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Number:CCMP94-RD-102

Resear ch on Selection, Breeding and
Organic Farming for Medicinal Herbs (2-2)

Shih-Shiung Chen
National Chung Hsing University

ABSTRACT
Aim

Natural herb Ma-Lam (Strobilanthes cusia), and Sung-Lam (Isatis
indigotica ) were chosed to identify their germplasms, purify the genotypes,
establish the good agricultural practices (GAP) model, analysis the effective
components, and breed for the local elite lines.

The native herb Ma-Lam, and Sung-Lam served as effective Chinese
medicine. Seeds and materials were imported without genotypically identified.
Tissue culture protocols of the herbs are established first to produce enough
pest-free plantlets. With genetically purified test, these materials are used to
standardize the farming practices and analysis the effective chemical components.
Mass propagation of the herbs from pest and disease-free seedling in cultural
medium can be achieved. From this diversified materials, stress tolerance
lines such as extreme temperature, and water logging may selected for good
agricultural practices (GAP) in Taiwan.

GAP is necessary for good quality and stability of effective chemical
components. Fingerprinting of chemical components and its seasonal fluctuations
are analyzed to find the key indicator of the effective chemical components
and proper harvesting time. Finally, high quality and stable genotypes of
these herbs that suitable for local GAP and organic culture are breeded.
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M ethod

Field experiment of Isatis indigotica was conducted in split plot design
at Minjian, Nantou from 2004 through 2005. The main plot was two level of
organic fertilizer (0 and 4,000 kg / ha). The sub plot was dolomite treatments
(0 and 2,000 kg / ha). And the sub-plot was potassium fertilizer (60, 120 and
180 kg / ha) in 3 replications. For the observation for cultivars, C1, C2, C3,
and C4 were cultivated with randomized complete block design in 6 replications.

Field experiments of Strobilanthes cusia were conducted from 2004
through 2005 at Luku. To investigate three planting density ( 10 ~ 20 and 30
cm )and nitrogen fertilizer treatment ( 75 ~ 150 and 225 kg / ha ) weed control
methods in GAP farming. As affected Yields of the Biomass and indigo dye
from S. cusia.

Component analysis including the calibration of the three standard
compounds, preparation of the samples, optimum parameter of the instrument
including LC/UV and LC/MS, and the chromatographic conditions.

Two alkaloids--comound A as a 2-benzoxazolinone and and B (2R)-2-O-
B-D-gluco pyranosyl -2H -1,4- benzoxazin-3 (4H)-one were isolated from the
root of Srobilanthes cusia last year. This year we have finished the whole
isolation of the root part of S. cusia. A total of 9 compound were obtained.
Among them, another alkaloid , 2, 4 (1H, 3H) quinazolinedione was isolated.
We use these three compound plus the previous standards including tryptanthrin,
indigo and indirubin as our six alkaloid standards to run the HPLC to
distinguish  Isatis species from and Srobilanthes plants used as the resource of
Chinese drug Banlangan due to the absence of the three alkaloids we isolated
from S. cusia in |. species. And the comparison between leaves and root, we
obtained a significant varies between the leaves and root part on the content
of these alkaloids.

Results & Discussion

1. Application of 112 kg K,O / ha and 124 kg K,O / ha potassium fertilizer
gave Strobilanthes cusia the hightest yield of leaf and root, respectively.

2. The optimum harvest time of Strobilanthes cusia is the pre-flowering stage.

3. Application of 4 % IBA is beneficial for rooting system when crafting of
Strobilanthes cusia.

- 387 -



CEEELE N 24P ¥

4. The optimum planting space of Isatisindigotica is 30x18 cm.
5. Biomass of Strobilanthes cusia was enhanced as nitrogen fertilizer increased.

6. Indigo blue, indirubin, and tryptanthrin of lsatis indigotica increased as

nitrogen fertifizer increased.

Leaf of Isatis indigotica showed a high indigo blue and indirubin contents,
while root showed a high tryptanthrin content.

Keywords : Natural herbs, Strobilanthes cusia, Isatis indigotica, Germplasms,
heat-tolerance, Good agricultural practice(GAP), Fingerprinting,
Indicator components
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e pEys * 5 9% 4,000 kg / ha~35 2 % % 2,000 kg / ha ¥7 42 % 120 kg
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3
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CCHERELARFERT U ER REE R ANRE IR T RS
% AL
PR EREREECl AR FEL G S CA s 0T
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1.k ® : Beckman System Gold Programmable Solvent Module 125 with
Diode Array Detector Module 168 -

2. 1 Column : Merk RP-18¢(Sum) 250 x 4 mm ©
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3.%% 4p Mobil phase : A : water+0.005%TFA
B : CAN+0.005%TFA
4.;+:% Flow rate : 0.4 ml/min
5.7 #& Gradient : 0-5min : 15%B >
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T iz d mfip 2. LC/MS & 5 (B ) °
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kB &

Ao GRS E AP BHS P U TES AL LS

7 e =1 FA 4w sz (kg/ha)
(ton/ha) (ton/ha) 60 120 180
0 2,443 4,836 3,717
’ 2 4,886 4,843 4,500
0 5,529 6,000 5,272
) 2 5,157 5,043 4,786

* 2 apEk T 0 2004 & 11 0 F 4 o
*4 459 BT E ¥ b5 % § o g% 40( kg / ha) o
XA 5 % 4 4597 BT F 4005 § % 80( kg /ha) ~ B5% 100( kg / ha) -

B Ed R RSN S R EERAE LY

3 e =3 A 4 52 (kg /ha)
(ton/ha) (ton/ha) 60 120 180
0 3,300 3,672 3,886
’ 2 5,814 6,707 5,300
0 5,686 5,214 5,114
) 2 5,729 5,286 5,300

*LE A% 2004 F 11 0 Fik oo
*»}g B g T R ¥ 2§~ BT 40( kg / ha) -
¥R G 7 AL F 40 % § 57 80( kg / ha) ~ A% 100( kg / ha)
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2= -ﬁ ¥4 87 % @W@jﬁ'ﬂ-%’,{i’éégi: :’z\}»ﬁﬁ%% FeN B imie s v §
’ﬁa}:}k}’i‘? ﬁmawﬁg%@@rg
FAT IR - R AR
(ton/ha) (kg /ton)
# Y=1226+10.2917X-0.04125X> 124
0
2 Y=33+44.15X-0.15278X> 144
#® Y=1638+-8.9X-0.0397X> 112
4
2 Y=-239+34X-0.1361X> 124

e AR RES IS MHPEEAR L BT

# 1 x #e

Ny
90 120 240 360
Cl 2,957 14,443 16,224 1,650
C2 2,957 9,000 13,033 1,800
C3 4,157 5,043 13,015 1,973
C4 4,629 7,286 13,376 1,971

* LR EEY 2004 & 9~ 11 Y Rk 2 2005 F 27 0 koo
k35 * 87 d? 4000 kg /ha~E 4 7 A& 2,000 kg /ha~ 4% 120 kg / ha -
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o "
A f FEF: /~'<
90 120 240 360
Cl 2,443 9,172 15,227 23,400
C2 2,229 7,714 15,041 21,343
C3 2,886 5,286 12,486 18,102
C4 3,343 8,614 14,560 27,429

*EREEY 22004 F 9~ 11 " gk 0 2 2005 F 27 P Btk e
*35 o § 7 J? 4,000 kg /ha~ ¥ 4 7 A 2,000 kg /ha~ 4% 120 kg / ha -

A CARRESE BRPEE kT WL Y

B 3

E S
90 120 240 360
Cl 63.2 68.05 68.25 76.0
C2 65.0 62.63 66.63 76.7
C3 68.0 65.0 66.0 73.8
C4 64.5 65.93 66.93 75.6

* LR EEY 22004 & 911 % o %2 2005 & 27 % Fdk oo
k35 * 587 d? 4000 kg /ha~E 2+ 7 A& 2,000 kg /ha~ 4% 120 kg / ha -
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2 ARRBRES ST BHBER LI ()2 BP

B K
o
90 120 240 360
Cl1 88.4 89.30 88.90 85.7
C2 86.7 87.76 87.96 88.1
C3 87.4 86.9 86.3 85.3
C4 88.3 87.76 87.73 86.4

* LR EEY 22004 & 9~ 11 Y Rk 2 2005 F 27 0 koo
kg * § 887 d? 4000 kg /ha~E 4 7 A& 2,000 kg /ha~ 4% 120 kg / ha -

EoA R OAILE P B AHE FE T 2 R 2 B

B E
%L k% (cm) & B fE(cm)
FL(g) EZ(g)
% % § % (kg / ha)
75 116.96"  194.69° 94.13* 11.17°
150 128.26°  234.14° 92.40° 10.67°
225 179.91°  321.18° 100.23* 10.33°
£ 1 B A (cmxcm)
10%30 176.31°  313.78°  149.33° 14.67 *
20%30 253.35%  407.14° 97 ° 8.17°
30%30 294.52°  421.96° 91.67° 6.83°
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24 PRBPAHCEFEIEZ FiA £ 2 Q005 & 57 23 pAtRg)
TEAE(kg/ha) F#4 ¥ (kg/ha)
12 % & (cmxcm)
53 5 3
30 x 10 21,600 1,440
30 x 20 22,622 1,735
30 x 30 14,089 876

AL NGNS EEE 2 Pa B BBQ005E 50 23 p R B)

TE A ¥(kg/ha) FH#A ¥ (kg/ha)

% % § % (kg /ha)

5% 5%
75 62,100 4,140
150 54,200 2,710
225 64,700 4,960

Lo Gy {NE EEY RE I B 2 BE

% % § 57 (kg / ha)

75 150 225
FE(pg/ g 51.88 70.29 84.84
e =(pg/g 19.85 27.32 53.82
¢ iRAr(ug/ g) 10.92 9.86 20.01
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E I N < L RAEEE R S A S i

B E kg
H MeOH IPE " TUTREEL
e

AR 5T e 0

|
AN et
silica gel colunm elute with hexane to methanol HP-20 colunm elute with water to acetone
/ \ \ \
Fraction 1 2 3 4 5 6 7 1 2 3 4 5
i) i
. .
silica gel colunm lehtC: gei:tlhcolunm
. ute w
silica g§l colunm sﬂiﬁ(ﬁgﬁn and chloroform and
silica gel colunm elute with methanol methanol
elute with chloroform and methanoll
hexane to chloroform \ | \
\
% A Al At
i e i
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@Fﬁjﬁ%ﬁ 3009

il

B [ MeOHIEH 20 i BBt

B EE A L R AR

PR O

B EAe

silica gel colunm elute with chloroform to methanol

Fraction 1 2

\

3
aﬁg

silica gel colunm
elute with
chloroform and methanol
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silica gel colunm
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4% Lo ~ LC-APCI-MS 2z % & i* %%

Segment 1 was used to detect tryptanthrin; Segment 2 was used to detect
indigo and indirubin; Segment 3 was used to detect tanshinone(IS).

MS Parameters Segment 1 Segment 2 Segment 3
Sheath gas flow rate(arb) 40 20 80
Aux gas flow rate(arb) 5 0 0
Discharge Current(pA) 3.5 3.5 5.5
Vaporize temp.("C) 575 575 575
Capillary temp.('C) 200 200 200
Capillary voltage(V) 10 10 10
Tube Lens offset(V) 0 0 0
Injection time(ms) 500 500 500
Scan period(min) 0-12 12-22.5 22.5-27
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CH,0H
0]
6 8 0
5 o o OH
o) g '
et OH
OH
9 N
4 H 10 N [0}
5 |
H

A: 2-benzoxazolinone

B: 2H-1,4-Benzoxazin-3(4H)-one, 2-
(D-glucopyranosyloxy)

P~ o 9 N 6]
HOH,C 8 H
Ho' E : B-sitsterol,3-(D-glucopyranosyloxy)
F :2,4(1H,3H)-quinazolinedione
HO (0]
7 12
1 11
6
16
3
s OCH 14
g2 17/ 15
G 4O|_}|1 d 3meth
D 4- roxy-3methox .
Dy aroxy y . 0 I: Indigo
benzoic acid H : Tryptanthrin

M- P (AD)Z B
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Absorbance y
— D =3
0.2 - »
B
0.1 -
] v 4
‘ B E "
- | X W \/\’\
0 —"L}._JLA’—J_‘__LJ -4 L -
0 T Ll L l T T T l T T L} N 5

20 40 Time(min)

Bl=- = &t %¥ 5% (Mix Standards UV 254 nm)

A: 2H-1,4-Benzoxazin-3(4H)-one, 2-(D-glucopyranosyloxy)(13.53 min).
B:(1H,3H)quinazoline-2-4-dione(17.44 min).

C: 2-benzoxazolinone(25.36 min).

D: tryptanthrin(40.79 min).

E: indigo(49.82 min).

F: indirubin(51.22 min).
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Absorbance
0.17] =
5 E
0.05- D -
] &
E -
A e
| | J J)
X1 i
0 T L) T ' T T T l T T T
20 40 Time(thin)

W= - 8 % 2 (Mix Standards UV 280 nm)

A: 2H-1,4-Benzoxazin-3(4H)-one, 2-(D-glucopyranosyloxy)(13.53 min).
B:(1H,3H)quinazoline-2-4-dione(17.44 min).

C: 2-benzoxazolinone(25.36 min).

D: tryptanthrin(40.79 min).

E: indigo(49.82 min).

F: indirubin(51.22 min).
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Absorbance B

- - |

1.0+ IR

" !

0.54 =

B -

F
| ' E

JK L M r NE

0 =
0 ‘ I . 20 ' l ' 4'0 : : " Time(min)

Ble 5 ER(1g/ ml) UV 254 nm)

A: 2H-1,4-Benzoxazin-3(4H)-one, 2-(D-glucopyranosyloxy)(13.53 min).
B:(1H,3H)quinazoline-2-4-dione(17.44 min).

C: 2-benzoxazolinone(25.36 min).

D: tryptanthrin(40.79 min).

E: indigo(49.82 min).

F: indirubin(51.22 min).
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Absorbance C -

1.0+ =
A

0.5 £
J B 5
| M \_,/’Nd \“.m‘w | 1] |
3 { KJ L‘\d\* - J\\ i

0 ' ' ' 20 ' ' i 40 ' ' "Time(min)

B 5 F(UV280nm)

A: 2H-1,4-Benzoxazin-3(4H)-one, 2-(D-glucopyranosyloxy)(13.53 min).
B:(1H,3H)quinazoline-2-4-dione(17.44 min).

C: 2-benzoxazolinone(25.36 min).

D: tryptanthrin(40.79 min).

E: indigo(49.82 min).

F: indirubin(51.22 min).
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Absorbance
0.3 5 L
0.2 — -
0.1+ E
— A D
KJ E |
0 ———j B
0 T L} T I L} T T I T T T
20 40 Time(min)

- 5 EE(g/10ml) (UV 254 nm)

A: 2H-1,4-Benzoxazin-3(4H)-one, 2-(D-glucopyranosyloxy)(13.53 min).
B:(1H,3H)quinazoline-2-4-dione(17.44 min).

C: 2-benzoxazolinone(25.36 min).

D: tryptanthrin(40.79 min).

E: indigo(49.82 min).

F: indirubin(51.22 min).
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Absorbance
0.2 1
0.1 5
J . i
] A E
| H\Jb w,
0 sl
T Ll L) " L T T I T T T
0 20- 40 Time(min)

B- 5 FE UV 280nm)

A: 2H-1,4-Benzoxazin-3(4H)-one, 2-(D-glucopyranosyloxy)(13.53 min).
B:(1H,3H)quinazoline-2-4-dione(17.44 min).

C: 2-benzoxazolinone(25.36 min).

D: tryptanthrin(40.79 min).

E: indigo(49.82 min).

F: indirubin(51.2 2min).
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calibration curve
B 200142 - 12627
20 R? = 0.997
g BT
=
S0 ¢
5 =
0
0 500 1000 1500
ppb
calibration curve
E’ y = 0.0116x + 0.7436
N -
0 - R™=0.9962
5 N
4 -
2 -
0
0 200 400 600 300 1000
ppb
calibration curve
7 .
6 & y = 0.0043x - 0.5549
5t R’ = 0.9983
5 N
2 -
1 -
0
0 500 1000 1500
ppb

B~ R~ EE 40T 22 LC/MS ¥ £ M
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RT: 0.00 -
100

a1

4198 SM: 7G
19.69 NL: 6.25E7

TIC MS AC1 dilute2

-
o

9.04 NL: 1.52E7
TIC F: + ¢ APCI SIM
ms [ 248.30-250.30]
MS ACL dilute2

Relative Abundance
E o 3 o
| ?\ L1 ? I ?\ L1 ? | ?\ L

a1

19.69 NL: 6.25E7

| TIC F: + ¢ APCI SIM
I ms [ 262.30-264.30]
| MS AC1 dilute2

-
o

\\\\%\\\\?

~ 23.08 NL: 3.42E5
TIC F: + ¢ APCI SIM
ms [ 276.30-278.30]
MS AC1 dilute2

[
5 10 15 20 25 30 35 40

0
Time (min)
B4 The APCI SIM chromatograms of(a) TIC (b) tryptanthrin (c¢) indigo &
indirubin(19.7min) (d) IS in dried Isatis indigotica leaves(# & iz %
# )of MeOH extracts, 1g/20mL.
RT: 0.00-41.98 SM: 7G
3.85 NL: 2.25E6
10% 3.08 TIC MS isatis root
] . 5g5mL A-02
50
° 3.85 NL: 2.25E6
1007 TIC F: + ¢ APCISIM
g ] 3.08 ms [ 248.30-250.30]
3 i MS isatis root 5g5mL
< 50+ A-02
« 16.40 NL: 8.99E5
1007 [ TIC F: + ¢ APCISIM
] [ ms [ 262.30-264.30]
] Il MS isatis root 5g5mL
> I - A-02
] g N \J L
23.63 NL: 8.16E5
100 TIC F: + ¢ APCISIM
] ms [ 276.30-278.30]
i MS isatis root 5g5mL
50-| A-02
T T é T T 1‘0 T T 1‘5 T T 2‘0 T T 2‘5 T T 3‘0 T T 3‘5 T T 4‘0 T
Time (min)

}%’]_L

The APCI SIM chromatograms of(a) TIC (b) tryptanthrin (c) indigo &
indirubin (d) IS in dried Isatis indigotica roots($ ¥ iz *% 19 )of MeOH
extracts, 1g/1ImL.
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