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We proposed that the novel cultivation method, which was cultivated with Glycyrrhiza uralensis Fisher by
using a plastic tube (the length: 50-100 cm), could be extremely useful for selection, breeding, and production of
pharmaceutically fine strains. And for the purpose of selecting a fine strain for commercial cultivation, seven strains
of Glycyrrhiza uralensis Fisher were investigated. Glycyrrhizin (GL) content of strain A-19 cultivated for one year
showed 5.04% of dry weight, and in the three-year-old plant, the fresh weight was 154.9 g and GL content was 6.09%
of dry weight. Furthermore, strain G-6 cultivated for three years was growing vigorously, the fresh weight and GL
content were 236.7 g and 3.39% of dry weight, respectively. Thus strain A-19 and G-6 could be pharmaceutically
fine strains for commercial cultivation in Japan. Moreover, a reversed-phase HPLC method for the quantification of
liquiritigenin (LIQ), isoliquiritigenin (ISO) and formononetin (FOR) in licorice was developed. The flavonoid contents
along with the glycyrrhizin content of cultivated licorice from seedling plants in Japan and commercial wild licorice
were investigated. This method could be extremely useful for evaluating the quality of licorice.
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Fig. 1. Cultivation by Using a Plastic Tube
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Fig. 2. Relationship Between the Root Weight and Content of Glycyrrhizim in Fifty-nene Biennial Plants
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Table 1. Botanical Characteristics of Seven Strains (Glycyrrhiza uralensis)

100 seeds
weight (g)

Width

Legume(cm)

Length

Shape

33)

Width (cm)

Leaflet (N

Length (cm)

5) (cm)

Maxium height

(N

Origin of plant strain

Strain no.

1.50

0.8

5.9

33+0.1 not sinuate

52+0.1

444+ 3.6

University of Tokyo, Japan

A

1.86

3.9 0.9

24+0.1 not sinuate

3.6+0.1

25.8+2.8

Kanzo-Yashiki, Enzan, Japan

sinuate
(leaf apex)

1.05

0.5

4.5

4.7+0.1 2.3+0.1

74.8 + 4.6

Hortus Botanicus Instituti Vilar, USSR

(Russian strain 1)

C

sinuate
(leaf apex)

22+0.1

3.5+0.1

66.4+ 4.5

Shengyang Pharmaceutical University, China

D

Hokkaido Division, Research Center for Medicinal
Plant Resources, National Institute of Biomedical

2.4+0.1 sinuate

3.9+0.1

45.4+ 4.1

E

Innovation, Japan

1.02

0.6

3.4+0.1 2.1+0.1 sinuate 3.8

54.8+ 3.9

Health Sciences University of Hokkaido, Japan

F

0.82

0.5

2.3+0.1 sinuate 3.3

4.6+0.1

50.0+ 3.5

Hortus Botanicus Instituti Plantarum Medicinalium

Moscow, USSR (Russian strain 2)

G

Table 2. Comparison of Roots and Contents of Glycyrrhizin in Biennial Plants from Five Strains

Glycyrrhizin
contents(%)

Dry
61.4+55
41.7+ 133
96.2 + 10.6

Weight ()

Fresh
127. 4+ 11.5

Number of

Length of
taproots (cm) lateral roots

Rso
1.3+£0.1
0.8+0.1

Diameter (cm)

Rs
2.1+0.1

Number of
plantlets

Source
material

Strains

1.68 £ 0.14

0.8+0.2

60.7+2.0

28

SP

1.79 £ 0.24
0.50 = 0.07
0.87+0.17
0.63+0.24

Each value represents the mean + standard error.

79.7+25.5
190.6 + 20.4

1.6+ 0.7
0.8+0.3

64.1+ 1.7

1.5+ 0.2
2.7+0.1

SP
SP
SP
SP

64.9+43

1.4+0.1
0.5+0.1

14

304+94
93.5+22.8

56.3+17.8
182.1 +44.2

1.3+£0.5
20+0.7

71.8+2.0
69.2+ 1.2

1.7+0.2
2.6+02

Rs: basal root, Rsy: 50cm point from the base of the root

1.2+0.3

SP: seedling plant
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[ Flavanone glycosides ]

[ Chalcone glycosides ]

[ Isoflavone glycosides ]

o]
R,=R,=H: liquiritigenin R,=R,=H:
R,=H, R,=Glc: liquiritin R=H, R,=Glc:
R,=Glc, R,=H: neoliquiritin R,=Glc¢, R,=H:
R,=Api(1—2)Glc R,=Api(1—2)Glc
R,=Glc: liquiritin 7-apiosylglucoside ~ R,=H:
R,=H R,=H
R,=Api(1—2)Glc:  liquiritin apioside R,=Api(1—2)Glc:
R,=Gle

R,=Api(1—2)Glc:  glucoliquiritin apioside

OR, OR,
RO
R0 0 R0 O
OH 0

isoliquiritigenin
isoliquiritin
neoisoliquiritin

R=H formononetin
R=Glc ononin

licuraside R=Api(1—=2)Glc glycyroside

neolicuraside

Fig. 3. Structures of the Principal Flavanones, Chalcones and Isoflavone Glycosides from Licorice.
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Table 5. Comparison of LIQ, ISO, FOR and GL Contents in Cultivated Licorice (2 Year Old) from Seeding
Plants and Commecial Wild Licorice

HO 0]

OGlc OH
©/ HO o) \©/

hydrolysis Sample name N Index compound
GL LIQ ISO FOR
liquiritin liquiritigenin (LIQ) Cultivated root

° 0 G. uralensis strain G 4 3.301 +0.437 0.639 +£0.126 0.300 £ 0.062  0.061 £0.011
0Gle on G. uralensis strain B 3 3.674 +0.499 1.127 £0.121 0.559+0.056  0.029 + 0.002
Ho HO G. uralensis strain A 3 3.031 £ 0.629 0.685+0.123 0.330 + 0.064 0.024 + 0.001
i G. uralensis strain F 3 2.982 +0.266 0.646 + 0.070 0.293 £0.043  0.037 £+ 0.006

Snreansenneanes > G. glabra (OUPS-ggR) 1 2.168 0.264 0.135 0.101

isoliquiritin isoliquiritigenin (ISO) G. glabra (OUPS-ggl) 1 2.110 0.581 0.269 0.099

o © o ° Commercial wild licorice
from China (Inner Mongolia) 1 4.266 1.494 0.745 0.134
from China (Dongbei) 1 6.100 2.190 1.382 0.216

Fig. 4. Acid Hydrolysis of Liquiritin and Isoliquiritin

%. TIT, INSORKEAZIKIRS S &
KK 5N2E7 7Y a2 ThS liquiritigenin
(LIQ), isoliquiritigenin (ISO), formononetine (FOR)
ZERBITAHEICED total 7THR /A FELT
a2 il 7o (Fig. 4). THEOFHHIC DV T,
P]an4t)a Med \ICHELTWVWADT, T TIEHEMK
9%.

4.2 PEHER

4-1 IZBWTRIE LT ORERS 2 Table 5
KR eBic. ARA 2KV (G glabra) ZBRE,
CLE&®RRRAREMZM Uk, FAlE, 5
IR ENZTFI)VH VT (G uralensis) DK
BrEHNELTEY (AXA VAV TIEEIR,
GL iR B MmN & LTSN TV ),
FERZAT o Te T IV h T D 4 RIFICDONTIE
ROV D TH - BB, 2 EMOFEET
A LT HEDEERRETH S T L 2R L
fe. LM LEAS, SR E Ukifithimid GL,

LIQ, ISO, FOR DWW N D5 & F A DkEs L iz
UINAV T XD EEER LT T ORRIE,
Table 4 "5 & FHTESZ X I ICEBERDET
HBHLTHTE, EEFEMHEE S FLLEDL
ONFEINZHEMIZOEERTE &SN, L
mL, BEMEHEETEERERICEZZ T L
ZH, EBFHREHOENC K B MEDNT Y
FNKREV. UT)VAH YT DOENFEHEIETE
DLE L HEZ s c Lz ENE
LTHH, ThEFET 301 GL, LIQ, ISO,
FOR 75 & Do) 7% & DR GG BIE MR ETH %
LEZILNS.

RIS, o A 2 ST 728, 1IN
HELUTARB XU R bay BN Ry &8 %H
# L7z (Fig. 5). TNZhOMMEIROEEHIC
WDLIFEFEMEER L. TS DOoHRERIZ,
SO PBIHEDOMFHCB ISR L D TH
%

=+ | taproot

o

=

B

EQ

o S0-4-R2
=

2

s

>

o

R1,81=0-10 %
R2, 82 = 45-55 %
R3, $3 = 85-100 %

Cultivated G. uralensis

Section strain G strain A strain B strain A
(1 yearold) (1 yearold) (1yearold) (2 yearakl
GL R1 2488 1.787 1.842 $.40%8
R2 2.510 2414 3.404 5.560
R2 4.256 3.833 4.369 7243
S1 6.835
S2 2741
S3 9274
LIQ R1 0.972 0.377 0.795 1.230
R2 1.083% 0.511 1.150 1.5367
R3 1.253 0.767 1.124 1.898
S1 1,108
82 1.307
S3 1.352
ISO R1 0.469 0.169 0.341 0.524
R2 0.537 0,241 0.579 0.664
R3 0.568 0.372 0.5587 0.939
S1 0.464
82 0.627
83 0,584
FOR R1 0.0%6 0.031 0.027 0.0858
R2 0.028 0.024 0.0332 0.054
R3 0.077 0.023 0.028 0.047
S1 0.039
S2 0.040
S3 0.041

(% of dry weight)

Fig. 5. Differences in the LIQ, ISO, FOR and GL Contents in Sections of Root and Stolon
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