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f}*d;[/:l”*':'ffFﬁEJ (B. chinense DC) » i F1 4 [RLIJERLE 7 = H ,J%FL[F (B. falcatum L.) £i1- Fﬁ#ﬁfﬁﬂ
(Gan 1985; Hiraoka 1989; Pan et al. 2002; Tang & Eisenbrand 1992; Uomori & Tomita 1974) o i’F‘F
T[‘Ljﬁ F’?A;‘ﬁﬁfblﬂ + ¢ =% d (saikosaponin a, ¢, d; SSa, SSc, SSd) £ E"‘J%%’ & #’Jif— [ES R EL]
R
AMatgr & =3 (Benito ef al. 1998; Chiang et al. 2003; Yen et al. 1991; Yen et al. 2005; Wang et
al. 2004, 2005; Hsu et al. 2004a, 2004b, 2004c) ; [i| @?ﬁ’#j ﬁ {7\# (B. kaoi Liu, Chao et
Chuang) JEI%F?[F I r‘jfﬁ? B RS 2 RS F?EH,I“;TFLIF (Yen et al. 1991; Yen et al. 2005) -

35§ (LRSLTISLO P (1 PR L 2 I
P B E%ﬂ FEPIAEIR » ST 32 P ] 500 PR B P o PGP WP R SRS B |
P S [? “E1EL (Berlin 1988; Bourgaud ef al. 2001; DiCosmo & Misawa 1995; Mulabagal et al.
2004; Nalawade et al. 2004; Sagare et al. 2000; Verpoorte 2002) = Chen et al. (2005) PN EH- -
*ﬁ% 8 ;ﬁ’[ﬁ J€7KF°F ’\I{”i\a 7 SSa + SSc + SSd ﬁi% EllE=1 %j [Iﬂ[ (,[“;‘F”F AIJEEII 18.8% » [N
s *%ﬁ#ﬁﬁ£%# i %@ﬁ%ﬁ@ﬁﬁao

LS wﬁf’?‘ Mr'ﬂ\%&?ﬁ’aﬁf’ TRV T % B ,Eﬂd\FTF (Hiraoka et al. 1986;
Wang & Huang 1982) i JEJ\T};M%F[ AU R ﬁlféﬁw E”Tﬂﬁfﬁﬂ HIIE| & 909 (Chen et al.
N%%¢?Wﬂmm5¥ﬁ%%ﬁﬁ%%ﬁ‘ﬁ?ﬁ’Pﬁﬂ“&ﬁ”ﬁ%lﬂ%ﬁV%ﬁ*
T R 20 RN HPLC BB S B S IR BB S ARy S A
iﬁﬁ%& oo
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HElt e - SRR RBISERY

FIP 85 *”Jf, | (Chen et al. 2004, 2006) i‘%HHﬁéiﬁEh f% e I/?é" (Chen et al.
2005)’”?(5 F\I‘Tr AL 34 TR (B)TF 4-6 ) 1&]‘“%%1&’ LIV SNt == B 1 b FT O /\I‘Fr';l\a &
= R ew%[*%%[’fﬂj’?"]?”? %%ﬁ?f, Bl MS S g ~§£ S At 2 (1/2MS)
i,JﬁJJ[loz mg/L 2,4-D - ?% ;{ﬁ?b09%i§it;[/iﬁ§§ (D2 iﬂ‘ﬁ%ﬁl) [l D2 *ﬂ‘ﬁ%ﬁlfl G *f,
BEATY TS ﬁ?*ﬁ%”ﬁ&*@? A= %%}La‘é Hf[ 10 mLiﬁ%ﬁl Vﬂcﬂf F' (25 mm x 120 mm,
Pyrex » [I4) » ik ,a”a.%wf;w 25 £ 1°CT¥3f %'ESFE%U?‘TL?E ﬁ”aﬁﬁﬁ H R IsfR |
4 HEIH D;l?&%% 10 [ﬁongP‘*Fm o

SEAMARSHERRSEBERMIEECEE

7302¢g %Fﬁﬁ' E&%%ﬁ" D2 *ﬂ‘fﬁ BTl f‘ NS ST o EIJ?ﬁHTE'E]ﬁU? Zy3 0.5 1.0 mg/L
N- A EL ApLR Pﬁ (N-furfuryladenine, kinetin, Sigma » S @) ; 0.5 % 1.0 mg/L  FLJpLfE Pﬁ
(N6-benzyladenine, BA, Sigma > S ) > 0~0.25-0.5~ 125 4 g/ 5 i (Merck » S ) > 0~0.25 ~
0.5+ 12 4 /L s s2F | (Merck » Z_B) 220~ 50 ~ 100 %% 200 mL/L FF+ 1 » i @tiiiasn
i 5 53 R < PSR IRV AP (153~ 6°F 129%) 2 D2 ShERLIE ot
RN E = 1{ BN [ﬂ 1JEL Difco Bacto-agar (0.6 ~ 0.9 ~ 1.2722 1.5%) =2 3% ./ D2 %%ELP
R i A a’a AR 8d|&§ﬁ]‘$ EET > F|I) 45°CHEZ 2 N EFEIVEIZED -
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AFEMS B REIEEREESEATR 7J<ﬁ$ﬁ"§EIﬂ*ﬂﬂ?i‘l‘%ﬁé%ﬁﬁiﬁﬂiﬁﬁEZ?&%

V3902 g ﬁ{”a\%&%%jf\j [ﬂ | MS ﬁli ESREE S (/4% ~ 1/2% ~ 1x ¥ 2x) fﬁ%ﬁl f( g
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B4 ﬁ”iﬁ% 246 8 i IT H[%}ﬁ Aﬁ”i\a ﬁiglﬁ'_’iagl O’Lﬁia&?*F e (B B HPLC
TE ¥ SSa ~ SSc == SSd FA]E 2N
BeABIR R, “ﬂgﬁazﬁﬁ
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Waters » ) « s ST il S5 SSe CF 1 g FRS it F1) % S84 (ks
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F"ﬁ”ﬁ o JyfEIYE Fﬁ[}[ SSa ~ SSc & SSd I'JF'I[# (methanol, Merck » S ') 3?\1%”%%&%[@ 43&'7 [ﬂ JEL
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PSSV (BB BE 117 RS 405 30 mins ! L
B VR J&jﬁ‘f— Jop TR ;lﬁéﬁ = F[Iﬁ:# TRV A VRESRAREES (EYELA, Model
A-3S o P B il ) F"ﬁ}f—j’?‘wlff““ 0 10.22 umiiﬁsiiﬁﬂ%ﬁﬁﬂ ° ﬁ:’JEﬁTQﬁ'Fﬁﬁ
1 7FRP | Chen et al. (2005) [V HFEZEZEGII™ » & 35°C & ("['15E (acetonitrile; ACN, Merck °
S 1 7 = 40:60/50:50/40:60 (v/v) Ebif E*Jﬁ'w‘%ﬁﬁjﬁf‘ VeHST Fro ﬁﬁl mL/min > Z9f i

=E5 203 nm > B 55 P& %FLIH@%FF# I/ SSa~ SSc=® SSd £ ik Bl o T e I [ FE )[@«‘*Ff nyk ko

rﬁn&xlil[_ﬂ?"fﬁﬁ*“ b?%ﬂ‘—[ 757 (coefficient of determination, R?) o &E J€7\F‘F /]{r iﬁiﬁﬁ ’}ﬁ* %1 10 uL
ﬁﬁ‘ﬁdfﬁnﬁz 5 W R 3 79 2 I R ;vfﬁmﬁﬁml SSa- 5S¢ 1 554 CErE
PR Af“' BHITFR 2% 10 pLaBA o H = BV T IBE S 514
é*—l.’ﬁ;’n‘.nﬂﬁiﬁ}*ﬁ

SRERETIH EYR[AE SAS 8.2 (SAS Institute Inc. 2001) EEEHSF ) T’?ﬁ:i’?i'%?cféﬁ ANOVA 3@% i}
Pri > F SRR BB > FIF]2] Least Signification Difference test (LSD) "ﬂIF‘ B 15 filif]
Z > 01| Sigmaplot fif ?’E‘jaf ﬁ%‘ﬁ °

/R

EEEERSHERRSERERMIEECEE

R R o U BA S kinetin 5Pl A0 S R T T 2 gs o R RS LR I
B SR (D2 iﬁﬁ%ﬁl) o EEEITHIEL 1.2-1.4 g0 SZE ST 0.06 g 0 A A %%&iﬁ%)ﬁ?
#ffaE 1V D2 %%gé 8 il i IVEE ~ GiZET IS 1.6 g2 0.06 g ([ 1A ~ [ 2A) - T PSR
%‘Ji][lq«gﬁl leﬁzqgg[I 2B FRE. o 3% RV R F‘ﬁﬂﬂz&i& =~ H"H? ) fE N gjéfr[wﬁﬁ s 75 HUH 1.7¢
=007 g HOV[REEE 1.5%% 6%V BE o [y 12%5ECE DV EE - iZE ISR BTN 0.7 g%
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A
0.5Kin 1Kin 05BA 1BA 1.5% 3%

- ﬁ

Cc
0. E% 0.9% 1.2% 1.5% Control 1 g/L 2 glL

ﬁ;.""'

Control 1g/L 2 g/L 4 giL

B 1. BEEAE ) ‘ETFJ 7\‘[5; F‘ﬁ A IR YR o Bl A B "?fﬁfﬁj 0.2 mg/L 2,4-D ~ 0.3%7% P4
=0, 9° VEZE V12 MS B"ﬁ“’?ﬁ%ﬁl 7J H[J?’f J[ﬁK 7[J5< A 550 S (A) kinetin (Kin) 22 BA (0.5~ 1 mg/L) s (B) 7,
P (1.5,3,6 5 12%) 5 (C) ¥ (0.6,0.9,1.25 1.5%) 5 (D) [ VL (0, 1,25 4 g/L) 5 (B) “MEE ST (0, 1,2
= 4g/L) ;5 (F) A="31 (0,50, 100 = 200 mL/L) -

Fig. 1. Callus growth of Bupleurum kaoi cultured on a half-strength MS salt medium supplemented with 0.3% sucrose,
0.9% Difco Bacto-agar, 0.2 mg/L 2,4-D as a basal medium. Additive components including: (A) kinetin (Kin) and BA
(0.5, 1 mg/L); (B) sucrose (1.5, 3, 6 and 12%); (C) Difco Bacto-agar (0.6, 0.9, 1.2 and 1.5%); (D) peptone (0, 1, 2 and 4
g/L); (E) casein hydrolysate (0, 1, 2 and 4 g/L); and (F) coconut water (0, 50, 100 and 200 mL/L).
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2. BRBELL S 03 S S0P AR RV - JLASERE SR ) 02 mg/L 2,4-D ~ 0.3% B
2 0.9%1 2V 172 MS [EESL STRIVE I SIS %00 0 W4 (A) Kinetin (Kin) % BA (0.5~ 1 mg/L): (B) H,
P (15,3,65712%) 5 (O) ¥4 (0.6,0.9, 1.2 1.5%) : (D) i i (0,025,055 1 g/L); (E) iz 1 (0,
0.25,0.5% 1 g/L) : (F) £33 (0,50, 100 % 200 mL/L) -

Fig. 2. Influence of additive components on proliferation of Bupleurum kaoi callus. Callus cultured on a half-strength
MS salt medium supplemented with 0.3% sucrose, 0.9% Difco Bacto-agar, 0.2 mg/L 2,4-D as a basal medium.
Additive components including (A) kinetin (Kin) and BA (0.5, 1 mg/L); (B) sucrose (1.5, 3, 6 and 12%); (C) Difco
Bacto-agar (0.6, 0.9, 1.2 and 1.5%); (D) peptone (0, 0.25, 0.5 and 1 g/L); (E) casein hydrolysate (0, 0.25, 0.5 and 1
g/L); and (F) coconut water (0, 50, 100 and 200 mL/L). Vertical bars indicate the standard error of mean.
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srf VIRGEEERRE N B IR 1 /L S VY RIS R s %%45‘& VEEEIEZE 5]

M % 1.5g%0.07 g > [y 2-4 g/L Sf V&R W?S’/\]'T”ﬂ\ﬂ BT B R (=g R E AL 4 /L BRI

EHI R AR T T-d (W 1D) - i ﬂél%ﬁr VIS (02025 0558 1 g/L) 2R

LAEH YR 2D e PR EIRE I 0.5 @/L g "i%tﬁ”’?‘ﬁi”ﬁﬁ“ﬁwﬁt" FH > HEEEEE L
B JJHU;L_,U 1. 7g753007g°

I S VR A VS E?E WATIRIPESE - 1 g/l fiefin s Ei%i'tf’?*ﬁi”aﬁwiw
R %%4@&3&?@@1@[” I 1.6 g 22 0.08 g > [ 2-4 /L -<ifis s 1R F"ﬁ”ﬂ I
W FHRL 4 gL Vil F R (| 1E) o & TR R A RS (020.25
0.52% 1 g/L) ZRR&V A IR 2B Hra > PR Z ZRRG FlEE] 1 /L - efit gof (P ﬁ{”i\%&ffwﬁ

BVEH > FHEEEE iz T IR 1.7 g2 0.07 g lﬂﬁn%”ﬁ\” A B (TP g NI
B BZE T 1.6 252 0.07 g V0.5 /L ~Siet S VAR (7 R R E gl (Ifi' 2E) -

Pl R U TF SR 2F o PR 100 mL/L SR S 058 2 SR R =
Eﬁg"{ﬁ}iﬁj’éﬁéﬁ' ' 2.9 g% 0.15 g > H VL 50 mL/L B > [fif 200 mL/L SR V’?‘*F’\ﬁ”i«%‘- ]‘

RN AT 1O ”fbﬂ?‘*ﬁw‘” ASBE R [T g -

AFEMS B REIEERSERH 7J<ﬁﬁ*§Elﬂ*ﬂﬂ?&i‘]fi%’fﬁﬁiﬁﬂﬁ%ﬁt?&é
F"ﬁ”ﬁm %%ﬁ”? 0.2 mg/L 2,4-D ™~ f[ 0.5 g/L & '~ 0.5 g/L <% & 127 100 mL/L
ISR U NEE R BV *ﬁ%ﬁli i%ﬁﬁ#@['ﬁ%ﬂ 3 B ?ﬁ% 2% 1/4x MS =2 1/2x MS 52
ERE ﬂ B~ HZE T I 0.8-0.9 g 0.06 g » i i [AH-4G 1x MS % 2x MS HCE « 5% 4 3
RN 1/2x MS BBl S i FEE S GBI 2.2 g% 0.1 g 0 2x MS BRI S EHFEE
X7 1.6 g PJ 1/4x MS & 1x MS BiZEl - Vlﬁf;l )/THAHIF'EJ'ﬁZEI “‘JE'[]’*’?E’? 1/4x MS~2x MS & 1x MS
R o 45;,% 6 JHiE ) 1/4x MS ~ 1/2x MS ¥ 1x MS = f*%&wﬁl%{l » HEE 7T IR 2.7-2.8 ¢
=20.08 g o [y 2x MS RIERE R > [HIZE P 0.09 g o i‘ﬁ% 8 i EAd B o P MS R
R RV RS RE E B0 59 2.5-2.8 g [yliZEI TS 2> MS B EE 0.09 g o [ H B A RCE
54 0.07g (' 3) -
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75 0-5 7% (1 4F) [l 1/4x MS ™ 1/2x MS HLE! I/J?*ﬁa”’%ﬁ?%l FE TR 3.7 % 2.3 VR4
M 1x MS = 2x MS BRIl B SHUE |1 ervile (758«

KAt mZ SRR EERERT

SR Fﬁqj FE HPLC 55 Aol g (' 5) e o P MS BRI S R
'l 1x MS E‘Ei“&ﬁ{” 7% SSa + SSc + SSd Ht i+ AE' BT 0.247 mg/g ﬁr’rﬁﬁ » ELOVER 1/2x MS
T F Y 0.176 mg/g » [ 1/4x MS = 2x MS Rl WP‘*F‘E”F& SSa + SSc + SSd Hi fﬁiiﬁﬁ 7]
HIIF% 0.123 7% 0.127 me/ge £ 11 SSa 4 E11] 1x MS BZPEITHG 0.066 mg/g: fif 1/4x MS 1/2x MS
T2 2x MS Rl SSa ¢/ ]gﬂ[’E'FJ » 74E% 0.084-0.1 mg/goSSd FA[E'IE'[JI‘J 1x MS E“E%‘ﬁﬁ!' 3% 0.131 mg/g>
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Fig. 3. Time course study of various strength of MS salt medium on callus growth of Bupleurum kaoi. Callus cultured
on the medium containing 0.2 mg/L 2,4-D, 0.5 g/L peptone, 0.5 g/L casein hydrolysate and 100 mL/L coconut water.
(A) Fresh weight and (B) dry weight was collected at a 2-week-interval for a total of 8 weeks of culture. Vertical bars
indicate the standard error of mean.
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=

1/2MS ! 1/4MS 1/2MS

1/4MS 1/2MS

4. %Eﬁp_ﬁ i%ﬁ?ﬁ 0.2 mg/L 2,4-D~ 0.5 g/L & Vi~ 0.5 @/L i srf 1% 100 mL/L £ 1V 1/4x MS
1/2x MS ~ 1x MS=2 2x MS hﬁggé_ (A) 29 ~ (B) 455 ~ (C) 65~ (D) 8HHY *+ R - (B) %ﬁ,q_ﬂﬁw
1/4 MS = 1/2 MS kfr,% 6 VR - (F) %ﬁq_aa@% (R ST -

Fig. 4. Callus of Bupleurum kaoi grown on various strength of MS basal medium containing 0.2 mg/L 2,4-D, 0.5 g/L
peptone, 0.5 g/L casein hydrolysate and 100 mL/L coconut water for (A) 2 weeks; (B) 4 weeks; (C) 6 weeks; and (D)
8 weeks of culture. (E) Browning in callus cultured in 1/4x MS and 1/2x MS treatments for 6 weeks. (F) Callus were
classified from 0 to 5 according to their increasing browning.
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0.00
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B 5. ﬁ JE%FF,H?*F”,; 'F&Eﬁf Y[10.2 mg/L 2,4-D ~ 0.5 g/L & VL ~ 0.5 g/L [ & 122 100 mL/L A=+  F
[ﬂ ] MS §l¢E§Z$I B *‘%ﬁ%ﬁl ' R4 ﬁﬁ‘ﬁ &%Fﬁﬁ [IF] (saikosaponins) fA'fEl' NG ]‘F”I/
Fig. 5. Saikosaponins content of Bupleurum kaoi callus grew on various strength of MS salt medium containing

0.2 mg/L 2,4-D, 0.5 g/L peptone, 0.5 g/L casein hydrolysate and 100 mL/L coconut water for 4 weeks of
culture. Vertical bars indicate the standard error of mean.
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auxin .V ¥ - auxin HR [AHN RIE - Xie et al. (1999) JF/"FWE%EL‘ é’ (Dioscorea zingibernisis L.) iz
F [ e | 1 BT ,%ggf[ I3 [ BA~kinetin {Y zeatin SRS S RLEE & ST - 91 > cytokinin
""J (RS  Fyee d RV 4 RN PP (R Aﬁ”i\a 4R HIES T (Gasper 1996; George
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Influence of Medium Components on Callus Proliferation and

Saikosaponin Content of Bupleurum kaoi Liu, Chao et Chuang '

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. 2008. Influence of medium components on callus

proliferation and saikosaponin content of Bupleurum kaoi Liu, Chao et Chuang. J. Taiwan Agric. Res. 57:119-132.

Medium components and their best concentrations of cytokinin, sucrose, Difco Bacto-agar, peptone, casein
hydrolysate, coconut water were separately tested for callus growth of Bupleurum kaoi Liu, Chao et Chuang.
Saikosaponins production of callus tissues was monitored. A half-strength MS salt medium supplemented with
0.2 mg/L 2,4-dichlorophenoxyacetic acid (2,4-D) was used as a basal medium (D2 medium) for callus growth. The
results showed that additional N6-benzyladenine (BA) and N-furfuryladenine (kinetin) inhibited callus growth in all
concentration tested in this study. Other than cytokinin, all factors could increase callus growth at a proper range of
concentrations. It was concluded that 3% sucrose, 0.9% Difco Bacto-agar, 0.5 g/L peptone, 0.5 g/L casein
hydrolysate, and 100 mL/L coconut water had the best effects on callus growth of B. kaoi. Various strengths of MS
basal salts in combination with the aforementioned components at the best concentrations were further tested.
Among four strengths of MS tested, half-strength MS treatment had the highest fresh and dry weight of callus growth
after 4 weeks of culture. However, the highest saikosaponin a, ¢, d contents examined by high performance liquid
chromatography (HPLC) was obtained from callus grown on the full-strength MS basal medium.

Key words: Bupleuri Radix, Medicinal plant, Cell culture, Secondary metabolite, High performance liquid
chromatography.
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