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We previously reported a novel magnetic organic compound, N,N’-bis(salicylidene)ethylenediamine
iron Fe(Salen), as an anti-cancer agent with intrinsic magnetic property (Eguchi H, Ishikawa Y et al,
Scientific Reports, 2015). In addition to anticancer effect, its magnetic property allowed us to achieve
the following outstanding functions: 1) It can be attracted by a magnet. 2) It can be visualized by
magnetic resonance imaging (MRI). 3) It per se generates cytotoxic heat when exposed to alternating
magnetic field (AMF).

In the course of our stud with the cooperation of Prof. Eguchi in Yokohama City University, we
identified the magnetic chemical key structure of Fe(salen) generating the magnetic property using
Super Photon ring-8 GeV (Spring 8) (RIKEN). This result showed that the unique angle configuration
of Fe-O-Fe (146.359 °) in the crystal structure of Fe(Salen) plays an important role in generating
original magnetism. Based on the proven magnetic performance of Fe(Salen) that is attributed to its
specific molecular structure, we primarily hypothesized that the Fe(Salen) molecule can endow a
commercially available anti-cancer drug, compound X, with intrinsic magnetic property by chemically
tethering the drug counterpart. Compound X, as one of the most studied chemotherapeutic molecules
in the history of medicinal chemistry, revealed that the pharmacological activity is closely associated
with its chemical structure. Here, we have designed specific covalent linkage of the Fe(Salen), to a
commercial available drug, such as compound X. Fe(Salen) serves as a magnetically-responsive
scaffold, generating the magnetic property in addition to the classic cytotoxic property of compound
X. Therefore, such a covalent coupling each low molecular weight anti-cancer drugs can be an effective
method for improving the therapeutic index of clinically used agents. Our aim is to developing a novel
treatment using M- compound X on oral cancer.

In 2014 and 2015, the magnetic characterizations of the magnetized compound X (hereafter M-
compound X) revealed that the M-compound X exhibits spontaneous magnetization, enabling them
easily attracted by a permanent magnet. Besides, they exhibited similar anti-cancer effect to original
compound X in human oral cancer cell lines (OSC-19 and HSC-3 cells), while they induced apoptosis
and specific arrest in cell cycle analysis, suggesting that M-compound X retained the characteristic
as derived from compound X itself.

In in vivo study with the cooperation of Prof. Thonai in Yokohama City University in 2016, a
magnet attachment from outside of body increased the anti-cancer effect of M-compound X on mice
models that implanted with HSC-19, compared with control or administration without a magnet.
Furthermore, we established the repeatable protocol of M-compound X. In a MR imaging of the M-
compound X with the cooperation of Dr. Aoki in National Institute of Radiological Sciences (NIRS),
noticeable contrast intensity was obtained in vitro and in vivo, whereas no signal in the compound X.

In conclusion, M-compound X might increase the anti-cancer effect at the focal site to treat and
decreased the systematic drug concentration, resulting in reduction of side effect. In this regard,
various conventional anti-cancer drugs could be similarly magnetized, permitting novel synergistic

drug development toward the future cancer chemotherapy.
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