Jun-ichi Baba,
Masaki Iida, Hideyuki Nakashima, Toshiyuki
Koizumi, Mitomu Kioi, Haruki Eguchi,
Yoshihiro  Ishikawa and Iwai  Tohnai,
“Development of oral cancer treatment using a
new magnetic anticancer drug”, The 11th
International Congress of hyperthemic Oncology,
Kyoto, Aug. 2012
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Background

EI236 is a new magnetic anticancer drug of
nanoparticle. EI236 exhibits an effect of anti-cancer,
drug delivery system (DDS) and hyper-thermic
property. We evaluated the treatment efficacy of the
anti-tumor effects of EI236 using rabbit’s oral cancer
model in vitro and in vivo.

Methods ‘

VX2 cells were employed as a transplantable tumor in
rabbits, and antitumor effects of the EI236 was
measured by MTT assay. We established rabbit’s VX2
tongue cancer model. Rabbits were divided into 4
groups: control group, intravenous EI236 injection
(Smg/kgx7days) (iv group), intravenous EI236 +
electromagnet (iv + DDS group), intravenous EI236 +
electromagnet + alternating magnetic field (iv + DDS +
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HT group). The size of tumors was measured daily for
7 days. Rabbits were sacrificed after the completion of
the experiment, and histopathological effects on the
tongue tumor were evaluated.

Results

IC50 of VX2 cells treated with CDDP was about 7.5uM,
and that of VX2 cells treated with EI236 was also about
7.5uM, indicating that EI236 had an antitumor effect
equal to that of CDDP. Iv + DDS group and iv + DDS +
HT group showed significant decrease in tumor volume
compared with control group in rabbit VX2 tongue
tumor model. In particular, iv + DDS + HT group
showed disappearance of the tumor cell nucleus in
almost all fields.

Conclusion

EI236 shows a potency of new drug for the treatment of
oral cancer.

5) Hitoshi lizuka, Masanari Umemura, Itaru
Satou, X, Feng, Haruki Eguchi, Yoshihiro
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Hitoshi lizuka, Masanari Umemura,ltaru
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Purpose: We have developed a novel magnetic
anticancer drug which is designated as E1236. Its
ferromagnetic property contributes to new
features. 1) Anti-cancer effect 2) drug delivery
system (DDS), which is delivered by a magnet
to the tumor, resulting in reduced side effects 3)
MRI-contrast effect, which is visualized by MRI,
evaluating the  drug localization  and
concentration. Thus, the purpose of this study is
to examine these features.

Method: The magnetic evaluation of EI236 was
confirmed by Electro Spin Resonance (ESR).
Anti-tumor effect of EI236 was evaluated by
MTT and TUNEL assays in mouse melanoma
cells. To examine the anti-cancer effect and
magnetic controlled delivery in vivo, we used a
mouse model of melanoma grafted on tail. Mice
were dived into 3 groups; 1) control group 2)



intravenous  EI236  injection  group 3)
intravenous EI236 injection + electromagnet
(DDS) group. Furthermore the tumor regression
and MRI-contrast effect of EI236 were measured
by Magnetic Resonance Imaging (MRI).

Result: EI236 decreased the cell proliferation
and increased apoptosis in MTT and TUNEL
assays.EI236 showed the magnetism at room
temperature by ESR. We confirmed that
application of a magnet enhanced the anti-cancer
effect of EI236 in vitro and in vivo. These
findings demonstrated that EI236 exhibited
anti-cancer effect and DDS.

Conclusion: Our findings suggest that EI236
can serve as a novel magnetic anticancer drug
and will assist us in developing a novel and
simultaneous ~ treatment  strategy of
chemotherapeutic and DDS.
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Background: Hyperthermic therapy, which
kills cancer cells by increasing the temperature up
to 42°C, is attempted in the treatment of advanced
or difficult cases. Despite of its effectiveness, it
has not been widely used. One reason is that it is
technically difficult to increase temperature only
in a target cancer site. To address this issue, we
have developed a new therapy using a novel
nano-magnetic particle, i.e., E1236. EI236 exhibits
not only anti-cancer effect, but also magnetism.
Because of its magnetism, this drug can generate
heat by itself when it is exposed to an alternating
current magnetic field (ACMPF).
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Method: To examine the anti-cancer and
hyperthermal effects of EI236 in vivo, we used a
rabbit model of VX2 cells (rabbit osteosarcoma)
grafted on legs. Rabbits were divided into five
groups ; 1) no treatment group 2) intra-venous (iv.)
EI236 injection group 3) intra-arterial (ia.) EI236
group 4) ia. Methotrexate (MTX) injection group,
and 5) ia. EI236+ACMF group. The volume of
tumor was measured daily, and then the samples
were harvested and evaluated histologically by HE,
Ki67, and TUNEL staining.

Results: When EI236 was injected via
intra-arterial infusion, the efficacy was similar to
that of MTX. When EI236 was injected and the
tumor was exposed to ACMF for simultaneous
chemotherapeutic and hyperthermal effects, it
showed the greatest regression of tumor among all
the groups examined. EI236 increased necrosis as
determined by HE staining, and further increased
it by ACMF. Similarly, EI236 decreased cell
proliferation as determined by Ki67, and further
decreased it by ACMF. Moreover EI236 increased
apoptosis as determined by TUNEL staining, and
further increased it by ACMF. These results
indicated that the exposure of ACMF greatly
enhanced the anti-cancer effect of EI236. Taken
together, EI236 exhibited anti-cancer and
thyperthermal effects.

Conclusion: These findings suggest that EI236
can assist us in developing a new strategy of
simultaneous hyperthermo-chemotherapy in the
future.
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ferromagnetic nano-particle compound

Haruki Eguchi®> 2 ¥, Kunio Hirata?, Reiko Kurotani?,
Hidenobu Fukumura®, David J. Singh’, Masahiro
Yamamoto’, Itaru Sato®, Masanari Umemura?, Masaki
Yamamoto?®, Mamoru Sato®, and Yoshihiro Ishikawa? *

'Advanced Applied Science Department, Research
Laboratory, IHI Corporation, Yokohama 235-8501
Japan

2Cardiovascular Research Institute, Yokohama City
University, Graduate School of Medicine, Yokohama
236-0004, Japan 3RIKEN/SPring-8 Center, Research
Infrastructure Group, SR Life Science Instrumentation
Unit, Hyogo 679-5148, Japan



“Biochemical Engineering, Faculty of Engineering,
Yamagata University, Yonezawa, Yamagata, Japan
992-8510

SMaterials Science and Technology Division, Oak
Ridge National Laboratory, TN 37831-6056, USA
SDepartment of Orthopedics, Yokohama City University,
Graduate School of Medicine, Yokohama 236-0004,
Japan

7 Department of Chemistry of Functional Molecules,
Faculty of Science and Engineering

Konan University, Kobe 658-8501, Japan

8Department of Oral Surgery, Yokohama City
University, Graduate School of Medicine, Yokohama
236-0004, Japan

‘Department of Macromolecular Crystallography,
International Graduate School of Arts and Sciences,
Yokohama, 230-0045, Japan

First principles calculations, as the standard
method of physics and chemistry to design
functional materials, such as semiconductor, solar
cell and so on, are applied to identifying the
magnetic organic complex. We have found that
this magnetic organic complex (EI236) exhibits
anti-cancer property and, more important,
possesses a magnetic property as it was readily
attached to a magnet. EI236 exhibited intrinsic
ferromagnetic behaviors from -268 celcius degree
to 37 celsius degree and inhibited melanoma
expansion in mouse tails when delivered to the
melanoma lesion using a commercially available
magnet. The local accumulation of the compound,
as induced by the magnet, was readily visualized
by magnetic resonance imaging (MRI) in mice.
(n=4) Thus, EI236 acted as both an anti-cancer
drug and an MRl contrastt and had
pharmacological effects that could be delivered in
a controlled manner. The identification of such
compounds can overcome the long-standing
problems of. controlled drug delivery by magnetic
force and may dramatically alter our concept of
pharmacotherapy in the future, i.e., drug-targeting
using a magnet and drug-dosing using MRI.
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We have found that an organic based magnetic
compound (EI236) exhibits anti- cancer property and,
more important, possesses a magnetic property as it was
readily attached to a magnet. Identifying such the organic
based magnetic compounds are determined by the first
principles calculations based on structures obtained by
X-ray crystallography analysis. EI236 exhibited intrinsic
ferromagnetic behaviors from -268 celcius degree to 37
celsius degree and inhibited melanoma expansion in
mouse tails when delivered to the melanoma lesion using a
commercially available permanent magnet. The local
accumulation of the compound, as induced by the magnet,
was readily visualized by magnetic resonance imaging
(MRYI) in mice. Therefore, EI236 acted as both an
anti-cancer drug and an MRI contrast, and had
pharmacological effects that could be delivered in a
controlled manner. The identification of such compounds
can overcome the long-standing problems of controlled
drug delivery by magnetic force and may dramatically
alter our concept of pharmacotherapy in the future. Thus,
target drug delivery, chemotherapy and MRI visual
quantitation are no longer separated three therapies. E1236
realizes one therapy through targeted drug delivery,
chemotherapy and MRI visual quantitation.
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First principles calculations based on structures
obtained by X-ray crystallography analysis are
applied to identifying the intrinsic ferromagnetic
nano-particle compound. We have found that this
organic based nano-particle compound (EI236)
exhibits anti-cancer property and, more important,
possesses a magnetic property as it was readily
attached to a magnet. EI236 exhibited intrinsic
ferromagnetic behaviors from -268 celcius degree
to 37 celsius degree and inhibited melanoma
expansion in mouse tails when delivered to the
melanoma lesion using a commercially available
magnet. The local accumulation of the
compound, as induced by the magnet, was readily
visualized by magnetic resonance imaging (MRI)
in mice. (n=4) Thus, EI236 acted as both an
anti-cancer drug and an MRI contrast, and had
pharmacological effects that could be delivered in
a controlled manner. The identification of such
compounds can overcome the long-standing
problems of controlled drug delivery by magnetic
force and may dramatically alter our concept of
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pharmacotherapy in the future, i.e., drug-targeting
using a magnet and drug-dosing using MRI.
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Background: Hyperthermic therapy is a type
of cancer treatment in which body tissue is
exposed to high temperature (up to 113° F).
Despite its effectiveness, it has not been widely
used. One reason is that it is technically difficult
to increase high temperature only in a target
cancer site. To address this issue, we have
developed a novel nano-magnetic particle, i.e.,
EI236. EI236 exhibits not only anti-cancer effect,
but also ferromagnetic property. Because of its
magnetism, this drug can generate heat by itself

when it is exposed to an alternating current
magnetic field (ACMF).

Method: We established a rabbit model of VX2
cells (rabbit osteosarcoma) grafted on legs to
examine the anti-cancer and hyperthermal effects
of EI236 in vivo. Rabbits (n=4 for each group) were
divided into five groups ; 1) no treatment group 2)
intra-venous (@v.) EI236 injection group 3)
intra-arterial (ia.) EI236 group 4) ia. Methotrexate
(MTX) injection group, and 5) ia. EI236+ACMF
group. The volume of tumor was measured daily,
and then the samples were harvested and
evaluated histologically by HE, Ki67, and TUNEL
staining.

Results: The effect of EI236 was similar to
that of MTX when EI236 was injected via
intra-arterial infusion. Via intra-arterial infusion
was more effective than iva intra-venous infusion.
When EI236 was injected and the tumor was
exposed to ACMF for simultaneous
chemotherapeutic and hyperthermal effects, it
showed the greatest regression of tumor among all



the groups examined. EI236 significantly
increased necrosis as determined by HE staining,
and further increased it by ACMFE. Similarly,
EI236 decreased cell proliferation as determined
by Ki67, and further decreased it by ACMEF.
Moreover EI236  increased  apoptosis  as
determined by TUNEL staining, and further
increased it by ACMF. These results demonstrated
that the exposure of ACMF greatly enhanced the
anti-cancer effect of EI236. Taken together, EI236
exhibited simultaneous effects of anti-cancer and
thyperthermia.

Conclusion: These results demonstrate that EI236
can provide us in developing a new strategy of
simultaneous hyperthermo-chemotherapy in the
future.
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Background

Radical surgery for patients with head and neck
cancer can cause dysfunctions such as dysphagia,
dysarthria, and mastication disorder as well as
decrease quality of life. Here, a new magnetic
anticancer drug (EI236) was developed giving
an anti-cancer effect.
EI236 is a novel magnetic nanoparticle.EI1236
has three characters; 1) anti-cancer effect,
2)Drug Delivery System (DDS) and 3)
hypothermic effect in an alternating current
magnetic field (ACMF). EI236 will be a new

255

contrast agent in magenetic resonance imaging
(MRI). We evaluated the treatment efficacy of
the anti-cancer effects of EI236 using rabbit’s
oral cancer cells in vitro and in vivo.

Methods

The anti-cancer effect of the EI236 was
measured by MTT assay using VX2 cells were
employed as a transplantable tumor in rabbits.
We established rabbit’s VX2 tongue cancer
model. Rabbits were divided into 4 groups:
control group, intravenous EI236 injection
(5mg/kgx7days) (i.v. group), intravenous EI236
+ electromagnet (i.v. + DDS group), intravenous
EI236 + electromagnet + alternating magnetic
field (i.v. + DDS + HT group). The size of
tumors was measured daily for 7 days. Rabbits
were sacrificed after the completion of the
experiment, and histopathological effects on the
tongue tumor were evaluated.

Results

IC50 of VX2 cells treated with CDDP was about
7.5uM, and that of VX2 cells treated with EI236
was also about 7.5uM, indicating that EI236 had
an antitumor effect equal to that of CDDP. i.v. +
DDS group and the i.v. + DDS + HT group
showed significant decrease in tumor volume
compared with control group in rabbit VX2
tongue tumor model. HE staining analysis
demonstrated significant difference in the size of
necrotic . area among the 4 groups. In the
control group, it was 15%. In the i.v. group, it
was 28.8%. In the iv.-+-DDS group, it was
50%. Further, in the i.v. + DDS + HT group, the
size of necrosis was greatest and was 63.8%. In
particular, iv + DDS + HT group showed
disappearance of the tumor cell nucleus in
almost all fields.

Ki67 positive cells were also counted in 3,000
cells for each group, and positive cell ratio was
determined. The median ratio of Ki67 index was
45.8% in the control group, 25.4% in the i.v.
group, 18.8% in the i.v.+DDS group, and 4.5%
in the i.v. + DDS + HT group. These differences
were statistically significant among four groups.

Conclusion ‘
The results in this study confirmed the effect of

the novel nanoparticles, which was founded

engineered approaches, as anti-cancer treatment.



