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Abstract

Traditional methods for selecting good licorice plants with potentially high active ingredient
contents and root yield from naturally grown plants involves selecting good plants from those
already under cultivation, propagating them by cloning, and subsequently conducting cultivation
studies again to confirm reproducibility. It takes 2 years for plants to mature using tube cultivation
and at least 4 years to select good plants, suggesting that the process of selection is challenging to
perform within a short time. To overcome this problem, this study used a method that involved
sowing licorice seeds under aseptic conditions, cloning the germinated plants, cultivating them,
and selecting good clones among them. By subculturing them after the start of cultivation, we
secured clone seedlings after completing the selection. Because the clones were the same as those
used in the cultivation study, we could skip the process of confirming reproducibility, thereby
shortening the selection period, unlike conventional methods. We selected three good clones
suitable for growth in short tubes in greenhouses through this 2-year cultivation study.
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Introduction domestically grown crude drugs. As many crude drugs
Since 2006, we have grown medicinal plants and require the use of roots of medicinal plants, which in
researched cultivation techniques for producing many cases require many years to grow to a usable
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size, we focused on a tube cultivation method® in
which roots are grown inside a tube to efficiently
enable their growth to a proper size within a short time.
In our first study, we reported the results of our trials
with purple gromwell? (Lithospermum erythrorhizon
Siebold et Zuccarinii), which is designated as a
Category 1B endangered species.® In our second study,
we reported on Chinese licorice (Glycyrrhiza uralensis
Fisch.);? in our third study, we reported on Spanish
licorice (Glycyrrhiza glabra Linn.).%

We reported on the results of cultivation trials with
purple gromwell and licorice and confirmed the
effectiveness of tube cultivation,® "8 9 but expanding
cultivation was an issue owing to workability and
production costs. In the fourth study, we reported on
growing licorice in short tubes for field cultivation to
overcome these problems.'® However, although only
the clones of selected good plants were grown, major
differences were observed regarding yield and
component content, depending on the field and area in
which the plants were grown, and the yield of Chinese
licorice grown in short tubes was lower than that of
Chinese licorice grown in standard tubes.11) Because
the study demonstrated the possibility of major
differences in harvest quality when plants are grown in
an environment different from that in which the parent
plant was initially grown, regardless of good quality
plants being selected, we surmise that it is preferable to
select good quality plants from the area in which the
next generation of plants will be grown.

In this study, we used Spanish licorice, which is
easier to grow and has higher yields than Chinese
licorice. Clones were created, and following their
selection and growth, good plants suited to the
cultivation method and area were selected before

cultivation.

Materials
Spanish licorice used for the selection trial was a
clone maintained by the Tsukuba Division of the

Research Center for Medicinal Plant Resources

(RCMPR), a part of the National Institutes of
Biomedical Innovation, Health, and Nutrition. The
plant was sown under aseptic conditions in March 2014
using a seed harvested in 2007 from Spanish licorice
plants from the Hokkaido National Agricultural
Experiment Station [G. glabra Hokkaido, (GgHN)] or
the University of Toyama [G. glabra Toyama,
(GgToy)] that were preserved and grown in the fields
of the Hokkaido Division of the RCMPR, germinated,
cultivated, and proliferated. GgHN was taken from the
Hokkaido National Agricultural Experiment Station
Crop Division to the Hokkaido Medicinal Plant
Research Station of the National Institute of Hygienic
Sciences (now the Hokkaido Division of the RCMPR)
on May 13, 1966. GgToy was taken from the
University of Toyama Experimental Station for
Medicinal Plant Research on March 31, 1989.

At the Tsukuba Division of the Research Center, 1/2
hormone-free Murashige and Skoog medium with 2%
sucrose and 0.25% Gelrite was used as the growth and
rooting medium and the plants were maintained at 23°C
under light (white fluorescent tubes: 6,000 lux) for 14
h. On July 27, 2016, we received 3 aseptic seedlings of
each of the 25 clones (GgHN1-19 and GgToy1-6)
from the Tsukuba Division of the Research Center and
grew them at the lwakuni Research Institute.? ¥
Subsequently, we acclimatized them before planting
them out, and each clone was subcultured and

maintained in the culture room inside our facility.

Methods
1) Proliferation

After obtaining the seedlings, they were kept inside
the culture room at 23°Cfor 1 week to confirm no
contamination during transit. Then, they were
proliferated using tissue culture from August 3 to the
end of November of the same year. From October,
clones that proliferated in excessive numbers were
suppressed to maintain a certain number. At the
Iwakuni Research Institute, Plant culture boxes were

used for a maximum number of nine seedlings in each



box. The proliferation rates of the clones for the 2
months, until October 3, were calculated using the
number of clones that grew during that period. The
acclimatization rate was calculated by comparing the
number of acclimatized plants at the end of November
with the original number of plants®. Only rooted
seedlings were deemed to be acclimatized, and
unrooted seedlings were discarded. For seedlings
acclimated between December 24 and January 25, we
investigated the number of cultured seedlings that
survived for 1 month. In total, 128-cell trays were used
for acclimatization and managed under the same
culture conditions as the seedlings (16 h of light at
2,500 Ix and 21°C) to avoid the influence of longer
hours of light, lower temperature, or disease. After 1
month, the acclimatized seedlings were transferred
from 128-cell trays to 6 cm plastic pots, and the
number of acclimatized seedlings was used to calculate

Tablel. Comprised ratio of the potting mix
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the seedling survival rate.
2) Cultivation

To investigate the differences due to the cultivation
method on growth and active ingredient contents, we
compared three cultivation methods: standard tubes
inside a greenhouse? ¥ (tube cultivation), short tubes
inside a greenhouse (short tube cultivation), and short
tubes in a field10) (field cultivation) in and around the
Iwakuni Research Institute. In tube cultivation, tubes
were placed 20 cm longitudinally and 10 cm
latitudinally apart and filled with the potting mix (Table
1). The potting mix comprised kenkonatsuchi as a base,
unadjusted Canadian peat moss, vermiculite, perlite,
pumice, fertilizer, and lime. Although healthy soil
comprises bark compost, coconut palm peat, pumice,
peat moss, perlite, decomposed granite soil, and black
soil, details regarding the exact composition were not
disclosed. With short tube and field cultivation, ridges

Product Name Company Name (Location) Cg’;‘g[ﬂ;f)’d
Kenkonatsuchi (Gardening soil) FOREX TORIN CO.,LTD. (Miyoshi City, Hiroshima Prefecture) 50
Main River Fine (Peat Moss) Oji Forest & Products Co.,Ltd. (Chuo-ku, Tokyo) 15 - 20
Nenisanso 1gou (Pearlite) MITSUI MINING & SMELTING CO.,LTD. (Shinagawa-ku, Tokyo) 10 - 15
Vermiculite large Asahikogyo Co.,Ltd. (Okayama City, Okayama Prefecture) 10 - 15
Boratsuchi (Bora soil) Midorisangyo Co.,Ltd. (Kurate-gun, Fukuoka Prefecture) 10 - 15
SShon (Fertilizer) SANYO SANKYO YUKI CO.LTD. (Kudamatsu City, Yamagutchi Prefecture) 1.0
GAIAFIELD LINE (Egg Shell Powder) Green Techno 21 CO.,LTD. (Saga City, Saga Prefecture) 0.5

The comprised ratio displayed as a volume ratio.

Figurel. Tube and Short Tube cultivation in greenhouse.
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that were 60 cm wide and 20-30 cm high were first
made, and a single row of seedlings was planted
between the ridges leaving a gap of 25 cm between the
plants (Figures 1 and 2). Regarding the numbers of
plants studied, 12 plants were grown using tube
cultivation, 8 were grown using short tube cultivation,
and 8 were grown using field cultivation. Seedlings in
both tube groups were planted in a greenhouse on May
20, 2016, whereas those in the field group were planted
on June 27, 2016. Out of the 25 clone types of GgHN,
GgHNS5, 8, and 17 were challenging to proliferate and
only few seedlings were available; hence, only tube
cultivation was performed for these clones. We
investigated the average height of plants (from the
ground to the apical bud) to compare the growth of
plants above the ground.
3) Harvest and selection

Harvesting of 1-year-old plants was conducted on

Table 2. The proliferation rates (2 months)

Table 3. The Acclimatization rates

October 25 in the year of planting, and harvesting of
2-year-old plants was conducted on November 2 of the
following year. Each of the three clones grown under
different cultivation methods was harvested. After
washing, the root was dried and weighed (except for the
root head), and the glycyrrhizinic acid (GL) and
glabridin (GB) contents were measured.

The selection of good clones was conducted in two
stages. First, the initial selection was performed based
on the yield and component content of 1-year-old
plants. Subsequently, for the final selection, the same
measurements were performed for the 2-year-old clones

selected in the initial selection.

Results
1) Proliferation

At the end of October, the roots of three samples of
each clone (25 ¢ test tube) had proliferated by 4.7-40.3

Table 4. The seedling survival rates

Clone Number  First Number Pr’c\)lllijf;rsetiron P}r{o;iti(eor:)tion Clone Number Przl:;ﬁion ACC&:T;EZ:“O” Acgi;?gt(i;?)t fon Clone Number ACC’\IJT;LZE:"O” "\Il':::s]g(lsarn(t)sf Susrieiil;?%% )
GgToy1 3 65 21.7 GgToy1 128 123 96.1 GgToy1 53 53 100.0
GgToy2 3 41 13.7 GgToy2 77 64 83.1 GgToy2 53 50 94.3
GgToy3 3 23 7.1 GgToy3 50 41 82.0 GgToy3 47 44 93.6
GgToy4 3 32 10.7 GgToy4 68 61 89.7 GgToy4 51 51 100.0
GgToys 3 36 12.0 GgToys 63 57 90.5 GgToy5 59 54 91.5
GgToy6 3 34 11.3 GgToy6 70 59 84.3 GgToy6 50 49 98.0
GgHN1 3 65 21.7 GgHN1 137 128 93.4 GgHN1 50 46 92.0
GgHN2 3 119 39.7 GgHN2 155 115 74.2 GgHN2 51 47 92.2
GgHN3 3 48 16.0 GgHN3 102 93 91.2 GgHN3 38 38 100.0
GgHN4 3 85 28.3 GgHN4 184 173 94.0 GgHN4 54 52 96.3
GgHN5 3 20 6.7 GgHN5 29 24 82.8 GgHN5 56 10 17.9
GgHN6 3 115 38.3 GgHN6 250 246 98.4 GgHN6 54 52 96.3
GgHN7 3 121 40.3 GgHN7 283 275 97.2 GgHN7 50 44 88.0
GgHNSg 3 30 10.0 GgHN8 57 54 94.7 GgHNS 93 1 1.0
GgHN9 3 53 17.7 GgHN9 98 81 82.7 GgHN9 49 47 95.9
GgHN10 3 87 29.0 GgHN10 231 211 91.3 GgHN10 54 53 98.1
GgHN11 3 81 217.0 GgHN11 248 247 99.6 GgHN11 53 50 94.3
GgHN12 3 71 23.7 GgHN12 134 98 73.1 GgHN12 60 56 93.3
GgHN13 3 33 11.0 GgHN13 87 63 72.4 GgHN13 72 64 88.9
GgHN14 3 45 15.0 GgHN14 135 106 78.5 GgHN14 67 62 92.5
GgHN15 3 85 28.3 GgHN15 202 172 85.1 GgHN15 43 43 100.0
GgHN16 3 47 15.7 GgHN16 119 9% 79.8 GgHN16 53 52 98.1
GgHN17 3 14 4.7 GgHN17 32 18 56.3 GgHN17 34 1 2.9
GgHN18 3 77 25.7 GgHN18 149 129 86.6 GgHN18 51 47 92.2
GgHN19 3 76 25.3 GgHN19 175 155 88.6 GgHN19 54 53 98.1




times from August 3, 2016 (Table 2). There was a
major difference in the proliferation rate among the
clones, ranging from <10 times (GgToy3, GgHNS5, and
GgHN17) to the highest being 40 times (GgHN2 and
GgHNT7). The overall acclimatization rate was 88.6%,
ranging 56.3%-99.6% (Table 3). The seedling rate of
the acclimatized seedlings observed from the number
of surviving seedlings was 82.6% overall, ranging

1%-100%, revealing a great difference among the

EREMMZE 43(2)2021F

different clones (Table 4). Based on these results, we
thought that it might be possible to achieve a high
seedling survival rate by controlling the growth
environment. However, the survival rates of some
clones during acclimatization were extremely low.
2) Cultivation

As a result of performing this study using three
methods —tube cultivation, short tube cultivation in

greenhouses, and field cultivation —it was clear that

Table 5. Transition of plant height in each cultivation method (1st year : cm)

Clone Tube Short Tube Field Cultivation
Number 8/1 9/1 10/24 8/1 917 10/24 9/6 10/24
GgToy1l 51 67 72 58 83 82 43 41
GgToy2 63 79 79 64 89 82 42 36
GgToy3 59 87 89 75 104 96 46 46
GgToy4 63 68 88 71 107 92 52 44
GgToys 53 57 65 58 91 85 45 33
GgToy6 52 74 74 68 97 93 47 44
GgHN1 53 66 77 70 84 96 60 51
GgHN2 71 92 88 71 100 84 70 50
GgHN3 73 88 87 63 89 82 58 64
GgHN4 62 89 86 52 69 78 66 61
GgHN5 40 56 49 31 45 50 - -
GgHN6 60 96 88 67 83 83 55 57
GgHN7 58 66 90 55 72 68 48 50
GgHNS8 42 62 50 33 55 48 - -
GgHN9 65 85 82 62 82 77 56 55
GgHN10 61 77 75 65 74 74 78 53
GgHN11 67 82 89 65 81 91 60 35
GgHN12 52 67 66 54 66 62 47 31
GgHN13 56 72 84 62 80 83 50 52
GgHN14 67 97 96 76 89 88 61 64
GgHN15 60 73 86 71 83 88 48 54
GgHN16 64 83 89 61 90 79 46 38
GgHN17 35 64 63 - - — - -
GgHN18 62 80 85 70 93 95 58 42
GgHN19 76 96 92 64 82 81 42 42
AVE.+SD 61.3+6.8 79.1+11.1 83.0+8.2 64.6+6.5 85.8+10.3 83.6+8.5 53.3£9.5 47.349.6
Table 6. Transition of plant height in each cultivation method (2nd year : cm)
Clone Tube Short Tube Field Cultivation
Number 5/1 6/1 7/1 5/1 6/1 7/1 5/1 6/1 7/1
GgToy5s 41.0 97.0 40.5 122.0 52.0 91.0
GgToy6 49.5 147.0 55.5 146.0 44.0 76.0
GgHN3 55.0 156.0 43.5 142.0 67.0 105.0
GgHN4 38.0 125.0 24.5 74.0 64.5 106.0
GgHN6 37.5 135.0 39.0 98.0 67.0 114.0
Not Not Not
GgHN9 45.5 128.0 53.0 113.0 68.0 105.0
measured. measured.  measured.
GgHN11 47.0 124.0 *1 53.0 129.0 *1 *0 63.0 105.0
GgHN12 30.5 107.0 37.5 90.0 50.0 81.0
GgHN15 38.5 137.0 57.0 155.0 54.5 97.0
GgHN16 45.0 138.0 68.0 144.0 56.0 99.0
GgHN18 37.5 130.0 47.5 146.0 62.5 102.0
GgHN19 35.0 146.0 49.5 151.0 36.0 67.0
AVE.+SD 41.7+6.6  130.8+15.9 47.4+10.8 125.8+25.5 57.0£9.7  95.7+13.5

*1 Because the plant height has stopped growing
*2 Because the plant height is 10 cm or less
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there was little difference in terms of the heights of
1-year-old plants grown in tubes or short tubes.
Therefore, it was clear that field cultivation was vastly
inferior to greenhouse cultivation (Table 5).
Furthermore, although the height of 2-year-old plants
was approximately 50 cm higher than that of 1-year-old
plants, almost no difference was observed between
2-year-old plants grown in tubes or short tubes, a
finding similar to that of 1-year-old plants. Germination
of seedlings grown via field cultivation was later than
that of seedlings grown via greenhouse cultivation. The
height of plants grown via field cultivation was about
100 cm, which was 25-30 cm shorter than that of
plants grown via greenhouse cultivation (Table 6). It
was also clear that field cultivation for 1- and
2-year-old plants was vastly inferior to greenhouse
cultivation (Figure 3).]
3) Harvest and selection

The harvest survey results for 1-year-old plants
(Table 7) showed that the mean root yield was the
highest for clones grown via short tube cultivation
(66.2 g/plant), followed by clones grown via
greenhouse cultivation (56.3 g/plant), and clones grown
via field cultivation (21.2 g/plant). Further, the GL
content of clones grown via short tube cultivation was
the highest (1.12%), followed by those grown via tube
cultivation (0.65%), and those grown via field

year seedlings (HN15: Tube cultivation, Short Tube cultivation and Ope

e
n

cultivation (0.58%). The same pattern was evident for
GB content as well, with the highest being 0.142% for
short tube cultivation, 0.127% for tube cultivation, and
0.059% for field cultivation. This reveals that short
tube cultivation is superior in terms of yield and
component content. When examined by clone type,
although some produced higher yield and GB content
under tube cultivation, the GL content was superior in
all clones grown via short tube cultivation and lower in
all clones grown via field cultivation.

Based on these results, we initially selected 12
clones, including 10 clones producing high GL content
and root weight and 2 clones producing high GB
content.

Next, we examined the harvest survey results for the
2-year-old plants of the 12 clones selected in the initial
selection (Table 8). Compared to 1-year-old plants, the
root yield for 2-year-old plants was approximately
three times higher under greenhouse cultivation and
two times higher under field cultivation. Also,
greenhouse cultivation resulted in approximately five
times greater yield than did field cultivation (Figure 4).
Regarding GL content, the highest was observed for
short tube cultivation produced (1.85%), followed by
field cultivation (1.42%), and tube cultivation (1.19%).
Only five clones grown via short tube cultivation
produced >2.0% yield. The highest GB content was
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Table 7. Comparison of root weight and ingredient content cultivated for 1 year

Clone Dry root weight (g) Glycyrrhizic acid contents (%) Glabridin contents (%)
Number Tube Short Tube F.'eld. Tube Short Tube F.'eld. Tube Short Tube F.'eld.
Cultivation Cultivation Cultivation

GgToyl 49.8+15.6 55.9+16.8 10.1+0.4 0.32+0.04  1.14+0.24 0.41+£0.04 0.109+£0.017 0.126+0.015 0.047+0.009
GgToy2  48.7+5.4 70.6+3.5 5.0+0.6 0.59+£0.09 1.08+0.12  0.23+0.01 0.115+0.022 0.121+0.002 0.022+0.007
GgToy3 61.0+1.8 71.8+17.3 8.2+2.3 0.58+0.07 0.68+0.09 0.13+0.02 0.132+0.007 0.108+0.012 0.031+0.009
GgToy4  58.2+2.6 58.1+6.4 8.4+2.8 0.55+0.12  1.07+0.08 0.36+0.15 0.137+0.027 0.171+0.012 0.039+0.010
GgToys 19.1+4.5 44.1+19.2 6.9+1.9 0.3240.03  0.87+0.13  0.31+£0.12 0.201+0.016 0.178+0.023 0.049+0.016
GgToy6 54.7+12.2 48.0+15.4 6.4+1.1 0.58+0.07 0.69+0.25 0.51+0.08 0.158+0.024 0.147+0.036 0.059+0.016
GgHN1  69.7+18.0 91.0+12.9 31.3+£7.3 0.58+0.10  1.06+0.10  0.68+0.05 0.110+0.030 0.129+0.016 0.067+0.005
GgHN2  64.3+28.6 47.1+£7.6 21.8+£8.3 0.71+0.20  1.02+0.14  0.74+0.09 0.129+0.019 0.186+0.007 0.060+0.028
GgHN3  68.9+18.4  76.5+24.3 54.9+6.7 0.56+0.12  0.91+0.20 0.57+0.04 0.110+0.030 0.129+0.002 0.057+0.007
GgHN4 39.4+9.6 43.8+16.1 32.2+0.4 0.75+0.13  1.22+0.24 0.71+£0.17 0.150+£0.024 0.186+0.016 0.097+0.011
GgHN5 38.6+£6.5 22.5+1.1 — 0.84+0.05 — — 0.039+0.004 0.045+0.009 —
GgHN6  71.0+10.1  78.5+21.1 39.3+£5.8 0.81£0.06  1.35+0.05 0.79+£0.08 0.050+0.000 0.093+0.010 0.027+0.002
GgHN7 37.6+£9.9 29.8+11.6 16.3+2.5 0.63+0.11  1.09+0.22  0.89+0.14 0.096+0.004 0.198+0.023 0.110+0.010
GgHNS 21.8+0.5 17.0+6.8 — 0.73+0.03 — — 0.021+£0.002 0.027+0.002 —
GgHN9  45.3+29.6  92.8+48.5 17.5+1.4 0.65+0.14  1.48+0.10 0.67+0.08 0.111+0.009 0.109+0.042 0.058+0.009
GgHN10 74.1+17.6  96.6+15.8 38.1+£9.2 0.7240.08  1.27+0.13  0.64+0.03 0.051+0.013 0.062+0.006 0.018+0.001
GgHN11 59.1+11.9 62.0+16.1 12.4+1.9 0.74+0.09 1.03+0.22  0.62+0.16 0.198+0.018 0.197+0.020 0.048+0.011
GgHN12  89.9+24.7 34.0+£6.2 5.9+0.9 0.77+£0.17  1.00+0.17  0.63+£0.05 0.134+0.016 0.136+0.016 0.038+0.005
GgHN13  68.1+9.4 100.3+9.0  33.6+12.7 0.73+0.12 1.01+£0.13  0.44+0.08 0.073+0.014 0.074+0.014 0.016+0.002
GgHN14  55.8+8.8 67.7£15.7 23.4+3.7 0.556+0.06  1.36+0.10  0.80+0.02 0.123+0.018 0.124+0.017 0.080+0.014
GgHN15 78.6+10.4 53.4+23.1 26.6+5.7 0.98+0.11  1.29+0.35 0.84+0.03 0.135+0.013 0.138+0.016 0.061+0.007
GgHN16  68.6+8.0 48.8+12.9 17.2+3.7 0.90+0.13 1.43+0.13 0.53+0.07 0.148+0.011 0.149+0.012 0.082+0.018
GgHN17  12.4+4.6 — — 0.46+0.02 — — 0.036+0.003 — —
GgHN18 61.7+10.6 132.9+15.9 32.6+9.6 0.54+£0.10 1.26+0.04 0.72+0.12 0.143+0.010 0.161+0.014 0.127+0.031
GgHN19  46.2+10.2 52.943.8 18.749.7 0.82+0.08 1.29+0.08 0.49+0.06 0.180+0.013 0.196+0.017 0.101+0.018
AVE.+SD  56.3+17.3 66.2+26.6 21.2+13.2 0.65+0.16  1.12+0.21  0.58+0.21 0.127+0.047 0.142+0.047 0.059+0.030
Each value represents the mean + standard deviation. (n=3)

Table 8. Comparison of root weight and ingredient content cultivated for 2 years

Clone Dry root weight (g) Glycyrrhizic acid contents (%) Glabridin contents (%)
Number Tube Short Tube F.IEId_ Tube Short Tube F_|eld- Tube Short Tube F_IEId.
Cultivation Cultivation Cultivation

GgToy5  53.6£8.6  98.7+22.0  13.7+1.5  0.39+0.07 1.44+0.15 1.00+0.07 0.256+0.054 0.233+0.005 0.134+0.033
GgToy6 218.5+34.3 102.8+12.8 10.4+3.2  1.08+0.07 1.50+0.08  0.80+0.07 0.238+0.006 0.202+0.030 0.097+0.030
GgHN3  305.4+7.3 250.6+54.1 79.5+41.6 1.16+0.14 1.45+0.07 1.36+0.09 0.151+0.014 0.188+0.019 0.104+0.010
GgHN4  125.3+51.3 134.8+46.1 74.5+21.5 1.06+0.13 1.84+0.13 1.72+0.04 0.185+0.031 0.213+0.029 0.144+0.010
GgHN6  258.3+26.9 120.1+45.2  72.6+9.3 1.30+0.11  1.59+0.14 1.61+£0.12 0.094+0.007 0.161+0.012 0.095+0.013
GgHN9  206.6+32.7 394.0+45.2 30.0£18.0 1.58+0.22 2.35+0.10 1.84+0.43 0.150+0.022 0.149+0.014 0.104+0.016
GgHN11 122.5+44.9 90.9+24.0 38.9+7.3 1.19+£0.13  1.54+0.05 1.18+0.18 0.170+£0.010 0.255+0.024 0.148+0.035
GgHN12 136.7+40.6 118.1+74.0 16.5+7.1 1.18+0.14  1.72+0.18 1.77+0.32 0.171£0.023 0.178+0.028 0.078+0.012
GgHN15 193.5+44.9 177.8484.3 36.2+11.1 1.53+0.19 2.37+0.19 1.75+0.20 0.182+0.020 0.184+0.007 0.108+0.029
GgHN16 237.7+95.5 278.5+43.4 33.1+9.3 1.11£0.17  2.14+0.19 1.37£0.26 0.157+£0.031 0.160+0.013 0.126+0.026
GgHN18 223.1+15.0 393.7+128.4 67.5+10.5 1.32+0.14 2.21+0.22 1.51+0.25 0.150+0.009 0.163+0.015 0.159+0.017
GgHN19 220.7+17.4 278.2+37.1 38.8+10.1 1.35+0.14 2.02+0.04 1.15+0.27 0.215+0.038 0.227+0.014 0.103+0.020
AVE.+SD 191.8+66.8 203.2+107.7 42.6+23.8  1.19+0.29  1.85+0.34  1.424+0.32 0.177+0.042 0.193+0.032 0.117+0.024
Each value represents the mean + standard deviation. (n=3)
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L

Figured4. Rhizome of the two years cultivation that | harvested. (GgHN15)
From the left, it is Tube cultivation, Short Tube cultivation, Outdoor cultivation.

observed for short tube cultivation (0.193%), followed
by tube cultivation (0.177%), and field cultivation
(0.117%), demonstrating that field cultivation produced
the lowest yield. Based on the results of this 2-year
survey, we selected three good clones (GgHN9, 15, and
18) for short tube cultivation that satisfied the 2.0% GL
content yield standard of the Japanese pharmacopoeia.

Discussion

We grew 25 Spanish licorice clones maintained by
Tsukuba Research Center. There was a major
difference in terms of the above-ground shape of the
varieties between the varieties from Hokkaido National
Agricultural Experiment Station (GgHN) and the
University of Toyama (GgToy). The stems were thicker
and the plants grew higher in the former variety,
demonstrating good proliferation. However, with the
latter, there was a tendency for the stems to be
narrower, the leaves to be thinner, and for proliferation
to be inferior. Although it was possible to grow all
clones using tissue culture, the proliferation and
acclimatization rate for GgHNS5, 8, and 17 was low,
indicating that it would be difficult to culture them in a
stable manner on a large scale. Thus, we decided that
such clones should be promptly discarded.

When proliferating, acclimatizing, and growing
clones, it is possible to grow them year-round in a
controlled environment, which led us to consider that
large-scale, efficient production of seedlings would be
possible using tissue culture.

Concerning growth, although we used three methods

—tube cultivation, short tube cultivation, and field
cultivation —the results of this study showed field
cultivation to be vastly inferior. We assume that the
reasons for this include the many differences in soil
condition between greenhouses and fields and the
susceptibility of fields to weather conditions, such as
rainfall, which influence the growth of licorice, a plant
that typically thrives in dry areas. The three selected
clones could not satisfy all conditions outlined in the
Japanese Pharmacopoeia Standards.'? However,
because good results were obtained using short tube
cultivation, we believe that these varieties can be
grown via short tube cultivation in greenhouses. Until
now, when selected good clones were grown under
different conditions, it was impossible to obtain stable
results in yield, quality, or both, meaning that it was
difficult to expand the scale of cultivation. However, if
the selected varieties are grown and selected in the area
where the next generation will grow, then we believe
that the stability of product quality can be increased.
The methods used in this study enabled the
production of clones before cultivation, thereby
allowing selection on the basis of cultivation methods,
cultivation areas, and the fields in which the clones
would be grown. This enabled us to select clones suited
to the various conditions. Following selection, we
secured the seedlings, thereby shortening the selection
period. It is important to continually develop good
varieties rather than be satisfied after successfully
developing one. We believe that using this promising

selection method, which makes it possible to rapidly



select a clone suited to various conditions, will make it
possible to stabilize and improve both cultivation and

quality.
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Studies on stability of catalpol contained in the root of Rehmannia glutinosa
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Rehmannia glutinosa DARICEA S5 catalpol [T HIFE DI G-+ D L &2 D
TS, Lo LINHEE 7 OFT R ICE A S5 catalpol 1, HZEEOHNEA THREIZ KV 43
R LI T5ZERMEN TS, ZODMLIEHEDOENCL Y MEICEHT S
catalpol EHEIIKE < B2 0, WEICEZA L IELIFENDO D> TWS. L

LhEAEROELIKAG» L BB E THA THD. £ TAMETIE, HfHRIcER
S 45 catalpol 23§z & LTI L CWKHEBZ IO NCT 22 L2 HE LTz,

F9° 50C, 24 FEORTALEERZE T catalpol & &I EL 5 29, ZOF5MTHEIL
NARETH D ZEEWLNT L. ZORMTEEMELZNET L2 2 LICky, MK
Dl o () & catalpol & &ICHBIZFED 2. 2015 4F O 2016 4EDULFHEE % D
W% 10 » A, BREEEL catalpol B EOHERZHE Lz, T, ROV XKW
AL (ERE, TEBONIN) ORBELZF 1. 2O/, 2HITDs 2EO AR
HZIRIE 235 1T D catalpol & &V OHEB A LI Lz, T 72bb, ElETHrHl Lz
AT BRI L7854 Tl catalpol & &% 20~50% k9~ % (2015 FFDFER) — 7,
GBI Z2 O F F OWRRETHZMEE L 723581% 35~95% L < 7% (2016 FFEDFER).
L LY A ZRENLBI COEFRDO b oTo. S 54— M7 L—T7WE T, 4
R ORI, F 7213 1 FFRE 3 Bl C catalpol & EANMFIZIEET H Z L 2 5
iz L7z,

Abstract
Catalpol contained in Rehmannia glutinosa roots is considered one of the components
contributing to the medicinal properties of the herbal medicine Rehmanniae Radix listed in the
Japanese Pharmacopoeia (JP XVII). However, catalpol is decomposed and reduced by such
processing methods as air drying or heating. Therefore, catalpol content in Rehmanniae Radix
varies greatly depending on the processing method, which results in differences in quality. In
addition, the color of roots also varies from grayish white to dark brown. The purpose of this
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study was to clarify changes in catalpol content in fresh roots, which decreases upon drying.
First, it was clarified that pretreatment drying at 50 ‘C for 24 hours had no effect on catalpol
content, and pulverization was possible under these conditions. By measuring the catalpol
content of Rehmanniae Radix under these conditions, a correlation was found between the
cross-sectional color (yellow) of the root and the catalpol content. Post-harvest roots in 2015 and
2016 were air-dried for 10 months, and changes in catalpol content were measured. At the same
time, the effects of root size and site (diameter, cambium inside and outside) were investigated.
As a result, it was clarified that catalpol content was decreased by air drying in two trials
conducted over the two-year period. Specifically, catalpol content was decreased by 20 to 50%
when the roots were air-dried with the cambium of the internal tissue divided into outer and
inner parts (2015), whereas it was decreased by nearly 35 to 95% when the roots were air-dried
without dividing cambium (2016). However, there was no difference in root size or site.

Furthermore, in the autoclaving treatment, it was clarified that catalpol almost disappeared by

continuous heating for four hours or by heating three times for one hour each.

Key words: catalpol, Jio, Processing method, Rehmannia glutinosa, Rehmanniae Radix

o1

il

Rehmannia glutinosa (Gaertn.) Libosch. ex Fisch. et
C.AMey. DIROIRKHE L, HPFFEAIKDO L TH
5. HWOEFEARKIZIE, BriEkieo [t (P
E 4 fiEs), g TR A R THiE) (B4
HoHLEE, WE4  AEHE), ROETEVWO ML
Rk TR ) (PEA RSB e 5.
BTG S o AT, —MRICHIE K&
U0 2 B TH 5D, [HAME] [T EfkY
ELTAY FA FEFERTEH % catalpol 235 F 41
TW5. catalpol IZIZHTRAENEH 12, B 25 hu i
FEARELEIT 9, PRRRORGEMEM 9, MUBERE T 7E 9
72 EOFBNEMERHRE SN TR Y, HFEAED
IRy D—2 L EZ 5N TW5D. —J5, catalpol
I FER O REERPINR LRI K V325 2 &
B, TRHIEE | 1T & A BB EN T, THIEE ]
Wi, BEHEEIC XY catalpol BNEFET A LD (E
T LG E) X, ZEAEHEELTNS LD
UMz 72 &) Db 5. MO WE % 7R3
DERIER Y & LCRAERT E-HNGIE) ™ (2
13 catalpol IZHLE S T —J7, g A Rk
FIEHE L (2020 4ERR) ® Tl i#E catalpol % 0.2%

UbEftHEENTWS., 20Xk HIZ catalpol

DREE IR RN ZE S X, FIEMS & L TR D
PGy & LTOHWT S NI LT 5.

ARG R/ S5 catalpol % FEBRAYIZHI
ET D8, AEEBMAEICLTHPLC JBICE 0 E
BT DHER BN TH S, L LHIEEA SR
FEVEDBRN 2 R MEN BV D, BRI
THZENRETH D, —RIZIE, WEE2HHS
B THMRIET 2 HEPHRS i ER R S 5.
L2 L 2L D D 1ETITRIRNE D 7 D | fifi 4 8
EHDHZERRERGENHDH. ZD XD BRGE,
MR A MBS 5 2 LIk BRIk T %
ZEMFREICAR DA, [FIRFIC 2 OINFIS L0 1K
7% catalpol LT S5, WAL LA S
D ENBDLN, REOBIKICHEMT 256X
BRI TIZR., ZFOoMEEARKICER SN
% catalpol & & & [EfEICE & T 5 72 O it
EHONCTHMERDS.

INFEY) & dris U T AR A v, E 73R &
RLTWA. iMoo #E, MEOARIKER
PO EBOEETHRARDLONMEL TS, EH
D D34 RUK 2 18 FE AR 7 S S s S A )
(CLF, @RKF - EHWHEME) CTHEEL TWD
Wi o, INHEY % fz i3 2R T2 b4
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CTCWVD I EEBEL W Thabb ik
THEMERIIEMT DI E, BRTERTHER
IZ LD EE& el it B3 D, BRI BRI T,
BT TR DO NSL T S DT R D B L3 FR
Oosh. £, BARTHR I TWA A7 A
UA T EHREINDRIEIT, RIS, EESH CH
fiEfR T 1em BLF) #84r (BUF, FrfiffR T 3em ok
AR E PRI 5) BNEL, ZOEIZAICEKR
THRIRTHD. 20K 9 AefRENITIEY O &=
BHAETIHEEZ L2565 HD L ODOEIKITIX
FIHERZ2W. $T72bb, BATOMBEAREICE
WC, HIEE O S A HINTT D 7o D OFERE N L
TWRWEEZ 5.

PLEZENE 2, AAFZE Tl catalpol & &% 5212,
KR & 72K BE, BB OHEICOWTHEIE L, catalpol
DZEVEDHEMNHELETHZ L2 HE LT,

7 #
1. HE R

W HBIRKT: « FEHREY LK Rehmannia
glutinosa TH v, —fKIZ (WA AT F D] 2 A
TERMRENTWDEHOTH D, 3 FEEO R HME
FFSNTEY, 2N HOL (IR KFELRATR) ,
HO2 (f& F 75 H k) , HO3 (B SU 0 3 PR Al 4 e v k)
Thb. FETROLEIHBS KROHEEEZ 2 LT
W5 T k7 EDOINEERE K OF DNA fEHTIE O & F
ZIOlZEE (Bex REGV) M7 o729, fEWiE
ARITBRKT: « FEEW R THEFRF RS S TR0,
FEAR T A PR TR SRR JEI I 7 R 5y - AR K
W ITRE ST 5.
2. IR

AART St (RS R, RiEE
75 005018011) . A (A IR R R SRR FRAF S8k 3
R T AR EICRE STV 5.

A
1. HPLC #£iZ X % catalpol & &

Hit 25 55 A 38 0 L Ry K BUBE 50 mg & R A 1T &
W, HPLC %% # 1 (CHsCN/0.1 % phosphoric acid
(1:99)) ZHhHIAEBLE LC 1mLMx T 30 2
HH. BT Z 13,000 rpm T5 Sy O L,

ZO L 03mL ZBEH TS EMR L. Zivk
045um DAL T 527 4L F—|ZiH LT HPLC
EIC K DR BHAK E L=, BT catalpol dFE 5, (Fi
SMZE, M 98%) I X HMEMAERC L, #ixt
BEMRECLVER L. £/, @@ RIT
A A SE SRy 7 AR SRR BRE O L BRI R ™ & 1T o 72
Catalpol Z &%, FEHAWR D catalpol I % WL
Rl CRAEMICHE L, B L7z, HPLCIEIZ &
HHEFMFFIRO LB TS,

Column: YMC-Triart C18 ¢ 4.6 X 250 mm,
Mobile phase: CHsCN/ 0.1 phosphoric acid (1:99),
Column temperature: 40°C Flow rate: 0.6 mL/min,
UV detection: 210 nm  Injection volume: 10 pL.

Catalpol D E I W T, BB O BIFERIT
y = 4,538,225 x (- 11,637), R2 = 0.99994.

2. R
Student’s t #2E, Dunnett 2 & Ll HREIC L VAT

7.

ES 5 b

FEBR 1. M A FK o catalpol E & D 72 D D Rij AL
PR ot

G (BT 609 Mg TR LZ
BERIC L., +ociBA Lk, WERE T v
r—5— (GEBEFIAN) TRIFELZ. i 49
T 15 4y L, [EIRFERE (MOV-112-P), /X5
V= ~OVA TGS IS AR, IR
50C, 60°C, 70CIZFZEL, 0 (&5, 12, 24, 36,
48 FfEIfZ I ENEN 3 TS|V L, HOT v
fr— 5 —WNTH43 2%, catalpol % & & L7z,

B 2. MO L catalpol & EDHBIZHOWT
SRR« SRR CULHE L 7= HO2 Rt % 9
r HBREE LTZAROR NG, Wik O @K A6
D BB E TR a0 E BIEAIZ 10 H
i, ®FE L7 (Fig. D). FEEKZ A I E2ETD
o —"T5mm RIS U, E IR R Rz
(50C, 24h) L 7z. = D1k, ¥t (IFM-800,
BRFEERKXSL)) THERIZL, 52 (300
um) OEiEY 2 e E L, 7 & catalpol O JE &
BT o0z, taZEX, HtllEEt (=031



K #l g CM-3500d) C, MR O EE2HIE L
FEHEY D65 12 & 5 HIEME A2 L*a*b* 24 TEUE
L7z,

FElR 3. HLEEBARIZIS 1T D catalpol B D2 b
SRR « SR E CUUHE L 7= 1B 1% O JriE 72
A2 L, #fl 32 catalpol & & DO HER 2 H
E Lz, ZOE, A XL ORTEM ROZEDEN,
TERE OFMEl & WD DOEBIZOW TR, £
NENO—EFR = HAERLE L, %t (0 H) & L7
ZILIIMTABIRR T « SE R [ & B O B Ah iz
B (BRR®H Y, BEH AR YT SR WGEET) T
BARWRESE 2,0, 471, 621, 8,4, 10
by OB ST 7Y v 7 Uiz (22T 3 fEikL
) BRI TR R U CHIE IR L7z

3-1 %A X OEVOFE (HOL AH, HO2 &)

2015 EDILHEY) ZEE DK E ST, ok
DO EELICEEERRSZ ITXY, Knh—
IRRRE TR B b EFE L. 1 EADER50g
PLEZTL],30g AT ATS) & Lz, ARSI R
Rt B+ (FEE) O F 2 M7+ 5o (A7)
+4% 4 X (L:50gLL bk, S:30gLLF)I TRl
7= (Table 1).

3-2 JfEME GRDEDIE, FEALE O /M & NI

OB (HOL A, HO2 ##E, HO3 %)

[ C < 2015 4EDULHED > & & H L 7o fER D,
ROBEN 3em UL EDOIEKE %2, g DM
ERMNZaEIL CERER AR LT (Fig. 2
f5). F7o, 2016 FOULHEY ) BRI L 7o BRI

DONTIE, MROBAEN 3em K GFHRED & 3
cm LA B (EKHES) ICa#El L CERENENTE
fpL7= (Fig.2 45, Table2). 472 b, 2015 £
ROEIE Z o L, NENEH LIRETH D
—J5, 2016 AEITARER & SRR OB O 2 DY)
Wrchv, ZNENONTBITEL L TV ikEE
Thb.

FEBR 4. INEIFE S catalpol & B DZEAL,
2019 DO NEY & 4 I, A — T L —T

EREMMZE 43(2)2021F

(a

[ &
o
L4

omow
3'&@
'O.’
AF .”
9 ®pr
T

® ownr
00 @ Wby

Y1 234567 8950] 23 4 5

Fig. 1 & iRK%5 - SEAMIY R CUUHE L 7= HO2 Ritx

9y HBARWBE LT OR NS MIES 2T L
7= 10 fEIA.
NS AEMIZ, AR BEt) b X9
WZELE L72. 7ok, ZOIEFIIHRREN T8I
EILSbOTHY, A dHOWPERFRIC L
DHDOTIEZRN.

Table. 1 SEERAI B L AEARK S
AT « RE IR (FE) o F 2
Hi+az B () +4% 4 X (L:50 g Bl k,

S:30gLLT)

e eI HOLRME (=3) | HO2%#E (n=3)
07 H GHIEBHAR) HO11500L H021500L
07 H GHIEBHAR) HO011500S H021500S

2 H HO11502L H021502L
2 H HO011502S H021502S
4B HO11504L H021504L
4 H HO011504S H021504S
64 11 HO11506L H021506L
67 H HO011506S H021506S
87 1 HO11508L H021508L
8 H HO011508S H021508S
10 H GRIERT) HO11510L H021510L
10 H QUERT) HO011510S H021510S
@pps AEXER

Fig. 2 Rehmannia glutinosa O AR & rif (£) & #1 R (F)
72 JERE BRI NA TR R > T 5.
A7 AROERS 3 om A & ARG, 3om DL AR
KEe L.

(LBS-325, W% FE : 53 L At hI—kT) <
ZnEh 0o i), 1, 2, 4, 6, 8 WFHEIALELL 7=,
[z ONTIE, A — b7 b—7 1HH (12170)
Z1llEE L, 0 GHR), 1, 2, 3 [a1H %% L7-.
F— b7 L —TH ORI T 50C, 24 FF
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fil CHzfs: L catalpol & &% 17z,

R
FEBR 1. HEEKEZE K O catalpol & £ D 7= 6 D HAL
B O

S GEMNE, 0FFfH) & Hig L T catalpol &
#13 70C T L TR Y, 24 WF, 36 FEf, 48
R CIdAE ThH o7z, 60C TIX48 i THE
AN RS, 50C TIHAERBAITRD bR
7o dz (Fig. 3). WIZ, RO AIAIZ DN T
Bat L7z, 50CH L 60°C, 12 R TiTkyR1k
MDA+ THY, 24 FEETIXHRILBATRETH -
7= (Fig. 4). $7edbbH, 50C T 24 FEFLL ORI
FENHELTWD Z E &P S0 LT, Catalpol
DWW 2B < EV D RTIE, RIE CHERFENE E
LW, BRIEE WS S CIEEE CRFMA L E
LW IHDEESE 2T, MEEARE AL
BHMEE LT, 50C, 24 R &iE LTz,

FEEr 2. MO L catalpol & EOMARIZHOWNT
H1 & JFUE Y © & % Rehmannia glutinosa 13,
IFERE DAL DAZoPT 72 & b & D TREBRIR L D
EERENRKEV. Ot ER RO S KA
L BEEO LY THY, EBIEAIRELE 10
EARIZ DT L*a*b* #fa% & catalpol & & OFHE
BAfR & R _7=. IR/ Fka* % & OMBEIERED b
o TS, B L (r=0.756) K OV#E/ i b* %
(r=0.811) & Z0HHBEBEILR 23R B 7= (Fig. 5) .
WY, Bk ~DEA{b & catalpol & & BFRME,
FTROLIE L* L OMBREREWZ & TEL
TW2 A, EBRIEEREHb* R, DFE VD HANE
KRB ELEDIY EWAHBERBNRD bz,
Z D Z L catalpol D3 fif & AR O I AR
NoHZEEERLTND.

FEBR 3. HplmEERIC T B catalpol & E DAL
3-1 P A X DED

SRR« FEF W R PE D UL FE B 1% 0D 7k 7 1l
T A M BT, BREEOSEMT, catalpol & &
OB AZWE L. £, HOL ZBH KL HO2 Hit
JERIE D 1 {EAROE RN 50 g LLED TL] (2o

Table. 2 JEIRHR & ALRARIC 0 HI U 7o ARAE

A :HOLAHE (n=3)

Hr SRR AR
JERGH 04 H GAERAR) | HO11600L
FHRIRER 04 H GAERAR) | HO11600S
R 2 A HO11602L
iRNE 27 A HO11602S
NERGES 4 A HO11604L
FHERE 47 A HO011604S
NERGES 6 H HO11606L
FHRIRSE 6 H HO011606S
JEGE 8 A HO11608L
RN 87 H HO011608S
B 10 A (QIEKT) | HO11610L
FIRIRED 107 H GAIERS T) | HO11610S
B:HO02%#%:, HO3ZHE (n=3)
AEAS 0 A GAIERHLS) | HO021600L
FHPRIES 0 A GAIEBHES) | HO021600S
AEARSE 107 HGIERT) | H021610L
JERGH 04 H GHIEBHER) | H031600L
FHRIRSES 0 A GAIERHLS) | HO031600S
JERGES 10 H(IERT) | HO31610L
0.9
e 0.8 é ; -
" - i
0.6
% B 50°c ~4-p0°Cc =d=70°C %

=

Oh

12h 24h

FZIREER (h)

48h

Fig. 3 NNEMEEE, HEEIZ X % catalpol & D ZAL
n=3, Mean = S.E., Dunnett £ LR E,
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THREE ORI (Rl HETT) & 41T catalpol 7 & 3-2 JRTEMERR (R OEEDE, TR E O 4MIl & NI
HIE L= (Fig. 6). HOL ZAT KON HO2 Bt e b, DR
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Table. 3 FIEHE O TEAE O FMAT & IR O & &
MRS « B I (T o F 2 M7+ atiig () +4% 4 X (L:50gllb)

A:HOLFZHE
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. HEEHA (%, wiw), Meant+S.E., n=3

AR SRR %w( ) =

HO11500L 0y A GRIERI) 5529 * 040 4471 £ 040
HO11502L 24 A 51.5 = 3.15 485 £ 3.5
HO011504L 44 H 5621 £ 135 4379 =+ 1.35
HO11506L 64 H 562 = 0.85 438 £ 085
HO11508L 84 H 5734 £ 0.52 4266 £ 0.52
HO11510L 107 A IEST) 5646 * 0.2 4354 £ 072

B:HO2 %4

HeE A (%, wiw), Mean=*S.E., n=3

= i

A HEARIR i ST
HO021500L 0 A GAIEERS) 60.54 * 157 3946 *+ 157
H021502L 27 H 6371 £ 207 3629 + 207
H021504L 4 H 5213 * 348 4787 * 348
HO021506L 6 1 5127 * 280 4873 £ 280
HO021508L 8 A 5575 £ 0.62 4425 £ 062
HO021510L 107 H (RERT)

Table. 4 Rz ) f O TERE OSMAIES & WA ORI AE S catalpol & B D41k

AT G | RE o+ ISR (W) O F 247+l (B) +3% 10 X (L:50 g LLk)

A:HO1ZHE

- - by catalpol & £:(%, w/w), Mean*S.E., n=3
HO11500L 04 H 37 £ 01 | 32 £ 01 | 42 £ 0.1
HO11502L 2/ H 35 £ 02 | 30 £ 02 |41 £ 04
HO11504L | 4+ H 29 £ 01 |26 £ 01 ]33 £ 0.1
HO11506L 6 H 21 £ 02|17 £ 03 ]25 £ 00
HO011508L 87 H 29 £ 02 |23 £ 01 |37 £ 04
HO11510L | 10~ H 1.7 £ 04 |13 £ 03|22 £ 05
B:HO2% M

- S - catalpol & (%, w/w), Mean*S.E., n=3
HO021500L 07 H 46 £ 01 | 45 £ 02 | 48 £ 02
HO021502L 2/ H 40 £ 04 | 37 £ 01 | 44 £ 03
HO021504L | 44 H 32 £ 00| 3.0 £ 00| 34 £ 0.1
HO021506L 6/ H 27 £ 03 |26 £ 03 |28 = 02
HO021508L 84 1 30 £ 01 | 29 £ 00 | 30 £ 03
HO021510L 10 A 27 £ 02
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2016 4F). 2015 “FIXBAAREE 10 o A1 2 e d
% & catalpol & &IE#) 20~50% LCH 0, K
EEK 10% F T LTS (Figs). [RIERIC
2016 413, catalpol & f1IH 35~95% &k L Ty
H—07, KYEEITK 0% FREICEE->TND
(Fig.8). Z D 2 FEDEWE, 2015 IR D JE K
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v, 2015 F XA HL B A, catalpol
Mz B, 2016 Ik EESERMER S
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ZDZ LN b catalpol D3 FRITK S G BN AL
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Effects of planting direction and depth of stolon on the bud emergence and the rooting

Fells A - Bpley AED - R Rz - PR PR - ZHEEEY

VORI ERH R R IS R T e =
T569-1094 KR EMHTARIEIF4T BH20%E 15

2 RS T3 (B RHEEEAEYER
T606-8134 HUAN T ZZ BL X — TR TEAT 2 PNHT 1175 HE

7Y S BB (FR)
T532-0024 KBRTTIEN X+ ZANT2T H17%85%5

Kazuo Ozaki?, Kouju Nozaki?, Motoyuki Nishio?, Yousuke Imoto®, Makio Shibano?

Y Department of Clinical Kampo Medicines, Faculty of Pharmacy,
Osaka Medical andPharmaceutical University,
4-20-1 Nasahara, Takatsuki City, Osaka 569-1094, Japan

2 Takeda Garden for Medicinal Plant Conservation, Kyoto,
11 Ichijoji Takenouchi-cho, Sakyo-ku, Kyoto 606-8134, Japan

% Alinamin Pharmaceutical Co., Ltd.
17-85, Jusohonmachi 2-chome, yodogawa-ku, Osaka 532-0024, Japan

(%ZAffH 12021410 A 25 H /=P H : 2021 411 A 26 H)

2 B

v Z V7 > v (Glyeyrrhiza uralensis Fischer) O EALICHIT /2B fLA & L T,
Z kv OREATT 72 B NS ZE DIEEIZOWTHRF Lz, A b v O & &
LTI, $hE T A 2 & ACEF TR X O W HICB N T H M 80% ML EOEEZ R L7z,
FEAHTEREEIZ DWW T, < 722120 COEHIEFTE B xR 2@Em %R L, 3
AREZ DOVEFE 5 em[X78 345 H LI Th o 7=, B RITIEE 5~15 enDXIZH T 67
~T5% %R Liz. A ha v HEGICHEMN T 2EAOHRS & LTE, MUBRELZSZE L
T10emZHulrE L= (5~15cm) 23@EH) & &z b7z,

¥ —7— K : %, Glycyrrhiza uralensis Fischer, AE{]IJIREE, a8

i
1\%1

, RTEAR



ERtEMZ 43(2)2021F

Summary

The aim of this study was to investigate the planting direction and the depth of the stolon in

the cultivation of Glycyrrhiza uralensis Fischer. The percentage of the nursery plants was more

than 80 2% when the stolons were planted vertically or horizontally. The average number of days

required for bud emergence was the shortest, 34.5 days when stolons were planted at a depth of

5 cm in March. The percentage of the nursery plants were 67 to 75 %

6 at a depth of 5to 15 cm.

Therefore, when considering the external environment, we considered that the planting depth of

stolons in the field should be in the range centered on 10 cm (5 to 15 cm).

Key word : licorice, Glycyrrhiza uralensis Fischer, planting depth, vegetative propagation,

adventitious root
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1. HRBLVOHE
1—1. %
HHEES T () - UMM E G
ERK) Ik W T&EE-Fl RAFL L
Glycyrrhiza uralensis Fischer (7 Z V512> ) @
g m— R THD C2 Fe D (FHE—1)
DA vz AL, FEOBEZR LTI NT A
i N C IR A e L 7.

1—2. 2 +O>OREM AR HZFERERIC
RIFTEE

AR T 2 FRHkE L7z C2 R %
2010 4F 10 A 19 HIZHRY B, R LV A ba v
Z)0 B LTk (5°C) WTIRTE LT, T,
[ 12 H 9 HiZMt2RIE LB D=2 Y
— FaR > b (60X60X60 cm) (ZHEF (M1 T 10 cm)
L7, 3 2 A 24 RIZESH 5 em (URIRFFEZ 2

Fate) TR LZA ez, BEeHEL GRE
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Abstract

Comparative studies were performed to clarify the botanical origins of crude drugs, Salviarum
Radices, such as Danshen (J}2, Tanjin in Japanese), Zidanshen (#8J}2%, Shitanjin),
Hongginjiao GELZ 7L, Kojingyo), commercially circulated in markets of China and Japan,
depending on morphological and anatomical characteristics of the underground parts as previ-
ously reported by comparison with Salvia plants of Lamiaceae (Labiatae), i.e., S. miltiorrhiza, S.
bowleyana, S. sinica, S. yunnanensis, S. paramiltiorrhiza, S. przewalskii, and S. deserta. As our
results, the origins of 54 samples are identified and about a half of Danshen were derived from
the root of S. miltiorrhiza, and a quarter of them were derived from other single species, S. bow-
leyana, S. sinica, and so on. And the remaining quarter of Danshen are found out as the mixture
with S. miltiorrhiza and other Salvia plants: S. paramiltiorrhiza and S. sinica, S. bowleyana.
Hongginjiao and a part of Zidanshen were derived from the root of S. przewalskii. Throughout
our survey on the characteristics of Danshen, most of the cut surfaces were dark brown to black
in color, whereas they were all grayish yellow to yellow in the plant specimens. Furthermore,
intermediate structures were found out in the characteristics of mass of mechanical tissues in
xylem (MTX) between S. miltiorrhiza and S. paramiltiorrhiza, i.e., radial files and fork-shaped
MTX tissues and their mixtures. Their characteristics support the taxonomical view of the treat-

ment of S. paramiltiorrhiza as one of the variety, S. miltiorrhiza var. hupehensis.

Keywords: Salviarum Radices, Danshen, Salvia miltiorrhiza, Lamiaceae (Labiatae), plant
anatomy



Introduction

Salviarum Radices (FFZ2JH/E35 | hereinafter referred
as SR) derived from the underground part of Salvia L.
such as Danshen (f}2), Zidanshen (%§ f+ %),
Hongginjiao GELZJL), are widely used in the system
of Traditional Chinese and Kampo Medicines. Among
them, Danshen is well known one and pharmacopoeial
both China and Japan? ®. In the previous paper?,
comparative study on external and anatomical
morphologies was carried out for the root of seven
species of Salvia plant specimens, i.e., S. miltiorrhiza
(M), S. bowleyana (B), S. sinica (S), S.
paramiltiorrhiza (Pm), S. yunnanensis (Y), S. deserta
(D), and S. przewalskii (Pr) to perform the
characteristics of Salvia spp. as the reference materials.
As a result, they could be distinguished from each other
by their characteristics, such as columnar, fusiform or
conical shapes, red or brown colors, and dense or
sparse textures of the root externally, and such as
distinctive shapes and arrangement patterns on masses
of mechanical tissues in xylem (MTXs), maximum
diameter of vessels in the secondary xylem
anatomically, and so on. Through our field survey in
Chinese and Japanese markets, 54 samples of
commercial SR were obtained, and it was found out
that they varied in color, texture, or diameter. In SR
from markets, Danshen is the most common crude
drugs, and we have been obtained more than 40
samples in the market from 1955 to 2014. And in more
than half of Danshen circulated in markets, their cut
surfaces were found out to be reddish brown to
blackish brown in color, whereas almost all cut
surfaces of the roots of Salvia’s plant specimens were
yellowish to white in color. And crude drugs obtained
after 2014, they tended to be smaller, slimmer, and cut
out into smaller pieces than those obtained during the
20th centuries. Nowadays, Danshen is one of the
important crude drugs which have become
domesticated mostly in China mainland and have been
tried to cultivate outside Asian countries even in
Australia® to conserve natural resources and to satisfy
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the market demand. In such circumstances, botanical
origins of SR were seemed to be complicated, and it is
suggested that still more morphological and anatomical
differences between plant specimens and crude drugs
should be investigated from the viewpoints of
regulatory science and quality controls over crude
drugs, in addition to our former result on plant
specimens. So, in this paper, we have performed the
further morphological and anatomical studies of SR to
clarify the origins and their variations depending on the
previous result by comparison with those circulated in
the markets.

Materials and methods
Crude drug materials

All SR samples are deposited in Museum of Materia
Medica, Institute of Natural Medicine, University of
Toyama (TMPW) or in Kimura Memorial Museum,
Nihon Pharmaceutical University (NPU). They are 42
of “Danshen (J}2),” two of “Zidanshen (455}%),”
one of “Chuandanshen (JI[F}£), " three of “Gansu
danshen (H# F1£),” two of “Xinjiang danshen (3t
92 F12), 7 and four of “Hongginjiao CiLZ70)”
(Table 1) .

Methods

Most of the samples obtained are whole products or
cut ones. Some of them were often cut, pressed, bend
or fold due to external forces during drying,
transportation, preservation, and so on. For external
observation, dried specimens were used. And for
microscopy, dried specimens are sampled and soaked
in water to reconstitute tissue structure. Samples for
microscopy were carefully selected and cut out from
the general ones. Sectioning position of cut out sample
was selected where the root transformed enough from
rhizome to root and is maximal diameter in each
specimen. They were cut into sections about 10 to 20
pm thick after. Sectioned preparations were treated
conventionally for ordinary microscopy as described in

the previous paper?.
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Results
Botanical origins of SR are composed of single
species or mixture with multiple species (Table 1).

Crude drugs derived from single species

Depending on the external morphology of circulated
crude drugs, they are roughly divided into two groups.
One of them consists of root and sometimes with the
small amount of rhizome, such as S. miltiorrhiza, S.
bowleyana, S. sinica, and S. paramiltiorrhiza, and the
other consists of root and rhizome sometimes with the
aerial parts, S. deserta, S. przewalskii, S. sinica, and S.
bowleyana. Results are shown in Table 1 in order of the
number of circulated sample names. Key for
identification is shown in Table 4. General
morphologies and anatomies are mentioned in the
previous results, therefore, detailed differences among
the investigated materials are described. All samples
are supposed to be produced in China (Figs. 1, 2,
Tables 1-3). Anatomical photos of the sections of the
crude drugs derived from Salvia yunnanensis, S.
przewalskii and S. deserta are not shown, since these
species are hardly marketable. The figures of the
sections on the root of three species can be referred in
the previous paper?.

n a2 (E]

5cm

r s TP —
Fig. la Commercial Salvianum Radices circulated in
China and Japan.

Identified botanical origins are A: Salvia miltiorrhi-
za (1. 11420; 2. 5430(yinpian), Danshen); B. S. bow-
leyana (16301, Danshen); C: S. sinica (6864, Dansh-
en); D: S. paramiltiorrhiza (1. 8901; 2. 17480, Dan-
shen); E: mixture of S. bowleyana and S. sinica
(16933, Danshen); F: S. yunnanensis (16948, Dansh-
en); G: mixture of S. bowleyana and S. paramiltior-
rhiza (17507, Gansu danshen); H: S. przewalskii (1.
76 (Danshen); 2. 11530 (Honggingjiao)); | S. deser-
ta (16569, Xinjiang danshen). Sample numbers of
TMPW are shown in parentheses.

-~ LY . la = la =

Fig. 1b Commercial “Danshen” derived from the underground and basal parts circu-

lated in Anhui, China.

Identified origin is Salvia sinica (17481).
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Table 1. Collection data of commercial Salviarum Radices and the botanical origins according to our result.

Name of Place and Market obtained Date Sample No. Botanical
crude drug (produced area) origin
Wingtaihong medicine company Ltd., Dec.,1972 4303 M
Hongkong (unknown)
Kiushun ginseng and pilose antler Nov.,1986 5430 M
trading Ltd., Hongkong (unknown)
Hehuachi Chinese Materia Medica Market,  Sep.,1995 16305 M
Chengdu, China (Sichuan, China)
Tochimoto Tenkaido Co., Ltd., Osaka, Feb.,1990 10801 M
Japan (unknown)
idem (unknown) Jul., 1991 11420 M
idem (unknown) Dec., 1996 16950 M
Uchida Wakan-yaku Co., Ltd. Dec.,1996 16949 M
Tokyo, Japan (unknown) May, 2004 2004270* M
May, 2008 101* M
idem (Sichuan, China) Apr., 2009 102* M
idem (Sichuan, China) Aug., 2003 106* M
idem (Sichuan, China Jan., 2006 107~ M
idem (China) Sep., 2008 108* M
idem (Sichuan, China) Feb., 2009 109* M
idem (Sichuan, China) Jun., 2009 110* M
idem (Sichuan, China) Jul., 2014 116,117,118* M
idem (Shandong, China) Jul., 2014 119* M
Ouguolian, Taizhung, Taiwan. 2007 2007040* M
Danshen Hehuachi Chinese Materia Medica Market,  Sep.,1995 16173 B
(f#2) Chengdu, China (Hebei, China)
idem (sichuan, China) Sep.,1995 16301
Xian Materia Medica Market, Xian, China May, 1994 13914 B
(Shanxi, China)
Uchida Wakan-yaku Co., Ltd. unknown 104* B
Tokyo, Japan (Henan, China)
_idem (Shandong, China) ~~~ Jul,2009 111* B
Yangtian medicine gathering and providing  Aug., 1998 17481
company, Qingyang county, Anhui, China
(Anhui, China)
Aksu Medicine Company, Xinjiang, China Jul., 1987 6864 S
(unknown)
Uchida Wakan-yaku Co., Ltd. Jul., 2014 115* S
Tokyo, Japan (Shandong, China) .
Tochimoto Tenkaido Co., Ltd., Osaka, Mar.,1988 8901 Pm
Juhua Vil. street stal, Kunming, Oct.,1996 16948 Y
Yunnan, China (unknown)
Beijing Medical University, Beijing, China Mar, 1981 76 Pr
(Gansu, China)
Mongolian medicine gathering and Jul., 1994 15193 Sand B
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providing company, Hohhot, Inner Mongolia,

Hehuachi Chinese Materia Medica Market, Jul., 1996 16933 SandB
Chengdu, China (Sichuan, China)
Uchida Wakan-yaku Co., Ltd. Dec.,2005 105* Sand B
Tokyo, Japan (Henan, China)
Mikuni Ltd., Osaka, Japan(unknown) Oct., 1955 7509 Mand Pm
Uchida Wakan-yaku Co., Ltd. Apr., 2007 103* M and Pm
Tokyo, Japan (unknown) May, 2004 2004271* M and Pm
______ idem (Chin . Jul,2014 = 120,121* = MandPm
Tochimoto Tenkaido Co., Ltd., Osaka, unknown 77 S and Pm
Japan (unknown)
idem (unknown) Dec., 1996 16951 S and Pm
Yulum medicine company Xinjiang, China Mar., 1994 15481 S and Pm
(unknown)
Zidanshen Tangchi medicine gathering and Aug., 1997 17480 Pm
(%F12) providing logistics company, Shucheng
Anhui, China (Anhui, China)
Zhengyi Chinese medicine Company, Nov., 1985 3107 Pr
Kunming, Yunnan, China (unknown)
Chuandanshen (JIIf#%)
Wingtaihong medicine company Ltd., Dec., 1974 55 MandY
Hongkong, China (unknown)
Gansu danshen (H#EFfS)
Imported by Alps Pharmaceutical Ind. Co.,Ltd. unknown 17505 Pm and B
Gifu, Japan (China) 17506 Pm and B
17507 Pm and B
Hongginjiao ($I& )
Hehuachi Chinese Materia Medica Market, = May, 1990 16173 Pr
Chengdu, China (unknown)
idem (unknown) Oct., 1991 11530 Pr
idem (Sichuan, China) Aug., 1996 16988 Pr
idem (Sichuan, China) Mar., 1998 18267 Pr
Xinjiang danshen (#iEfS)
Circulated in Xinjiang market, Imported by Oct., 1994 15403 D
Alps Pharmaceutical Ind. Co.,Ltd., Gifu
Japan (unknown)
Tianshan Pharmaceutical Ltd. and Sep., 1995 16569 D

imported by Alps Pharmaceutical Ind. Co.,Ltd.,
Gifu, Japan (Xinjiang, China)

Abbreviations are corresponding to, M: S. miltiorrhiza, B: Salvia bowleyana, S: S. sinica, Pm: S.
paramiltiorrhiza, Y: S. yunnanensis, Pr: S. przewalskii, D: S. deserta.

Samples are deposited maily in Museum of Materia Medica, Institute of Natural Medicine,
University of Toyama, and partly deposited in Kimura Memorical Museum, Nihon Pharmaceutical
University*.



Table 2. Morphological Characteristics of “Salviarum Radices” depended on the identified species.
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Identified Species S. miltiorrhiza S. bowleyana S. sinica S. paramiltiorrhiza ~ S. yunnanensis  S. przewalskii S. deserta
as the result*
Part of use root root often root often root rarely root often root sometimes root, rhizome
with rhizome with rhizome with rhizome with rhizome  with rhizome  with stem residue
and aerial part
Shape columnar columnar, twisted columnar columnar, fusiform long conical  columnar to long long conical
somewhat bent somewhat bent often curved bent, twisted or fusiform conical, often often twisted
slightly twisted
Whole length(cm)** 1-16 7-23 1-18 7-15 4-7 5-26 8-22
Length of root parts(cm) 1-16 7-21 1-14 5-14 3-6 5-22 5-18
Width(mm) 2-11 3-17 4-7 4-15 5-9 10 - 36 12-18
Number of lateral roots O(trace) 0-5 1-12 1-2(trace) 1-3 1-3 1-2
Amount of - - * + + + ++
adventitious roots
Surface wrinkled, wrinkled, wrinkled, wrinkled wrinkled wrinkled, rough, rough, partly
texture slightly rough slightly rough slightly rough slightly rough slightly rough  torn into strings  torn into strings
Color red, vermillion reddish brown  light brown, purple  vermillion red red - reddish brown dark brown-
- reddish brown - brown red —dark purple red - reddish brown brown -dark brown pale ash brown
Cut surface
texture fleshy, solid, fleshy, somewhat fleshy, somewhat fleshy, highly fleshy, dense rough, right woody,
highly dense sparse to dense sparse to dense, solid  dense, solid solid sparse somewhat sparse
color reddish brown - dark reddish brown - grayish white  reddish brown-dark yellowish white, yellowish white yellowish white-
brown, rarely yellowish  brown, or grayish - yellowish white, brown or yellowish  partially brown - yellow grayish white

white to grayish white white-yellowish white partially brown white to grayish white

* Plant species are shown in the order of the number circulated sample names and their origins. ** Values are shown in whole length including roots, rhizomes and
aerial parts.
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Table 3. Anatomical Characteristics of “Salviarum Radices” depended on the identified species.

Species Identified Salvia S. S. S. S. S. S.
Anatomically miltiorrhiza bowleyana sinica paramiltiorrhiza ~ yunnanensis przewalskii deserta
Anomalous cambium — — — — — + —
Secondary cortex:
Lysigenous intercellular space — — =+ — — + =+
Sclerenchyma cells =+ — + =+ —#) — +
Vascular bundle:
Vascular cambium: outline flat flat-convex flat convex-flat flat convex-flat  convex-flat
(-concave)
Secondary xylem
Maximum number of the
mass of secondary thickening  13-25 6-10 8-24 4-30 4-20 9-11 6-10
(MTX* tissues) ) o ) ) ) ) ) ) ) ) )
) radial and periodic, ~ radial and continuous radial and united radial and united radial and tang. small radial ~ tangential
Type of MTX tissues sometimes with tangential united in contact in sec.xylem in sec. xylem _connected masses masses
(shape) expansion in sec. xylem  with pri. xylem (Y. birdfoot, and V)  (fork, linear) in sec. xylem (forming (sector)
(linear) (wide linear, V, overlapped V) (linear) tangential arc)
Interxylary cork — - — — - + —(+)
Growth ring structure —(+) — — =+ — + +
Vessels
Arrangement of large vessels  radial radial tangential mostly radial tangential tangential  mostly radial
rarely tangential and radial ~ sometimes tangential ~ and radial rarely tangential
Maximum diam.(um) 60-90 50-90 55-130 60-120 50-60 90-140 62-128

Sec. xylem: secondary xylem, Pri. xylem: primary xylem. * MTX is the abbreviation of “mass of mechanical tissue in xylem” through this article.



20 samples of “Danshen” derived from S.
miltiorrhiza (Figs. 1a-A, 2-A)

External morphology: Specimens examined are
derived from roots. Roots are columnar and slightly
bent in shape, slightly rough and axially wrinkled.
Samples are snap off easily. They are one to 16 cm in
length and two to 11 mm in diameter. Branched roots
are mostly cut off, so it is difficult to distinguish
between main and lateral roots. All roots are red or
vermillion to reddish brown in color. Cut surface is
reddish brown to dark brown mostly, yellowish white
to grayish white rarely in color, fleshy, solid and highly
dense in texture and sometimes contains fibrous tissues.
In longitudinally pressed and sliced “Yinpian (& /")
samples (TMPW 5430, NPU 2007040),” secondary
cortex is reddish brown in color in section, otherwise
xylem is blackish brown.

Anatomical morphology: Sclerenchyma cells are
sometimes observed in the secondary cortex in certain
specimens. Outline of the vascular cambium is flat. In
secondary xylem, certain masses of mechanical tissues,
consisting of tracheary elements, thick-walled
parenchyma and xylem fibers, are observed. As
previously reported?, we tentatively called it MTXY,
mass of mechanical tissue in xylem. MTX tissues
(hereinafter referred as MTXs) form radial and periodic
files with linear or broad linear shapes. They often
expand tangentially in the secondary xylem sometimes
forming concentric rings like growth ring structure.
Maximum numbers of MTXs are 13 to 25 near the
cambium. Vessels scattered within the MTXs.

5 samples of “Danshen” derived from S. bowleyana
(Figs. 1a-B, 2-B)

External morphology: Specimens examined are
derived from roots often with a small amount of
rhizome. Roots are columnar, twisted and sometimes
somewhat bent in shape, slightly rough and axially
wrinkled. Samples are not easy to snap off due to their
flexibility. They are seven to 23 cm in length with
rhizome and three to 17 mm in diameter. Lateral roots
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are mostly cut off with slight traces. All roots are
reddish brown to brown in color. Cut surface is reddish
brown to brown or grayish white to yellowish white in
color, fleshy, somewhat sparse to dense, and solid in
texture. Fibrous bundles and/or hollows are observed.
Anatomical morphology: Sclerenchyma cells are
absent. Outline of vascular cambium is flat to convex.
In secondary xylem, MTXs form radial and continuous
files. They are six to 10 in number near the cambium.
Each file forms wide linear to band shape. In some of
the MTXs, V- shaped ones and radial ones often unite
and form V- or overlapped V-shaped MTXs in contact
with primary xylem.

3 samples of “Danshen” derived from S. sinica (Figs.
la-C, 1b, 2-C)

External morphology: Specimens examined often
contain basal and aerial parts of the plant body. Those
parts are up to four cm in length. Roots are slender,
columnar, and often curved in shape, slightly rough,
axially wrinkled, and branch well near the base. They
are one to 14 cm in length and four to seven mm in
diameter. In whole specimens, branched lateral roots
are well retained and are up to 12 in number, and light
brown or purple red to dark purple red in color. Cut
surface is and grayish to yellowish white with partially
brown in color, often contains fibrous bundles, and
somewhat sparse to dense and solid in texture.
Anatomical morphology: Sclerenchyma cells are
sometimes observed in the secondary cortex in certain
specimens. Lysigenous intercellular spaces are
observed with accompanying wound cork layers, which
sealed the intercellular spaces (No. 6864, 115).
Moreover, there is another sample having lysigenous
intercellular spaces with no cork layers (No. 17481).
Outline of vascular cambium is almost flat. In
secondary xylem, some files of MTXs unite together so
that the MTXs are forming Y, bird foot (overlapped Y
shape), or V shapes.
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A: Salvia miltiorrhiza (2004270*); B: S. bowleyana (105*)
C: S. sinica (105*); D: S. paramiltiorrhiza (2004271%).
Scales corresponded to 0.5 mm in each picture. Samples are
deposited in NPU*.

Abbreviations; ¢: cambium, cse: secondary cortex, k: cork,
phse: secondary phloem, sc: sclerenchyma cell, v: vessel
member, xpr: primary xylem, xse: secondary xylem.

1 sample of “Danshen,” and 1 sample of
“Zidanshen,” derived from S. paramiltiorrhiza (Figs.
la-D1,2, 2-D)

External morphology: Specimens examined are
derived from roots, rarely with rhizome in trace
amounts. Roots are columnar or long fusiform and
somewhat bent, slightly and twisted in shape, slightly
rough and axially wrinkled. They are five to 14 cm in
length and four to 15 mm in diameter. Lateral roots are
mostly cut off with slight traces. All roots are
vermillion red to reddish brown in color. Cut surface is
reddish brown to dark brown or yellowish white to
grayish white in color, fleshy, highly dense, and solid
in texture. Some fibrous bundles are observed.
Anatomical morphology: Sclerenchyma cells are
sometimes observed in the secondary phloem. Outline
of the vascular cambium is convex to flat or partly
concave. In secondary xylem, MTX forms radially
linear files to show a linear shape, and two to four files

of them united in the middle of secondary xylem to
show fork-shape. In the furcal part of the fork-shaped
MTXs, vessel members arranged tangentially. Some of
the MTXs also unite together near the cambium. In this
way in one cross section, four to 30 of MTXs arrange
radially, and each MTX has large one radial mass or
two to four united and fork-shaped MTXs sometimes
with further branches near cambium. Larger vessels
tend to be aggregated in the furcal part of the
fork-shape.

1 sample of “Danshen” derived from S. yunnanensis
(Fig. 1a-F)

External morphology: Specimens examined are
derived from main roots often with some rhizome
residues accompanying smaller roots. Roots are
slender, long conical, fusiform, and slightly bent in
shape, slightly rough and somewhat axially wrinkled.
Samples are hard to snap off. They are four to seven cm
in length and five to nine mm in diameter. All roots are
red to reddish brown in color. Cut surface is yellowish
white with partially brown in color, fleshy, dense and
solid in texture. And fibrous bundles are often
observed.

Anatomical morphology: Sclerenchyma cells are
usually absent or are occasionally found out a certain
amount. Outline of vascular cambium is almost flat.
MTXs are developed in forming radial linear files,
sometimes connected tangentially in secondary xylem,
and partly adjacent to cambium. Vessels are small and
measured as 50 to 60 . m in diameter in secondary

xylem.

1 sample of “Danshen,” 1 sample of “Zidanshen,”
and 4 samples of “Hongqginjiao™ derived from S.
przewalskii (Fig. 1a-H1,2)

External morphology: Specimens examined are
derived from main roots sometimes with rhizomes and
smaller roots. Roots are columnar or long conical in
shape, often twisted, rough and torn apart axially.

Inside of the large main root, smaller root strings are



observed. Samples are relatively hard and rough, and
easy to separate axially into strings, and sometimes
broken into smaller root masses by external force. They
are five to 26 cm in length and 10 to 36 mm in
diameter. All roots are brown to dark brown in color.
Cut surface is yellowish white to yellow in color, and
sparse in texture with hollow and clefts.

Anatomical morphology: Within secondary cortex,
ordinary cork layer arises and surround whole root in
the outermost part. Sclerenchyma cells were absent. In
secondary xylem, interxylary corks develop within the
secondary xylem. The ordinary cork and the interxylary
cork combine together and surround one or more
vascular bundles forming several rings. In each xylem,
xylem parenchyma tissues are relatively so thin that
tracheary elements form small radial mass of MTX. In
the bigger samples, separated several vascular bundles
are observed in one section, and surrounded by the cork
rings. And in the smaller ones, vascular bundles are
separated into smaller root strands. VVascular bundles
surrounded by cork rings arrange tangentially in arc
form. Outside of the cork rings, hollows and lysigenous
intercellular spaces are observed.

2 samples of “Xinjian danshen” derived from S.
deserta (Fig. 1a-1)

External morphology: Specimens examined are
derived from roots and rhizomes mostly with some
amounts of stems and basal parts with leaf residues.
Rhizomes are well developed, and stems are remained
one to four cm in length. Roots are long conical in
shape and often twisted. Samples are not easy to snap
off due to fibers. They are eight to 22 cm in whole
length and 12 to 18 mm in diameter. Root parts are five
to 18 cm. All roots are dark brown to pale ash brown in
color, slender and rough in texture. Periderm
sometimes easily scales off. Cut surface is yellowish
white to grayish white in color. Highly fibrous bundles
are observed. Vessels are visible as small pits.
Anatomical morphology: Sclerenchyma cells are
usually observed in the secondary cortex. Outline of
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vascular cambium is convex to flat. In the secondary
xylem, MTXs develop extremely. Large vessel
members arrange concentrically, as they were a ring
porous wood forming six to 10 of sector shaped MTXs.
The increments seem annual growth rings in xylem,
obviously. Vascular bundles are often torn, and wound
cork and interxylary cork layers may surround MTXs

in ray of the secondary xylem and xylem parenchyma.

Crude drugs of plant mixtures derived from two
species of Salvia plants

Some of the samples are found to be the mixtures of
two species of Salvia plants. Most of them are derived

from S. miltiorrhiza and other species.

5 samples of “Danshen” derived from S. miltiorrhiza
and S. paramiltiorrhiza

Samples are long fusiform or columnar in shape. Some
of the cut surfaces are rarely fibrous and the others are
highly fibrous through a magnifier. Anatomically, few
MTXs are found out in the former, and radially
arranged | and furcal shaped MTXs in the secondary
xylem in the latter. Vessel members are in 60 to 100 1
m in diameter. Depend on these characteristics, they are
found to be the mixture of the root of the S. miltiorrhiza
and the S. paramiltiorrhiza. However, both furcal
shaped and | shaped MTX’ s are also observed in
some samples (NPU 120, 121).

1 of “Chuandanshen” sample derived from S.
miltiorrhiza and S. yunnanensis

Sample with columnar roots are identified anatomically
and derived from S. miltiorrhiza. But another long
fusiform or long conical roots are also obtained. There
are T or | shape fiber bundles through the magnifier in
the cut surface. Moreover, the outlines of vascular
cambia are almost flat. Vessel members are small in
diameter in ca. 60 1« m. Depending on these anatomical
characteristics, the origins of this crude drug are
corresponded to the mixture of roots of S. miltiorrhiza

and S. yunnanensis.
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Table 4. Key for the identification to determine the botanical origin of commercial ““Salviarum Radices.”

1. Crude drugs consist of root, sometimes with the small amount of rhizome.
2. Sclerenchyma cells rarely observed in the secondary cortex.
3. MTXs (masses of mechanical tissues in xylem) are observed, but the thick-walled
parenchyma is not always developed.
4. MTXs form radial and periodic files, and sometimes expand tangentially.
S. miltiorrhiza
4. MTXs often combine and unite each other in the secondary xylem.
5. MTXs form fork V or Y shape
S. sinica
5. MTXs form radial files, and sometimes combined together.
S. yunnanensis
3. MTXs are observed together with well-developed thick-walled parenchyma
6. MTXs form linear files and fork shaped ones in the secondary xylem.
S. paramiltiorrhiza
6. MTXs often unite and contact with primary xylem and sometimes unite again in the
secondary xylem forming V shapes.
S. bowleyana

2. Screlenchyma cells often disperse in the secondary cortex.
7. MTXs often form radial files, and sometimes combined together.
S. yunnanensis
7. MTXs develop obviously forming large mass. Large vessels arrange concentrically.
Interxylary cork is rarely formed.
S. deserta
1. Crude drugs consist of root and rhizome, and often with the residues of the aerial part.
8. Root is often torn apart.
9. Screlenchyma cells often observed in the secondary cortex. MTXs develop obviously
forming large mass. Large vessels arrange concentrically. Interxylary cork is rarely formed.
S. deserta
9. Screlenchyma cells rarely observed in the secondary cortex. MTXs develop poorly.
Interxylary corks and anomalous cambia are obvious.
S. przewalskii

8. Root is rarely torn apart.  Screlenchyma cells rarely observed.
10. MTXs often unite and form fork V or Y shape in the secondary xylem.
S. sinica
10. MTXs often unite and contact with primary xylem and sometimes unite again in the
secondary xylem forming V shapes
S. bowleyana




“Danshen” samples derived from the mixture of the
roots of Salvia spp., except S. miltiorrhiza

According to the external morphology, samples look
similar each other. Their botanical origins are identified
anatomically to be derived from S. bowleyana, S.
paramiltiorrrhiza, S. sinica. They are proved to be
derived from the mixture of S. bowlayana and S. sinica
(TMPW 15193, 16933(Fig. 1a-E), NPU 105), S.
bowlayana and S. paramiltiorrrhiza (TMPW 17505,
17506, and 17507(Fig. 1a-G)), and S. paramiltiorrrhiza
and S. sinica (TMPW 77, 15481, 16951).

Results and discussion

Depending on the previous results?, botanical origins
of commercial samples of SR are proved to be derived
from the root of several species of Salvia plants. Most
of the samples are derived from single origin, but
others are from multiple origins.

In detail, the botanical origins of commercial crude
drugs circulated in China and Japan are clarified as
described in the followings. Danshen (} %) :S.
miltiorrhiza (20, Hereafter, a number of commercial
samples are shown in parentheses), S. bowleyana (5), S.
paramiltiorrhiza (1), S. sinica (3), and S. yunnanensis
(1) consisting of single species. And samples derived
from mixtures of multiple origins are found out, such
as; S. bowleyana and S. sinica (3), S. miltiorrhiza and
S. paramiltiorrhiza (5), and S. paramiltiorrhiza and S.
sinica (3). Zidanshen (¥£F}%) ;S. przewalskii (1)
and S. paramiltiorrhiza (1). Chuandanshen (JI|/}£)
; the mixture of S. miltiorrhiza and S. yunnanensis (1),
Gansu danshen (HH# fF2£) ; the mixtures of S.
paramiltiorrhiza and S. bowleyana (3), Xinjiang
danshen CHTE,}2) ;S. deserta (2), Hongginjiao CHL
ZEJ1) ; S. przewalskii (4). (Table 1). Key for identifi-
cation is shown in the Table 4.

In the previous paper?, it is described that the cut
surface on the root of the plant specimen is always
grayish yellow white to white in the secondary cortex
and light yellowish white to white in the xylem.
However, more than a half of commercial “Danshen”
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samples assumed reddish brown and blackish brown
throughout their cut surface. Such blackening is also
mentioned in the present Chinese and Japanese
Pharmacopoeia®®. It is suggested such commercial
“Danshen” samples circulated in markets presumed to
be chemically influenced and turned their color by
conditions through preservation or drying processes.

In this paper, results are shown by comparing with
crude drugs circulated in China and Japan, independent
from the plant specimens. As the number of sample
materials increased comparing with the previous paper,
most of the measured values have a slightly wider
range of values than the previous paper?. Crude drugs
often cut into pieces to be able to handle them simply,
so the length of the roots is shorter than the previous. In
most cases, the distal ends and the rhizome parts are cut
away from the whole plant of Salvia spp. Therefore, the
results here shown in tables may reflect current and
practical situations in markets. And after 2000, we
found out 16.7% of Danshen derived from
inappropriate origins.

Furthermore, some samples are considered to be
derived from grown wild materials, while other
samples are considered to be derived from cultivated
ones. In addition, the other samples had both wild and
cultivated properties. From the viewpoints of the
regulatory science, it seems that data on crude drug
materials from wild and cultivated ones are necessary
to be considered separately. For example, if the MTXs
are linear in crude drugs of Danshen, the origin can be
correctly recognized as derived from roots of S.
miltiorrhiza, depending on the previous resulty. And
MTXs in Danshen seemed to be corresponded to
“vessel lines” described in Japanese pharmacopoeia.®
But united vessel lines were not observed in S.
miltiorrhiza. After further observation by comparison
of crude drugs, such united vessel lines well correspond
to MTXs in S. paramiltiorrhiza, and both radial files of
MTXs and fork-shaped MTXs are observed in crude
drugs derived from the root of S. paramiltiorrhiza in
some samples of crude drugs, i.e., Nos. 120 and 121
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(Table 1).

According to Li and Hedge®, S. miltiorrhiza var.
hupehensis E. Peter is classified as the synonym of S.
paramiltirrhiza®". As our result, the morphological and
anatomical characteristics of the roots of S.
paramiltiorrhiza and the crude drug derived from this
species are similar to those of S. miltiorrhiza. As
mentioned in the previous®, the distinct difference
between two species is the presence or absence of the
fork-shaped MTXs in the plant specimens. Through our
experiment, the mixture of roots of S. miltiorrhiza and
S. paramiltiorrhiza are also found out from the
circulated materials. The results probably support that
S. paramiltiorrhiza might belong to the variety of S.
miltiorrhiza.

Recently, Li® and Wang® analyzed the internal
transcribed spacer (ITS) region of nuclear ribosomal
DNA (nrDNA) and maturase K gene (matK) of
chloroplasts in several kinds of Salvia spp. 14
accessions of S. miltiorrhiza and 4 accessions of S.
paramiltiorrhiza, including both ITS and matK region
registered with GenBank, were compared respectively
to understand whether infraspecific and/or interspecific
differences are confirmed or not. According to their
results, the relationship between S. miltiorrhiza and S.
paramiltiorrhiza was indicated to be closely related
each other depending on the ITS sequences by
differences of only two bases comparing with those
accessions. On the other hand, in matK sequences of S.
paramiltiorrhiza, their sequences in 2 accessions of S.
meiliensis and part of S. bowleyana completely
corresponded to those of S. paramiltiorrhiza's. Thus, S.
miltiorrhiza and S. paramiltiorrhiza could be treated as
closely related species each other. But their
taxonomical status as an independent species is still
obscure.

Morphological and anatomical identifications can be
contributed to exclude the obvious adulterants such as
S. przewalskii and S. deserta, however, such methods
are limited in their accuracy in evaluating the botanical
origin of Danshen. So, it is also necessary to confirm

taxonomical status between S. miltiorrhiza and other
Salvia species by other solutions such as identification
by genetic methods.

Furthermore, from the viewpoints of Chemistry,
tanshinone I1-A and cryptotanshinone, which are
well-known Danshen’ s chemical compounds, were
isolated from S. przewalskii'®. However, some different
abietane diterpenoids were also isolated from this
species. Even in S. miltiorrhiza, cytotoxicity is reported
from arucadiol derivatives'V. And it is reported that the
root of S. deserta can be mixed in Danshen in case of
short supply*?. In this way, since Salvia plants contain
many kinds of ditepenoids, steroids and other
compounds, the botanical origin of Danshen have to be
taken care and carefully controlled.

Salvia species are distinguishable by morphologies on
flowering organs, such as colors, shapes, and clefts in
petals and sepals>®. Therefore, correct identification of
S. miltiorrhiza may contribute to its safety for health,
and it is necessary to be careful to avoid introducing
wrong species when we plant seeds and seedlings.
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2 B

N R U A7 b Aconitum carmichaeli Debeaux 1R & L < 1XFEH 72 A5 H % I 77,
TR 70 Mk CHkRE 35 & EFRITHESS ZHUSHE 2 BIR - BEFERFEAE Lod v, ARAFSE
TIEFEANT MU AT MR CTRAET DHE, UK, fhiEoRE A B E LT, AJIIRT
HEOEFTRNHELZ T L, b & B0k CE IR & ERE 9 5 5 0 i &
EEBRB LIz, ~NF MU BT MR L, WE - BUR - MR B DO B AR
ELTREHREOHBEZFE LT L 25, BEKROFEIGIX 6 Afns 7 A TRICH
JCRELIEF LA, £, 7H D 8 A FAICIUHEER 3 812531 TITV, IR
LTV AT AT NI InA R (BDA) G 3 MOAFHMEZ LI 25, INER
& BDA X7 HIZHIETHY, 8 H FANCHMMNIEHE Th-o7-. 1 BRH7- 0 OIUERIT
8 HUNHETHINT 2723, thbEZFMET H7-0121X 7 AEREWEBbid. FRIC,
7 Ao ERIEY & TRNEY CTIROBBEEA(LD/ NS holoZ L, INHERFNIL 7
HEARBRWEEZ OND. S OICHEELZERET 57200 FERE LT, EMT L
FHEOBEWCLDIAEFTEBRLZEZA, 5~9g OEFEEHEHT L 2 & THRESKD
BENM L. U bXy, EHIZIE 5~9g OFEFEAMHA L 7 A LaICIN#EST 5 Z &
IZEoT, tEEDY 27 ZERET 5 Z ENAERRICRD EE X BILD.

Abstract

Aconite (Aconitum carmichaeli Debeaux) prefers cool or cold growing areas, and is prone to
disease, lodging, and withering when grown in warm areas. To avoid disease, lodging, and
withering in aconite plants in summer, we investigated aconite growth in summer to determine
the optimum harvest time and the optimum weight of mother tuberous roots for planting in
Ishikawa Prefecture. The percentage of healthy plants that showed neither disease, lodging, nor
withering was markedly decreased from mid-June to the end of July. In addition, we carried out
three harvests from early July to late August, and found that the total yield and the contents of
three kinds of aconitum diester alkaloids (BDAs) in daughter tuberous roots slightly increased in
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July and significantly increased in late August. The yields of plants harvested in August

increased, and harvesting in July seemed to be a good way to avoid withering. In particular,

harvesting in early July was appropriate because the weight change of daughter tuberous roots

was small between early and late July. Furthermore, we examined plant growth using mother

tuberous roots having different weights, and found that the percentage of healthy plants

improved when mother tuberous roots weighing 5-9 g were planted. The results indicated that

the use of mother tuberous roots weighing 5-9 g and harvesting in early July reduced the risk of

withering.

Key words: Aconitum carmichaeli, cultivation, plant growth, aconitum diester alkaloid, mother

tuberous root
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IVFEREIIT 9 H~10 H B —AN7E13 7, Fox i3hh
FEEE DR LR X 0 gC IR i 5 = L T2
NONERETE 5 LB 2, RHIEZ R LT-.

1D F9, ENTERICIHEST DEMB RN
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ABEL, IWHETHZENAREICRD EEZ DD,
L2aL, HEOANEEEISALE T 5 )AL
FNTHARTITHIEREDNRES B 5720, H
RENTHICRBRIEZITOMLER’D D, 2
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P9 ClE, 1) TIEE LN A2 ST EF 0
INHEBEZALNCTEZE2HMELTEZERD 3
Rl T MU 7 MR L, IR & 7R
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FEZHE LT, BEFEO 3 B CUHE L 72 R
OEBRTREERE L. &5, Wro:H
RS E LTIV AT AT AL R (LT
BDA) 7 a=F>, AV a=Fr, b/a=F
VREBMLNTEY, IhLIZOWTERSH
ZER L, RIS OMEICE 2 DY
et L7z,

3) INFETOHENET, NF RIS T M E
FohE U7 BRIS/N S WS IIAESE A D 220 M ) & o
L7cZ &b, EMTLIEFEORESITE - TA
SWHFEREZOAEFRNIGEICHAH ThH 2 mThe
HENRBEZBND. LoL, MEORE JLHET
XHLTIROBERICEEELFEZXHZ ENRMBATY
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INHE L 7= 855 OINERITEICRFNBLETH S.
Z ZCARMIZE TIL RN (T L 72 F OB E A
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1. EERMH

FERRE - WP s SRR - SR R RS
¥k Aconitum carmichaeli Debeaux T& ¥, —#%1Z [~
FTRUBT N EBRENTVDEHOTHD. Zh
O ORRITH ERIE R R & S 2 sk PR A1k &
FARFETH L. FEXINDLOERLLER 3 22
L, FIRADPEDIZ2RTHIETEHRREEND
TERBRIRFM 2 B (2 KRB DT o 7.
GIHT I o T AT AR R [ BRI JE I R Oy
TP RBIRE STV D,

[F 457+ 4RO B O f R SR B e 5 A
RN (B A 7 XA BEEGHRKD)

2. EBRAE&E
1) BERICH T 2BLHEBOHRE

FRAIX 2019 AF L& 2020 AFOEZFEICHER L7z, 1
RN C L7k, FEMRE 20cm TS 40cm @
250 % &L, 2018 4211 A 30 HIZAF RU BT
kN OFEY 240 HZEM L7~ EEIX 10a H7-0
N-P-K % Z 124 150 kg-150 kg-150 kg i L, 18
fEE LC10a H7-9 N-P-K ZZE4 1kg-1 kg-1
kg e L7z, 9@ « UK « BB A b Wik s
f4kk & L,20194£6 H 14 H,7 H23 H,7H 31 H,
8 A 26 HICHEYIZI 1T HERIROEIS 2 i L.
24 HX 2019 4F 12 A 10 HIZ 10 ~ 19 g OFEYE 21
EZEML, 1 4H LEFEOMAEL 2020 4 4 A
12H,5H21H,6129H,7) 16 HIZHEE L7=.
Z#ZL LT, 4 A~ 8 AIZBIF 28 iio H B
AR & BRIRIRSIR, BRIAFREAKRE (2019 4R
& 2020 )W A X 1 IR

2-1) RFERFEADRET

WAL C L7-%%, FKME] 20 cm T4ef] 40cm @ 2 4
iz &L, 20184511 A 30 HIZANF MU BT~
FEYE 540 {2 ERE L7=. FEARIX 10a 720 N-P-K
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1. 4 A~8 BIZHBT HaRTD HI

K 1) X,

L HBEARSIR, ABIAFHE KR (2019 4 & 2020 4).

AR E OFTARIL 2019 42 410 (6 14 H, 7H23H, 7H31H, 8HA26H), 2020 4|

48] (4 A12H, 5A21H, 6 429H,

% %1 150 kg-150 kg-150 kg i F L, BAE &
LT 10a 7Y N-P-K ZEi £ 1kg-1kg-1kg
M L7z, s - IR « FEFER S BE A f
BREEL, BEFEDOIWRFHELT201947H 2 A,
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2 15 BRI OUNHE L, THRZ4 L Tl Lok,
ONFIRZRELZ. 2R BIiZo0NT, BRI Lics
THREFEL, 1 HH7-0 OHEREL 1 b0
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WrE, 29 U EOTREE 1 kb7 ORTIR
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bt L<ix20g L EoFiRESEE LTHEL

7H 16 H) ki L7=.

7. 72, THREZHEET 2~4g, 5~9g, 10~14
g, 15~199g, 209 LA E® 5 DIZXR L CEER T
REAEF L, IHER Tl L7,

2-2) LC-MS (2L % BDADEE""™

2-1) TULHE, e L= FRON, 7o
XH X 2R T25HIT, o+ 25 FREED
#PHIZ 14~289 & L7, BUBHIREE - AL 728
K 250mg ZAEEICEY, K 1L5mL TR L.
TUoE=TRIK05mML & =T L= —F L 10 mL
T 30 SroEE At A 3 Bk L%, afhit
WREED TR ZRITEE 5 L-. %% MeOH
20mL TAAT v 7L, 50 7R L=, MR
#% 1350 uL & 100 pM (ZF%Y L 7= Caffeine (ROl
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TS w0 pL ZRAE L7 Az
OMEAHBME LT). ZO%#HK % 13000 rpm, 5
min .00 B L 72 %, RIS EREHER & LT,
UPLC-MS TBDA3fli (7 a=F >, AHa=F,
boNa=F ) BERESH L. E&SHTici3st
R BRI L, BEEME & LT BDA EAE
EME (8L7 0 v AFehisEgRA St 24
L, EREMER L OFa=Fr:y=
718137x - 516.01, r?=0.9997, A =za=F > :y=
440389 x - 509.53, r2=0.9994, B Nz =F 1y=
1061766 x + 756.04, r2=0.9995). LC/MS 7> #T &
W I FO®Y ThdH. MS FffFF=L 7w b
AT —AF Ak ESD & RYT 4 7) & H
WTTZNLAF Yy U E— R (A% C#i :miz=
100-1000) THIEL, & —F v FE—27 ZhhH
L7z (& & +£0.05). 7 2=7> m/z646.393
[M+H]*, A% = =5F > m/z632.376 [M+H]*, t /N
2 = I ¥ m/z616.380 [M+H]*. Column : Unison
UK-C18HT (75X2.0 mm) 3 um, Column
temperature : 40°C, Injection volume : 2 pL, Flow
rate : 0.5 mL/min, Mobile phase A : H.O / HCOOH
=1000/1, B: CHsCN/HCOOH =1000/1,

2019 DEZE=
100.0 n = 240
80.0
S
40 600
o
e
£
& 400
i
20.0
0
i m m [ m
g 3 8 & &
= m m m m
© ~ ~ [¢9)

. HEIBT 2L OHER.

Gradient conditions :
min), 5-15 % B (4-7 min), 15-35 %
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10~19g OFfEF 21 fH, /IS WFEFE LT 5~9¢g
OfEFE (BAF, FEYE 1S)) 2484 ERE Lz, -
K38« BURMB A DR VRE SRR E L, mmﬁi
4H12H, 5421 H, 6 H29H, 7416 H
B oEEKEERE L, @#e Hi%f 2020
E 7 H 20 H~27 HITINHEL, FiRZSL Tl
L=, OFRERELEZ. ZhbHIZHONT, £
TLIHATIRERIEL, 10g ML EOTRIZONT
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& UCIRIFFSIC EAE L7228, MR IRV B AR L I
TLGAITEROKFICHEELHAET 2 0%
N5, PETEH AT NY AT NOSEE TR
REE I SNDH—FHTY, EREMTHHI
JIAB LIRS DMK THEZER DN\ W21, FE
FENTHE O FARITAEE 1000 m DL E OB R E T
BNCFEE LTS ®. HATY, MRIITERZIC
INHEZAT O A, FEEORE FIESCMHE TED
BREIBRMETHH.

2-1) IRFERFEADIRET

2018 FIlCNF MU 7 MEEM L, 2019 i
HZED 3 R TINHELIEZ A, 1 Kb oY
FEEIX 7 H 2 HIXHET 2389, 7 H 30 HIXFET
25.69, 8 H 26 HIU#T66.49 TH-7= (X 3A).
1S OIHERIT 7 A EfE 7 A TAITKE
SEELARNWZ End, 7 ARICINEEZLT S HA
FE VL OB ZINETE S 7 A EANCIUER;
MERETREThHHLEEZLND.
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A 2 HULFC 6.3 18, 7 A 30 HUXFET 11.7 {8, 8

B
m7H2H
B7H30H
O8H26H
*
| —
: l_*_l
- X
E 1
-
2k 10glE 20g Lk
FIREE

FIINHEDS 1R D72 OULHER: & IR 5 2 % .
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20184F11 H 30 HEHE, 7 H 2 H :20194F7 A 2 HIZILH#, 7 A 30 H 1201947 H 30 HUXFHE, 8 H 26 H :
2019 4E 8 /1 26 HIUNFE, 1kkd72 0 OUNRERIT 10 g UL EDOFIRZ XIS L L= FREEOAFHE,
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Mmi7z. (¥ 3B) ZHUT iR DR EE 8
ATFHETRELZLE2RLTWAS. £/, 109
PLbEoREIZT7 A 2 HIUET 1 #EdH7- D 15 {#
THDHOICHKLTTH 30 HULHET 1.7 8 & <
Hv, 8 26 ANHETIE 3.3 fHICfE L. 209
Lo REOMmEZRL, 7 A 2 AIHE
ETHIHNHERELLS LEESHTZD 0.2 HTE
P59, 8 426 HIXHET L3MEICEM L. £z,
HEILBT 2 FIROABBRREZHET 720, F
B A FHRBERT 5 DXL, ICHER:H T ik
L=, ZOfER, 2~49 OFHRIT 7 A 2 HINHET
1EEHT7=0 37T MTHDDICK LT 7 H 30 HULHE
T 7.5 fEICHEINL, 8 H 26 HULHETIX 6.0 fEIC
WAL= (K 4). 7 A EA»D TR TRS
WTREAEETHZ LD, 2O RO
e A T D ATREMENRIBE S, 5~9g D
FARE 10~14 g O F-HRIFIHERY ORI L M
Bo3mL, #nEn7 A2 AETL1IEE 05
&, 7 H 30 HiLHEC 258 L 1.1{H, 8 A 26 HIX
HET 5.0 fil& 1.5 I CTH-7=. 15~19g DR
X7 H2 AIETR <720, 7TH 2 BIE, 7

H 30 HILHE, 8 A 26 HIULHETEEH 0.7 H,
0.4 1A, 05 & 727, 20g LLEDOFHREIT 8 A
26 HINHEN e © %<, 7 A 2 BILHE, 7 A 30 B I,
8 H 26 HINFECTZNZ4 0.2 8, 0.2 18, 1.3 {H&
7molz. 209 A EORE 2 FROBIL 7 ANGET
X 1 BEdHTZ0 02 DR E o7z LIk
XV, FREEBIOFHRETE I 7 A B
5 7 ATATIFE NS, EFEELTHHAL
3% 109 LA EDOFARIZEZE DS /NS W & DB 60
W7 odz. BEIZBUT DS OHS 25 BT
HE, HHIHEAZIT O 5E1E X 0 % < OB AL
MTE5 7 A LRICIER 2 3ET R& 2L E
ZbNnb. £, RFETHERALEZANT NI BT
M 1 HEd7 ORTRED AT D 2 LY
HZNWZ LD, BROME| & MR ORI
Lo THREEHIRTHZ LT, SHRHINER
OIMBHFFTED.

2-2) LC-MS (Z& % BDA EEDHEIE

2-1) T L7= 1o BDA &H#% LC-MS T
ERLIZEZA, Ta=F &3 7 A 2 BIE
& 7 H 30 HYLFET 0.193 mg/lg & 0.192 mg/g CIA]
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5. FURINFE L 72 71R D BDA & &
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2018 411 H 30 H/EAE, 7 H 2 H : 201947 H 2 AN, 7 A 30 B :2019 47 H 30 HIXHE,
8 4 26 H:2019 4= 8 A 26 HULHE, /HTICIXATE &N 14~289 O THRAMFEH L7z,
Mean+S.E.,n=12, B2 A7 17 7 Xy FEIC5%KHETHE S U (Tukey DL H LB TE) .

RELY, 8 A 26 HIXHET 0.333 mg/g (28 L
7= (M 5). AV a=F & ETIUHERORGEIC
FENEEINL, 7 A 2 HULKHE, 7 H 30 HILHE, 8 A
26 H UL T % 41 %€ 4L 0.283 mg/g, 0.349 mg/g,
0408 mglg Tohot=. b Xa=F E8IX7 H 2
HIXHET 0.333mglg THLHDIZXLTT7 H 30 H
IVHETI3 0.302 mg/g 12K L, 8 H 26 HILHETIX
0.489mglg (ML 7=, Ta=F QixAYa=F
YR B REICEENSEINT S LHE STV
N, AFROHRETIIA I =F L0 HEW
BT o =F G EmOEMNED bz, £7-,
HEFEOM e Na=F 'R mn—7F, H
REOHFIZ A a=F o F@&BEVERAIICH
VW, ZOEEITINERIC L 5N RENE
EN5HY, KWFJETIEIBDA DT Ra=F &
Bk bmEm<, FEECETVEBZ R L2 &0
5, BRa=F rEEORMEIXEHINED FRIC
B chd 2 LRS-,

BDA 3 FEOAFHEILX 7 H 2 HULHEA 0.808 mg/g
THh-o7=DIZRLT7 A 30 HILHETlE 0.843 mg/g
ETEETH Y, 8 A 26 HINHETIX 1.240 mg/g (21
ML7= (X 6A). £7-, BDA Doy HhZRITILHERE

Mz X da REREMPERINT, RIKELTT
a=F U8 24~28%, AHa=F 1 35~41%,
ERa=F N 36~41% TH-o7- (X 6B). LLE
XV, % BDA &8 L BDA3 MDA FHE T IR
Ot & [FRRIC 8 AUNETHIINT 2 Z & 238 &2
2 olz. —J, FEDEREICEWEE X Hivd
FHHECIX 7 H o EA) & TR TRl & B2 b
INENZ E0D, IWHERENL 7 H ERARRWES
ZHN5.

S5z, ARKFECH D IHEAMMITR D E &ED
FWHLONRBIESNDN, ~NF U BT hO
AEEOLORR SRS R, e LA¥
WWEN LET 72012, OaEEDIXLDE /N
SNWZENEETHD 92, KO TIEL 7
FACHLHE U= 7ARIE 8 ANCINHE L7 AR & bl L
THELDENNEDoT2. ~NFT MUV BT FOEY
I HE [ IAE SESE D [RIBE 7S 1T T <, R EEOIED
DENNS W EAFET D T2 OIH A2 7R
LEZOLND.

3) BRHNEICEL -EFORE
2019 4 12 AICEHEN R DT NV D7~
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6. HHAUHE 7= 74RO BDA 3 FED A EHE & sk 4y bk

A :BDA3FEDAEHME, B: 7T a=F LR 7/ haA RO,
2018 4=11 H 30 AEAE, 7 H 2 A :20194-7 H 2 B, 7 A 30 A : 2019 47 H 30 HULFE,
8 J 26 H:2019 4= 8 H 26 HILHE, HATICIX A EE 14~28 g DR %, Mean£S.E.,,n=12

* 1 p<0.05 (Tukey DL H L)

BDASHDAFE =7 a=F v ER+ Ay a=F G+ b a=F &

FEEZ BB ~EH L, 2020 40 2 FTEERE D
WA L., ZO/E, #Betkosaix 4 A
12 HIRFACCHRIRBE L FEE [S) NENE4 85.7%,
95.8% TV, 6 A 29 AL THRIHRREED 66.7%
THDHOITK LT TS] 2 70.8% & K&z
BRI eno7z (M 7). L»L, 6 HFHH»
5 7 ARRIZHT TRREE TSR OBIE A K E
KW Liz—F, f¥E IS] oBFIEIZTZET
CRIEETH Y, 7 H 16 H CIIxIREED 42.9% Th
HOITxt LCHEYE [S) 1% 583% Th-o7-. Fiz
FEEEENEFOIER L BRI TREICE %5
WA PAE LR, 1 b2 ONHE R IT5HR
REZY 39.09, FEYE [S) 232699 TH Y, /INEWFE
FEMERAT 52 LIC L HINHEEOR L 3 FIREE
Thol=n, ARBRETEH -7 (K 8A). &
DICFIRAEEET S5 DICXBI L L=, & T
DXy THERZETRD bieino7-. (X 8B)

NF R BT FOEEICIZEICHESTRHND
A, MRS 2L 10~20g BRENRR W&
ENTWNDH2, LaL, xFHEEE i L TR

S] IFEFICB T 2ELHROBENENHR L THWE
EMb, HFEOAEEZMA TINET L7201
5~10g BEO/NSWFEENE L TWD 2 &R
XN, INEWEFEOEMEIZ L o TR OH
ANSEELZERNO—2E LT, BELMEETR
Lic< Wz eEnBEZ NS, ZHETIS, EHET
HHEFEN/NI VT ERNL, ZOKRE, HEOEN
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HFAEEOFER NG HH, 6 A 30 RS TOREIF
PIfE T ot BRBE S fE A TS BAZ 2 96.2cm,
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7396.9cm Th ol XML FEYE IS] TR
DEIGNREL R 2D 7 A CldstBREo R L
FHMEA 30em LLEb @V o, fEFEEEIC
L2 EFRIOENEL B E-3 2 /JEEER S
bbb, ZTHET, BEERRELEGAITKRE
WEZH L CTHEI LR WD D/
EHOWIIEONRENVE SNTE NP, Ko
FEFRIZ L > ThSWHEEED A AMEDN R S 7.
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Survey of large-scale cultivation methods of red perilla in Miyazaki Prefecture and
its investigation as crude drug and functional food resources

B RFE MU R - BRSSO A - e B - R D)

JUPN PR A A il R =7 R 7
T882-8508 B iy WL AL [if] 17 7 HFHT1714-1

Toshiyuki Atsumi*, Takami Yokogawa, Kana Sogabe, Shoya Sedo, Miku Takakura, I1sao Ohtsuka
School of Pharmaceutical Sciences, Kyushu University of Health and Welfare
1714-1 Yoshinocho, Nobeoka, Miyazaki, 882-8508, Japan.
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FIFRIZEH Y Y ONTH) OAEERBAR—TH Y, REBSE: - AEEEZT> T 5.
V1% perillaldehyde (PA) <° rosmarinic acid (RA) 72 &K OfEREMER D2 & A TEY,
EHGL Y 3 USRI E LR SN D, T4, FEEARMEOEBIZLY,
AR CTOASKAEFERZ NI E D720 AL U THE o KRB L-CMB b 72 &
MRDOLN TS, FAILFIFR CRIBICAEESND > VIZONT, ZORFEE - &
PEFEEFEL, EESNZY VICOWTAERSCHEENEF R AL & L Tl e
ST DI EABME L CARRABR A FEhE L7,

B VRN FE T I TR B e o VRS 2 AT 9 EER T S M A AT 7. E£72,
2020 “EIZ[R—IEHICBIT D5 Y 22 B T L ICE 6 BINFE L, 55 17 eiE B AR )7
(P17) Y a3 UDEFICB T HHBRE LT 5 & & $ 1T HPLC £ T perillaldehyde
(PA) ¥ X O rosmarinic acid (RA) & &4 HlE L7-.

#) 20 ha DEAE Ty Y Z#fbr T 5720, #E, I, TR OBV THER O
WAL > TRBEL SN TNA Z L, < /LT Ol <018 IR O FEKE I ik 3~ X [ RE
MDD ZERPLNE o7, BiZITHOBIKIT P17 YV I UKLOHAIZEBWTHE
WTHo7o. PA SEITFEDFT P17 OREMEE ERISEEZRL, AHKERE 2D
55 ATREME SV R S Tc. RA TTINHERF I D% IC EH-T2 Z LA NERY, 0
REH D ULHER) IR RE R~ DJE AN FRETH 5 L B 2 b,

Abstract
Miyazaki Prefecture is the highest producer of red perilla (for processing) in Japan, engaged
in its large-scale cultivation. Perilla contains various functional components, including
perillaldehyde (PA) and rosmarinic acid (RA). It is a source material for manufacturing crude

drugs used for medicinal purposes and is also a component in healthy foods. We investigated the
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methods used for the large-scale cultivation and production of red perilla in Miyazaki
prefecture. To investigate the possibility of using produced red perilla as a crude drug or
functional food, we conducted tests based on the Japanese Pharmacopoeia 17th edition (JP17)
Perilla herb and we measured the PA and RA contents.

We interviewed a producer of large-scale red perilla in Kawaminami town, Miyazaki
Prefecture. Red Perilla samples in the same field were harvested six times from May to July in
2020 and were tested in each monograph of JP17 Perilla herb, and PA and RA were measured
using HPLC method.

For perilla cultivation in approximately 20 ha, agricultural machinery was used for sowing,
harvesting, processing, and preparation, and there were issues to be resolved in the application
of mulch and different types of fertilizer. Samples collected from the field during the study
period met specifications in JP17 for Perilla herb, and their PA content was higher than the
requirement specified in JP17 for Perilla herb. These results suggested that the red perilla
produced in Miyazaki prefecture possesses the potential to be a crude drug source. The RA
content was high in the later harvests, suggesting that these plants should be used in the

manufacturing of healthy foods.

Key words: Perilla herb, Cultivation method, Large scale cultivation, Perillaldehyde,

Rosmarinic acid
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HFRIIREHY Y NTH) ARSI AR—
ThY, BARSEROEMER 1,800 D5 H 45%
L70% 800 My ZAFELTVD Y. S BT E IR
W TGO AEFERNZ OO FEET (78%) &
BT (13%) TH Y 2, Zi b Ok TIXEKALAD
Y DOREIESES « EEEZIT> TN D.

B AERTHV VITEFICBWTAR TV a
v ELTHWSNS., Ya VIS 17 ZLEAR
HE 7 (P17) I2HB W T, ¥V Perilla frutescens
Britton var. crispa W. Deane (Labiatae) (D3} O 4
T, FEHASy & LT perillaldehyde (PA) 0.08% L4 |-
AETe L BESND Y. PA IZHIEEM 9 M &L
BRIEM D, Lo >EM O b s LTk,
PA ICHRT DY VEREDIZBWV RN DIFE
BfeaEnsd., YaovixEFEREDOREEE L
THEMK 100 hRENTHEHAINTEY, £0
# 8 El & IE S O AIRIF L TWD D 3,
ECIaa, FEREHREOHEM, FEEFEED
DS DRSO mE AT LTV 5 9. &

DI Y 37 DR ERIMEDRD T2 DI T EE D KB
BB L 72 &, AARTOAEELZINEES
2O MAPLETHD.

F7-, V1% PA LIAMZH rosmarinic acid (RA)
2L U T DKM D 2 E AT D, RA
XFFIS, TEREOIEREEIER 9 LB O E %
EH 50 R EOHRBA LN >TEY, EEE
IZEND OHREMER SR EMPEA I TN D.

bz EmbEaid, BRI X0
RET CAPESND ¥ VBT, KEBHRI
BEFEARBNT 5. & DI Y ekl ¢ RBRIC A
PES NIy NVESR Y 3 0 OB REME RN A TR
ELCHAATREDH ST 5 Z L2 HIIC, &
SLRIE R L, IPLT Y 3 7 ORI HE SR
Bra1To & & HIS,PABIORAGEEZNE L

B &

LA

2020 4E 3 A 725 5 H IS IR IR VR BSER) | RS HT O #k
A2tt7 7V heET BT T EML, vV (Th
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VYY) OHREHFHE AL L. A T3
M EH O PIAT R DIEHE, BERRDL, IR,
ZOMIZHONTHE Y HEZA T 7.

RIEDOREE & HPHRR

202045 H 13 H»6 7 H 22 BHETOHM T,
#9 2 3 B A B IR N R T IN O [R]— 13355 (REFER -
20203 H 9 H) IZB T2 O— & HE L
7o, PEAE U 72N FEY) 1T SRS COm R R S
HLBE 4 XN 3B, 3 XD 6 sy s AT,
RO, K5y, BRANIAVEIR Sy OsEl &2 2 e
MERL L7, 780 @ 1 XEZ W CERdatliRgs &
OMERBR 2 FE T 5 & & HITHEIRIED -9,
10 HepBEAR e LTERIL L 72, REBRTHEM L
7o Y WWHEM I3 TUIN PR AR AL R FE B 4 B A
FEREARE CTRE SN TN D.
JP17 ICEDL Y VERYDBRES JUEBLEHER

YRR OIREBIZE TIE, KIRLTLb%E
XL, RS <06 - EWEHE L7z, #g
BRIX P17 I L7223 > T 3mm UL ED X L OV
AR L721E 0y, & 3mm RiioXEIZ-o>W\W T
BAIL, @R ELXOEENLZOEH
FreFl U, meReB, wEE, Ko, BAR
WRVEIR 5313 PLT 1\ L= » T L, %u‘wﬁﬁ
B AMEs e~ N T 7 4 —TIX, TLC T
A7 L— k¥ U B v 60F254 (Merck KGaA,
Darmstadt, Germany) % {# ] L 7=.

PA XU RA DEE

B AT CiE, BERERE LT PA (EE7 41
Lk s tt, BAAEKRBRMH) BL O
RA (Sigma-Aldrich Inc.) % v, i L OV )
A & L C methanol, acetonitrile (% 71 & 1L
Nacalai tesque Inc., HPLC Grade) Zf{#H L7=. A4y
SIATIE, PA (22T JPL7Y E&IEOHHAE L,
RA 22\ Cld Deguchi D HEW (2 L7223,
HIE L7=. HPLC #231% PA 2o\ TIL BRI
Ty A7 Lay hr—7— (SCL-10AVP), 7R
> 7 (LC-20AB), #* — K~ ¥ v 7 7 —
(SIL-10ADVP), # T L4 —7 > (CTO-10AVP),
Mitti#s (SPD-M10AVP) %, RA L& HEAERT O

VAT A3y br—7— (CBM-20A), &R 7
(LC-20AD), #— F¥ > 77— (SIL-20A), /17
LA =7 (CTO-20A), fftigs (SPD-M20A) %
ThEh W,

Operating conditions (PA)

Column: 5C18-MS-1I (4.61D X 150mm, Nacalai
tesque Inc.). Column temperature: 40°C. Mobile phase:
A mixture of water and acetonitrile (13:7). Flow rate:
1.0 mL per minute. Detector: An ultraviolet absorption
photometer (wavelength: 230 nm for PA). Injection:
10 «L.

Operating conditions (RA)

Column: Cholester packed column (4.61D X 150mm,
Nacalai tesque Inc.). Column temperature: 40C.
Mobile phase A: 20 mM, pH 2.5 potassium phosphate
buffer. Mobile phase B: acetonitrile. In isocratic mode
eluent A/eluent B was 89/11, and in gradient mode the
program of eluent B: 11% (0 min) — 11% (10 min) —
25% (50 min) — 45% (51 min) = 45% (56 min) —
11% (57 min) — 11% (60 min). Flow rate: 1.0 mL /
min. Detector: An ultraviolet absorption photometer
(wavelength: 330 nm). Injection: 5 1 L.

et
B EZDOBEITHEHENT Y 7 ~ IMP (version
13.1, SAS Institute Inc.) (= X v, % B IZ & L
Tukey-Kramer @& HSD & 4 VY, p<0.05 THeqt
WCHEEE L.

# 2

IR E

(1) Bk X ONEH BT 2 NE

- 770 METBTPIER )R B L OB
T HEEETNIZ, £920 haD i FE 5132 A L,
BEO A, WOLT, R, IWHEZHS . AFHFIC
B3 &L O MEE DT> T DL
FETICIE T 770 NET BT T LREEEZEHET S
BEBEADRNCH Y, HoETHKIS0 haTy Y &4k
B AELTWD., ZNUOLDIEGTEEINTZY
VUL, S BRRICHERECEE T bk, KPR
SHENEEY, Ry Y ERWESD T OEME
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- FEREMEEIF2H FAI~3H K ETIZITS. 1A
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—Z M5 (K1), RO EIEIZFELED S AIA
VETOMICIEBIRZREIE L &2 HMIC
BATS.

s AFIFRAE = L L TF RS, TR
D Z L THIHER O EA LR IRFIZIRIZ K D3 F
Fom L EFYWOMERPIFTES. <
JLFIEE1200mm, ~ L FIIRFESL T, NITER
78 mm, X ORIBRIZARRIL77 mm, 25208 mmo
A%NEx Th D (XM2).

T NANTFEESTEBLDIIEBEN#MOLTHY,
BIEOHIFIZ/2 57205 EACIIRET L. <
NTF wBRET DIEETIEFITEERGHRZE L, #%
FAMENPRKRENWEE LU LD, BESEZIZRD D
LICEDIERDRSAEFTH EDOAY v bOFHBK
TNEZEZTND.

(2) ARIEEPE - ILHEIZBAT 5 NE

C LR ORI L DWBELZRT D720, JE3F
DEAILTELTHREBRRVEHTHLZ L&
RS - THET 5.

BRI BT L (M3). FEEFZOMEI
X T, BRIREIC /2D ERAENFEL 8D
7o, BEEZEOTIEERFLTND. L
L, WHEENDRWVERBERNEL 2.
R DR LTEMKRAE RELS T2 %
et L7z &b o DM, FHREENZ VT D B
7RI BN Z N> 1278, BUED FIEIZE LA
. T2l2L, RERICRDGHMBRES LTHH DT
W, LETIEHLINA Y FEE B RIKICITo T
W5.

s KEEBISTEDDOHEE LT, BEHLTHLLE
W2 HELH LR, BHREG T 25O
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1 JEAE « BED A WASET « v /L F R « FEFE A [FRE
AT T 24—

3. —RIIZY HHHIE TS D

B, NMEERMEICR D720, BEFEREEO I 038
FIXRV.

CKDRBIFERICE L WA A=V 252572
W, MR & T ZICHET 2 X5 el &I 1T REKRE
AL CHEKRT S, £z, 1ZHOAEITASR
BAZRDZENEZL, EFENEVGENZ N
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- FREESIC Y X 528, 5HHAJEIZ50emEl Lo
RE XY, IHENMEE D, U3 AR
A H, mI50emOEm I T EAX L. kR
BEIIIX D B S V72 3E L R SE SN 5 10 D48 H3 &
vy hENTEY, —4EICHREE TI5~20kg» A
5. BESR100moEIIx L, 3~48A TR (F
200kg) &72% ([45).
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LEMZIZIZ6CcmEEH O TS DT, FOMDY
5. ZoX512LT, Z0VE X TFITIZEION]
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ERPRET D LREICR-TL 5.

W EENRRE LI RGN E S REIGN
bbb, BRIETTRL, VB UAELED
H LR, BURTIEAHAREETHS.
CHETRERKOKRY Y EZEE LTS, KL
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IRAEIER I T LE 72, v Y ORI X
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Tukey-Kramer®OHSDIZ L 5 A EZ2EMREICB W TE
RERE%LL F CHEREND D Z & &rT.

1

FA7DICHRELTHWDERBPIA LN E o Tz,
AEFRE L, YIHIEBERI KD RV T &
BrE L ARAWSEADOAEBICOWTIIRBRITH D &
L, A%y Y EGE O~ )L F DA DT HE &
A E I E 2 DB OWTHRHAT I LERD
5. Fiz, BIEORELTIE, EEEIIMLT
DBATIHENLNREL LRV E VWSS A%
FCu e, WIEIARECRE A T S AR O B AR
B OB A IEEHZ DWW T, EBRE T ThIEnE&E
EEDLETRFNTDHZEICL ST, KOIEEN
%<, minERy Y OEEHTEEZR TR TEDL LS
Z BT,

IR LD VIRED JP17 ERICESCH
B -HBFEHABRSLUVPASE

AFEIZ L > TNHE S LT VITDWT JPLT
VA TICBIT DEEICESO TSI,
R, MORCRAER, ROERE, K5y, FRRVEMEIK
FIZOWTHBEELE L2 2 A, SRFAELE
2 TOHEE T IPL7 VI UORFHICAE L. PA
GEIXERYMEAEZE LT 008% LLETHY,
P17 ORI LLEDfEZ R LT-. —J7, ARET
WE LIV VITIFZEORADL O, FRIZINED
BB o T, EORFME BITEICIEAD LK
WO, R TO—RERDEEZBND.
A, ZORANTIE 2 D OERMNEZ NS, 1.



MR LN OB O MM N RV &, 2. IUHERE
OB NACIENNE L 72572, FEXHIZZE DR
AN D ENET oD, FRICHR Y IR UIHE
ORI OWT, AtiEE DI > 3 TR E IR
VRN B RT DU FE 5 15 & [RAR, FA 0 B CUNES 2
ZEDHE IR TS, IUHEREEET 20~30 [F]
EINTWD B, AFHEA M T 22n
H OO, IR ETC ok B 3 R R oo I R [ K
3% < T 1B HE &, NWHEOMBENRELS 2D
ETEDRANEL ol Z N EZ BN,
MELTOISHE S 2712 L &, N#EREE %
KTDHZETEDRAZYISZENRARETHD &
Zxobid. LaL, SEEICINEST S L TE
DR E - g« A IPL7 Y I U OPERICEE L
R IR BAREMEN H B2, AFAEEDOTZDITIT
HEORE S EBIE LI IERIL O K (bLHE DO B
BT 2O DOBREESCNE DR N MLET
H5.

INERFEIC D RASE
AFETIHE L= Y D RA 1T, I HERR
DHPICHEREBEOHEME R L, WERIE 19 b
720 OREEIE 35mg L EOEEEZ/R L. RA
TEOEEOMBEE N LERBEND 2 L W, H
BNENEL DL RAEANEZ S Z 2 RNE
HEINTWD., SFEAEINLE 7/11 B LW 7/22
FHENELS, REXZVKHTH LD, 58
MEMULIZZ EREZ bz, RA L, TEMIED
APRAESR 2 88k Xt 5 HAYTIX 50 mg/ A 9, FEIE
DOFEE 2 5 HEYTIX 130.5mg/ B 19 OEEN
VETHLR, SElEkbEWV RA BEEZ R L
7122 OBIETHIIEENZENR 159, £ 409 T
FETELRETHD. AFHE CUHERHI D% -1
WL YO RA GEDBENSTZEND,
HERS~DIFHBRETH D B X bz,

= R

AHFFETIE, 20ha b DL VIFBE2EHT 57
70 MET BT TICCGRHEZITY, 0O KB
FEDTFIEIZHOWTIHE LT, £77, ZOFEITE
2B B~ LT Ol LB R O FEEEIZEE 9 5 [ E

ALy

a8k

CEET EOTE) H Hr S YK

ALY (0°0°B) EXAECIFELIR R @ (G00>d) 2Ly

2 F O Ml T W

(o

L0200 ) 3

B & ETR! H Hr

N7

2N

HREETE YR

1

SAH o 1awWeIN-ASXIN L) L5 X Ful k) 34

EREMMZE 43(2)2021F

Brag = B
A% ® B M B
w5 ® B s =3
ﬁo\lﬂﬂlﬂl 5% i
SIS
E% SN S
o2 5 o
S wowmowm HE g
e F w ||l a 2 o
s 3|82 2
& Elg
# ke
SSIIH
H)dtHMk,
G
=
o
NI e oS
o ;
g2 sRaETT Us
SIS FelCléd & |2
Se el g e ol
A A AL 5 5 S
© © o w o ©
N oo g - o
w © d
NG Bl AT
H o H X | C =
< Clo o — | W
o o ~|& ‘12 o o
—‘-bl\J(: ®» e 0
= % =
© © o w o o
- & oy N ©
~N o W d
N b T
H | x e | C N
= Clo —a —a =
o o o4& ‘e o o
o w | 2 =
2 G
o ° o
N T w o o
%2 3% wl= =~
N (=2}
WO gﬁaﬁ(‘H|+H <
== < o
© o ola ° s | o 2
— W ©o | - W
a g 3|~ =T
o ° o
T T e w o1 o
- w o | A
w (=2}
HoHH g;>ﬁ(—w|+w <
© o =g ° Cle e ~|®
el = - o w
2 R| " e
=" w oo
aaggh\fqﬂ;wm—ﬂ
QYA
LR S e L
= —_
°© o —~ | e e e
o w —=|< - 9 <
S R
S 2 e w o1 o
N N © | ¢ | N o o
v on o §91W4HHI+H N
HHHIS & C N
= N
© o olg e e e
— » ©| < .
R G

SO A AT A UR BN I | (M2 2 WM D L E ALTAC T 2E

2}

R



EREMZ 43(2)2021F

REWDOMNC L, SHIT, YUZIFHIC CULHE
DT Y RARIZ OV CINFERF L2 JP17 Y =
B ROREI L ORHE L L, 45 EIORKE:
HUZ 3BV TIEHIF R OULER) 13 P17 OHIAEN T
DL EWRLE. —FHT, IUEWIZIT 2.2%
PLEORIG TR 3mm RiEOZENMREAL, IHERE
HOZITITZEDN /NS < R0 ZDHEIG L T
We. INFEBEE A 1T A Z & T PA HEOED N
RBEENDLEXEDRANEZWLSHELZ LN TEDH L
B2 OB, WHESEEOR EIiX PL7 Ya oo
MRS EMT D FREE D H Y, RIFHITB N T
VI & APET DB IX IR O B S0 IB AR & i
bT2RERHDH LEEZ L. EHIZ RA IE
HT &, £EBERIICERNSEATHZENHL

MERY, ZOREO Y IR ~OWE R
FRETHDHEEZ BN
E

Y OREEFIEIZONWT, MEICTHATEE
LR SET 70 v ET BT T ol EZ KIS
BN LET. mXERICHTZY, Hro T
SrlaE F LRI IR R AT 7EAT A
WEIEITTE Y o F — DS ABRR I EH - L
E3e

51 A3k

1)

2)

3)

4)

5)

6)

7)

8)

9)

INFEBAERE N B AR E R PEM th =« HhIsURr pEAE
W (CZEEY, SEAEY R ORHRE RS (12
RE9 2 &k (2019 4EFE), http://www.jsapa.or.jp/
pdf/Acrop_Jpaper/nousakumotuchousarl.pdf,
(accessed on 1 October, 2021).

e-Stat BUMRERT DR EAEN, #MatTH 2 HA,
ErZ o E R, #E RN AR & E
TEAT AR O FEWETAT RIS, U2, 2018 4F)
https://www.e-stat.go.jp/stat-search/files?page=1&l
ayout=datalist&toukei=00500501&tstat=00000101
8175&cycle=7&year=20180&month=0&tclass1=0
00001033588&tclass2=000001138386&tclass3val=
0, (accessed on 1 October, 2021).
HARNEEH =M, #HHEdiE AR %
AL, JE)II#)E, 2016, D575-580 . (BifT D3
B35 18 IETH 57, FEFMRFIIEE 17
BIETH> DT, FEBCMEHIN 17 YUEH
KRERHICHE DN TIT> TN D).

Sato K, Krist S, Buchbauer G. Antimicrobial effect
of trans-cinnamaldehyde, (-)-perillaldehyde,
(=)-citronellal, citral, eugenol and carvacrol on
airborne microbes using an airwasher. Biol Pharm
Bull, 29(11), 2292-2294 (2006).

Takagi S, Goto H, Shimada Y, Nakagomi K,
Sadakane Y, Hatanaka Y, Terasawa K.
Vasodilative effect of perillaldehyde on isolated rat
aorta. Phytomedicine, 12(5), 333-337 (2005).

Ito N, Nagai T, Oikawa T, Yamada H, Hanawa T,
Antidepressant-like effect of I-perillaldehyde in
stress-induced depression like model mice through
regulation of the olfactorynervous system. Evid
Based Complement Altern Med, 512697 (2011)
A, AAFEERT, EHAED. BERICEBT
LR AEFEOFHEICE T 2RERS (2), £
HAEMEEE, 75(2), 89-105 (2021).

JNEER. B0 HRITBT 2 AEY OEN
HIELICBT 2 B, RrEERE, 16, 1-2 (2013).
Takano H, Osakabe N, Sanbongi C, Yanagisawa R,
Inoue K, Yasuda A, Natsume M, Baba S, Ichiishi
E, Yoshikawa T. Extract of Perilla frutescens
enriched for rosmarinic acid, a polyphenolic

phytochemical, inhibits seasonal allergic



10)

11)

12)

13)

14)

15)

16)

17)

rhinoconjunctivitis in humans, Exp Biol Med, 229
(3), 247-254 (2004).

Paul H Falcone, Aaron C Tribby, Roxanne M
Vogel, Jordan M Joy, Jordan R Moon, Chantelle A
Slayton, Micah M Henigman, Joanne A Lasrado,
Brandon J Lewis, Brenda A Fonseca, Kristin M
Nieman, Kelli A Herrlinger. Efficacy of a nootropic
spearmint extract on reactive agility: a randomized
double-blind, placebo-controlled, parallel trial, J Int
Soc Sports Nutr, 15(1):58. (2018).

Deguchi Y., Ito M. Rosmarinic acid in Perilla
frutescens and perilla herb analyzed by HPLC. J
Nat Med, 74(2), 341-352 (2020).
JRAEREBR, EAEY b &SR
Part 3. SEH Hftt, A, pp 34-42. (1994).
o, e, JNEER, # LU WEARE
WA — PRI - ESEREL 5 2 b, RIS,
B 5L, ppl61-163. (2002).

Y E M SR = (2020) SEAEY)
HEEOF5IE @), Hal, HA, pp65-85.
AR, LiEE BT 2 EAEDRE DR
%, HhPEEEEREE, 93(1), 1-7.

Shao P., Hong T., He J., Sun P. Analysis of
essential oils from leaves and stems of Perilla
frutenscens sampling seanson and its drying
methods. Zhongguo Shipin Xuebao, 12(9), 216-221
(2012).

Shiga T., Shoji K., Shimada H., Hashida S., Goto
F., Yoshihara T. Effect of light quality on
rosmarinic acid content and antioxidant activity of
sweet basil, Ocimum basilicum L. Plant
Biotechnology, 26(2), 255-259 (2009).

EREMMZE 43(2)2021F



— é *‘4 Natural Resources Letters —

FavvtkryITI IO EE

Cultivation of Schizandra chinensis Baillon

Wi e

SR SR A ) R B 3 R R R AR S =R
T243-0034 R B AT AR 11737

FORZER

Masayuki MIKAGE
Laboratory of Medicinal Plant Resources, Department of Bioresource Development,
Faculty of Agriculture, Tokyo University of Agriculture.
1737, Funako, Atsugi, Kanagawa, 243-0034 Japan

(Zf+H 2021411 H 28 H /=¥iH : 202112 H 2 H)

&I
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no.
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10 HFED AL TIZ 3 Ta 1 S, TnFhif
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LiZZ i3t ot

29 LR T TR X AE R T
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