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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).  An axenic hydroponics have been studied for the improved rooting efficiency and survival
after transplanting to soil. Es cultured shoots that subjected to axenic hydroponics successfully
rooted and established to soil. In addition, elite Paeonia lactiflora clone PLKD2, which being
capable of efficient propagation and rooting through tissue culture, has been established

In vitro aseptic cultures 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
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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. In
Angelica acutiloba, stable normal growth of plantlets was achieved by replacing sucrose with
trehalose. Although Polygala tenuifolia requires low light intensity for the normal growth of in
vitro plantlets, replacement of 3% sucrose by 2% trehalose also enabled normal growth under ordinary
light conditions.

Periodical subculture has been performed for the maintenance of following medicinal plant
species and strains, Atractylodes: 30 samples, 2 lines, 2 species; Rehmannia: 50 samples, 5 lines
1 species; Scutellaria: 50 samples, 3 lines, 1 species.

For a development of new cultivation technology and to evaluate its effect on genetic stability
we have performed a developmental research on genetic markers for important medicinal plant species
such as Rehmannia and Glycyrrhiza. By the data mining of transcriptome dataset obtained from two
different growth stage and two organs of Rehmannia plants, several genes were found to be
differentially expressed both in the leaves and the roots of soil grown plant. Of those genes, one
of the plant hormone inducible genes was confirmed to be highly expressed in the leaves of a plant
with tuberous root by the expression analysis, which is a promising candidate for a genetic marker
for tuberous root development. For Glycyrrhiza plant, the effect of oxidized glutathione (GSSG)
treatment on glycyrrhizic acid (GL) biosynthesis in Glycyrrhiza uralensis (Gu) was evaluated. The
expression analyses on three GL biosynthetic genes, bAS, CYP88D6. and CYP724154 after GSSG treatment
were carried out, which revealed that GSSG treatment has both positive and negative regulative

effect on GL biosynthesis

2) Establishment of bio—nursery infrastructure

Efficient propagation of 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 GSSG into
nursery bed of the stolon cuttings enhanced plant growth, rooting, survival rate in field, sprouting
rate and plant growth in the second year. It is also effective to increase secondary metabolite
accumulation, including 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 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. Sprouting rate of high dose GSSG dressing at the second year was significantly
increased when compared to control 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
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vinyl house demonstrated all the best results. Twelve Gg clones were selected from these results
and subjected to second selection using 2-year old plants. Finally, 3 elite Gg clones were selected
with their GL contents and root harvests.

Efficient propagation method for Gu by cuttings has been investigated and optimum condition,
such as cutting bed materials and growth method of seedling at high temperature, has been determined
to improve rooting rate. Field—-cultivation of Gu cutting and stolon seedlings has been continued
and sprouting in the second year has been confirmed. In addition, acclimatization condition (ex.
seedling bed soil, ete) for medicinal plant (Gu, genus Rehmannia, genus Atractylodes, Zingiber
officinale, Cnidium officinale, Aconitum carmichaeli and Angelica acutiloba) tissue culture
seedlings (plantlets) has been examined. Plantlets of genus Atractylodes, Zingiber officinale
etc., successfully acclimatized at a high rate and grew into nursery plants capable of transplant
to field. On the other hand, most of Aconitum carmichaeli and Rehmannia glutiosa Libosch. var
purpurea Makino plantlets died during acclimatization, thus optimum condition for these plants
could not be determined

Licorice (Gu, Gg and Glycyrrhiza inflata:Gi : 232 samples, 42 lines) and ginger (Zingiber
officinale: 30 samples, 3 lines) derived from tissue culture were cultivated in pots for the purpose
of growth research and analysis of components.

In order to evaluate the adaptability and phenotype of three Scutellaria baicalensis clones
(Sb, SbT1 and SbTb5) derived from tissue culture in the warm temperate zone, the growth
characteristics of the first to third years of cultivation were investigated in Tanegashima region.
The SbTh plants was distinguished from other clones in time of flowering (late), intensity of
anthocyanin coloration of stem (strong) and the plant height (high). This clone, which has vigorous
aerial part growth and late burning up, seems to be suitable for field—cultivation. On the other
hand, since most plants died in the third year, this plant should be harvested in the second year
in the warm temperate zone. The growth characteristics of three Zingiber officinale clones (ZoK2
7002 and ZoS1) derived from tissue culture were evaluated in Tanegashima region. The growth of
aerial part of the ZoS1 plants was larger than that of other clones, and the time of burning up of
this clone tended to be late. In the summer of 2016, many plants died due to serious diseases
(Rhizome rot and Bacterial rot), whereas all plants of the ZoK2 survived. The ZoK2 plants with high
disease resistance should be suitable for cultivation in this area.

Field-cultivation has been carried out using plantlets propagated by tissue culture or stem
cuttings of hydroponically cultivated plants to develop and evaluate novel technologies for
production of crude drugs. It revealed that Gu plantlets derived from tissue culture and stem
cuttings required the protection of buds in winter because of their low survival rate in the second
year. To evaluate the quality of Angelicae and Bupleuri Radix derived from tissue culture, we
performed various tests according to the Japanese Pharmacopoeia Seventeenth Edition (JP17). The
roots of Bupleurum falcatum (Bf) were almost conformable to the JP17 standards, though ash and acid
insoluble ash of the roots did not satisfy the JP17 standards because of its difficulties to remove
soil from the intertwined roots. Processing roots of Angelica acutiloba (Aa) were conformable to
the JP17 standards without ash. This result demonstrated that Angelicae Radix accordance with the
JP17 standards could be produced using plantlets propagated by tissue culture. Hydroponic growing
conditions of Panax ginseng (Pg), Paeonia lactiflora (P1) and Bf were investigated. As a result
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hydroponically cultivated roots of two—year—old Pg plantlets, divided Pl rhizome and Pl plantlets
derived from tissue culture successfully achieved the JP17 content standards. Elite clone
candidates of Glycyrrhiza plant (G. glabra and G. inflata) that showed high GL content in hydroponic
cultivation have been selected.

Production of excellent medicinal plant clones is being enlarged by acclimatization and
cultivation of excellent medicinal plants seedlings derived from plant tissue culture. Gu can be
confirmed to improve the overwintering rate in cold climates by protection of buds. Gu which planted
in June showed higher yield and more GL content than in August in the following year. Influences
on Coptis japonica (Cj) of the illuminance and nutrient solution circulation were examined, then
condition of them were optimized. The number of leaves in Cj increased with cooling system which
lower night temperature. 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 Rehmannia glutinosa (RehN 1
and RehN 2) was confirmed using the seedling of one-year field-cultivated plants derived from tissue
culture. Similar result obtained two—year cultivated plants. 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 Gu plantlets derived from tissue culture were field—cultivated in Fukuyama City
for 3 years. The growth and GL content varied among individuals. In comparison with the crop of the
third year and the second year, the amount of the crop and GL content were higher in the third year.
GL content (less than 2 %) is lower than in the commercial (3.3%). Three Scutellaria baicalensis
clones derived from tissue culture were field-cultivated in Fukuyama city for 3 years. In comparison
with the crop of the third year and the second year, the amount of the crop was almost the same and
baicalin content was higher in the third year. Baicalin content (15.7 -18.3%) is slightly higher
than in the commercial (14.9%).

Artificial hydroponic—field hybrid cultivation of Eleutherococcus senticosus has been carried
out for 4 years to make 112 plants grow successfully. The rhizomes of 5 randomly selected plants
contained 0.78 mg/g and 1.24 mg/g of eleutherosides B and E on average, respectively, which is
comparable to Eleutherococcus Senticosus Rhizome available in Japanese market. The leaves contained
a variety of triterpene saponins with biological activities. Thus, cultivation system for production
of Eleutherococcus Senticosus Rhizome has been established. Hybrid cultivation of Atractylodes
Japonica has also been investigated and successful result has been obtained. Cultivation system
for production of Rhubarb with anti—inflammatory and antioxidant effects besides purgative effect
has been investigated. Rheum palmatum strain 29 was selected on the basis of shape, weight and
chemical compositions of the underground part, as well as survival rate of the plant. Moreover,
suitable cultivation as raising seedling in Toyama Pref. for 2.5 months, and then settled in
Sugadaira, Nagano Pref. for 4 year—cultivation without organic fertilizer was established through
3 times trials. From the preservation stock of R coreanum X R. palmatum in Sugadaira strain C was
selected as a characteristic strain with high content of sennosides. Genetic, chemical and
pharmacological studies on a number of horticultural cultivars of Paeonia lactiflora have been

conducted, and one candidate with the similar ITS sequence, main components composition and anti—
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allergic activity to Red Peony Root was highlighted. Furthermore, an optimized and practicable
processing method for production of Peony root has been developed, which ensure high contents of

the main active components in the produced root

3) Evaluation of crude drugs and plant products

In order to prove bioequivalence between commercial glycyrrhiza and Gu roots produced by
artificial hydroponic—field hybrid cultivation (hybrid cultivation), the serum concentration of
glycyrrhetinic acid (GA), the major metabolite of 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, Cux and T, 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.

Hyaluronidase inhibitory activity and hexosaminidase release inhibitory activity involved in
type I allergy were tested. Their two activities of cultivated Glycyrrhiza were equal to commercial
Glycyrrhiza. Hyaluronidase inhibitory activity of cultivated Scutellaria was equal to commerecial
Scutellaria, whereas hexosaminidase release inhibitory activity varied among individuals and was
lower than commercial Scutellaria.

LC/MS analytical condition of Peony root using standard crude drugs distributed in the markets
was examined. Peony root (Bonten) cultivated in NIBIOHN was separated into 3 parts, new, old, and
rootlet, and then subjected to LC/MS analysis. Albiflorin, paeoniflorin, and paeonol were
quantitatively analyzed by LC/MS. Equivalence evaluation between hydroponic samples and standard
crude drugs was conducted by LC/MS multivariable analysis. Various components in the hydroponic
samples showed different patterns from standard samples. The ephedrine and pseudoephedrine contents
in each branch node in Ephedra herb were investigated by LC/MS/MS analysis. The alkaloid content
in each node was lower in the terminal branch than in the inner branch. Scutellaria baicalensis and
Zingiber officinale clones derived from tissue culture were field—cultivated in five (Hokkaido,
Tsukuba, Toyama, Fukuyama and Tanegashima) or two (Tsukuba and Tanegashima) districts, respectively
and crude drugs thus obtained were evaluated. Scutellaria roots cultivated in the Tanegashima
showed high flavonoid content, while components of other samples were nearly the same as those in
commercial samples according to LC/MS analysis. Ginger derived from tissue culture showed higher
6—gingerol content and lower 6-shogaol content than commercial samples. In addition, metals in
Scutellaria root samples derived from tissue culture were quantified and less than lppm lead was
detected in some samples of Toyama, Fukuyama and Tanegashima. Ginger (commercial crude drugs and
dried rhizomes derived from tissue cultures) was subjected to JP17 tests and the extract content
measurement. The extract contents of ginger derived from tissue culture were higher than those of
commercial crude drugs. Ash of some ginger derived from tissue culture did not satisfy the JP17
standards because of insufficient removal of soil.

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—
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specific constituents in health foods and licorice origin health food ingredient (hereinafter
referred to as “health food ingredient”) was examined. 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 Gu and that of four health foods and two
ingredients was Gg

Contents of GB as a functional component and GL 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”).
GB was detected in Spanish and Xinjiang licorice 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 GB 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 contents of
food components such as nutrients and contaminants in Scutellaria root derived from tissue—cultured
plant were compared with those of the commercial crude drugs. It was suggested that the contents
of lipid, sodium and potassium in the Scutellaria root from tissue culture were lower than those
in the commercial model crude drugs, and the contents of phosphorus and zinc were high. It was
shown that the influence on some liver drug metabolizing enzyme gene expressions may differ between
the Scutellaria root from tissue culture and the commercial crude drugs

The 'H-NMR metabolic profiling of the crude drugs of Licorice root obtained by 2-year hybrid
cultivation showed completely different pattern from the classification by the GL content and root
thickness those are described in JP17. Thus, the qualification by Japanese Pharmacopoeia alone
could not predict the clinically required quality for the medical facilities specialized in
traditional Kampo medicine, such as Kitasato University Oriental Research Center. The 'H-NMR
metabolic profiling of the crude drug of licorice root also suggested that the contents of sucrose
flavonoid and their glycosides as the important factors determining the quality of licorice root
Interestingly, the 'H-NMR metabolic profiling of the crude drugs of Licorice root obtained by 3-
year hybrid cultivation showed much better quality than those by 2-year hybrid cultivation. And
some samples with the quality conforming to the Japanese Pharmacopoeia standard mapped in vicinity
of the high quality licorice “Tohoku 2 gou” in the 'H-NMR metabolic profiling

The extract of an select excellent variety with high contents of polymethoxyflavonoids,
Citrus Peel (Citrus tachibana) from Tanegashima, which showed the ability to prevent non-
selective NMDA receptors—impaired memory formation in mouse, was able to facilitate
somatostatin—neprilysin system known as a brain defense system against neurotoxic soluble Af
oligomers and neurotrophin genes expression in the hippocampus. 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.
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