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Fig. 1. S. altissima L. plants grown in the field.



Fig. 2. Three groups of genus Solidago. ( 1982)



Table 1. Chemical principles of genus Solidago. (Tao et al. 2006)

Chemical principle

Sowmrce

Reference

Letocarposide

2-Methoxybenzy-2, 3, 6-tnmethoxvbenzoate

[-sitesteral

3, S-Dimethoxy-4-acetoxyomnamyl angelate

2-Methomy-4-acetoxyonnamyl angelate
2-Methoxybenzyl-2, 6 -dimethezybenzoate
EBeneyl-2-hydroxy-6-methoxybenzoate
Methyl(2E, 82)-decadien-4, &-diynoate
EBenzyl-2,6-dinethoxybenzoate
Methyl(2Z B2 -decadien-4,  6-diynoate
Caffeic acid

Chlorogenic acid

-pinene

p-mmyrcene

WVirgaureasaponin 3
Quercetin-D-glucoside
Kaempferol-D-glicoside
Eaempferol-3-O-rutinoside

Linonene

p-elemene

H-elemene

Gertnacrene B

Germacrene [

S-cadinene

Oleanoche acid

Bayogenin

Virgaureoside A *

soldagosaponns A ¥
Zolidagozaponing B *

solidagosaponins C ¥
Canadensissaponin & *
Canadensissaponin B *
Canadensissaponin ©
Canadensissapomn D *
Bayogenmnsaponm A

Bayogennzaponin B

Bayogenmsaponm C

Bayogeninsap onin T

3-Epi-w-cubebene

3-Epi-p-cubebene

3p-(3E-acetoxyhezadecanoyloxy)-lup-200{2%)-ene
3p-(3-ketchexadecanoyloxy)-lu-20{29%- ene
3p-(3E-acetoxyhezadecanoyloxy)-29-nor-luan- 20-one
3p-(3-hetohexadecanoyloxy)-2%-nor-lupan-20-one

ab

o
AL RO O oM oW mom o oW
=
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Hiller et al {197%)
EBohlmann et al. {1281}
Bohlmann et al. {1581)
Bohlmann et al {1981}
Bohlmann et al (1981)
Bohlmann et al. {1981}
EBohlmann et al. {1981}
Bohlmann et al. {19813
EBohlmann et al. {1281}
Bohlmann et al. {1581)
Bohlmann et al {1981}
Limetal (2002)

Fujita et al. {1930}
Faetal (1999
Bader et al. (1592}
Hiller et al {1979
Hiller et al {197%)
Hiller et al {1979
Viaetal (2001}
Heetal (1999

He et al (1999

He et al (1999
Heetal (1999

He et al (1959
Tamas et al. (1538)
Tamas et al. (1288}
Hiller et al. {1983)
Whyase et al. (1994
Whyasze et al. (1994)
Whyase et al. (1994
Eeenicelr et al (1991)
Eeenicel et al. (1991)
Feenicel et al (19%1)
Feznicek et al (1991)
Femnicel et al (1992)
Eeenicelr et al (1992)
Eemnicel et al (1992)
Eeenicel et al (1992)
Eazal et al {2002}
Eazal et al (2002)

Chaturvedula et 2l (2004)
Chaturvedula et al (2004)
Chaturvedula et al (2004)
Chaturvedula et al (2004)




Chemical principle Source Reference

Elongatolide A * Anthonsen et al. (1565)
Elongatolide B * Anthonsen et al. (1969)
Elongatolide C * Anthonzen et al. (156%)
Elongatolide D * Anthonsen et al. (1565)
Elongatolide E * Anthonsen et al. (1969)
Trans-clerodane & * Iichael et al. (159%)
Mfichael et al. {19959
Michael et al. (199%)
Sung et al (1939
Sung et al {1959
Sung et al (1959)

Choed et al. (2004}

Choed et al (20047

Chet et al. (2004)

Choed et al. (2004}

Choed et al (20047

Chot et al. (2004}
Ealemba et al (2001}
Kalemba et al. (2001
Ealemba et al. {2001}
Thiem et al. (2001)
Thiem et al. (2001}
Luetal (19%5)
Luetal (1993)
Luetal (1993)
Luetal (1995)
Luetal (1993)

[+ N

Trans-clerodane B *

Trans-clerodans C *
Erythrodiol-3-acetate
z-tocopherol-gquinone

Trans-phytol
Ent-germacra-4{15),5,10{1d)-trien- lo-ol
p-atnynin acetate
Ilethyl-3,5-di-O-caffe oyl quinate
Ent-germacra-4{15),5,10(14)-trien- 1p-ol
B-dictyopterol

3,5-Di-O-caffeoyl quinic acid
Eaempferol

Epi-torilenol

Cis-eudestn-4(10)-en-1-one
Cuercetin-3-0-B-D-rutinoside(ntin)
Lzoschaftoside

(+)-18-Tigloysmmannol *
18-Hydroyabieta-7,13{14)-diene *
18-Tigloyoxyabieta-7, 13014} -diene *
T-Hydroy-13,15-dihydrosyrabieta-8 (14)- ene-18-oic acid *
15- Hydrovdehydroabietic acid *

R R R R = o5 B0 0o g 00 0o 3 09 0o 3 o o0 0 0 . o

a: Solidago decurrens L. ; b: Solidago virgaurea L. ; c: Solidago canadensis; d:
Solidago elongate Nutt.; e: Solidago arguta; f: Solidago odora Ait.; g: Solida
govirga-aureavar gigantean; h: Solidago gigantea Ait.; i: Solidago graminifolia; j:
Solidago chilensis; k: Solidago rugosa .

*New compound
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Fig. 3. New compounds of genus Solidago. (Tao et al. 2006)
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Polyacetylenes

A\
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MeCO; H H CO,Me

diterpenoids

Fig. 4. Polyacetylenes and diterpenoids compounds from

rhizomes of S. altissima L. (Motoo et al. 1999)
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2.1.1.

(Solidago altissima L.)

Solidago

(Table 1)

2.1.2.

2005 9

13



2 kg) 60 % MeOH (5 L)

16
(ADVANTEC 2) 90 % MeOH (3 L)
16
DIAION HP-20ss
(H O MeOH) Fr. 1 Fr.3 (Fr.
Fr. 2 Fr.3) Fr. 1 Sephadex LH-20 (60 %
MeOH) (Fr. 1-1  Fr. 1-2 Fr. 1-3)

Fr. 1-1 Preparative C13125 (H,O MeOH) DIAION HP-20ss
(HO MeOH) Sephadex LH-20
(60 % MeOH) Sa-6 (53 mg) Sa-8 (3 mg)
Fr. 1-2 Preparative Ci5125 (H,O MeOH)
(Fr. 1-2-1 Fr. 1-2-2) Fr.1-2-1  Sephadex LH-20 (60 % MeOH)
DIAION HP-20ss (H,O MeOH)
Sa-4 (200 mg) Sa-5 (75 mg) Sa-7 (20 mg)

Fr.1-2-2  Sephadex LH-20 (60 % MeOH)

Sa-9 (69 mg) Fr.1-3  ODS-G3
(H O MeOH) Sa-3 (3 mg) Fr. 2 Sephadex LH-20
(60 % MeOH) DIAION HP-20ss (HO MeOH) Preparative C;g 125
(HO MeOH) Sa-1 (62 mg)
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Sa-10 (30 mg) Fr.3  Preparative Ci5 125 (H,O MeOH)

Sephadex LH-20 (60 % MeOH)

Sa-2 (30 mg) Fr. 4  Sephadex LH-20 (60 % MeOH)

2 Fr. 4-1 Fr. 4-2)
Fr. 4-2  Fuji-gel (H,O MeOH) Fr. 4-2-1
Fr. 4-2-2 Fr. 4-2-3 Fr.4-2-1 DIAION HP-20ss (H,O MeOH)

Preparative Cjg3 125 (H,O MeOH)

Sa-11 (58 mg) (Fig. 5)
TLC
TLC MERCK, 60 Fos4
- - (1:7: 1)
254 nm
3.1.2.
Sa-1 Sa-9
11 Sa-1
Sa-9 'H-NMR BC.NMR

Sa-1  caffeic acid (Flamini et al. 2001) Sa-2  chlorogenic

acid (Cheminat et al. 1988, Lin et al. 1999) Sa-3  3-O-caffeoylquinic acid (Nakatani

15



et al. 2000) Sa-4 4-O-caffeoylquinic acid (Nakatani et al. 2000) Sa-5
3-O-p-coumaroylquinic acid (Ossipov et al. 1996) Sa-6  4-O-p-coumaroylquinic
acid (Whiting et al. 1975) Sa-7 3, 5-di-O-caffeoylquinic acid (Kwon et al. 2000)

Sa-8 4, 5-dicaffeoylquinic acid (Lin et al. 1999) Sa-9 trans-tiliroside

Budzianowski et al. 1995 (Fig. 6) Chlorogenic acid
(Yamada et al. 1996, Yoshimoto et al. 2002) (Adraham et al. 1993)
(Basnet et al. 1996, Kapli et al. 1995) (Huang et al.
1998, Mori et al. 1986, Tanaka et al. 2002) ( 1996)

(Zhu et al. 2004)

3,5-dicaffeoylquinic acid (Kim et al. 2005) W
E et al. 1996, Brenda et al. 1998) (Jiang et al. 2000)
(1998) Murayama et al. (2002) caffeoyl
2 OH
caffeoyl 2
3,5-dicaffeoylquinic acid caffeoyl 1 chlorogenic acid
(Sa-10)

16



Sa-10 m/z 727.2095  [M+H]"

Sa-10 C32H38019
Sa-10 'H-NMR (Fig. 7) 8 6.37 (H-6) 6.69 (H-8)
- (J=2.0 Hz)
8 6.87 (H-3’, H-5") 8.01 (H-2", H-6") (J=8.9 Hz) -

04.35 (H-1"" J=1.2 Hz), 6 5.32 (H-1”

J=7.3 Hz) §5.61 (H-17” J=3.7 Hz)

BC-NMR (Table 2) 15 aglycone 3
Sa-10 kaempferol trioside (El et

al. 2001 EI et al. 2002) 'H-NMR
BC-NMR Sa-10  rutinose (Park et al. 1995, Zarzuelo et
al. 1995, Ito et al. 2000)  apiofuranose (EI et al. 2002) kaempferol
HMBC (Fig. 8) rhamnose H-1"”

glucose C-6 rutinose

Sa-10 'H-NMR 5 5.61

(H-1”") 1 (3.7Hz) O-B-D-apiofuranose (El et al. 2002)

HMBC apiofuranosyl H-177 C-7
BC-NMR (Table 2)

C-2 (8 157.3) glucosyl C-1”  kaempferol C-3

17



Sa-10  kaempferol 3-O-rutinoside 7-O-f-D-apiofuranoside (Fig.

10)
(Sa-11)

Sa-11 m/z357.1187 [M-HJ C16H200

"H-NMR (Fig. 10-A Table 3)

(85.95,6.17,1=2.4 Hz ) Q)
5.03, J=7.9 Hz)

BC-NMR (Fig. 10-B Table 3) (5 95.4,
98.3, 106.8, 162.3, 165.9 167.6) glucose & 101.9, 74.8, 78.4, 71.2,
78.7 62.5

'H- BC-NMR (Fig. 10)

acylphloroglucinol (Huang et al. 2006, Wollenweber et al. 1998)

'H-  C-NMR (Fig. 10) 1 ('"H:50.97,
J=7.3 Hz, 3H; °C: 8 14.2) 2 ('"H:81.69 3.13, m, 2H; *C:819.2
47.2) 1 (PC:8207.5) ,

butyryl aspidinol B Wollenweber et al. 1998

Sa-11 butyryl

18



acylphloroglucinol butyryl

acylphloroglucinol COSY (Fig. 11) HMBC (Fig. 12)
Sa-11  'H "C-NMR phloroglucinol
C-2
HMBC (Fig. 12) glucose  H-1”
C-2
'H -NMR J (79 Hz)
glucose  C-1” B- Sa-11

2, 4, 6-trihydroxy-1-butyrophenone 2-O-B-D-glucopyranoside Fig. 13

Acylphloroglucinol

Dryopteris Wollenweber et al. 1998, Ito et al. 1997, Ito et al. 2000 Diplazium

(Hori et al. 1990) Hypericum (Gibbons et al. 2005, Shiu et al. 2006)
Phyllanthus Zhang et al. 2002 Eucalyptus GhiSa. 1996
butyryl acylphloroglucinol
Sa-10 Sa-11
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2.14.

11 8 (caffeic acid
chlorogenic  acid 3-O-caffeoylquinic  acid 4-O-caffeoylquinic  acid
3-O-p-coumaroylquinic acid 4-O-p-coumaroylquinic acid 3, 5-di-O-caffeoylquinic
acid 4, 5-dicaffeoylquinic acid) 1 (trans-tiliroside)

2 (kaempferol 3-O-rutinoside 7-O-f-D-apiofuranoside 2,4,

6-trihydroxy-1-butyrophenone 2-O-f-D-glucopyranoside)

20
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HOOC
\ < 2 OH Sa-1

OH

Sa-2 : Ry, Ro=H, R3=Caffeoyl (Chrologenic acid)
Sa-3 : Ry=Caffeoyl , Ry, R3=H

Sa-4: R{, R3=H, Ry,=Caffeoyl

Sa-5: Ry=Coumaroyl , Ry, R3=H

Sa-6 : R1, R3=H, Ry,=Coumaroyl

Sa-7 : Rq, R3=Caffeoyl, R,=H

Sa-8: R1=H, Ry, R3=Caffeoyl

o) Sa-9

Fig. 6. Structures of Sa-1 Sa-9.
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Table 2. ®*C-NMR spectral data of Sa-10 (in DMSO-ds).

Position BC (ppm)
Aglycone

2 157.3
3 133.6
4 177.6
5 160.9
6 99.4
7 162.6
8 94.6
9 156.1
10 105.6
I 120.8
2’ 131.1
3’ 115.2
4 160.2
5 115.2
6’ 131.1
Glucose

17 101.3
2”7 74.2
3” 76.4
4” 70.1
5” 75.9
6” 67.0
Rhamnose

1 100.8
2 70.6
3 70.4
4> 71.9
5 68.3
6 17.8
Apiose

1 107.2
277 76.2
37 78.8
4 74.7
577 62.0

24
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Fig. 8. The HMBC spectral data of Sa-10.
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Fig. 9. Structure of Sa-10.

26



Table 3. 'H-NMR and **C-NMR* spectral data of Sa-11. (in CD;OD)

Position dc Ou

1 106.8 -

2 162.3 -

3 95.4 6.17(1H, d, J=2.4 Hz)

4 165.9 -

5 98.3 5.95(1H, d, J=2.4 Hz)

6 167.6 -

Butyryl side chain

1’ 207.5 -

2’ 472 3.13(2H, m)

3’ 19.2 1.69(2H, m)

4 14.2 0.97(3H, t, J=7.3 Hz)

Glucose

17 101.9 5.03(1H, d, J=7.9 Hz)

2” 74.8 3.53 (1H, t, J=7.9 Hz)

3” 78.4 3.47 (1H, t, J=7.9 Hz)

4” 71.2 3.40 (1H, t, J=7.9 Hz)

5” 78.7 3.45 (1H, m)

6” 62.5 3.72(1H, dd, J=12.0, 5.5 Hz)
3.91(1H, dd, J=12.0, 2.2 Hz)
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Fig. 11. The COSY spectrum data of Sa-11.
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Hotf“"\ OH

CHs>—CH»>—CH3z

Fig. 12. The HMBC spectrum of Sa-11.
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2 3 4

Fig. 13. Structure of Sa-11.
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2.2.1.

(Wang et al. 1999)

(Mishima et al. 2005) (Hiroji et al. 2004)
(Yoshimoto et al. 2004) (Yoshimoto et al. 2002)
ie et al. guyen et al.

(Xi 1. 2005) (N 1. 2005)
( 20006)
(Balsa et

al. 1979, Forrest et al. 1969) 1

@8 ) G )
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2.2.2.

2007 3 11
3 )
HPLC
120 mg (10
ml) 30
Millex LH 0.45pn ) 25 HPLC
HPLC 2 (A B)
( A)
: Inertsil ODS-2 (4.6 mmx250 mm) : 40 :A; mM
TBA (pH 2.9 ) B;CH;CN A:B 1:0(0min 20 min) 4:1(20
min 35 min) 4: 1 1: 0 (45 min 60 min) : 1 ml/min : 280 nm (UV)

(min): Sa-1 (16.56) Sa-2 (15.60) Sa-3 (17.03) Sa-4 (16.10) Sa-5 (16.07)

Sa-6 (19.97) Sa-7(26.30) Sa-8 (28.98) Sa-9 (20.90) Sa-10 (40.67) Sa-11 (25.23)

HPLC Fig. 14-A
( B)
: Tskgel-ODS80Ts (4.6 mmx*250 mm) : 40 A 1 mM
TBA (pH 2.9 ) B;CH;CN A:B 4:1 1: 9 (35 min)

33



0.6 ml/min : 280 nm (UV) (min): Sa-1 (16.24) Sa-2 (14.93) Sa-3

(11.67) Sa-4(19.29) Sa-5(17.12) Sa-6(21.23) Sa-7(24.13) Sa-8(25.67) Sa-9

(27.16) Sa-10(20.16) Sa-11(23.19) HPLC Fig. 14-B
Sa-4 Sa-5 A B
A
3
2.2.3.
(Sa-1 Sa-8)
(Sa-9 Sa-11) Fig. 15-A Fig. 15-B
Sa-2 Sa-7 Sa-2 3 4 5
37.1 mg/g 343 mg/g 37.7 mg/g 6
16.2 mg/g 5
Sa-7 3
Sa-2 15.5 mg/g 5 7

5 26.7 mg/g 6 19.3 mg/g 7
24.5 mg/g 8 12.7mg/g 7
Sa-7

Sa-2

34



Sa-7 caffeoyl Sa-2

(Sa-9 Sa-11) Sa-2 Sa-7
3 Sa-9  0.18 mg/g Sa-10  0.02 mg/g Sa-11
0.26 mg/g 6 Sa-9  0.58 mg/g Sa-10
0.74 mg/g Sa-11  0.77 mg/g 7
Sa-9 Sa-10 Sa-11 11
1
1 (Sa-1
Sa-8) (Sa-9 Sa-11) Fig. 16-A
Fig. 16-B 1 Sa-2 5
(88.3 mg) Sa-7 7
(100.3 mg) Sa-7 5 (Fig. 15)
1 7
5 7
7
8 1
1 (Sa-9 Sa-11) Sa-2
Sa-7 Sa-9 Sa-10 3 6
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6 (Sa-9: 1.4 mg Sa-10: 1.8 mg)

7 10 Sa-11 7 (2.9 mg)
8 (2.4 mg) 9
1 7 8
2.2.4.
1

Sa-2 Sa-7 Sa-2 Sa-7

Sa-2 1 5

Sa-7 1 7

36
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2.3.1.

Solidago Marie et al.
(2008)  S. canadensis S.
canadensis (Rousseau 1945)

(Arnason et al. 1981) (Smith 1933)
S. canadensis (Fig. 2)
( )
(Sa-2 Sa-7) 7 8
10
8 10
( )
2.3.2.
( )
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2007 10 3

2007 8 10 3
8 90 cm (=5cm) 10 60 cm (£ 5
cm) 3 (8
30 cm 10 20 cm )
HPLC

2 2 2.2.2.

2.3.3.
( ) (Sa-1 Sa-8)
(Sa-9 Sa-11) Fig. 17-A Fig.
17-B 4 ( )
Sa-2 Sa-7 Sa-2 4.4 mg/g
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5.9 mg/g

2.6 mg/g
1.7 (7.7 mg/g) Sa-7
5.2 mg/g 2.7mg/g 3.1 mg/g
17.3 mg/g
3.3 Sa-2
Sa-7
(Sa-9 Sa-11) Sa-2 Sa-7
Sa-9 1.1 mg/g
3 (Joao et al. 2008) Crataegus
(Wieland et al. 2008)
Sa-2
Sa-7 Sa-9 Sa-11

S. canadensis
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18-A

mg/g)

10

19-A

(Sa-1 Sa-8)
Fig. 18-B
Sa-2

8.3 mg/g

(11.6 mg/g)

Sa-2

(Sa-1 Sa-8)

Fig. 19-B

(10.2 mg/g)

( )

(Sa-9 Sa-11) Fig.
9.5 mg/g 8.9 mg/g
Sa-7 (16.2

(8.5 mg/g)

Sa-2  Sa-7

( )
(Sa-9 Sa-11) Fig.
10 ( )
8 Sa-2
Sa-7 (9.7 mg/g)
8
8 10
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3.1.1.

1)

3)

2)

4)
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3.1.2

2004 5 (
cm) 3 % NaOCl (10 min) 1/2 MS
(Murashige et al. 1962) 25 ( 3000 lux 16

/)

2
1 mg/L TAA 1/2 MS
1 mg/L IBA
1/2 MS 25 (90 rpm) 2
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YEB (Vervliet et al. 1975)

Agrobacterium rhizogenes MAFF 03-01724

claforan (0.25 g/L) 1/2 MS
2 25
172 MS 25 2
DH (P90 mm) 2,4-D (1 mg/L) BA (0.1 mg/L)
172 MS (25 ml)
1 5 25
HPLC
( )
20 mg MeOH (2 ml)
16 MeOH Millex LH 045 b )
(5 p)  HPLC

HPLC

: CAPCELL PAK C18 ACR (4.6 mm [.D.><250 mm) ( )
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: 40
1 1: 9 (35 min)

(14.2) Sa-7 (24.5)

3.1.3.

Inoguchi et al. (2003)

Fig. 21

7 )

5.6 mg/g

:A; 1 mM TBA (pH 2.9

: 0.6 ml/min
Fig. 20
MeOH HPLC
5
: 5.8 mg/g
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: 270 nm (UV)

) B; CH;CN A: B=4:

(min): Sa-2

Sa-7 (

: 4.8 mg/g



: 11.2 mg/g : 12.7 mg/g

) Sa-2
HPLC 30 35
uv (2529 nm 267.1 nm
282.4 nm)
Inoguchi et al. (2003)
Sa-7
(Fig. 14) ( )
Sa-2
(Clifford et al.
1999, Manachi et al. 2004)
(M-(;ller et al. 1983) (Nishitani et al. 2004) (Clifford et

al. 2006) (Ohmoto et al. 1998)
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Fig. 22

Sa-2 Sa-7

Sa-7 24 %
0.9 % 0.5 % 1.9 % Sa-2
2.5 % 0.2 % 1.1 %
1.0 %
(Ishimaru et al. 1995)
3.1.4.
(
)
(Sa-2 Sa-7)
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Fig. 20. Establishment of various tissue cultures of S. altissila L.
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Fig. 22. Concentration of Sa-2 and Sa-7 in various
tissues of S. altissima L.
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D: in vitro plants (shoot)
E: in vivo plants (leaves)
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3.2.1.
1
(Sa-2 Sa-7)
3.2.2.
1/2 MS Gamborg B5 (BY) (Gamborg et al. 1968) (50
ml/100 ml ) 03g ) 25 8
(90 rpm) 1
HPLC 3
1/2 MS 4 1/2 MS (50 ml/100 ml
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) (03¢g ) 25 8

(90 rpm) 1
HPLC 3
(03¢ ) (20 mg/L. 40 mg/L 60 mg/L 80
mg/L 100 mg/L) 1/2 MS (50 m1/100 ml )
25 4 (90 rpm)
4 ( ) HPLC
3.2.3.
Fig. 23-A Fig. 23-B
(Ishimaru 1995, Bajaj et al. 1999)
1/2 MS B5
7 1 (172 MS : 0.52 g/flask BS
: 0.52 g/flask) Sa-7
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(1/2 MS

HPLC

(2006)

Ishimaru et al. (1994)

(Fig. 26-A)

4

: 6.0 mg/flask B5 : 6.4 mg/flask

Fig. 24

Fig. 25

Fig. 26-A  Fig. 26-B

Sa-2 Sa-7

Sa-7
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Sa-2 Sa-7

Sa-2 7 (5.9 mg/g)
8 (3.3 mg/g) Sa-7
(16.3 mg/g) (8.6 mg/g) 8
Sa-7 3% )
(0.9 %) 3 (Fig. 26-C)
Fig.
27 Sa-2 Sa-7
40 mg/L
Sa-2 1.6 Sa-7 1.4
(
2004)
3.24.
1/2 MS B5
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(40 mg/L)
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Fig. 23. Growth (A) and polyphenols production (B) of
S. altissima L. hairy roots cultures.
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Fig. 24. S. altissima L. hairy roots cultured 1/2MS liquid medium

for 4weeks.
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Fig. 25. HPL.C profiles of MeOH extracts for S. latissima L.
hairy toots cultured in dark or light.
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Fig. 26. Growth and polyphenols production of S. altissima L. hairy roots
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A: growth (g/flask)
B: amount (mg/flask)
C: concentration (% as dry weight)
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Fig. 27. The amount of polyphenols of S. altissima L. hairy roots cultured in
1/2MS liquid medium supplemented with ascorbic acid (20 mg/L,
40 mg/L., 60 mg/L, 80 mg/L, 100 mg/L) in the dark or light condition.
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4.1.
MeOH  EtOH CHCL;
( 2001 2001 2004)
4.2.
( 2001)
( ) 10
(121 15 ) 2
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(Calbiochem)

(in vivo 2005 2 )
(12 MS 4 ) 3¢ ( )
MeOH (60 ml) (ADVANTEC 2)
( 75 ml)
(150 ml)
pH 4.5
(TOMY

MX-300 6500 rpm 10 25 )

(Fig. 28)
- 50 % HPLC
HPLC
50 % (20 mg /2 ml) Millex LH
(0.45 um) (10ul)  HPLC HPLC
3 1
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4.3.

Sa-7 (Fig. 29
Sa-2
Sa-2
( )
31
12 g (
Sa-7
65.6 %
10 % (
10.7 % 33.6 %)
Sa-2
35 %

MeOH Sa-2
Fig. 30)

Sa-2 Sa-7

Fig.
( )
) 14 ¢g
Fig. 29 Fig. 30
Sa-7 453 %
(Fig. 31) Sa-2 Sa-7
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4.4,

2001)

(Sa-2

(

2000

Sa-7)

Sa-7

100 %

70

2001)

50 %

10 %

Sa-2

2000



Fig. 28. Polyphenols-soybean protein complexes from

S. altissima L. and soybean protein.
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Hairy roots

In vivo plant

(mg) (39, dryweight) (mg) (39, dry weight)

20 20

15 7 15 t

10 | 10 |

5 5

100%
adsorption rate
0 e BN 0
EX SN EC EX SN EC
Hairy roots Invivo plant

(mg) (39, dryweight) (mg) (3 g, dry weight)

4 4

3 3

65.6%
adsorption rate
2 2
45.3%

1 1 adwomptionrate

0 0 recovered rate
EX SN EC EX SN EC

Fig. 31. The amounts of Sa-2 and Sa-7 (mg) in various extracts.

EX: extract

A: Sa-2
B: Sa-7

SN: supernatant
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11

Solidago

(S. altissima L.)

Inoguchi (2003)

75

8

(Fig. 4)

(Sa-1

Sa-8)

(Table 1)



3 (Sa-9 Sa-11)

Sa-1 caffeic acid Sa-2 chlorogenic acid Sa-3
3-O-caffeoylquinic  acid Sa-4 4-O-caffeoylquinic  acid Sa-5
3-O-p-coumaroylquinic acid Sa-6 4-O-p-coumaroylquinic acid Sa-7 3,

5-di-O-caffeoylquinic acid Sa-8 4, 5-dicaffeoylquinic acid
Sa-9  trans-tiliroside
Sa-10  kaempferol 3-O-rutinoside 7-O-f-D-apiofuranoside Sa-11

2, 4, 6-trihydroxy-1-butyrophenone 2-O-B-D-glucopyranoside

Sa-9 Sa-11
acylphloroglucinol (Sa-11)
1
Sa-2  Sa-7 Sa-2 Sa-7
Sa-2 1 5
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Sa-7 1 7

Sa-7
1
5 (Sa-2) 7  (Sa-7)
6 8
(10 ) (
Sa-2
2
Sa-7 3
Sa-9 9
3 (Joao et al. 2008) Crataegus
(Wieland et al. 2008)
8 10 ( )
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( 1981) ( 1977) (Feeny et al. 1968)

(Howell 1976)

(Sa-2 Sa-7)

1/2 MS B5 7

( 2006) (Ishimaru et al. 1994)
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(

(Sa-2

Sa-7

40 mg/L

2004)

Sa-7)

100 %

Sa-7
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Sa-2
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(Solidago altissima L.)

Solidago

1)
8  (caffeic acid chlorogenic

acid 3-O-caffeoylquinic acid 4-O-caffeoylquinic acid 3-O-p-coumaroylquinic acid

4-O-p-coumaroylquinic acid 3, 5-di-O-caffeoylquinic acid 4, 5-dicaffeoylquinic

acid) 1 (trans-tiliroside) 2

(kaempferol ~ 3-O-rutinoside  7-O-B-D-apiofuranoside 2, 4,

6-trihydroxy-1-butyrophenone 2-O-f-D-glucopyranoside) 2)
3) ( )
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5)

4)
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Summary

Solidago altissima L. (Compositae) is a perennial herb originated from North
America. Some polyacetylene and diterpenes were isolated from the roots of this plant.
The studies on the other phytochemicals of this plants have not been done so much. In
this research, in order to clarify the unknown chemical compounds of this plant and to
ultilize this plant as a new functional chemical, analysis of the second metabolites was
carried out. In addition, various tissue cultures of this plant were established, and the
factors which regulate the production of secondly metabolism, especially polyphenol
production were also investigated. As a part of the studies on the ultilization of this
plant as a polyphenol resource, an efficient extraction method of polyphenol from this
plant was also developed.

Novel findings obtainted in this research were as follows: 1) Eight caffeic acid
derivatives (caffeic acid, chlorogenic acid, 3-O-caffeoylquinic acid, 4-O-caffeoylquinic
acid, 3-O-p-coumaroylquinic acid, 4-O-p-coumaroylquinic acid,
3,5-di-O-caffeoylquinic acid and 4,5-dicaffeoylquinic acid), a phenolic glucoside
(trans-tiliroside), and two new compounds (kaempferol 3-O-rutinoside
7-O-B-D-apiofuranoside and 2,4, 6-trihydroxy-1-butyrophenone
2-0O-B-D-glucopyranoside) were isolated using reversed-phase chromatographies. 2)
The seasonal changes of polyphenol contents and the pattern of polyphenol constituent

in the leaves of this plant, were clarified. 3) The polyphenol pattern and contents in

&3



various organs (leaves, stem, roots and flowers) and in the leaves grown in different
position of the plant (upside, middle and below position), were also analyze. 4) Various
cultures (shoot culture, callus culture, adventitious roots and hairy roots) of S. altissima
L. were established, and the contents of polyphenols in these cultures were also
investigated. 5) In increase of the polyphenol of the yields in the hairy roots was
succeeded by illumination and addition of ascorbic acid in the medium. 6) The efficient
extraction method of polyphenols from this plant was established by preparation of
soybean protein-polyphenols complex.

In this research, it was elucidated that high contents of various polyphenols were
contained in S. altissima L. for the first time. The new phenolic glucosides obtained
were also considered to be useful chemical compounds for the chemitaxonomy. In
addition, for the fist time various cultures of this plant were successful established, and
the possibility of the regulation of polyphenol biosythesis was shown. Moreover, the
soybean protein-polyphenols complexes prepared in this study are expected as new
function food materials were also prepared.

By this result, S. altissima L. was shown an useful resource of plant polyphenols.
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