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Chemotherapy as one of therapeutic options for cancer, until recently still has the
drawbacks of severe side effects and dose-limiting toxicity. Given the reality of
chemotherapy is unsatisfactory, innovations for healing cancer disease with the low side
effects always become an important and attractive goal along the journey of anticancer drug
discovery. Some herbal extracts of Kampo medicine are believed to contain different
chemo-preventives or chemotherapeutics. However, the scientific basis for their modes of
action is limited. Therefore, the identification of non-toxic chemotherapeutics from herbal
medicines remains to be an attractive research theme to advance cancer treatments.

The first study evaluated the cytotoxicity profiles of 364 herbal plant extracts, using
various cancer and normal cell lines. The screening found occurrence of A-549 (human lung
adenocarcinoma) specific cytotoxicity in 9 species of herbal plants, especially in the extract
of Arctium lappa L. Moreover, purification of the selective cytotoxicity in the extract of
Arctium lappa L. resulted in the identification of arctigenin as tumor specific agent that |
showed cytotoxicity to lung cancer (A549), liver cancer (Hep-G2) and stomach cancer
(KATO III) cells, while no cytotoxicity to several normal cell lines. Arctigenin specifically
inhibited the proliferation of cancer cells, which might consequently lead to the induction of
apoptosis. Thus, this study found that arctigenin was one of cancer specific phytochemicals,
and responsible for the tumor selective cytotoxicity of the herbal medicine.

Next, the mechanism of action of arctigenin leading to specific cytotoxicity was
studied. Arctigenin selectively arrested the cell cycle of cancer cells at Go/G; phase, while
induced apoptosis via modulation of gene expression in Akt-1 related signaling pathway.
Furthermore, the cell cycle arrest in cancer cells at Go/G; phase was found to be effected by
the down-regulation of NPAT protein via the suppression of either cyclin E/CDK2 or cyclin

“H/CDK7. Furthermore, GSH synthase inhibitor specifically enhanced the cytotoxicity of
arctigenin, suggesting that intracellular GSH content appeared to be another factor to
influence the susceptibility of cancer cells to arctigenin.

Finally, we evaluated the selective cytotoxicity of 9 herbal plant extracts in single or
mixed doses. Single and higher doses of herbal extracts selectively decreased the viability of
cancer cells with slight toxicity to normal cells. A combination of lower doses of these

| extracts significantly increased the cytotoxicity to cancer cells with no adverse effect on
normal cells suggesting that selectivity against cancer cells was enhanced and toxicity to
normal cells was reduced by interactions between the wide arrays of compounds in the
mixed formulations. We further tested for the positive or negative interactions between these
crude extracts and arctigenin. On the basis of changes in EDsq values, it was found that a
combination of arctigenin with extracts from Prunus mume or Carum carvi enhanced the
cytotoxicity to cancer cells with no detrimental effect on normal cells. These observations
indicated that combination of Kampo medicine can optimize cytotoxicity specifically to
cancer cells while normal cells experience minimal toxicity. '

In conclusion, this study clearly demonstrated that optimization of Kampo medicine
can be achieved by appropriate combinations with respect to the specific cytotoxicity to
cancer cells while ameliorating the toxicity to normal cells. Approaches based on interactions
between Kampo-derived individual compounds or herbal plant extracts are necessary to find
the optimum Kampo formulation for cancer treatment, and may open a new avenue for
cancer chemotherapy.
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