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/(Bupleurum kaoi)�012334506

789 0.5-4 mg L-1 2,4- dichlorophenoxy- 

acetic acid (2,4-D): 1/2 Murashige and 

Skoog (MS)06;<=>?@A�BC

D5E�F 4 mg L-1 2,4-D G�:>?HI

75%JKLMN�OPQRSTUVWXY

Z:@A�B[��	\]^5_`ab

2,4-D (0.1-0.2 mg L-1)_c7@A�B:�

Odef5g, 2,4-D ab(0.4-0.8 mg L-1 

2,4-D)hi`@A�B:jkdlkL23

@A�B067mn 0.2 mg L-1 2,4-D :

1/2 MS 06;5opqrEjks06\

t 1 ut 10 vwxyz{5|\jke9

}~5���IJ�lk5V����w^

��^�5��������706\ 10

v��L,�����(high performance 

liquid chromatography�HPLC)��op

qr5./� aRcRd (saikosaponin a, c, 

d; SSa, SSc, SSd)���d@A�B�Ov

�n����506��(t 4 vdt 6 v)

��@A�B� ef5¡¢./� £A
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ABSTRACT 

Effect of 2,4-dichlorophenoxyacetic acid 

(2,4-D) on leaf callus induction, proliferation and 

formation of saikosaponin along with callus 

culturing of Bupleurum kaoi, a native medicinal 

herb of Taiwan, have been investigated. A 

seventy-five percent primary callus induction rate 

was obtained from the explants cultured on 

half-strength Murashige and Skoog (MS) medium 

containing 4 mg L-1 2,4-D for 8 weeks in darkness. 

Among the varied 2,4-D concentrations (0 to 0.8 

mg L-1) tested for callus proliferation, the highest 

callus weight was observed on half-strength MS 

medium containing lower concentration (0.1 to 0.2 

mg L-1) of 2,4-D and increasing of 2,4-D 

concentration did not further improve callus 

proliferation. In addition, time course of callus 

growth and saikosaponins content were also 

established. There was linearly increasing in 

callus fresh weight from week 1 to 10 before a 

slowly growth occurred from week 10 to 12. The 

highest biomass of callus was obtained at week 10, 

where callus browning started. Therefore, the 

period for a proper growth of callus on a 

proliferation medium should be no longer than 

10-week-incubation. Saikosaponin a, c and d (SSa, 

SSc, SSd) contents of callus were analyzed at 

two-week intervals in a total of 12 weeks span 

using a high performance liquid chromatography 

(HPLC). The total amount of SSa, SSc, and SSd 

(SSa+SSc+SSd), 1.12 mg g-1 dry wt, was founded 

reaching the peak at interval from week 8 to week 

10 and diminished hereafter. The contents of SSa, 

SSc, and SSd in various sources of plant materials 

including the aerial parts and roots of 

eighteen-month-old field-grown plants of B. kaoi 

and market crude drug (Radix Bupleuri - roots of B. 

Chinense), were also determined by HPLC. 

Although the total amount of SSa, SSc, and SSd of 

the cultured callus was lower than other sources 

of tested samples, it is thought that by modifying 

several important factors for callus culture of B. 

kaoi could make this system more efficient. Cell 

suspension culture in a long run has a great 

potential and advantage to produce secondary 

metabolites stably year round comparing with the 

field-growth plants for pharmaceutical utilization. 

Key words: Bupleurum kaoi, Medicinal plant, 

Callus proliferation, Saikosaponin. 
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)��*+,�-.�/01�0(234

5678(Hiroaoka 1989, Kan 1985)9��

�8:;�<=:�<�>?��@ a�

c�d (saikosaponin a, c, d; SSa, SSc, SSd)

����ABCDEFG�CH�IJ�A

KFLMNO SSa P SSd ��QRSTF

UV�W (Hiroaoka 1989, Lin and Yen 

1999, Tang and Eisenbrand 1992, Yen et al. 

1991)XYZ��[I SSd ��\]V^_

`BabcF)�(Yano et al. 1994)9��

� � d e f 
 	 � � g h � i � �

(Bupleurum chinense DC.)�j-.�dkl

mn��(B. falcatum L.)�oph9qr	

LM�Wst�+,uBvwx�� (B. 

kaoi Liu, Chao et Chuang)	UV�WSy

mn�� (B. falcatum L. var. komarowi 

Koso-Polj)Pi�� (Lin and Yen 1999, 

Yen et al. 1991)9zY�+,{�	�8|

Cvu-wx���}~����LMP5
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y���8¨�B¥��QRF©ª

(Bourgaud et al. 2001, Mulabagal et al. 

2004, Tsay 1992, 1999)9� 1983 r-.¨

)2�8_`«¬��¡­�®¯°B¥±

²���¨³ -shikonin�_`«¬���

�´¨�B¥�8µ¶J¤CF�· X̧¹

º » (Taxus brevifolia) � a ¼ ½

(Catharanthus roseus) � ¾ ¿ (Salvia 

miltiorrhiza)�À�(Dioscorea sp.)���(B. 

falcatum)�¹½(Carthamus tinctorius)�Á

Â(Solanum nigrum)��¿(Panax sp.)(�

�wÃ�8|C�Ä��8«¬_`B¥µ

¶J¤CF¨)ÅÆ (Berlin 1988, Tsay 

1999)9�j�ÇÈÉÊ1ËÌ
ÍBaÎ

Ï�Ð��¨�?¦wF_`«¬��Ñ

��ÒÓÔÕ��FzÖ�×ÇØR�|Ù

FÚÛ�ÜÝÞß	àá�ØR��âÞ¨

	ãÊ�äåyæÚw¥Pw¨�?¦	_

`Ñlç8yè¯°é¦B¥�êë��z

ì	íîïðÄñò

óô9§y��Ü

ÝÞßàáPbcFÅáõöÕ�Çmn�

�(Hiraoka et al. 1986, Noboru et al. 1982, 

Wang and Huang 1982)Xjwx��Q÷

LMøùFÉÊk�ú��9  

.LMä�8wx��Þ�ûüýà

áÜÝÞß�ÚÛBa��ÐH2SÎ	Ü

ÝÞßÉÊ<é¦bcÑ������ÉÊ

wx��_`«¬��	â�X���Ýw

�	Q
�¢ (high performance liquid 

chromatographyXHPLC)�� SSa, SSc P

SSd ?¦��l
�ÜÝÞßBaP���

��<��@ ?¦F�°�õ��ö��

ù���@ ?¦	�T9  

����� 

����������	
����
  

�8wx��Þ�û(Chen et al. 2004)

üýý���ÜÝÞßàá�>~üýÜÝ

Þß�Õ¶�J��(� 6 Í�)y?� 0.2 

mg L-1 2,4-D 	 1/2 Murashige and Skoog 

(MS; Murashige and Skoog 1962)â.��

â�Ú�BaÄ
ÐH2_�	ÜÝÞß�

��bcP��@ ?¦ !	LM9��

âG�l 1/2 MS "#$�P MS ËBì�

õ%� 3%&'1 0.9%()(l�*+�â

.��â)9l,? 25 ml ��â	-.�

�/(90mm x 15mm, α plus, Taiwan)��

ÜÝÞß	àá�<012k38,? 10 

ml ��â	4516 (25mm x 120 mm, 

Pyrex, Japan)��1297812Äy

25±19:;�<=�����9  

������  

1. 2,4-D §ÜÝÞßàá	íî  

>�� 7?7 mm2é@	wx��Þ�

ûüýý��Avy?�ö� 2,4-D Bð

(0�0.5�1�2 1 4 mg L-1)	â.��â�

123 4 �C�D�CAv 9 Í�|Ù��

� 8 ��EFÜÝÞßàáGPH°G9  

2. 2,4-D §ÜÝÞßbc	íî  

�� 0.2 g ÜÝÞßAvy?� 0�

0.1�0.2�0.4�0.8 mg L-1 2,4-D 	â.�

�â��� 8 ��EFÜÝÞß	I��j

�JÜÝÞßKLMN (Model OV-452, 

CHANNEL Corp., Taiwan)�l 459MO 2

P��+�<O�9  

3. ÜÝÞßBa��P<��@ ?¦  

�� 0.2 gÜÝÞß��y?� 0.2 mg 

L-1 2,4-D 	â.��â���� 1-12 ��

EFÜÝÞß	I�PO��>~ö���

��	ÜÝÞßk�
Q !<��@

?¦9  

4. ��Rh	��@ ?¦��  
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�¢�38T®U{VWXQ÷YZ[\

(Waters Controller 600 C PumpXWaters 

Photodiode Array Detector 996XWaters 

Autosampler 717plusXWaters Temperature 

Control Module II X Waters In-Line 

Degasser AF X Waters Millennium32 

program)9  

38 Park et al. (2000)	¡¢�* 359

�l]°^_(acetonitrile, ACN)`a(40`

60X50`50X40`60, v/v)�bcQ��d

ðe£��(Table 1)�b� 1 ml min-1�±

ZfR!ga� 203 nm9�oph SSa�

SSc1 SSdh 1 mgl^i(CH3OH)j�õ

!¦å 1 ml��8^ikl�ophu	

F 1/2�1/4 1 1/8 m�n�u	op~ 4

vö�BðFophj	�õl 0.22 µ mq

r(Millipore, Japan)sq\89*78F


�tu��vwx 10 µ l�� !�DÍy

A�C 3 ¶�zl¨�Bð�{|o�}�

~��|o��~fE��¡ï­1�!S

�(coefficient of determination; R2)9  

Table 1. The period of gradient elution in 

saikosaponins analysis by RP-HPLC 

method z. 

Time (min) 2 10 40 45 

Acetonitrile 40 50 40 40 

H2O 60 50 60 60 

z Samples were separated by C18 column with 

acetonitrile-water as mobile phase. 

 

� � R h � � � � @ o p h

-saikosaponin a (SSa)P saikosaponin c 

(SSc) (��-.�À�hè¯�­��)P

saikosaponin d (SSd) (��-.����

è¯�­��)X����h-i��=:X

��y��� 18 Í�	wx��|�27

:P=:Xl1�� 2�4�6�8�10 P 12

��	ÜÝÞß9J��RhKy 45±29

	:;MN�O�����j�l^i�j

� � � � g e � Z (Model UC-150, 

ENSHINE Corp., Taiwan)�� 30 ���

lq�sqõ� q	�¡¢z�L(¦^

i��C£�m¶�Ý¤m¶q	�l¥¦

§¨B©#(EYELA Model A-3S, Japan)B

©åª«O��j�zlØ¦^iJ¨�j

¬��l 0.22 µ m   qrsq9hv��Rh

wx 10 µ lRhq	��Cwx 3 ¶�­7

8fE��¡ï­�®Rh� SSa�SSc 1

SSd F?¦9  

5. øù��  

12øù� SAS 8.2 (SAS Institute Inc. 

2001)¯°�±��²Ù�� ANOVA�¡

���³yA��Ts´�k�8 Least 

significant difference (LSD) test ��hy

AµÄ}�	�TX¶l SigmaPlot 8.0 ²

Ù(SPSS Science)·¸¹I<�T9  

�� 

��2,4-D �������	
��
  

�8wx��Þ�ûª«º»	ü

ý�>� 7x7 mm2	�|Ù��y%� 0-4 

mg L-1 2,4-D 	â.��â��Wst 0.5-4 

mg L-1 2,4-D yAÄ�àáüýÜÝÞß

¼¨(Fig. 1a, Fig. 1b)�<�l 4 mg L-1 

2,4-D yA§ÜÝÞß	àá�W½¾�j

�­¿� 2�1�0.5 mg L-1 2,4-D yA�À

%� 2,4-D 	â.��âõ"¢àáÜÝ

Þß¼ Ẍ�j>�yA�>àá¼¨	:

�ÜÝÞß�H°FIÁ�<�l�wBð

2,4-D (1-4 mg L-1)yA	H°�G�w

(Table 2)9*à~FÜÝÞß�ÚÛBa�

��ÂIÃÄÅÆÐH2Ç_	ÜÝÞß�

����y%� 0.2 mg L-1 2,4-D 	 1/2 
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MS ��â��È~H2_�ÐBaÉ!	 ÄÅÆÜÝÞß(Fig. 1c)�Ê���	89 

Table 2. Influence of 2,4-D concentration on callus induction of Bupleurum kaoi Liu, Chao et Chuang z. 

2,4-D (mg L
-1

) Percentage of callus formation
 y

 Percentage of callus browning
 y

 

0 0  ± 0 
e
 0  ± 0 

c
 

0.5 36.1 ± 5.3 
d
 2.8 ± 2.8 

b
 

1 50.0 ± 3.2 
c
 16.7 ± 3.2 

a
 

2 61.1 ± 3.2 
b
 13.9 ± 5.3 

a
 

4 75.0 ± 2.8 
a
 16.7 ± 3.2 

a
 

z Explants were cultured on half-strength MS medium supplemented with various concentration of 2,4-D and 3% 

sucrose for 8 weeks.  Each treatment contained 4 replications with 9 explants in each replication. 

y Means (Mean ± SE) within a column followed by the same letter/s are not significantly different from each other at the 

5% level by LSD test. 

 

 

Fig. 1. Callus of B. kaoi derived from leaves cultured on half-strength MS medium supplemented 

with 0.5 mg L-1 (a) and 4 mg L-1 2,4-D (b) for 8 weeks, and subcultured on half-strength MS 

medium containing 0.2 mg L-1 2,4-D for 8 weeks (c). 
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��2,4-D �������	
��
  

Table 3 ���������	
 0.1 �

0.2 mg L-1 2,4-D�
�����������

���������
���� !"#$%

�& 2,4-D�
(0.4� 0.8 mg L-1)'����

�����(�)�*��
�+�� !

"#��,)-. 2,4-D (0.1-0.2 mg L-1 )/0

���12
�345����'���678 

���������� ����  

29 1:0.5:0.25� 0.125 mg ml-1; 4<

-.'45= a:c:d (SSa:SSc � SSd)>

?@AB�CD HPLCEF�EGHI�JK

��L<MH'NGOFPQRSETU(R2)

�V 0.99 WX�*LYZ[\�(retention 

time; RT)H]^
 7.54:13.99� 21.98 min�


_`29aL&PQRH]bc45N@'

SSa:SSc� SSddG(Table 4)8,45e<N

@fWg��345hijk'SSa+SSc+SSd

dGl��`V 35.32 mg g-1 dry wt�_m4

5jk(45no@)dGp 5.9q8g��34

5hirXk' SSa+SSc+SSd dG(^s4

5no@dGp 76%�t������u 8v

�	w' SSa:SSc� SSdLYpdG��)�

$ SSa:SSc� SSdLYxdGs 1.12 mg g-1 

dry wt (Table 5)8 

Table 3. Influence of 2,4-D concentration on callus proliferation of Bupleurum kaoi Liu, Chao et Chuang z. 

2,4-D concentration ( mg L
-1

 ) Fresh weight of callus (g explant
-1

 )
 y

 Dry weight of callus (g explant
-1

 )
 y

 

0.1 1.70 ± 0.012 
a
 0.063 ± 0.002 

a
 

0.2 1.73 ± 0.026 
a
 0.065 ± 0.001 

a
 

0.4 1.64 ± 0.029 
b
 0.058 ± 0.001 

b
 

0.8 1.63 ± 0.021 
b
 0.060 ± 0.002 

b
 

z Forty calli (0.2g callus pre explant) were tested for each treatment and the data were collected after 8 weeks of culture. 

Each treatment contained 4 replications with 10 explants in each replication. 

y Same as Table 2. 

Table 4. The liner equation, coefficient of determination (R2), and retention time of saikosaponins analysis 

by RP-HPLC method z. 

Saikosaponins Liner equation R
2
 Retention time (min) 

SSa Y�1305537 X � 112739 0.986 7.54 ± 0.16 

SSc Y� 742174 X � 186458 0.999 13.99 ± 0.17 

SSd Y� 734992 X �  22255 0.999 21.98 ± 0.30 

z Same as Table 1. 

Table 5. Saikosaponins content analysis from market product of Radix Bupleuri (roots of Bupleurum 

chinense) and from aerial part s, roots and leaf derived callus of Bupleurum kaoi. 

Saikosaponins content (mg g
-1

 dry wt) 
y
 

Samples 
z
 

SSa SSc SSd SSa + SSc + SSd 

1 B. chinense (roots) 1.07 ± 0.03 
b
 1.67 ± 0.20 

b
 3.22 ± 1.46 

b
 5.96 

2 B. kaoi (aerial part) 0.75 ± 0.08 
c
 0.71 ± 0.09 

c
 3.07 ± 1.45 

b
 4.53 

3 B. kaoi (roots) 9.99 ± 0.42 
a
 7.63 ± 0.45 

a
 17.70 ± 0.71 

a
 35.32 

4 B. kaoi (callus) 0.25 ± 0.02 
d
 0.73 ± 0.10 

c
 0.14 ± 0.01 

c
 1.12 

z 1: Market products of Radix Bupleuri (roots of B. chinense). 2, 3: Aerial parts and roots of Bupleurum kaoi had grown in 

field for 18 months. 4: Leaf derived callus of Bupleurum kaoi was cultured on half-strength MS medium containing 0.2 

mg L-1 2,4-D for 8 weeks. 

y Three injections (10 µl per injection) were tested per sample, and the means (Mean ± SE) within a column followed by 

the same letter/s are not significantly different from each other at the 5% level by LSD test. 
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���������	
��
� �

� 

��������� 0.2 mg L-1 2,4-D	


��

�����
�� 1��� 10�	

����������� �
 11��!��

�"#$%&'()����*��+�,�


�� 10 �	*�-./012(Fig. 2)��

34!�56����78��9:$�;

(<=>?)'37�Fig. 3@ABC�
4D	

����E HPLC6FGH�)�
�� 8I

� 10 �	JKL �M(SSa+SSc+SSd)NO

1.1 mg g-1 dry wt0P�QRO�
�� 2�

I� 12�	�������
 4� 6����

�	 SSa+SSc+SSd0S' 

 

Fig. 2. Time course of growth of Bupleurum kaoi callus cultured on half-strength MS medium 

supplemented with 0.2 mg L-1 2,4-D for a span of 12 weeks. 

 

Fig. 3. Time course of saikosaponins accumulation of Bupleurum kaoi callus cultured on 

half-strength MS medium supplemented with 0.2 mg L-1 2,4-D in 2-week-interval for a span 

of 12 weeks. 
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TU����$VWXYZ[\]	

^_��`abIcdefWg�hijO

2,4-D k�����lm	fno NAAp

IAA q IBA Or(Gaspar et al. 1996)']s

(Angelica sinensis) (Zhang and Cheng 

1988)ptuvw(D. doryophora) (Huang et 

al. 1993)px�vw(D. zingiberensis) (Xie et 

al. 1999)pyz{|(Gentiana davidii var. 

formosana) (Chueh et al. 2000)p�u}  

(Zhao et al. 1999))~��JK(Noboru et 

al. 1982)�������2,4-D k����

�lm$���oT�$�H'Wang et al. 

(1998)�������(S. miltiorrhiza)��

�
��� 2,4-D	 MS�

-l���

�����C�

�-./��$�H'

37�Zhang and Cheng (1988)	]s��

���2,4-Dklm����	�H� NAA

������)�Scd$ 2,4-D ����

�����
or����Pcd 2,4-D �

������D���
� m¡����

¢�£�q¤¥¦§��W¨�'C©ª�

yz«¬(Angelica dahurica var. formosana)

��GH�@A��­�������
4

)Scd 0.5-2 mg L-1 2,4-DoPcd 4 mg 

L-1 2,4-D Or(Chang et al. 1993)'���

��P®JK��¯���
��� 0.5-4 

mg L-1 2,4-D 	 1/2 MS �

��-Wg

l�����'Q�) 4 mg L-1 2,4-D °±

	�H0r������oScd 2,4-D 

(0.1-0.2 mg L-1)	 1/2 MS �

-1M�

���²�$�����Q*�I��³�

T� 0.4 I 0.8 mg L-1 2,4-D 	cd°±'  

E´���GH�µ�2,4-D k�P®

JK������	lmI����²�

$�H�¶·Pcd� 0.4 mg L-1 2,4-D

4�¸B������$���3GHI¹

º��GH�»¼'��Z[��½¾p¿

ÀÁ�UªÂÃ	��������
��

� 0.2 mg L-1 2,4-D 	 1/2 MS �

�G

H@AQ��I*� �
 10 ���./

01M�¶Q78!56��9:�;�Ä

3P®JK������	��4Å�Æ

��
� 10 �OÇ'37������

HPLC 6F�������DIJKL  

(SSa, SSc, SSd)�M	ÈÉ�GH@A��

���
 8 � 10 ���Q SSa+SSc+SSd �

M-.N 1.1 mg g-1 dry wt��Æ� 8 �q

Ê� 10�	���� SSa+SSc+SSd�M�

oS(Fig. 3)'´��ËÌ	�����Í

��C�

ÎO���
	��Ä3 �

��
$ÏD(2 �)�����Ð �]�

M$JKL -fÑÒ³h�D$�
��

�
�D (4-6 � ),Ä����$1M�

��m¡ SSa+SSc+SSd ½¾ÓS'���


�D(8-10 �)�,Ä������%#�

ÔÕ��9:(Ö:)�;�34Ã×!ØÙ

1MJKL �Í�ÚÛ� SSa+SSc+SSd

Ä�·P(Figs. 2, 3)'³ÜGH@A�P®
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