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= KEEEH (Bupleurum kaoi Liu, Chao et Chuang) R AIIEAEHE 0.2 mg/L —
BAAREAFLZEE (2,4-dichlorophenoxyacetic acid, 2,4-D) &2 1/2 MS ¥REERSE R AME
HHETREL 100 rpm $EGHEES R - Ml A RAC BT 02 E iR BE R - 1£ 24
HEBIPHAE RIY - ER5E 4 BREAERE LI - RS KRR -
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S EE N LS = 5584 (Chen et al.
2005; Yen et al. 2005) » LSRR IR & L SEHH 2
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/72 (Nalawade et al. 2003; Tripathi & Tripa-
thi 2003; Mulabagal et al. 2004) ; HI41F]F
B A SRS (taxol) (Chang ef al. 2004)
B RS (camptothecine) (Fulzele et al. 2001)
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(Methyl Jasmonate, MJ) AIRJHEIIAZ EH (Lu
et al. 2000) ~ 5% (artemisinin) (Baldi & Dixit

2008) B "MK (dihydrosanguinarine) (Cho
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B E REEH (Bupleurum kaoi) WHETEE RS
Y 1/2 MS (Murashige & Skoog 1962) FEANE#
FEVRIN 0.2 mg/L 2,4-D J¢ 3% R Bk (D2
B RL) DI SR AR ¢ B 0.5 g AR
IR - B ANE 20 mL D2 ¥53 52 125-mL
FEIPH » DL 100 rpm BEUEIRGERGE - B A
3 EEHA—RK - £ 5-6 KA ER - F
FHEGHE (0.84 mm) MWERIIG A/ N—BUZ S
WU Rt R B R « BB Ry 25+ 1°C
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7K R % 9% (Orbital Shaker, SK-302AB,
SanKuan, Taiwan) L 80 B¢ 100 rpm EHEAETTHES
#% (Chen et al. 2005) -
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1B - M55 508 - DUSEIFE R SRS - PCV
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100%) + DL 80 rpm ik H =R THIMURIZES
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1 mL #EE/KEL 0.2% LEHARIEREGE - B
ol 1 AR B R A Iz LS HE T
=3
YRR EE RIS MR E
BSEIAEHEEZRE

L 6 mL PCV #ilE#AER A& 44 mL D2
WRER A 250-mL R (BEEE
12%) » LL 80 rpm #R¥EZHFHEITRIE - H58 3
TS BIGIN 1 mL &2 500 mg/L YE V5% Bl fi
BRZK CEIIRRH) - PR RS2 1 B 2 SR TAH
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12% HHf R (ARG 25 28 By 250-mL $E/E
SR 2 M2 E s 0.51 g o HMBERRE R
24% (125-mL $EFEHE) 2RI R EA 4 R
Rl » 7026 3 EBREIN SR RHZE - (HAEEE
= 4 Bt Az SR B A 125-mL 598
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Fol B RISEMR A RIEIENLHAE
HEEZEE
5 BERESRE RANER 1 FR o shilieeE
B RE 1 EBRRTES BRI il R
ARSI AR Z RIS 2 - (£ JA Bl ABA
0 T P i R S I R B B TR (P <
0.05) MUFSS 5 fERREH 2 SHTL - DIEE/KEIE
it E R s 4.41 g/l > 0.2% ZFE%
WEH e R R 2 By 3.81 g/t » HBRREAT |
Pl B 2 AR B Y 1.90-3.42 /ML » F551
PRI 2 22 2 - SRS [ R
M5 fEE5E 2 HRME 1000 mg/L & 500 mg/L
YE JiE B 7E 3 5 5 B S 0 o fef 22 BA D

11,59 189
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Cultwey period (day)

1. & REEHIRRZ A AL R R © K 1 mL PCV HEIEARIIN 24 mL &4 0.2 mg/L 2,4-D Z 1/2 MS
REEEFRELLL 100 rpm fREAHSER 5 SHZAEREY - REEIEEA 5 Bl - [EHaRER R IRERGE -
Fig. 1. Growth curve of cell suspension cultures of Bupleurum kaoi. One mL PCV cells were inoculated into a

24-mL 1/2 MS medium containing with 0.2 mg/L 2,4-D. Cultures were incubated at 25°C on a shaker at 100 rpm and
5 flasks were sampled weekly for five weeks to measure the packed cell volume. Vertical bar indicates standard error

of mean.
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Fig. 2. Effect of speed of shakers (80 and 100 rpm) on cell proliferation of Bupleurum kaoi. Cells grew in a 1/2 MS

basal medium containing 0.2 mg/L 2,4-D. Cultures were sampled at 2-day-interval for 4 weeks, 3 flasks/sampling
date/treatment, and measured the packed cell volume. Vertical bar indicates standard error of mean.
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TN - PR BRI REEAERERE Ry 25 mL J 50 mL - IFHIMIERS 21250 2 ~ 3 k4 ARIHERE -
TR A 3 B - [ PR AR R AR -

Fig. 3. Effect of inoculum density on cell proliferation of Bupleurum kaoi. Cells grew in a 1/2 MS basal medium
containing 0.2 mg/L 2,4-D. Packed cell volume (PCV) of 3 mL or 6 mL were added into the culture medium to make
a total 25 mL culture volume in the 125-mL flask for inoculum density of 12% and 24%, respectively. Larger culture
medium volume of 50 mL in the 250-mL flask was also conducted by adding 3 mL or 6 mL PCV cultures to make 6%
and 12% inoculum density, respectively. Data of cell dry weight was collected on 2nd, 3rd, and 4th week, 3 flasks/
sampling date/treatment. Vertical bar indicates standard error of mean.
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Table 1. Effect of elicitors on cell proliferation of Bupleurum kaoi after 1 and 2 week(s) coculture *
Fresh weight (g/flask) Dry weight (g/flask)

Elicitor (Con.) 1 wk 2 wks 1wk 2 wks
Control-1 (H,0) 3.74+0.28a” 441+020a 0.40+0.013 a 0.38+0.008 a
Control-2 (0.2% EtOH) 329+£0.33a 3.81+0.11b 0.37+0.024b 0.36+0.003 b
YE (500 mg/L) 349+0.05a 342+0.10¢ 0.39 £ 0.004 ab 0.38 £0.009 a
YE (1000 mg/L) 3.33+£0.36 ab 3.05+0.10d 0.36 £ 0.016 be 0.36£0.010b
JA (0.119 mM) 3.16 £ 0.30 ab 2.07+0.00 f 0.32+0.006d 0.26 £0.006 d
JA (1.19 mM) 3.10+£0.40b 1.90+0.10 f 0.28+0.016 ¢ 0.22+0.002 ¢
ABA (5 uM) 3.11+£0.45 ab 2.86+0.16 ¢ 0.36+0.010 be 0.36 +0.009 b
ABA (50 uM) 2.95+0.28b 2.81+0.13 ¢ 0.33+£0.022 cd 0.34+0.006 ¢

* Cultures of Bupleurum kaoi were grown in a 1/2 MS basal medium containing 0.2 mg/L 2,4-D for 3 weeks on a shaker at 80 rpm
and then treated with various concentration of YE, JA and ABA for 1 or 2 week(s). Autoclaved water (Control-1) and 0.2% EtOH
(Control-2) in the medium were used as controls.

* Values are mean =+ standard error and means within a column followed by the same letter(s) are not significantly different at 5%
level by LSD test. There were 3 replicate flasks per treatment.

Hl o $EF JA B ABA IRIEBEEZEN AN  EBShEYERHIERRERINECEE

# o TEMHRRZ T T DA B 7K S IR A
HZEERR T 0 55 I DL YE R fiE
HZEE » ABA JREERZ - ifiLL JA BEER . HHRHRZ
HEAK

TESSHET SR » £ 2 BURERTH
MUk 25 3 EIFZ SSa Bl SSd A& &R
0.076 mg/g dry wt (DW) » BLRFS>BIEFTEES 1751
(FRERARH) ~ 0.2% LB CAIERH) BadEEZk (AR
FH) 0N 5 ERRTFAIEET RS 4 JEF - M6
7K SSa B SSd (2 ITE S &Ry 0.098 mg/g
DW - ] 0.2% ZFE¥ LS 0.092 mg/g DW »
— S IR BEA 2 SSa Bl SSd ZIIHEE &
HE R 0 500 mg/L YE ~ 0.119 mM JA
Bl 5 uM ABA REIHHSEHE T RFAU R 0.18
0.19 B 0.20 mg/g DW » 43 HI R L 7k B HE A
Z 1.84~1.94 Bl 2.04 5 - IKESHEH FE =1
» Al 500 mg/L YE Ei 5 uM ABA BRERSRAH
 S3AEs 3.51 K 3.58 mg/L ¢ KBRS
1.79 Ed 1.83 % > 0.119 mM JA EEISER K By
3.04 mg/L » KR EIERHZ 1.55 % -

mE I

LA 500 mg/L YE FEFRAETFAMANG 1 SE R 2 38
HE L BT S R AR (8 4) - W
500 mg/L YE HARIFREE M2 LeiH E 1R
FERE (s R - MEF 1 SEBREIR IS
SSa Hil SSd A& &4 0.45 mg/g DW » AHIEHA
¥HH SSa Bl SSd fI#E & & (0.21 mg/g DW) »
WY 2.14 6% 5 10 YE MEFTEE 2 A HARE
SSa B SSd I &£ 1.67 mg/g DW » ¥k
BHERHAN SSa Bl SSd MHaE & (0.6 mg/g
DW) 1 2.78 fi% -

T

T A RV R RS 1 AR R R ER
GYIR T i B1YtE I 4= B S - ]
FI MR A 2 A R E MR = R
e+ BlIAE AT 2 SRR ~ IRDIEES [RE
% LS R st P — KA BRI BT/ F Ry
I HERF R 235 5% (Chen & Chen 2000; Chueh
et al. 2000) ° ARG REUR - EIRSEHRT
AR D2 WREESEELLL 100 rpm HR¥Z2H
FEFMESE IR TR RS2 - HAlih a8 L2 S
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Table 2. Content of saikosaponins in cell suspension cultures of Bupleurum kaoi after treating with elicitors for 1 week

Saikosaponins content (mg/g) Cell production (B) Productivity

Treatment * SSa” SSd SSa+ SSd (A) (g/L) (A) % (B) (mg/L)
Control 0.050+0.002d* 0.026 +0.006 ¢ 0.076 17.0 1.292
Control-1 (H,0) 0.066 +0.006 ¢ 0.032 +£0.006 ¢ 0.098 20.0 1.960
Control-2 (0.2% EtOH)  0.062 £ 0.003 ¢ 0.030+0.004 ¢ 0.092 19.0 1.748
500 mg/L YE 0.142 +0.004 a 0.038 £0.003 b 0.180 19.5 3.510
0.119 mM JA 0.134+0.003 a 0.054 £ 0.006 b 0.190 16.0 3.040
5 uM ABA 0.109 £0.004 b 0.090 +0.006 a 0.199 18.0 3.582

* Cultures of Bupleurum kaoi were grown in a 1/2 MS basal medium containing 0.2 mg/L 2,4-D, on a shaker (80 rpm) for 3 weeks
and then treated with elicitors (500 mg/L YE, 0.119 mM JA or 5 uM ABA) for 1 week. Autoclaved water (Control-1) and 0.2%
EtOH (Control-2) in the medium were used as controls.

¥ SSa: saikosaponin a; SSd: saikosaponin d.

* Values are mean + standard error and the means within a column followed by same letter(s) are not significantly different at 5%
level by LSD test. There were 3 replicate flasks per treatment.
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Fig.4. Changes of saikosaponins content of Bupleurum kaoi in cultures grown in a 1/2 MS basal medium containing
0.2 mg/L 2,4-D for 3 weeks and then treated with autoclaved water (A) and 500 mg/L YE (B) for 1 or 2 weeks. There
were 3 replicate flasks per treatment. SSa: saikosaponin a; SSd: saikosaponin d.
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flE RiE it - EREE R (120 rpm) BGEE
(60 rpm) » ¥4 S5 A ANFIFZEE (Chuch
et al. 2000) ° Chang er al. (1993) ¥y H 518
H1E (Angelica dahurica) FRIFHIIEE G B =R
120 rpm ZHREHFE » HAFHFERLL 100 5
80 rpm E5E MM Fyrm o ANGERAG REUR S
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YRR EREEH (B. kaoi) Ml ARG 5
SYYMEAH IR EERE R R (12%) R+ DAANIE]
KNS A8 R TR AR SR
AMEAN AR % S i B BRCE 58
BB A/ MR B R T2 —
(Il 3)

FFEWE S TR - YIRS A
USRS [ PRI ATEAEE I — R Y =Y (Rad-
man ef al. 2003; Mulabagal et al. 2004) ° T4
A+ AZEF (Lu et al. 2000) ~ %2420 (Chang
et al. 2004) ~ H &3 (artemisinin) (Baldi & Dixit
2008) Eil 22 (Chen & Chen 2000) 5 H Hig#
ARG A IR S B s 2 SE K
GBI BE ] o AWTERREUR i
YE ~ JA B ABA ¥y s IS R Al i
FREEH S+ AR AR e i B e Py
MIBREE S - AIEURA PG AR RS IR (&
1) - F55 B — RAHY 2 A G N FER
BOR 0 W0 YE FIEEE P2 (Salvia miltiorrhi-
za) Ml Z P20 E & (Chen & Chen 2000) ©
AZETT (Lu et al. 2000) ELEEAZRE (Wang et al.
2001) FIACRININ YE MREIBEK o INIIREA]
W (JA) FEAZ (P, ginseng) ilatsEt » A2
EF SRR JA RERRIMREIM (Lu e
al. 2000) ° Baldi & Dixit (2008) #8H 7N 5
ZKFIEE (Methyl Jasmonate, MJ) A & (Arte-
misia annua) MIIEETE - BN E SR (artemis-
inin) MYEBERCR R « SIAE (Eschscholizia
californica) Z MRS ERIEIR » MJ &R
A A —SUMARER (dihydrosanguinarine) HY
B R A  HIMARER (sanguinarine) 2 FH
HICARIN YE BEH it (Cho et al. 2008) © Li
et al. (2003) AFF2HIMERE S TEL - W0
YE FJREEE ABA S EWINmEMIAE RS
HIE - HARERE ST 2l & & o AWFERE RN
BEUR » B ABA BHEE S RS RS
EHE L B SSa B SSd 1Y R



120 HE R SE T

& BEARURIN YE ¥HE S5 EH IR
X ABA » {H YE JEH AR R S 52
/N o RILfE R HR SR EH A & B ABA M
ST 0 WEHE Li et al. (2003) Z3EERER (2 2) -

HHH B 55 2 R0 AR 5 [ e w8 i H 2k
R E & - B35S BN AT REHNH R A
JEfY35%E (Radman et al. 2003) ° Chen & Chen
(2000) E Li et al. (2003) WF5EFEH » A E IR
Z YE B JA FRERE P2 REEHE KR
A HII R+ ERTIE SH Ae — 2RACE r A EE 1
S o B B R DR R S A A A RE
AP s A= R % 5 (late log phase) BZE FeifF
1EATHA (early stationary phase) * F] /A EHTlE
A RBRZE ¢ LA IR T [ A e B i B
RFRETET S — R YIIE A R B 2L (Lu et al.
2000; Wang et al. 2001) - Chen & Chen (2000)
WrFERd - ARREZ 2R ESE D
HPP2M - B E AR =R S YE B9
BEBAINKEEFTZM - 1A 2 ek DA
FEERESEE (two-stage cultural process) /7= GEST
FH2EA AR - SR Lu er al. (2001) BF5E4E
i+ 0-3 g/L YE fAffliitass 256 1 REIIOA -
AN AR RS2 E - B =
E 510 k15 REEHEIA YE » Hifllud &
B RERERIINA YE ZRE B2 - MJ
JE PR A AR AR B - ARFIEAS SRR YE
JA J¢ ABA [ =HEEE 5 [ jim B 2o {1 v 1K
SRR A AR R - Hrh DL YE RE ¥
NG A e 5 BB » T JA S ABA REE
e KA A RAAEBKHIFITER (& 1)
LISEHHETT SSa B SSd (2 e & ®2kKE
R =TS | M < R ERCR M E - IR
HiH s LUk rEREMS - A YE B ABA
i B AR - R JA R R o =S
5 7 R B AH 2 Se A B A T m Y I
R = HEER S B BE R S A R AR 8
{HEREMEAE AR SR B H < B (% 2)

Fol# ZH2i

ARBFFE LA LR P R A R R i
B YE EfTH#E— 5 - REREURTEM RS &
3 R 500 mg/L YE SR R AR
HIHITER (BERERY) - R AEESEY EFH 2
T2 BOR » FEREAT 158 K 2 JEs% HA . Sa
EHERES IR 214 K 2.78 £% 5 1E
4B ] DIEE] YE iEER 1 EHC S8 8
AR RS » R 2 AR BT AR -
It o A REUR - S RS R S AT
FEHFI M A Rz s BAME A YE 355 (7] -
G HERE RS 2R 2 B IRESRHEH A E -
2 FEEEAR 500 mg/L YE REH 1 % LE]
EffEaEk 0.18 mg/g » IME 4 fEFERIER
FEBRERIF ] T S EH & & 73E 0.45 mg/g
B A FE < el 3B T iR B SRR - ]
REE AN A AR A/ N BB A - (HIEHE R
RS W5EEEE - L4 - HR 500 mg/L
YE i 2 At i 25 bR S
IHORAEFFEBE AL S SR (8 4) -

FERHEYE TR SR RREE RS
BI7 - ARERRER R p s LA EE A E A
J& - HAPARUSsr AT B E R R
RSy FE R Rz — - SR EA AR (Y
FE R LR A U8 53 3@ AR I 2 75 2 v AR O 5l
i - FFZTRETaL - BB ERSE
(differentiated organ culture) ~ AU ELEGE
(immobilized cell culture) S H 4V ESS (bio-
reactor) “EAERT » PN A H AR AT
% (Gao et al. 2001; Tripathi & Tripathi 2003) ° 7
WF7ERERETR » BERFE D H AR S 2 R
TS S EH & 2 H AR B R - ER
AR RIS g2 v S AR S B LR B Ak - LU
BT R ~ BRERNG R BRI RS Bl i &
FEERPRAEORNS - I BRI AW RS K s i
RS - FEA B PR RS 22 4 AE S
EH R ERN - R IR Ry
HoAth EH EEE YIRS 2515 -
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Influence of Elicitors on Cell Proliferation and Saikosaponin

Production of Bupleurum kaoi in Suspension Culture'

Uei-Chern Chen’, Chi-Ni Hsia’, Mau-Shing Yeh®, Chin-Yi Tsao’,

and Hsin-Sheng Tsay™’

Abstract

Chen, U. C., C. N. Hsia, M. S. Yeh, C. Y. Tsao, and H. S. Tsay. 2012. Influence of elicitors on cell proliferation and
saikosaponin production of Bupleurum kaoi in suspension culture. J. Taiwan Agric. Res. 61:112—123.

Bupleurum kaoi, a native medicinal plant in Taiwan which contains saikosaponins higher than
other commercial Bupleurum species, was chosen for producing saikosaponins in vitro. Cell sus-
pension cultures of B. kaoi were cultured in a half-strength MS liquid medium containing 0.2 mg/L
2,4-dichlorophenoxyacetic acid (2,4-D) and used for studying effect of speed of shaker, size of flasks
and inoculum density on cell proliferation as well as studying effect of elicitors, yeast extract (YE),
abscisic acid (ABA), and jasmonic acid (JA), on saikosaponin production. Results showed that cell
proliferation of B. kaoi in suspension cultures was higher using shaker speed at 80 rpm than that of
100 rpm with peak period of cell growth at 3—4 weeks. Cell proliferation of B. kaoi was also af-
fected by inoculum density and flask size, with the optimum inoculum density of 12% by adding 6 mL
packed cell volume (PCV) cultures in 250-mL flasks. Three elicitors (YE, ABA, and JA) tested in
3-week-old suspension cultures of B. kaoi were found reducing cell fresh weight and dry weight sig-
nificantly. However, one week after the treatments of elicitors, saikosaponin contents and its produc-
tivity increased 1.9-2.0 folds and 1.6—1.8 folds, respectively. Further study using 500 mg/L YE as
elicitor in cultures of B. kaoi for two weeks, similar increasing tendency on saikosaponin contents and
its productivity was found with 2.1-fold and 2.8-fold, respectively. This study concludes that adding
500 mg/L YE into cell suspension cultures of B. kaoi after the lag phase of cell cycle for one to two
weeks would not reduce cell growth but increase saikosaponin production.

Key Words: Bupleurum kaoi, Medicinal plant, Cell suspension culture, Saikosaponin, Elicitor.
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