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1) Establishment of bio—nursery system

Elite shoot culture clones of Ephedra sinica (Es) and E. equiseitina (Ee) have been selected
by their propagation capability in vitro. The Es shoot clone performed maximum 43% rooting in
the tissue culture studies, though the Ee shoot clones failed. On the other hand, 33% of the
Ee shoot clone cuttings rooted when being planted on the vermiculite supplemented with oxidized
glutathione (GSSG). This is the first exmple of Ee plantlet regeneration in vitro.

In vitro aseptic culture of plantlets were subjected to establish suitable culture conditions
for enhancing favorable growth, shoot proliferation from axillary buds, rooting from shoots, etc.
in 23 strains of 11 medicinal plant species. As the results, appropriate culture conditions were
successfully established in 13 strains of 8 species. In 2 kinds of Rehmania glutinosa (Reh), the
use of maltose as a carbon source was favorable for the in vitro propagation of plantlets.

For a development of new cultivation technology and to evaluate its genetic stability, we
have performed a developmental research on genetic markers for important medicinal plant species.
By the data mining of transcriptome dataset derived from two different growth stage and two organs
of Kehmannia plants, several genes were highly expressed in the leaves of plants with enlarged

root. Presumably these genes are promising candidates for genetic markers.

2) Establishment of bio—nursery infrastructure

Efficient propagation of Glycyrrhiza uralensis (Gu) elite clones has been investigated by
using stolon cuttings derived from the plants cultivated by artificial hydroponic—field hybrid
cultivation system for the improvement of economics and feasibility. The results demonstrated
that addition of oxidized glutathione into nursery bed of the stolon cuttings enhanced plant growth,
rooting and establishment in field. It is also effective to increase secondary metabolite
accumulation, including glycyrrhizic acid (GL), in roots of the regenerated plants that being
hydroponically cultivated. Gu plantlets propagated by aerial stem cuttings of hydroponically
cultivated plants were planted in the field in Okayama Prefecture in the middle of May, 2016 and

cultivation trial has been performed to investigate plant growth, roots harvest and secondary

7



metabolites productivity including GL whether with or without periodical dressing using 2 types
of GSSG concentration and material. The growth was better in the plants with 2 types of the GSSG
dressing than ones without GSSG dressing.

Twenty—five clones of Glycyrrhiza glabra (Gg) were propagated through tissue culture
in the ratio of 2-5 times every 20-30 days and acclimatized to soil in a greenhouse.
Greenhouse—hardened plants were transplanted into 3 types of cultivation apparatus (long
cultivation cylinder in a vinyl house, vinyl pot in a vinyl house and vinyl pot in a field) in
May or June, 2016. One-year old plants (3 individuals each) were harvested in October or November,
2016 and roots harvests and contents of GL and glabridin (GB) in the roots were analyzed.
Cultivation in vinyl pot in a vinyl house demonstrated all the best results

Several cutting bed materials for Gu were compared in order to improve cuttings rooting and
field—cultivation tests of medicinal plants including Gu and Reh has been started using the plants
propagated through tissue culture or rooted cuttings

Field-cultivation of Bupleurum falcatum (Bf) has been carried out using plantlets propagated
by tissue culture or conventional seedlings to develop and evaluate novel technologies for
production of crude drugs. As a result, root yield of the plants derived from tissue culture
was markedly higher than that of ones derived from conventional seedlings. The both roots were
almost conformable to the standards of the Japanese Pharmacopoeia Seventeenth Edition (JP 17),
though ash and acid insoluble ash of the roots derived from tissue culture did not satisfy the
JP17 standards because of its difficulties to remove soil from the intertwined roots. This
indicates that improvement of field-cultivation methods for tissue—cultured plantlets is
necessary to harvest roots with proper shape in a further study.

Production of excellent medicinal plant clones is being enlarged by acclimatization and
cultivation of excellent medicinal plants seedlings derived from plant tissue culture.
Glycyrrhiza uralensis can be confirmed to improve the overwintering rate in cold climates by
protection of buds. Sufficient growth was not observed in the Coptis japonica hydroponics though
the illuminance and nutrient solution circulation were examined. Field—cultivation studies of
Aconitum carmichaelii and Atractylodes lancea derived from tissue cultures have not been done
because of insufficient growth after acclimatization and planting to the field. Growth
reproducibility of field—-cultivated Resmannia glutinosa (RehN 1 and RehN 2) was confirmed using
the seedling of one—year field—-cultivated plants derived from tissue culture. Comparable studies
on internal structure, pattern of ingredients, ash and heavy metals contents were performed between
the RehN1 and RehN2, and the conventional plants using the freeze—-dried roots. It was confirmed
that there was no difference between the both roots.

Seven clones of Glycyrrhiza uralensis plantlets derived from tissue culture were
field-cultivated in Fukuyama City for 2 years. The weight of the roots was lower than that ot
the stolons. Glycyrrhizin content in 7 clones varied 1.09 to 2.82 % and that in GulVS4® was
more than 2%. Three Scutellaria baicalensisclones (Sb, SbT1 and SbT5) derived from tissue culture
were field—cultivated for 2 years in five districts in Japan. The Sb, SbT1 and SbT5 plants in
Fukuyama City showed good growth and the morphological features of aerial parts among 3 clones.
Baicalin content (19%) in the 3 clones there was higher than that (15%) in the commercial Sctellaria

roots. Growth and flavonoid contents in 3 clones Scutellaria roots cultivated in 5 districts
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varied among area and individual. Polyphenol compound isolated from the leaves of hydroponically

cultivated G. uralensis showed a strong antioxidative activity.

3) Evaluation of crude drugs and plant products

Glycyrrhiza uralensis roots

In order to prove bioequivalence between commercial glycyrrhiza and Glycyrrhiza uralensis
roots produced by artificial hydroponic—field hybrid cultivation (hybrid cultivation), the serum
concentration of glycyrrhetinic acid (GA), the major metabolite of glycyrrhizic acid (GL), was
determined in mice after oral administration of hot water extracts of them. Slight differences
in time course of GA serum concentration were observed between the extracts of commercial
glycyrrhiza and of the roots from hybrid cultivation. However, the bioavailability, such as AUC,
Cnax and Tpay, of the extracts from hybrid cultivation, fell within that from commercial glycyrrhiza.
There are no differences in bioavailabilities within the extracts from hybrid cultivation
regardless of cultivation methods and districts.

LC/MS analytical condition of Peony root using standard crude drugs distributed in the markets
was examined. Peony root (Bonten) cultivated in the agricultural field of NIBIOHN was separated
into 3 parts, new, old and rootlet, and then subjected to LC/MS analysis. LC/MS quantitative
analysis of albiflorin, paeoniflorin and paeonol on standard crude drugs was examined. Ephedrine
and Pseudoephedrine contents in each node of branch in Ephedra herb were investigated using LCMS.
Glycyrrhizic acid (GL) contents in the licorice—containing health food (hereinafter referred to
as “health food”) were examined using Japanese Pharmacopoeia protocol. In some health foods, high
content of GL was detected. To confirm original plant source of the health foods, the presence
or absence of species—specific constituents in health foods and licorice origin health food
ingredient (hereinafter referred to as “health food ingredient”) was exmined. Furthermore,
genotypes of samples that contained plant pieces were investigated based on polymorphism in the
internal transcribed spacer regions of the nuclear ribosomal DNA and the chloroplast matK gene
As a result, the original plant source of one health food and four ingredients was G. wuralensis
and that of four health foods and two ingredients was G. glabra

Contents of glabridin as a functional component and glycyrrhizic acid as a medicinal component
were determined for licorice herbal medicine, licorice origin health food ingredient (hereinafter
referred to as “health food ingredient”) and licorice—containing health food (hereinafter referred
to as “health food”). Glabridin was detected in Spanish and Xinjiang licora in herbal medicine
and was not detected in Ural licorice. Estrogen activity in vitro was detected in health food
ingredients and health foods. Antioxidant capacities of herbal medicines, health food ingredients
and health foods suggested that some antioxidant other than glabridin were contained. High dose
of licorice intake in mice showed the possibility of being useful as a model system for evaluating
safety on liver CYP.

The 'H-NMR metabolic profiling of the crude drugs of Licorice root showed completely different
pattern from the classification by the glycyrrhizin content and root thickness those are described
in the Japanese Pharmacopoeia. Thus, the qualification by Japanese Pharmacopoeia alone could not
predict the clinically required quality at the highly specialized Kampo medical center, such as

Kitasato University Oriental Medicine Research Center. The 'H-NMR metabolic profiling of the crude
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drugs of Licorice root also suggested that the contents of sucrose, flavonoids and their glycosides
are important factors determining the quality of Licorice root. A few samples obtained by the
bio—nursery system showed rather promising quality.

Polygala root is a component of Kampo formula for treatment of dementia including kihito and
kamiuntannto. The effect of hot-water extract of polygala roots was evaluated on CRE-mediated
transcription associated with long—term memory formation in the hippocampus. It was found that
the polygala root extracts could facilitate the transcriptional activity in rat hippocampal
neurons in culture. The peel extract of an excellent variety of Citrus tachibana, which showed
the ability to prevent non—selective NMDA receptors—impaired memory formation in animal, was
able to facilitate somatostatin—neprilysin system known as a brain defense system against

neurotoxic soluble Ab oligomers and neurotrophin genes expression in the hippocampus.

4) Development of branded crude drugs

A series of hydroponic and field cultivation of El/eutherococcus senticosus and Atractylodes
Japonica has proceeded smoothly. 106 triterpene saponins were identified from the water extract
of E senticosus leaves. Five saponins were detected in mice cerebral cortex after oral
administration of the water extract, and 3 of them showed significant neurite outgrowth activity
in cerebrocortical neurons. Aerial parts of A. _Jjaponica had characteristic constituents,
comparing with the rhizome. The active constituents were identified from the root of a Paeonia
lactifloracultivar that showed inhibitory effect on the release of /4 -hexosaminidase from RBL—2H3
cells. Genetic and chemical analyses of the interspecific hybrids between Fheum coreanum and R.
palmatum preserved in Sugadaira suggested that several strains were involved in the hybrid

formation and they had chemical property possessing high contents of sennnosides and resveratrols.
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